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Abstract-Maximum bonding of the principal plant phenols of Nicofiana tubacum to insoluble polyvinylpyr- 
rolidone occurred at pH 3.5 in l-10 per cent methanol. Three successive additions of 05 g each of purified 
polyvinylpyrrolidone quantitatively bound 100 pg amounts of each phenol. The bonding was reversible; 8 M 
urea, 5 M guanidine hydrochloride and N-methyl-2-pyrrolidone released undcgraded caffeic acid from the 
polyvinylpyrrolidone-catIeic acid insoluble complex. The analytical and spectral data presented in this 
paper indicate that the phenols were attached to the polyvinylpytrolidone principally by hydrogen bonds. 

INTRODUCTION 
IT IS often desirable to separate the phenol fraction from plant tissue extracts. This is neces- 
sary during the course of analytical determinations of plant phenols1-4 and carbohydrates,5 
and in the isolation of certain enzymes. 6-7 Lead acetate has been widely used as a precipitant 
for ortho hydroxy phenols, but a disadvantage is that it does not precipitate some plant 
phenols and may coprecipitate other compounds. * More recently, the insoluble polymer 
polyvinylpyrrolidone (PVP) has been used to separate phenols, supposedly by hydrogen 
bond formation (Fig. 1). It has been fairly specific in this regard.‘j The purpose of this paper 

FIG. 1. POSTULATED HYDROOENBONDINGOFPLANTPHENOLTOPOLWIN~ PYRROLmoNE. 

* The investigation reported in this paper (No. 67-3-69) is in connection with a project of the Kentucky 
Agricultural Bxperimental Station and is published with approval of the Director. 
1 W. D. MCFARLANB and M. J. VADER, J. Inst. Brewing 68,254 (1962). 
2 W. D. MCFARLANE and P. T. SWORD, J. Inst. Brewing 68,344 (1962). 
3 C. J. B. %rr, M. A. J~~LYN and A. hK’MN, Anal. Chem. 27,1159 (1955). 
4 D. N. BARUA and E. A. H. Ronxurs, Biochem. J. 34,1524 (1940). 
s G. W. &0lDERSON and B. P. M:Pansu~, Analyst 335 (1966). 
6 W. D. Loo~ls and J. BAITAILE, Pl?ytochem. 5,423 (1966). 
r J. D. Jomrs, A. C. HULME and L. S. C. W~OLTORTON, Phytocfiem. 4,659 (1965). 
s M. K. S~KEL, in Biochemistry of PhenoIic Compounds (edited by J. B. HAR~UXNE), p. 37. Academic Press, 

London and New York (1964). 
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is to report the results of work to establish optimum conditions for the formation of the 
PVP-plant phenol complex and to provide evidence for the nature of the postulated hydrogen 
bonding. The study is a prerequisite for the development of an analytical method for total 
phenols in tobacco leaf. The principal plant phenols of Nicotiana tabacum (namely caffeic 
acid, quercetin, scopoletin and their naturally occurring derivatives) were investigated. 

Optimum Conditions for Bonding 
RESULTS 

Solutions of plant phenols were prepared by dissolving the compounds in 10 per cent 
methanol and adjusting to the desired pH by addition of acetic acid or sodium carbonate. 
The effects of pH differences upon the formation of the plant phenol-PVP insoluble complex 
were determined by the addition of O-250 g purified PVP (see Experimental) to 10.0 ml of the 
18 pg/ml standard plant phenol solution contained in a glass-stoppered Erlenmeyer flask. 
The flask contents were gently shaken with the aid of a mechanical shaker for 1 hr. Next the 
mixturewastransfemd toaconicalcentrifugetubeandcentrifugedat 3OOOrev/minfor2Omin. 
The absorption spectrum of the supernatant was compared with that of the original solution 
from 220 to 420 mn on a Beckman DB recording spectrophotometer. The effect of pH on 
the bonding of rutin to PVP is represented in Fig. 2. From this spectral data it can be seen 

Wavelength, w 

FIQ. 2. &BECT OF PH ON RONDINC3 OF RUTIN i0 Pw. 

Original rutin c~nccntrRtion: 18 &ml, 10 per cent methanol. Refercncc curves A, B, C=pIi 8.5, 
6.0 and 3.5, rcqxctively, without PVP; curves D, E, F=pH 8.5. 6.0, and 3.5, rcqxctivcly, with 

PVP, 25.0 mg/ml. 
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’ that at pH 35 more rutin is removed from solution than at either pH 6.0 or 85. Bonding was 
least in the alkaline solution in which phenolic hydroxyl groups are largely converted to the 
sodium salt. Similar results were obtained for solutions of chlorogenic acid, quercetin and 
scopoletin. Furthermore, when the pH effect was studied in the same manner with caffeic 
acid at O-5 unit pH differences in the range pH 25 to 5.5, it was found that pH 3.5 provided 
the optimum conditions for formation of the PVP-caffeic acid insoluble complex. These 
results are given in Table 1. Similar results were obtained for the other plant phenols 
studied, and this provided evidence that the bonding was of the hydrogen type. 

PH 

TAIILE 1. EFFECT OF pH ON BONGING OF CAFFEXC ACID TO PVP 

Absorbance at 322 nm 
t , Caffeic acid 
Before After removed from 
PVP PVP solution* % 

2.5 0.545 O-258 52.7 . 
31) 0481 0.101 79.0 

;:; OS0 0481 0.069 0.072 87.0 85-O 
4.5 0.423 O-079 81.3 
5.5 0403 0098 75.7 

* Calculatadonthebasisofthechangeinabsorbanceat 322mnafter PVPadditions. 

Because hydrogen bonding was more likely to occur in aqueous than in organic solvent 
systems, experiments were performed to determine the effect of methanol upon the amount of 
phenol removed from solution. Relatively small losses in the efEciency of PVP with respect 
to cafTeic acid and scopoletin bonding occurred at increasing methanol cencentrations of 
l-10 per cent (cf. Table 2). However, at a 25 per cent methanol concentration, there was much 
less formation of bound caffeic acid. 

TABU. 2. EFFECT OF INCREASBD METHANOL CONCENTRATION ON BONDING OF 
PEBNOL3 TO Pw 

Phenol 
Methanol 

% 

Phenol removed 
from solution* 

% 

Caffeic acid 1 92.2 
5 91.3 

g 91.2 65.3 

Scopoletin 1 56.3 
1; 48.2 52.3 

* calculated on the basis of the change in absorbance at wavelength maxima for 
compound as given in Table 3. 

The effect of shaking time with PVP upon the amount of caffeic acid removed from 
solution was studied. From the results it appears that au equilibrium between bound and 
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unbound caffeic acid is reached within a lo-min shaking period. Longer periods of shaking ’ 
up to 2 hr had no effect upon the amount of caEeic acid bound. 

Three weights of PVP were used with an equal concentration of chlorogenic acid, rutin 
or scopoletin in an experiment designed to determine whether the amount of PVI-plant 
phenol insoluble complex was dependent upon the weight of PVP used or the number of 
successive PVP treatments. Figure 3 indicates that more chlorogenic acid, rutin and scopo- 
letin were bound at the 1400 g PVP level than at the lower 0.250 g level. However, because 
of the high ratio of solid phase to liquid phase, the higher weight was not conveniently used. 
When three successive treatments with 0.500 g were tested, there was nearly quantitative 
bonding of the three phenols to PVP. 

Chlorogenic 
Acid 

Rutin Scopoletin 

FIG. 3. EFFECT OP WEIGHT OF PW AND NUMBER OF TREATMENTS UPON MdouNT OF BOUND PHENOL. 

100 pg standard plant phenol in 10 ml 10 per cent methanol at pH 3.5. 
0 One treatment, 0.250 g PVP 
W One treatment, 1400 g PVP 
Ulll Three successive treatments. 0400 g PVP each. 

Precipitation of Plant Phenois with Polyvinylpyrrolidone at pH 395 

Solutions of standard tobacco plant phenols at a final concentration of 18 pg/ml in 10 
per cent methanol were prepared and adjusted to pH 35 as described in the previous section. 
A 10.0~ml aliquot of each solution was treated with 0.250 g PVP for 30 min and subsequently 
separated from the PVP-insoluble complex as previously indicated. Spectral curves before and 
after the addition of PVP were compared, and the absorbance change at an appropriate 
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wavelength maximum was used to calculate the amount of plant phenol removed from 
solution. A representative curve upon which the calculations were based for chlorogenic 
acid is given in Fig. 4. The data are summarized in Table 3. 
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FIG. 4. ~NDINGOFCHLOROGJXNICACIDTOPVP. 

18 pg chlorogenic acid/ml, in 10 per cent methanol, pH 3.5. 
PVP treated. 

Curve A, reference, no PVP; curve’;?, 

Compound 
Absorbancy 

maxima,* nm 

Percentage 
removed by 

pVpt 

Meic acid 
Chlorogenic acid 

(3-cafkoyl quinic acid) 
scopoletin 
Scopolin (scopoletin-7 glucoside) 
Quercetin 
Rutin (quercetin-3-rhamnoglucoside) 

322,$3&l 91.2 
323,$300 79.5 

343,$295 48.2 
338,$288 
2912 9i.2 
352J 2.58 88.3 

+ In 10 per cent methanol at pH 3.5. 
t Calculated in terms of absorbancy change at indicated absorbancy maximum 

following 30 miu treatment with PVP. 
$ Absorbancy maximum used in calculation of per cent removal. 
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All compounds with free aromatic hydroxyl groups were bound to PVP. In each case 
(cf. Table 3) the percentage of bound phenol was higher for the aglycone than it was for the 
corresponding derivative. Further, there was no reaction with PVP in the case of the gluco- 
side of scopoletin, scopolin, which has no free aromatic hydroxyl group. The results also 
suggest that increased numbers of aromatic hydroxyl groups per molecule increase the 
amount of PVP bond formation. This is evidenced by an increased order of the amount of 
removal from solution of scopoletin, caffeic acid and quercetin which possess 1,2 and 4 free 
phenolic groups respectively. It is probable that carboxyl groups present in caffeic acid and 
chlorogenic acid also hydrogen bond with PVP. In the opposite sense, it is likely that there 
is competition to PVP-phenol bond formation from intramolecular hydrogen bond forma- 
tion presumed to occur in ortho hydroxy phenols such as caffeic acid, chlorogenic acid, 
quercetin and rutin. 

Dissociation of Phenols Bound to PVP 
Experiments were performed to determine whether plant phenols bound to PVP could 

be dissociated without degradation. In addition, the nature of reagents which dissociate or 
elute bound compounds could provide further evidence for the nature of the PVP-phenol 
insoluble complex. 

A standard solution of 18 pg/ml caffeic acid in 10 per cent methanol at pH 35 was pre- 
pared, and 20.0 ml was treated with 0500 g PVP as previously described. The PVP-complex 
was reserved. An absorbance spectrum of the supernatant was taken. The amount of caffeic 
acid bound to PVP was calculated by the absorbance difference between the original solution 
and the supernatant after PVP treatment. The PVP-insoluble complex in the tube was 
washed by three successive I-min shakings with 20-ml portions each of distilled water 
acidified with acetic acid to pH 3.5, followed by centrifugation and removal of the super- 
natant each time. The PVP-complex was then vacuum dried at 60”. Several equivalent 
portions of PVP-caffeic acid complexes were prepared in this manner. 

Next a 2OGml portion each of acetone, 95 per cent ethanol, pyridine, 20 per cent sodium 
carbonate, N-methyl-2-pyrrolidone (Eastman Kodak Co., Rochester, N.Y.), 5 M guanidine 
hydrochloride (reagent grade, Nutritional Biochemicals Corp., Cleveland, Ohio) or 8 M 
urea was added to a prepared portion of the PVPdeic acid complex contained in a 50-ml, 
glass-stoppered Erlenmeyer flask. The flask contents were gently shaken with the aid of a 
mechanical shaker for 2 hr. Next, the mixture was transferred to a conical centrifuge tube, 
centrifuged as previously described, and the supernatant was reserved for spectral analysis. 
In the case of the use of acetone, 95 per cent ethanol and pyridine, the solvents were removed 
in v~lcuo and the residue was taken up in 20.0 ml of 10 per cent methanol at pH 3.5. Spectral 
curves of this solution were then examined to determine the amount of recovered caffeic 
acid or the presence of degradation or other dissolved products of the PVP-caffeic acid 
complex. The sodium carbonate solution was acidified to pH 3.5 and adjusted to 10 per 
cent with respect to methanol prior to spectral analysis. Solutions of 8 M urea, 5 M guanidine 
hydrochloride and N-methyl-2-pyrrolidone were directly analyzed spectrophotometrically. 

Some of the results of these experiments are presented in Fig. 5 in which spectra of the 
eluted cafTeic acid are compared with a hypothetical reference curve which would be obtained 
if there was 100 per cent recovery. Complete solution of bound cafleic acid was achieved 
with 8 M urea, while partial recoveries were obtained with 5 M guanidine hydrochloride and 
N-methyl-2-pyrrolidone. The other solutions (namely, acetone, 95 per cent ethanol, pyridine 
and 20 per cent sodium carbonate) yielded spectral data that indicated they were ineffective 
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for the elution of PVP-bound caffeic acid. Both 8 M urea and 5 M guanidine hydrochloride 
are solutions commonly employed experimentally to dissociate hydrogen bonds. Their 
ability to elute tieic acid from its PVP-bound state, and the fact that other solvents which 
ordinarily dissolve caffeic acid failed in this regard, provide further evidence for the presence 
of hydrogen bonding between PVP and phenols. 
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FIG. 5. hIUSE OF PvbOUND CAFFBC ACID. 

Curve A, reference, hypothetical 100 per cent releme of caffeic acid. Curve B, caffeic acid relemed 
with 8 M urea. Curve C, caBeic acid released with &nethyl-2-pyrrolidone. CurveD, caffeic acid 

released with 5 M guanidie hydrochloride. 

We selected a flue-cured sample of tobacco which was characteristic of tobaccos known 
to contain fairly high amounts of the plant phenols ca&ic acid, quercetin and scopoletin, 
either in the free state or as sugar or quinic acid derivatives9 This sample was treated by the 
scheme given in Fig. 6 and analyzed for phenols by paper chromatographic procedures as 
described by Runeckles.lo Identikation of cafTeic acid, quercetin and scopoletin were made 
by the comparison of RI values obtained for the sample with Rf values for standard solutions 

9 P. T. PENN and J. A. WEZBREW, Tobacco Sci. 2,68 (1958). 
‘0 V. C. R~LKKLES, Arch. Biochem. Blophyx. 102,354 (I 963). 
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of these compounds. In addition, the zones corresponding to the Rfvalues of these compounds ’ 
from a chromatographic run were cut out and refluxed with 50 per cent methanol in a Soxhlet 
extractor. Absorbance spectra of these extracts from 220450 nm were then compared with 
standards. The absorbancy maxima of the extracts from the samples were identical to those 
of the reference compounds. These results provided evidence for non-degradative bonding 
to PVP of naturally occurring plant phenols and non-degradative release of the bound phenols 
by 8 M urea. 

Fine-ground cured tobacco 

Extract with hot 10% methanol 

I II 

filtrate insoluble 

1. Adjust to pH 3.5 
2. Add solid polyvinylpyrrohdone (PVP) and shake 

0.5 hr 
3. Centrifuge 

II 
PVP-plant phenol complex 

I 
supematant 

(discard) 

1. Wash with Hz0 
2. Add 8 M urea; shake 0.5 hr 
3. Centrifuge 

supernatant 

I 

1. Adjust to 1 N hydrochloric acid 
2. Heat 30 min (hydrolysis) 
3. Extract with ether 

PVP precipitate 
(discard) 

Chromatograph ether 
extract on paper 

Plant phenol aglycones identified by Rf values and 
fluorescence characteristics in three solvent systems: 
caffeic acid, quercetin, scopoletin. 

FIG.~. FLOW SHEETFORSEPARATIONANDIDBNTIFICATIONOFPLANTPHENOL.SINTOBACCO. 

DISCUSSION 

We have demonstrated the use of specikd amounts of insoluble polyvinylpyrrolidone as a 
precipitant for plant phenols under controlled pH and solvent conditions. The phenols 
tested could be quantitatively removed from solution provided enough PVP and successive 
treatments were used. Therefore, the use of PVP for quantitative analysis of total plant 
phenols should be possible, provided that a suitable method for determining the amount of 
bound phenols is developed and appropriate interference studies are performed. 




