
SUMMARY 

A method is described for the extraction, hydrolysis of esters and glycosides 
and prekinary purikation of phenolic acids derived from plant material. Extracts 
were analyzed by thin-layer chromatography on silica gel, examination of the cbro- 
matograms under ultraviolet light (254 nm, 366 om), spraying with TiCL or F&1, 
soIutions and overspraying with an alkaline diazobenzenesulphonate reagent. More 
than twenty phenolic acids could be diffesentiated by tbis procedure. 

lNTRODUCTiON 

In plants, phenok acids occur in various forms’. Hydrolysis of derivatives was 
therefore considered a prerequisite to a qualitative and quantitative study of the 
overall distribution of these acids. 

Altbougb the phenolic acids have been the subject of many investigations (cf-, 
e.g., references given by Magaq, there is undbrtunately no simpIe yet precise method 
available for determNn g these compounds in biologicai samples. Hot water, methanol, 
ethanol, acetone and ethyl acetate are the main solvents recommended for extraction 
purposes, while columns of siiica gel, 4h~Iose, polyamide (polycaproiactam), poiyclar 
(polyvinyl polypyrrolidone), lipopbilic and hydropbik dextran gels and various 
ion exchangers have been used to e&ct partial purikation (CT. refaces given by 
Drawert et QL~_ Various systems employing paper chromatography (often mentioned 
in older publications) and &in-layer chromatography (silica gel, ceil*ulose and 
polyamide layerQcl*, with various solvent systems and spray reagents, have been 
recommended for qualitative analysis, For quantitative detetiation, spectra-: 
photometry has been ~sed*,~. Ctmently, increasing numbers of high-pe&ormance 
liquid cbromatograpbic @l?LC) methods13+-*S are being reported, but gas-liquid 
chromatography (GLC) (ailer silylaticm or adequate derivatization) is still the most 
wideiy used technique (e.g., &s. W-23), comKmed in some cass with mass spectrometry. 

Thin-Layer chromatography (TLC) is a rapid, versatile and inexpensive meffiod 
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TABLEI 

HYDROXYBENZOIC ACE% 

$OH 

6 0 0 

2 

5 3 
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2-OH 

z: 
- 2+iias 
2J-di-OH 

g-g; 

3J-di-OH 
3&5-df..H 
3.4,Etri~H 
2.3.4-tri-GH 

&4,6tri_OH 

!%2Ecyll acid (69-72-7) 
m-Hydroxybezok acid (99-4X-9) 
pHydroxyvknzoic zid (99-967) 
~-Pyroc&e&~ zcid (303-38-s) 
~Rcsoiqlic xid (S%&sl) 
Gentisic zcid (490-79-9) 
y-Rcsom% acid (303-07-I) 
Protocatiti acid m-=-3) 
c-Reiorcylic acid w-10-5) 
GalIic acid (143-91-7) 

%t?olcarbo~~ 
(61oM-6) 

Pblorogiu&czcu- (=-30-D 
boxy&z acid 

Vanilk acid (121-346) 
Syringic z&d (530-574) 

Rkdel de Hzeu @eebz, G.F.R.) 
Rach (EC-s- G-F-IL) 
Roth 
FIuka (Bucks_ Swih&md) 
R&a 
Roth 
ml&2 
Roth 
Flukia 
RiedelrieHaen 
Flub 

E Mean2 @armstadL G.F.R.) 

Ruka 
FIti 

for the determina tion of phenolic 2cids. It has the particular advautage of specikity 
and selectivity in detection. Its main disadvantages are insensitivity in trace analysis 
and limited possibilities for quantitative estimation_ In the GLC determination de- 
scribed in Part II29, supplementary TLC was found to be of great value for monitoring 

Purposes- 

EXE’ERXMENTAL 

Evaporations were performed in a rotary vacuum evaporator at a temperature 
not higher than 40°C. 

Somaple preparation 
The plant material (100 g, or corresponding amounts of dry samples), was 

covered with about 200 ml hot water and boiled for 10 min to denature enzymes and 
faci!&& sample handling. The material was homogenized for about 10 ruin using au 
Ultra-Turrax (Janhe & Kuukel, Stat&n i.Br., G.F.R.). Extremely coarse material 
should be comminuted beforehand e.g., in a household blender- The suspension was 
cookd and adjusted to pH 4.6 with dilute KC1 or KOH_ After adding 1 g of the 
non-specik glycosidase EL l-77 (Rahm, Darmstadt, G.F.R.) with stirring, the mixture 
was kept at 45°C for 15 h. This euzzmatic treatment greatly facilitated the subsequent 
pracedures. 

The pheuolics were extracted by boiling the suspension and centrifnging while 
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2-OH 
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3.4-dkQH 

3UCHs 4-OH 

MICH,, 3-OH 

3,S-di-OCH~, 4-OH 

o-Cmmuic acid (583-17-S; 
maIts-: 614-605) 

nz-Coumaric add (588-30-7) 
p-Coumaricacid (74W-08-0; 

frazrs-: 501-984; 
ck: 4501-31-9) 

Cafkic acid (331-39-5; 
muzs-: 501-16-6; 
cis-: 4361-87-9) 

Feruk acid (1135-24-6; 
rrarzs-: 537-98-4; 
cis-: 1014-83-l) 

Isoferulic acid (537-73-S; 
trmrr-r 25522-33-2) 

Sinapic acid (530-59-6; 
tram-: 7362-37-O; 
cis-: 7351-90-2) 

Roth 

Roth 
FIuka 

Roth 

Roth 

Riedel de Haen 

still hot The sediment was re-extracted twice by homogenizing with about 150 ml hot 
water, boiling and centrifuging while hot- The comb&d extracts were filtered through 
glass wool into a suitable round-bottomed flask (e.g., 1 1) to permit vigorous swirling 
(by hand) to reduce foaming during alkaline hydrolysis. 

The filtrate was adjusted to pH 7.0-7.2 with KOEI (1 IV, containing CQ_ 10 mg 
of sodium borohydride per 50 ml). Sodium borohydride (2 g) and thereafter Ba(OH), 
(1 g for each 100 ml solution) was added careWly with ccmtin~~ous stirring. When 
foaming was under control_ the solution was boiled for 15 mist to hydrolyze the 
extract. where f_ g was excessive, lower temperatures and longer time_spans were 
employed to hydrolyze the phenolic acid esters. The maintenance of a reducing 
atmosphere (owing to slow decomposition of the added borohydride) throughout the 
pesiod of hydrolysis was essentid to protect the phenolic acids, especially ca.Eeic acid, 
from oxi&Eion”. 

An acid hydrolysis was then carried out to liberate phenolic acids botid 
glycosidicalty. Possible partial degradation of hydroxyc’ mnamic acids (especially 
ferulic acid) should be taken considered, even when analyzing plant extracts (buffered 
complex systems). Van Brussel et al.u investipti the destruction of pure fen&c acid 
sobSions trezted witb boiig mineral acids for more than 1 h, 



The alkaline solution was adjusted carddiy to pH 6.5 with 10% Surphtic 
acid with continuous stirring to avoid excessive foaming. Concentrated sulphuric 
acid was then added to 2 cz-onmtition of I %, and the mixture was re4Iuxed for 10 
min_ Phenolic acids which had possibly entered the condenseF were recovered by 
washing it with a smal3 quautity of hot water. The combined washings and hycirolysate 
were cenmged and the sediment @aSO was suspended in hot water and recen- 
tri.f%ged. The combined extracts were adjusted to pH 2.5, and then transferred to a 
l-l long-necked flask. 

At this stage the extract could be left overnigh& if desired, providing that it 
was kept in the dark and contained some polyamide from the column to be used in 
the next step. 

Premafion ofpoiymnrile cohms 

About 150 g polycaprolactam powder (MN-Polyamid-SC 6, 0_05-0.16 mm; 
Macherey, Nagel & Co., DSren, G-F-R.) were suspended in uz. 11 of water-methanol 
(1 :l). After about 3 h the suspension was poured into a double-walled he&able tube 
(25 x 5 cm I.D., stoppered with glass wool). For complete removal of soluble 
polyamide components the column was washed with 11 metbano&-25% aqueous 
ammonia (9 : 1) followed by I 1 methanol and at Icast 2 1 water-acetic acid (999:1)_ 
The polyamide was then free of methanol_ Such a column could generally be used 
oniy once. 

The aqueous extract (PH 25) was applied to the polyamide column from the 
long-necked fIask, aud the flask and column were washed with water (2.0 1) to remove 
carbohydrates, salts and other undesired compoundss. The column xv= thcrmostatted 
to WC, and three eiuates, A., B and C, were collected (separately) as follows. 

(A) Elution with about 0.5 1 methanol. The point at which methanol began 
to exit from the column could be recognized by a visible “streakiness” due to density 
changes within the ehrate dropIets and by 2 sudden acceleration in the drop rate. 
This was the moment from which eluate A was colkxted. 

(B) Elution with 2 mixture of 11 methanol and three drops 25% aqueous 
-0ili2. 

(c) Final elution with about 0.5 1 methanol-25% aqueous 2mmor1ia @:I). 
pri ost of the phenolic acids were found in fractions A and B. Fractioa C served 

only to ensure complete elution of the strongly adsorbed salicylie and gentisic acids. 
Many interfering compounds were also eluted in fraction C. (possibiities of removing 
these undesired substances exist, e.g., by ethyl 2~&2te extractions or by precipitation 
with aceton@*=.) 

The ammonia was removed from eiuates B and C as rapidly as possib!e by 
concentrating the solutions in a rotary vacuum evaporator at 40°C. Eluats A, B and 
C were then combined and concentrated further, any remaining water being removed 
azeotropically by addition of methauol. Precipitation of ammonium striphate, occur- 
ring sometimes during concentration, was filtered off. The resuhant concentrate, diluted 
to 25 ml, could be stored in 2 reftigerator for several wee’ks This is the parent solution 
fOF analysis by TLC or GLC (Part II). 

The parent solution (ca_ 5 ml) was cmcentmti to about 0.5 ml and spotted 
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on TV two silica gel plates (Silica-Rapid-PM&n Woehn F 254; Woehn, Eschwege, 
G.F.R.). It is noteworthy that not every type of commercial silica gel TLC plate was 
found to be suitable. Some types yielded a pink background which caused interference 
when the plates were sprayed with FeCl,. One plate was developed in freshly prepared 
solvent I, dichloromethane-toluene-formic acid (50~40: 10, v/v/v), and the other in 
solvent II, dichloromethane-water-acetic acid (80:50:50, v/v/v, lower phase). The 
separation in solvent I can be improved by double development. 

Evaluation of the chromatograms was done by examination first in UV light, 
366 nm and 254 nm, followed by visualization after gentle spraying with 1% metha- 
nolic FeCI, solution (the background of the plates should be pale yellow). The spots 
were then fanned with hot air at a distance of less than 1 cm above the sorbent layer 
(this causes the background to become white again). Finally, the chromatograms 
were oversprayed lightly with a solution of 0.5 g diazobe~nesulphonic acid in lOOm1 
of 1 N NaQH and heated at 80°C for 15 min_ A second respraying and heating are 
recommended to obtain the ‘best results_ 

A solution of 20% TiCb in concentrated IId31 may be used instead of the 
FeCI, reagent without impairing the subsequent reaction with diazobenzenesul- 
phonate. The phenol-specific titanium reagent9 is especially suitable for quantitative 
estimation by TLC scanning because of the uniformity of the yellow light brown 
colour development, but the lack of colour differentiation with different compounds 
is a disadvantage for identification purposes. 

RESUL,TS 

The retention sequence of phenolic acids (including some coumarins) under 
the conditions employed is shown in Figs. 1 and 2. 2,3+Trihydroxybenzoic acid, 
2,34hydroxybenzoic acid and particularly 2,64ihydroxyhenzoic acid show tailing 
and poor retention reproducibility_ This is obviously caused by their very small 
pK, values. The use of trichloroacetic acid in the developing solvent eliminates this 
undesirable phenomenon. Separation of the solvent and impairment of the reaction 
with FeCI, make a general application of this acid impracticable. 

Under the conditions described, the cis-hydroxycinnamic acids are not sepa- 
rated from the trans-isomers, but this can be achieved using cellulose TLC plates and 
I % aqueous acetic acid as solvent2’. 

The colours of phenolic acids (including some coumarins) with the chro- 
mogenic spray reagents employed are summarized in Table III. The more concentrated 
the spots, the more intense and better diEerentiated are the colours, especially after 
spraying with the F&s reagent. For good distinction of the different fluorescence 
eolours a powerful UV light with a high degree of monochromaticity (366 nm) is 
necessary. 

It is difficult to specify the lower limit of detection of phenolic acids by TLC, 
because accompanying substances in plant extracts can impair the determination. In 
general, however, phenolic acids can be detected unequivocally at levels of 10 ppm, 
often at levels of only 1 ppm, in plant material. Because their colour reactions are iess 
intense, m- and phydroxybenzoic acids are somewhat more difficult to detect in low 
concentrations. Gallic acid is eluted incompletely from the polyamide column during 
sample preparation with the result that it cannot be detected in concentrations below 



f oic atid <O.SO, 

2.3-dihydroxybenroic ccid 

cl-cw=ic ecid co.ea) 

El-C;ICQrIc ccid co.79 

uzbellife*Txte <O&5) 

2.4-dihydzoxybenrolc a&d CO.651 
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about 30 ppm in plant material. The preliminary purification (polyamide cobmm) 
was riecessary for sumd chromaeogmm evduation. Gdiic acid showed insufikient 
recoyery from this dyticd step. ‘3Xx-e&= the t&ctiM method is unsuitable 
for i& quantitation. 

Hy&oxybemoic acid and hydroxy cirmamic acid derivative9 are generalIy 
soIubIe &I hot water_ So we used the described aqueous extraction a&r an enzymatic 
pretreatment. * 

The conditions for a combmed hydrolysis bad been developed previouslf*2p. 
It was showzP that a c~mbiied acidic-alkake treatment gives a maximum yield of 
individual acids, liberated from their derivatives in plant extracts. In Table N the 
recovery of phenok acids using the descriw analytical method is 

. 
summan& . 

cOLQUR JSEACTION3 OF PHENOLfC ACIDS (INCLUDING SOME COUMARINS) 
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(CantinQed onp. 92) 
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Gentisic acid showed unsatisfactory recovery. Obviously the losses are caused by 
the hydrolysis step. 

Pure aqueous solutions of phenol&z acids were less stable in the hydrolysis step 
than phenolic acids occurring in plant extracts. From 100 ppm phenolic acid admixed 
with coriander seed and bay leaves we recovered pcoumaric acid (91”&, caffeic acid 
@3 “%), ferulic acid (92 “4 and sinapic acid (87 “A- 

in the range below 10 ppm (phenolic acid in plant extract) the losses of 
phenolic acids can increase noticeabiy, so that in this range the method is only semi- 
quantitative. 

When recovery tests were performs! only partial losses of phenolic acids were 
noticed- No new compounds (decomposition products) were found by TLC or GLC. 



RECOVERY DATA 
Aqucms sduti~ of 5 and 10 mg phenok acid wre submitted three times to the porification step 
and eight times ti &e whoIe mcttzod. Data see obtained by c~mpaxison with gas dwomatognms of 
dkdy silykti .sWlM SdutionS. 

AC&& XewveW (%I QvemZ rewr;ery /s) 
fmfn plugcation L, S.D. (B/al from 
&&ml&fe wlumn) extmctian + hy&a~y& 

f purffication 

H&lb.Ty&lKofc acI?.& 
SaIicylic 96 
p-Hydroxybznzoic 98 
SyringiC 97 
VaniILic 99 
Rotoca~uic 96 
Geniisk 90 

wpfkmycm ic Q&k-* 
pcoumarit 94 
FIXUEC 94 
C&eic 92 
SinapiC 93 

‘NOtmeasure& 

*- cis- and tram-isomers are added. 

89&3.2 
94 & 2.1 
91 f 2.9 
96 i 1.8 
92 & 3.0 
58;--’ 

87 f 4.6 
82 &- 4.3 
78 f 5.7 
79 f 6.4 
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