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Abstract-The distribution of free and covalently-bound phenolic acids was studied in various fractions obtained 
from fresh lucerne shoots. p-Hydroxybenzoic, vanillic, p-coumaric and ferulic acids were present, both free and 
bound, in all the fractions. Salicylic and sinapic acids occurred only in a bound, alkali-labile state and were found 
almost entirely in the ‘aqueous phase’ fraction after treatment of methanol-chloroform-water extract according 
to Bligh and Dyer. Many other common phenolics were absent. Amounts of the phenolic acids much larger than 
those extracted by methanol-chloroform-water were extracted subsequently by phenol-acetic acid-water and 
passed into the ‘diffusate’ fraction on dialysis of this extract against 70% acetic acid. Small, though significant, 
quantities of phenolic acids remained with the bulk protein in the ‘bag contents’ fraction. The extent to which 
the phenolic acids in these last two fractions are held to protein by covalent bonds or by secondary-valence 
attractions is discussed, particularly in relation to the isolation of N-feruloylglycylphenylalanine after partial 
hydrolysis. Suggestions are made for improving analytical procedures.* 

INTRODUCTION 

Monties and Rambourg [l] have recently reviewed the 
sparse literature relating to the occurrence of 
phenolics in the important crop plant, Medicago sativa, 
with the general conclusion that variations between 
different cultivars may be substantial. However, of the 
common phenolic acids and derivatives, none other 
than chlorogenic acid has so far received mention (cf. 
also [2]). Although upper limits have been set to the 
extent of its occurrence in some cultivars, there are no 
conclusive published identifications of it. 

In general in plants, phenolic acids occur both free 
and in covalently linked forms such as esters and 
amides [3]. When the free and conjugated forms have 
been extracted, purified and identified, they present no 
special problems. However, when one is dealing with a 
little-studied plant material, two complications need to 
be kept in mind: (1) whether the extracting medium is 
capable of removing quantitatively and without de- 
struction the desired substances from the residual ma- 
terial, which may retain them by secondary-valence 
forces; (2) whether the hydrolysis procedures used are 
capable of liberating intact the phenolic acids from 
those compounds, known and unknown, to which they 
are bound by primary-valence links. In our present 

$In a Supplementary Publication, flowsheets are given for 

the detailed extractions and fractionations of the phenolic 

acids: SUP 90042 (13 pp.) deposited at the National Lending 

Library, Boston Spa, Yorkshire, LS23 7BQ, England, from 

whom copies can be obtained. 

study, both these uncertainties have troubled us. The 
results which we now report have therefore general 
methodological interest within this field. 

As to the free phenolic acids isolated, the amounts 
found may be low on account of imperfect extraction 
or damage or they may be high on account of hyd- 
rolysis of conjugated forms during the extraction. As 
to the phenolic acids believed to be in covalently- 
conjugated forms, we have not in general identified 
the parent substances chemically; what we have shown 
is that some of the hydrolysis procedures give rise to 
partial destruction of the substituted cinnamic acids, 
so that our values for covalently-conjugated cinnamics 
should be regarded as minimal. 

One particular purpose of this work was to obtain 
the bulk leaf protein as free as possible from low- 
molecular contaminants, in order to study the 
covalently-linked phenolic acids, which are described 
in an accompanying paper [4]. In conclusion, we have 
correlated our results with those of Monties and 
Rambourg [I] who studied the same lucerne cultivar. 
However, they were analysing, on the whole, for 
different phenolics and by different methods. 
Moreover, they used different techniques from ours 
both for isolating the bulk protein and for attempted 
removal from it of associated phenolics. 

RESULTS 

Table 1 shows the dry-matter and nitrogen balances 
for the initial fractions derived from the lucerne shoots. 
Tables 2-5 give analyses for free and bound phenolic 
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Table 1. Dry matter (DM) and nitrogen (N) balances for initial fractions from lucerne shoots (see 
Experimental) 

Fraction 

Aqueous phase 

Chloroform phase 

PAW extract 

Bag contents 

Diffusate 
Ethanol wash 

Residue 

Whole shoots 

DM of fraction (as % of 
total DM) 

N of fraction (as % of 

total N) N (X of DM of fraction) 

30.2 7.7 1.35 

14.4 3.5 1.27 

46.3 84.1 9.56 

29.3 76.5 13.70 

17.0 1.6 2.40 

2.3 1.0 2.25 

6.X 3.7 2.88 

(100) (LOO) 5.26 

Table 2. Free and bound phenolic acids of ‘aqueous phase’ fraction from lucerne shoots 

Alkali-labile Acid-labile Actd-labile Acid-labile Aad-labile 

bound bound bound bound bound Total acid-labile 

Free phenolic phenohc phenohc pbenohc phenolic phenahc bound phenolic 

acids aada acids aada acids acids acids 

Phenohc acids lwl)* tW2V (W3U (W4E (W5R (Wfa (W3 + WJ + W5 + W6) 
~___- ___-._ 

Salicylic acid nd 225.1 X.0 nd nd nd 58.0 

p-Hydroxybenzaic acid 3.2 12’) 0 54.9 28.0 6.4 2’) 92.3 
Vandhc acld 0.6 19.7 13.6 3.0 nd 02 16.8 

us-p-Coumaric acid -I6 147 8 2 0 1.8 3.2 0.7 7.6 

wart-p-Coumaric acld 9 0 419X 21 2.x 1.4 0.7 7.1 

Total p-coumaric acid, 13.6 567 6 4.1 4.6 4.6 1.4 14.7 
crs-Ferulic ac,d 1.7 166.5 0.6 nd 0.6 (1.2 1.4 
runs-Ferul~ acid 52 856.0 1.3 1.8 ox 0.3 42 
Total ferulic acids 6.9 1022.5 1.9 1.8 1.4 0.5 5.6 
cis L trans-Sinapic aads nd 302.5 nd nd nd “d nd 
._____ __- -_ 

The results are expressed in @g/g dry wt lucerne shoots; for preparation of ether extracts Wl-W6, see Supplementary 

Publication. 

*Figures corrected for losses occurring during extraction, GLC, etc. (tested with labelled compounds). 

tFigures corrected for losses occurring during extraction, alkali hydrolysis, G.C, etc. (tested with labelled compounds). 

JW3. W4, W5 acid hydrolysis with trifluoroacetic acid; W6, acid hydrolysis with HCI. The figures have only been corrected 

for losses during extraction and GLC. Important losses occur during acid hydrolysis (impossible to correct [4]). 

nd = Not detected. 

Table 3. Free and bound phenolic acids of ‘chloroform phase’ fraction 

from lucerne shoots 

Alkali-labile Alkali-labile 
Free phenolic bound phenolic bound phenolic 

Phenoiic acids acids (Cl)* acids (C2)+ acids (C3lt 

Salicylic acid nd nd nd 
p-hydroxybenzoic acid 0.8 0.5 nd 
Vaniilic acid 0.3 0.6 nd 
cis-p-Coumaric acid nd 0.4 3.2 
trans-p-Coumaric acid 1.4 1.8 5.4 
Total p-coumaric acids 1.4 2.2 8.6 
cis-Ferulic acid 0.5 1.1 2.8 
trans-Ferulic acid 1.2 3.2 8.0 
Total ferulic acids 1.7 4.3 10.8 
cis- + trans-Sinapic acids nd 0.6 nd 

The results are expressed in pg/g dry weight lucerne shoots; for prepara- 
tion of ether extracts ClC3, see Supplementary Publication. 

*Figures corrected for losses occurring during extraction, GLC, etc. 
(tested with lahelled compounds). 

tFigures corrected for losses occurring during extraction, alkali hyd- 
rolysis, GLC etc. 

nd = Not detected. 
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Table 4. Free and bound phenolic acids of ‘diffusate’ fraction from lucerne shoots 

Pbenolic acids 

Salicylic acid 

p-Hydroxybenzoic acld 

Vanillic acid 

cis-p-Coumaric acid 

trans-p-Coumaric acid 

Total p-coumaric acids 

cis-Ferulic acid 

Lrans-Ferulic acid 

Total ferulic acids 

cis- i wans- Sinap~ ands 

Free phenobc 

acids 

(Dl)* 

nd 

9.3 

nd 

nd 

5.1 

5.1 

2.0 

6.7 

8.7 

nd 

Alkali-labile 

bound 

phenolic 

acids 

(D2)t 

nd 

22.5 

142.1 

343.6 

865.7 

1209.3 

356.7 

1370.3 

1727.0 

nd 

Aad-labile 

bound 

phenolic 

acids 

(D3)j. 

nd 

158.9 

28.X 

nd 

14.2 

14.2 

3.9 

20.4 

24.3 

nd 

Acid-labile 

bound 

phenolic 

acids 

(D4)* 

nd 

59.5 

3.7 

nd 

4.1 

4.1 

nd 

3.5 

3.5 

nd 

Acid-labile 

bound 

phenolic 

aads 

(D5)* 

nd 

10.9 

0.6 

nd 

nd 

nd 

nd 

1.1 

1.1 

nd 

Acid-labile 

bound 

phenolic 

acids 

(D6)t 

nd 

6.4 

0.4 

nd 

0.7 

0.7 

nd 

0.2 

0.2 

nd 

Total acid-labile 

bound phenolic 

acids 

(D3+D4+DS+D6) 

nd 

235.6 

33.5 

nd 

19.0 

19.0 

3.9 

25.2 

29.1 

nd 

The results are expressed in @g/g dry weight lucerne shoots; for preparation of ether extracts Dl-D6, see Supplementary 

Publication. 

*Figures corrected for losses during extraction, GLC, etc. (tested with labelled compounds). 

tFigures corrected for losses during extraction, alkali hydrolysis, GLC, etc. (tested with labelled compounds). 

SD3, D4, D5, acid hydrolysis with trifluoroacetic acid; D6, hydrolysis with HCI. The figures have only been corrected for 

losses during extraction and GLC. Important losses occur during acid hydrolysis (impossible to correct [4]). 
nd = Not detected. 

Table 5. Free and bound phenolic acids of ‘bag contents’ fraction from lucerne shoots 

Phenolic acids 

Salicylic acid 

p-Hydroxybenzoic acid 

Vanillic acid 

cis-p-Coumaric acid 

trans-p-Coumaric acid 

Total p-coumaric acids 

cis-Ferulic acid 

trans-Ferulic acid 

Total ferulic acids 

cis- + tmns-Sinapic acids 

Alkali-labile Acid-labile Acid-alible Total acid-labile 

Free phenolic bound phenolic bound phenolic bound phenolic bound phenolic 

acids acids acids acids acids 

(PI)* (P2)t (P3)$ (P4)$ (P3 + P4) 

nd nd nd nd nd 

1.7 9.0 12.6 1.5 14.1 

0.6 4.9 3.9 nd 3.9 

nd nd nd nd nd 

2.0 12.2 nd nd nd 

2.0 12.2 nd nd nd 

nd 5.5 nd nd nd 

0.4 17.7 nd nd nd 

0.4 23.2 nd nd nd 

nd nd nd nd nd 

The results are expressed in &g/g dry weight lucerne shoots; for preparation of ether extracts Pl-P6, see Supplementary 
Publication. 

*Figures corrected for losses during extraction, GLC, etc. (tested with labelled compounds). 

tFigures corrected for losses during extraction, alkali hydrolysis, etc. (tested with labelled compounds). 

SP3, P4, acid hydrolysis with trifluoroacetic acid. The figures have only been corrected from losses during extraction 

and GLC. Important losses occur during acid hydrolysis (impossible to correct [4]). 
nd= Not detected; note that P5 (CF,COOH hydrolysis) and P6 (HCI hydrolysis) did not contain any deteckkk amounts 

of phenolic acids. 

acids of ‘aqueous phase’, ‘chloroform phase’, ‘diffus- 
ate’ and ‘bag contents’ fractions respectively (see Ex- 
perimental). All these results are expressed in terms of 
the dry matter of the original lucerne shoots subjected 
to fractionation. 

Table 6 shows R, values found for the various 
phenolic acids in a number of TLC systems (see Ex- 
perimental). Table 7 shows wavelengths of their exita- 
tion and fluorescence maxima, used in obtaining the 
quantitative results reported in Tables 2-5 (see Ex- 
perimental). It should be noted that salicylic and 
sinapic acids were found only in the ‘aqueous phase’ 
and ‘chloroform phase’ fractions, and there only in a 
bound state. Many other common phenolic com- 
pounds, which would have been manifested by the 
GLC runs, were apparently absent (cf. [5]). 

DISCUSSION 

Free phenolic acids 

These were found in all the fractions. In ‘aqueous 
phase’ and ‘chloroform phase’ they were presumably 
genuinely free, since the methanol-chloroform-water 
(MCW) extraction [6] did not modify leaf pH. Thus, 
being largely in an ionized state, the phenolic acids 
distributed themselves mainly into the aqueous phase. 
In the other fractions, it is impossible to say whether 
they were retained by sorption of the unextracted 
residue or liberated by partial hydrolysis of covalently- 
combined forms which, in all fractions, were more 
abundant than the free phenolic acids. The 
substituted cinnamic acids were found in both cis and 
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Table 6. Values (X 100) of phenolic acids in four solvent systems 

toluene-HCO,Et-HCO,H toluene-HOAc C,H,-HOAc 
(5:4: lj (9: 1) (19: 1‘1 2% HOAc* 

Phenolic acid (steamed)t (,steamed)$ (steamed)+ (unsteamed) 
~~.-___I_ 

Salicylic acid 63 40 36 91 

p-Hydroxybenzoic acid 46 14 14 80 

Vanillic acid 51 31 36 83 

cis-p-Coumaric acid 51 19 19 

trans-p-Coumaric acid 51 19 19 18 

cis-Ferulic acid 54 3 2 39 70 

trans-Ferulic acid 54 32 39 37 

cis-Sinapic acid 49 10 31 63 

truns-Sinapic acid 49 10 31 .10 
-___ 

*CL- and trans-phenolic acids are separated in 2% HOAc. 

Steaming: Sometimes the internal water phase of the plates was increased by keeping them, after 

spotting but before irrigation, in an atmosphere saturated with water for 15 min (t) [X] or by 
keeping the plates in water vapour escaping from a tea kettle. The procedure should be rc- 
peated twice, but plates should not be completely wet ($) [20, 2 I]. 

tram forms, but the rrans forms in every case pre- 
dominated and it is reasonable to suppose that, if light 
had been excluded during the fractionations and anal- 
yses, only the tram forms would have been present 
(Van Sumere. C. F., unpublished work: 171). 

Coualently-bound phenolic acids 

These were also found in all fractions, and in con- 
siderably greater amounts than the free acids. Since 
the greater part of them could be liberated by alkali 
treatment, it is reasonable to suppose that they occur 
in ester form, although some hydrolysis of amide 
linkage could also have occurred (Vande Casteele, K. 
and Van Sumere, C. F., unpublished work). The 
amounts liberated by the later acid hydrolyses were 
smaller and were presumably not from ester but from 
amide or some other type of linkage. It is to be noted 
that the amounts of substituted cinnamics liberated are 
diminished. owing to decomposition under acid condi- 
tions [S, 93. Such decomposition is much less with the 
benzoic acids. 

We have not, in general, attempted to identify the 
chemical compounds from which the phenolic acids 
were liberated. More bound phenolic acid was present 
in the ‘diffusate’ fraction than in the ‘aqueous phase’. 
It is possible that several of the compounds were 
partially retained on the insoluble residue during the 
MCW extraction and released into the ‘diffusate’ at 
the dialysis step. On the other hand, salicylic and 
sinapic acid derivatives were found almost entirely in 
the ‘aqueous phase’. These might have included 
sinapine and perhaps other choline esters held in the 

aqueous phase by their quaternary ammonium groups 
([l&14]; Fenwick, R. G., personal communication). 
Moreover, the bound p-hydroxybcnzoic acid was pre- 
dominantly alkali-labile in ‘aqueous phase’ and predo- 
minantly acid-labile in ‘diffusate’. These observations 
seem to prove that at least some of the compounds 
were cleanly partitioned into the different fractions. 

Only small amounts of bound phenolic acids were 
found in ‘chloroform phase‘, which indicates that the 
leaf lipids are largely free from this class of compound. 

If present, chlorogenic acid would have been in 
‘aqueous phase’ [2], but none was found. in agreement 
with Monties and Rambourg [l]. Nor was any caffeic 
acid, a possible decomposition product, detected [S]. 

In an accompanying paper [A], Van Sumerc and 
colleagues. after partial hydrolysis of a somewhat 
differently prepared protein-rich lucerne fraction, 
identified A’-feruloylglycylphenylalanine. It is not clear 
whether the parent protein or peptide would have 
been in the ‘bag contents‘ or ‘diffusate’ fraction in the 
present scheme, 

Hydrolysis procedures 

The alkaline and acid hydrolysis procedures used 
were shown by control experiments to liberate the 
benzoic acid derivatives in good yields. However, poor 
yields of substituted cinnamic acids seem inevitable if 
acid hydrolysis is used, and it might be preferable to 
substitute repetitive alkaline hydrolyses. Even these, 
however, would probably not break phenolic glycoside 
bonds. For liberating substituted cinnamic acids from 
such compounds. treatment with a glycosidase would 

Table 7. Excitation and fluorescence wavelength maxima of phenolic acids 

Excitation maximum Fluorescence maximum 
Phenolic acids inm) (nm) 

-.-.-_ 

Vanillic acid 304 354 
cis- and trans-p-coumaric acids 344 344 
cis- and trans-ferulic acids 358 364 

cis- and trans-sinapic acids 363 478 
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be useful [8]. Once the phenolic acids had been ob- 
tained in the free state, analytical recovery was good 
(always within the range 70-lOO%), as judged by 
initially adding isotopically labelled compounds. Cor- 
rection factors have been based on these recoveries 
and incorporated into the tables (see Experimental). 

Chromatographic procedures 

For quantitative determination of the simple 
phenolic acids, it was particularly important to follow 
the GLC step with hydrolysis of the trimethylsilyl 
(TMSi) derivatives and subsequent TLC, because the 
GLC cuts, as collected, often still contained several 
extraneous compounds. 

Initial fractionation procedures 

The use of phenol-acetic acid-water (PAW) as an 
extraction agent and the prolonged dialysis against 
70% aqueous acetic acid subjected the ‘diffusate’ and 
‘bag contents’ fractions to acidic conditions. These 
may well have caused hydrolytic cleavage of benzoic 
and (especially) cinnamic residues, with isomerization 
and destruction of the latter [8, 91. A more rapid 
technique for obtaining a high-molecular fraction from 
a PAW extract by gel-permeation chromatography on 
Sephadex has been described [2], but even this opera- 
tion took ca 2 hr; it might be hastened by using a 
shallow bed of Sephadex on a Buchner funnel. There 
is obvious scope for devising new non-acidic chaot- 
ropic solvent mixtures other than PAW for promoting 
the extraction of phenolics from plant materials with 
minimal damage to primary-valence bonds, and for 
avoiding subsequent chemical modification of any lib- 
erated phenolics. 

The approach of Monties and Rambourg [l] to 
breaking hydrogen bonds between phenolics and pro- 
tein by acetylating phenolic and other functional 
groups in both interacting categories, has notable 
merit, but it is a pity that they used such an acidic 
reagent mixture as acetyl bromide in acetic acid. Ace- 
tic anhydride-pyridine mixtures might well prove 
more useful. 

For preparation of protein free from phenolics 
bound by secondary valencies, which was a subsidiary 
objective of the present work, it might be more conve- 
nient to use sorption of the phenolics on to such 
materials as polystyrene [15, 161. It would be valuable 
to compare the behaviour of a variety of plant-protein 
preparations by subjecting them to various sequential 
operations of these kinds. The present state of the art 
of separating plant proteins from phenolics bound by 
secondary valencies is manifestly unsatisfactory [16]. 

Association of phenolic compounds with lucerne pro- 
teins 

The lucerne bulk-protein preparation obtained by 
gel-permeation chromatography by Davies et al. [2] 
had a lower absorption at 350 nm than any of the 
protein-rich fractions studied in the present paper, 
namely, E:O& = 3.3 in 0.1 M NaOH. Were this entirely 
due to ferulic and p-coumaric acids, that fraction 
would have contained approximately O&1.2% w/w of 
these [7]. In the present work, we did not recover 
more than 0.013% w/w of such acids from the corres- 
ponding ‘bag contents’ fraction (Tables 1 and 5). As 

we cannot estimate our losses under the conditions 
which we used for preparation and hydrolysis, it could 
be that much more of these residues were present. On 
the other hand, much of the absorption at 350 nm 
could perhaps be due to coumestrol, as suggested by 
Monties and Rambourg [l]. These authors make no 
mention of the occurrence of phenolic acids in their 
preparations, apart from commenting on the absence 
of caffeic acid and its derivatives. 

Nutritional implications 

In general, we are in agreement with Monties and 
Rambourg [l] in not having found any significant 
quantities of o-diphenols in our respective fractions. It 
therefore seems unlikely that attack by quinonoids on 
nutritionally important amino acid residues (e.g. lysine 
residues in tobacco leaf protien [2]) is important in 
impairing the nutritive quality of lucerne leaf-protein 
concentrates. Reaction with the considerable quan- 
tities of linolenic acid residues present or thermal 
cross-linking, during ill-controlled drying and storage, 
seem more likely explanations for such impairments 

r171. 

EXPERIMENTAL 

Plant material. This was the same batch of lucerne shoots 
(Medicago satiua L. cv Europe) as previously studied [2]. 

Initial fractionation of Lucerne shoots. This followed a pre- 

vious procedure [18] to give ‘aqueous phase’, ‘chloroform 

phase’, ‘PAW extract’, ‘ethanol wash’ and ‘residue’, with an 
additional step to subdivide ‘PAW extract’ into ‘diffusate’ 

and ‘bag contents’ [2]. 

Analyses on initial fractions. These fractions were worked 
up for free and bound substituted benzoic and substituted 

cinnamic acids according to the detailed schemes shown in 

the Supplementary Publication. In brief, the following proce- 

dures were employed. 

The aqueous phase (1750 ml) was coned to 1 l., acidified 

with 2 M HCl and extracted with Et,0 (11. X 6) (this Et,0 
extract (fraction Wl) contains the free-substituted benzoic 

and cinnamic acids). After concn and addition of EtOH to 10 

ml, aliquots of the concentrate (see Supplementary Publica- 
tion, p.4) were treated with H,O and then evapd to ca 1 

ml. This soln was subsequently treated with 3 ml 6% (w/v) 

aq. NazCO, and then again extracted with Et,O. The Et,0 

layer was discarded and the carbonate layer was acidified 

with 6M HCI until pH 3.5. Thereafter the phenolic acids 

were again extracted with several portions of 5 ml EtzO. The 

Et,0 extracts were combined (max vol. 25 ml) and the 

phenolic acids present were converted into TMSi derivatives. 

These derivatives were then separated by GLC, collected and 

further quantitatively analysed by TLC in combination with 

fluorimetry of spectrophotometry (see [5], [8] and the Sup- 

plementary Publication). After removal of the free phenolic 
acids the remaining aq. layer was successively hydrolysed (see 

below) with 2 M NaOH (the hydrolysate resulted, after 

neutralization (PH. 3.5) and Et,0 extraction, in fraction W2), 

trifluoroacetic acid (1M) (3 times repeated; resulting respec- 
tively in fractions W3, W4, W5) and HCl (2 M) (fraction 

W6). After each hydrolysis the liberated alkali-labile bound 

or acid-labile bound phenolic acids were extracted and analy- 

sed as described for the free phenolic acids. 

7’he chloroform phase (980 ml) was coned to a small vol. 

Thereafter 150 ml H,O and 200 ml 6% (w/v) aq. Na,CO, 

were added. The alkaline soln was then twice extracted with 
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250 ml n-BuOH and 250 ml Et,O. The organic layers were 

combined and treated with 40 ml 6”/;, (w/v) aq. Na,CO,. The 

two carbonate layers were pooled. acidified with 6 M HCI 

until pH 3.5 and then extracted with Et,0 (X 6). This Et,0 

extract was as before analysed for free phenolic acids (frac- 

tion Ci). The remaining aq. phase was hydrolysed with 2 M 

NaOH as described below and the liberated phenolic acids 

were analysed as indicated above (fraction C21. The n- 

BuOH-Et,0 layer was coned to a small vol. After addition 

of H,O (total vol. 230 ml) and 8 M NaOH until 2 M, alkaline 

hydrolysis was performed as further described. The hydroly- 

sate was subsequently twice extracted with n-BuOH and 

Et,0 and the organic layer, containing chlorophyll, was again 

treated with JO ml 2 M NaOH. The two alkaline layers were 
combined, acidified with 6 M HCI until pH 3.5 and extracted 

with Et30 (400 mlx6~. The Et,0 extract (fraction C3) 

containing the liberated alkali-labile hound phenolic acids was 

analysrd as hcfore (see free phenollc aclds~. The acid aq. 

layer was discarded. 

Tlte d@sate fraction, diluted with Hz0 to 200 ml, was 

extracted x 6 with 150 ml Et20. Both the Et,0 layer and the 

aq. phase were kept for further analysis. The Et,0 layer was 

coned, H,O and solid Na,CO, as well as 6% (w/v) aq. 

NaZCO, were added until pH 6.6. After Et20 extraction of 

the latter solution an Et,0 layer and an aq. layer No. 1 were 

obtained. The Et,0 layer was coned and 30 ml I-i,0 and 

enough 6% Na2C0, to reach pH 6.6 were added This soln 

was then again extracted with Et,0 (150 mlx6). The Et,0 
layer was discarded and both aq. layers Nos. 1 and 2 were 

combined, acidified with 6 M HCI (pH 3.5). and extracted 

with Et20 (150 ml x 6). The Et,0 extracts were combined, 

cone to IO ml and analysed for free phenolic acids (fraction 

Di) as described above. The aq. layer, which was obtained 

after the first Et20 extraction of the diffusate, was treated 

with 8 M NaOH until 2 M. After alkaline hydrolysis and 

acidification with 6 M HCl until pH 3.5 an Et,0 extract 

(fraction D2) was obtained which contained the alkali-labile 

bound phenolic acids of the diffusate. The acid aq. layer was 

further treated with trifluoroacetic acid until 1 M and hydrol- 

ysed. After neutralization until pH 3.5 and Et,0 extraction, 
fraction D3 was obtained. The same procedure was twice 

more repeated giving rise to fractions D3 and DS. The three 

last fractions contained the acid-labile hound phenolic com- 

pounds which were stable in acid medium. Subsequently also 
a hydrolysis with 2 M hydrolchloric acid was performed 

giving rise finally to fraction D6. 

The hag contrnls (protein fraction: X50 ml) were first 

acidified with 6 M HCI until pH 3.5 and free phenolic acids 

present were extracted with Et,0 and analysed as described 

above (fraction Pl). The aq. layer was then again (see diffus- 

ate) successively hydrolysed with 2 M NaOH and the hyd- 

rolysate resulted in fraction P2. which contained the al- 

kali-labile hound phenolic acids. After acidification the re- 

maining aq. layer wab twice hydrolysed with trlfluoroacetic 

acid (1 M) resulting in fractions P3 and P3. These fractions 

contained the acid-stable phenolic acids. 

Radioactively-labellcd phenolic acids were used to check 

the extraction schemes and chromatographic recoveries. For 

the free benroic acids. the overall correctton factor applied 

was 1.43 and for the free cinnamic acids 1.37. For the 

alkali-labile bound phcnolic acids the overall correction fac- 

tor was I.35 and for the acid-labile hound phenolic acids 

1.28. However. this last figure refers only to the substituted 
benzoic acids; destruction of the substituted cinnamic acids 

was too great to permit the USC of any meaningful correction 

factor and the figures recorded are minimal (see Discussion). 

Nitrogen. This was determined by a micro-Kjeldahl proce- 

dure [19]. 
Hydrolysrs. (a) Alkaline Itydroiysis. The extracts to he 

hydrolysed were treated with 8 M NaOll until 2 M. Thereaf- 

ter hydrolysis was performed, under reflux and N,, for 2 hr. 

Subsequently, the hydrolyaate was acidifed with 6 M HCI to 

pH 3.5 and the liberated phenalic acids were rxtracicd with 
Et,0 (I vol. X 6). (b) Acid hvdrolvsis. This hydrolyses was 

performed with trifluoroacetic. acid. the concentrated acid 

being added to the extracts until 1 M. After relluxmg for 3 111 

under N,, the acid medium v,as ncutralired \~rth cone 

Na,CO, to pH 3.5 and the liberated phenollc acids were 

extracted with Et,0 (1 vol. y hi. in a accond and compara- 

tive experiment hydrolysis was performed during 30 min with 

2 M HCI. It should further bi: noted that acltis such ah 

p-hydroxybenzoic acid arc quit e stable in boiling acid but 

that hydroxycinnamic acids are rapidly tic\tro\,cd ,n the <ame 

medium [X, 9j. 
Gas-chromatogruphi~ .sepcuatmrl of the phendi~’ ~~ft~pO~td.5 

present in the ether extructs. (al Prtyr~~tiorl of he uolntilc 

trimethylsiIyl ( TMSi) dericnfici9 of tlw p/1fvtofic covipm4ml.\. 

An aliquot of the above Et,0 extracts was first coned in 

cacuo. After addition of 1 ml Hz0 anti 7_-.3 ml h’X \v/\ 

Na,CO, (pH 9) and 3-3 ml Et,O. the carbonate fraction 

containing the salts of the phenolic acids. was qeparatetl from 

the Et,0 layer (discarded). After acidification of the alkaline 

aq. layer with 6 M HCI to pH 3.5. the phenolic acids were 

again repeatedly extracted with roughlq cqunl ~olurnt~s of 

Et,0 (6 times1 and the Et,<> fractmns wzre pooled (acid aq. 

layer di*cardedj. The final Et?0 layer \&as then dried. coned 

in U~CUO and quantitatively transferred into a tal-cd hottle. 

After concn in NL and drying over P-0, and NaOH, the dry 

wt of the extracted material wa\ determined 3ncl the ‘TMSi 

derivatives were prepared in sealed vial\ j5]. lb) (;(I.\ 

chromafography. After coolin, 0 the vials. 7-J-(1 ~1 portions 

(amounts injected depending on the amount of dr! wt and 

number of phenolics present in the Et,0 extracts) of the 

reaction mixture were injected in a Hev,iett-Packard 573OA 

instrument. This instrument was equipped with Pyre\ glass 

columns (3.0 m x 1 mm ID) and a thermal-conductivity dc- 

tector (temp. 350”). The glass columns wcrc packed with 

Chromosorb W AWIDMC’S 1,80--100 mesh) coated with 

1.5% SE-30 plus 1.5% SE-52 (Harlan Xerographi. The 

temp. of the injection port was 300”. The carrier ga\ was He, 

with flow rate 30 mlimin. The column temps. were program- 

med from 100 to 300”. with tcrnp increases of 4’ min. The 

collector temp. was further 750’ and the recorder ((I- 1 .O 
mV) chart speed I cmimin, with the attenuator in position 1. 

Before the analysis of plant extract \\a$ performed, the 

separation of a known standard mixture of cli 30 ditfercnt 

phenolic acids and related compounds wa, rccordzci. The 

same chart as well as the same start position we,-e auhsc- 

quently used for the recording elf the peaks originating from 

the plant extracts. This procedure, wtuch allowed the dtrect 

comparison of the retention tmics of the known and un- 

known, proved to he very helptul in the preliminary G1.C 

identification of unknown compounds. The same procedure 

allowed also to make the proper selection for test substances 

which, after hydrolysis of the collected ThlSi derirattve\. had 

to be used during the TLC analys. (ci (bllecrion OHLI hyd- 

rolysis of the separafed TMSi deriwfires. ‘These were. as far as 

possible, collected as a single peak and then hydrolyscd [5]. 

When the concn of a phcnolic acid proved to hc low in an 

extract, up to 10 collections of the \amc peak \vere made in 

the same micro-collector glass tube. 
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acids. The collected and hydrolysed TMSi fractions were 

further analysed by TLC on mixed layers consisting of Si gel 

G (Merck, Darmstadt, W. Germany) and cellulose MN 

(Macherey & Nagel, Diiren, W. Germany) [8, 20, 211. For 

this purpose, a series of adequate solvent systems (see Table 

6) was employed. 
When known amounts of reference substances were ap- 

plied next to the unknowns, quantitative results could be 

obtained by combining TLC with fluorimetry (this was the 

case for vanillic, p-coumaric, ferulic and sinapic acids-see 

Table 7) or spectrophotometry (salicylic and p- 
hydroxybenzoic acids). The h,,, values of these last com- 

pounds in 0.1 M NaOH were respectively 296 and 280 nm. 
In all cases the unknown and known spots were removed 

from the plate and eluted with 4 ml 0.1 M NaOH. Final 

analysis was then performed with one of the above- 

mentioned spectroscopic methods [8]. 
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