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mitoyl chloride, 112-67-4; all-trans-lutein dipalmitate, 547-17-1; 
P-e-carotene-3-mono1 monomyristate-3’-monol monopalmitate, 
1151 16-89-7; @-c-carotene-3-monol monopalmitate-3’-monol mo- 
nomyristate, 86826-05-3; all-trans-lutein didecanoate, 115095-06-2; 
all-trans-lutein dilaurate, 23852-66-6; cis-lutein monomyristate, 
115182-30-4; cis-lutein monopalmitate, 115182-29-1; neolutein 
dimyristate A, 115223-32-0; neolutein dimyristate A’, 115223-56-8; 
neolutein myristate/palmitate A, 115266-14-3; neolutein myris- 
tate/palmitate A’, 115266-15-4; neolutein dipalmitate A, 
115223-33-1; neolutein dipalmitate A’, 115223-34-2; all-trans-a- 
carotene, 432-70-2; 9-cis-violaxanthin, 26927-07-1; di-cis-viola- 
xanthin, 115182-31-5; all-trans-luteoxanthin, 1912-50-1; 9-cis- 
luteoxanthin, 115182-32-6; all-trans-violaxanthin dilaurate, 
49795-35-9; all-trans-violaxanthin dimyristate, 113531-83-2; 
all-trans-violaxanthin dipalmitate, 113531-84-3; all-trans-viola- 
xanthin myristate/palmitate, 115095-03-9; all-trans-zeaxanthin 
myristate/palmitate, 115095-08-4; 13-cis-violaxanthin, 75715-58-1; 
15,15’-cis-violaxanthin, 24620-97-1; 9-cis-violaxanthin mono- 
myristate, 115182-24-6; 9’-cis-violaxanthin monomyristate, 
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HPLC Identification of Phenols in Vidal Blanc Wine Using 
Electrochemical Detection 

Susan Mahler, Paul A. Edwards,* and  Mary G. Chisholm 

High-performance liquid chromatography with electrochemical detection was used to identify eight 
nonflavanoid phenols in Vidal blanc wines. Identifications were made by comparing both the  capacity 
factor (k 9 and electrochemical behavior of wine phenols t o  those exhibited by pure phenols in standard 
solutions. More components were identified by electrochemical detection than  by photodiode array 
techniques. 

The chemistry of wines made from grapes indigeneous 
t o  the  northeastern United States has yet t o  be studied 
t o  the extent of those made  from Vitis vinifera cultivars. 
Recently, several studies of the  cultivar Vidal blanc have 
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been initiated as par t  of an effort t o  improve the  under- 
standing of these wines and, ultimately, the ability of small, 
regional vintners t o  produce high-quality products. Vidal 
blanc is a French-American hybrid derived from the  V. 
vinifera variety Ugni blanc (also known as St. Emilion in 
France and Trebbiano in Italy) and  the  Vitis riparia va- 
riety Seibel 4986 (Rayon d’Or). One early goal of this 
research was to  find a method (or methods) of determining 
the  phenolic composition of regional, French-American 
hybrid white wines. Because high-performance liquid 
chromatography (HPLC) has been used increasingly in 
recent years t o  both qualitatively and quantitatively study 
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wines, this study was undertaken to determine the ap- 
plicability of certain HPLC techniques to the identification 
of phenols in Vidal blanc wines. 

A review by Evans (1983) describes how HPLC tech- 
niques have been used to study several features of wine 
chemistry. Recent work on the phenolic content of wines 
describes (1) the analysis of constituent organic acids, 
including phenolic acids, by derivatization with phenacyl 
bromide (Mentasti et al., 1985); (2) the identification of 
phenolic compounds in musts and wines (Singleton and 
Trousdale, 1983; Barroso et al., 1983; Salagoity-Auguste 
and Bertrand, 1984; Diez et al., 1984; Jaworski and Lee, 
1987; Lee and Jaworski, 1987; Lunte, 1987); (3) the dis- 
tribution of constituent compounds in grapes and wines 
(Bakker and Timberlake, 1985a,b; Singleton et al., 1986); 
(4) the variation of constituent compounds as a function 
of aging (Bakker et al., 1986); and (5) the variation of 
phenolic composition as a function of the barrel used for 
aging (Jindra and Gallander, 1987). Because the primary 
focus of the research has been on wines made from vinifera 
cultivars, the HPLC literature on wines made from hybrid 
and Zabrusca cultivars is rather sparse; only three of the 
studies cited above have non-vinifera wines as their pri- 
mary focus (Jindra and Gallander, 1987; Jaworski and Lee, 
1987; Lee and Jaworski, 1987). 

We report here a procedure for identifying certain 
nonflavanoid phenols found in Vidal blanc wine. Based 
on work by Roston and Kissinger (1981), this procedure 
involves the extraction of the acidic phenols into ethyl 
acetate and the use of electrochemical detection in the 
HPLC analysis of the extract. Electrochemical detection 
is attractive because sufficient information to make iden- 
tity assignments is obtained from a comparison of the 
capacity factors (k and hydrodynamic voltammograms 
for sample constituents and standards (Roston et al., 1982), 
without the need for additional evidence such as that 
provided by thin-layer chromatography. The requisite 
hydrodynamic voltammograms are derived from the 
electrochemical behavior observed in a series of chroma- 
tography experiments. Electrochemical detection is spe- 
cifically suitable for the study of wine phenols (Lunte, 
1987; Sontag and Friedrich, 1988), and Nagels and Creten 
(1985) have shown electrochemical to be more selective 
than W detection in the analysis of phenolic acids in plant 
materials. 

Our use of electrochemical detection as a means of 
identification was stimulated by previous work in this 
laboratory in which procedures for studying the phenolic 
composition of musts and wines made from vinifera cul- 
tivars were applied to wines made from hybrid cultivars 
indigenous to the northeastern region of the United States. 
With use of the procedure reported by Singleton and 
Trousdale (1983), which employs ultraviolet (UV) detection 
methods, it  was possible to identify a characteristic 
“fingerprint” for Vidal blanc wine. Unfortunately, no 
constituent phenols were identified because of poor 
agreement between the capacity factor (k? of wine con- 
stituents and pure phenolic compounds in standard solu- 
tions. In addition, satisfactory separation of the neutral 
and acidic phenols following the procedure of Salagoity- 
Auguste and Bertand (1984) was never accomplished 
(Mahler and Edwards, 1986) because the separations were 
inefficient a t  the recommended pH and several phenols 
were observed in both fractions. Jaworski and Lee (1987) 
also found this procedure to be inefficient for procyanidins 
in their study of the labrusca cultivar Niagara. 
EXPERIMENTAL SECTION 

Reagents. Samples of phenols to be used as standards 

Table I. Standard Solutions 
component- concn, 

number compound (all acids) k’(k3” ma/L 
gallic 
gentisic 
3.4-dihydroxyphenylacetic 

(DHP) 
4- hydroxyphenylacetic 
(HP) 

vanillic or 
m-hydroxybenzoic (MHB) 
caffeic 
salicylic 
p-coumaric 
ferulic 

0.6 (0.4) 
1.1 (0.9) 
1.4 

2.8 (2.7) 

3.6 (3.8) 
3.6 
4.4 (4.3) 
5.5 (6.1) 
8.7 (8.9) 
11.9 (11.3) 

107 
101 
100 

100 

100 
50 
100 
50 
47 
104 

a k‘values in parentheses are from Roston and Kissinger (1981). 

were obtained from Aldrich Chemical Co. and were used 
without further purification. Reagent-grade ethyl acetate 
was obtained from Fisher Scientific Co. and also used as 
received. Eleven Vidal blanc wines were obtained from 
local, commercial wineries. Standard solutions were made 
by dissolving the desired mass of pure phenol as shown 
in Table I in 500 mL of aqueous solvent containing 12% 
(v/v) ethyl alcohol and 5% (w/v) dextrose. The first 
standard solutions contained vanillic acid as component 
5. The need to replace vanillic acid with m-hydroxybenzoic 
acid in later standard solutions will be explained in the 
discussion section. 

Sample Preparation. Twenty milliliters of standard 
solution or 50 mL of wine was acidified with 2 M HC1 to 
pH 2 and saturated with NaC1. The solution was then 
extracted with three 20-mL portions of ethyl acetate, for 
10 min on a magnetic stirrer to prevent the formation of 
an emulsion. The combined ethyl acetate extracts were 
dried over anhydrous sodium sulfate and decanted. The 
residual sodium sulfate was washed with 10 mL of ethyl 
acetate, and the ethyl acetate solutions were again com- 
bined. For each sample, 7 mL of this solution was pipetted 
into a vial, the ethyl acetate evaporated under a stream 
of nitrogen at  ambient temperature, and the solid residue 
frozen until needed. Before use, 1.0 mL of mobile phase 
was injected into each vial in the case of a wine sample, 
or 2.0 mL in the case of a standard. 

Instrumental Procedures. Samples were analyzed on 
a Beckman Model 332 gradient liquid chromatography 
system with a 20-pL sample loop, a Beckman ULTRA- 
SPHERE ODS column (4.6 mm X 250 mm), and an 
LDC/Milton Roy e.c. Monitor amperometric detector 
containing Ag/ AgCl reference, carbon polyethylene 
working, and 316 stainless-steel auxiliary electrodes. 
Chromatograms were recorded on an Altex C-R1A inte- 
grator. The mobile phase, composed of 2% (v/v) 2- 
propanol, 2% (v/v) acetic acid, 8.7% (v/v) HPLC-grade 
methanol, 0.018 M ammonium acetate, and 87.3% (v/v) 
HPLC-grade water, was pumped isocratically at a flow rate 
of 1 mL/min. 

All precautions suggested by Roston and Kissinger 
(1981) were taken to avoid electrode passivity. Sample and 
standard were injected alternatively, and mobile phase was 
passed through the detection cell for at least 0.5 h between 
samples. To avoid any bias or hysteresis in the electronics, 
the variation in electrode potential over the range +500 
to +lo00 mV required to determine electrochemical be- 
havior was not done in constantly increasing or decreasing 
steps. Rather, after an initial chromatogram was obtained 
with the electrode potential a t  +lo00 mV, the second 
might have been obtained at  +700 mV, the third at  +800 
mV, etc., until the desired range of electrode potentials had 
been covered. One other precaution that could be taken 
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is to thermostat the column in order to minimize variations 
in capacity factor caused by fluctuations in temperature. 

Five of the eleven wine samples and the standard solu- 
tions were analyzed a second time on the Beckman LC 
system described above with a Varian Polychrom 9060 
diode array detector in place of the electrochemical de- 
tector. The peak sense wavelength was 282 nm, and the 
ultraviolet spectrum over the range 220-367 nm of each 
component was obtained as it was eluted from the column. 
All other column, mobile phase, and pumping conditions 
were as previously described. 

Characterization. In all cases, the identification of 
sample components was based on two criteria. Tentative 
identifications were made by comparing the capacity 
factors (k’ = (tR - tM)/tM, where t~ is the retention time 
of the component and tM is the retention time of nonre- 
tained solute) of unknown sample components to those 
exhibited by the pure phenolic acids in standard solutions. 
Identifications were confirmed by comparing the voltam- 
metric behavior of unknown sample components again 
with that exhibited by the pure phenolic acids in standard 
solutions (Roston and Kissinger, 1981; Ward et al., 1985). 
Standards and wine samples were chromatographed with 
the electrode potential of the detector a t  +1000, +900, 
+800, +700, +650, +600, +550, and +500 mV in order to 
determine the characteristic potential curve (hydrody- 
namic voltammogram) for each individual component. 
The hydrodynamic voltammogram for a compound was 
obtained by plotting the electrode potential versus the 
relative recorder response. In this case, the relative re- 
corder response at a given electrode potential was defined 
to be the ratio of the integrated area of the peak associated 
with that component to the integrated area of the peak 
for that same component when the electrode potential was 
+lo00 mV. A smooth polynomial curve was then drawn 
through the data for each compound, to assist in displaying 
the general shape of that compound’s hydrodynamic 
voltammogram. These curves should not be misinter- 
preted where they imply unacceptable, negative values for 
the relative response; no negative responses were observed. 

The evidence provided by the electrochemical infor- 
mation proved invaluable as a criterion for making iden- 
tifications. Several identifications that were made would 
have been impossible without the information provided 
by the electrochemical behavior, because of variations in 
retention time and k’, possibly resulting from interactions 
between the phenolic solutes themselves. Indeed Boes- 
senkool et al. (1986) have demonstrated that identifications 
should not be based on capacity factor match alone be- 
cause k’can vary as a function of the composition of the 
eluent, and Shoup and Mayer (1982), using electrochemical 
detection in their study of phenols in environmental sam- 
ples, observed that the capacity factor for particular 
phenols could be modified by the presence of other organic 
species. The significance of intra- and intermolecular in- 
teractions, including hydrogen bonding, in retention be- 
havior has been explored for substituted benzenes (Yashan, 
1982) and substituted phenols (Chang and Tan, 1985). 
Because the phenolic acids studied here contain both 
phenol and carboxylic acid functional groups, they could 
also be expected to exhibit significant intermolecular in- 
teractions. The extent to which those interactions occur 
will be a function of the composition of the sample, which 
will vary between standard and sample solutions and from 
sample to sample. The response of the detector was also 
not constant, with variations up to 20% being observed 
between runs. This occasionally made determination of 
electrochemical behavior difficult and may have prevented 
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3 1) 

I 

, j 0  60 

Figure 1. Chromatogram of a standard solution containing 
vanillic acid as component 5. Conditions: 4.6 X 250 mm UL- 
TRASPHERE ODS column; flow rate, 1.0 mL/min; detector 
potential, +lo00 mV. The numbering corresponds to that in Table 
I. 

additional identifications. These latter variations were 
manifestations of electrode passivation and aging of the 
electrode (Roston and Kissinger, 1981). 

The identification of wine constituents using photodiode 
array detection was also based upon two criteria. The 
initial criterion was again the agreement between the ca- 
pacity factors (k 3 associated with wine components and 
those associated with the pure phenols in standard solu- 
tions. The confirming criterion was the agreement between 
the Purity Parameter calculated within the Varian Poly- 
chrom 9060 diode array detector (Alfredson and Sheehan, 
1985) over the range 254-367 nm of the UV spectra of the 
wine components and of the pure phenols. 
RESULTS AND DISCUSSION 

Figure 1 represents the chromatogram of the ethyl 
acetate extract of a standard solution after the extracting 
solvent has been removed and the residue reconstituted 
in mobile phase. Capacity factors (k? for each of the 
numbered components in Figure 1 are collected in Table 
I along with those reported by Roston and Kissinger 
(1981). The standard solution, without extraction, was also 
studied. As predicted by Levin and Grushka (1986), the 
capacity factors associated with compounds in extracts of 
standard solutions that had been redissolved in mobile 
phase as shown in Table I were less than those associated 
with the same compounds in the pure standard solutions. 
This difference in capacity factors arises because solute 
must be redistributed between solvent and mobile phase 
when the sample solvent is different from the mobile 
phase, in addition to being partitioned between the mobile 
and stationary phases. However, when the sample solvent 
is the same as the mobile phase, solute is only partitioned 
between mobile and stationary phases. 

The hydrodynamic voltapmograms of compounds with 
one oxidizable phenolic group (4-hydroxyphenylacetic, 
vanillic, p-coumaric, salicylic, ferulic acids), displayed in 
Figure 2, showed sharp decreases in current response, and 
only ferulic acid exhibited a significant relative response 
when the electrode potential was +500 mV. In contrast, 
as shown in Figure 3, compounds with two oxidizable 
phenolic groups (gentisic, 3,4-dihydroxyphenylacetic, 
caffeic acids) exhibited very gradual decreases in current 
response and showed a relative response greater than 0.5 
when the electrode potential was +500 mV. The hydro- 
dynamic voltammogram for gallic acid, a compound with 
three oxidizable phenolic groups, also shown in Figure 3, 
is similar to that of the other compounds shown, except 
that the relative response is a little lower at +500 mV. The 
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Figure 2. Hydrodynamic voltammograms of standard compounds 
with one oxidizable phenolic group. 
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Figure 3. Hydrodynamic voltammograms of standard compounds 
with two and three oxidizable phenolic groups. 

Table 11. Vidal Blanc Components 
peak 

number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

compound (all acids) 
gallic 
unassigned 
unassigned 
gentisic 
3,4-dihydroxyphenylacetic (DHP) 
4-hydroxyphenylacetic (HP) 
m-hydroxybenzoic (MHB) 
caffeic 
salicylic 
p-coumaric 
unassigned 

k' 
no. of wines 

showine Deak 
0.4 
0.6 
0.7 
1.0 
1.2 
2.3 
3.6 
4.4 
5.8 
7.9 
9.2 

10111 

11/11 

10/11 
11/11 

9/11 

6/11 

4/11 

4/11 

3/11 
6/11 
5/11 ' 

hydrodynamic voltammogram exhibited by a specific 
compound did not appear to depend upon whether the 
compound was in a standard solution or in an extracted 
and reconstituted sample of the standard. 

A typical chromatogram of Vidal blanc wine is shown 
in Figure 4. The peak assignments are collected in Table 
11. One of the unassigned peaks (2) was not observed in 
the sample shown in Figure 4. After both the capacity 
factor and electrochemical behavior of wine components 
are compared to those of the phenolic compounds in 
standard solutions, the following compounds have been 
identified in Vidal blanc wine: gallic, gentisic, 3,4-di- 
hydrophenylacetic, 4-hydroxyphenylacetic, m-hydroxy- 
benzoic, caffeic, salicylic, p-coumaric acids. The frequency 
of occurrence of each phenol in the wine samples, also 
shown in Table 11, provides evidence for the large variation 
of phenolic content between samples from different 
sources. Those phenols whose frequency of occurrence is 
low may not be characteristic of Vidal blanc wine. A 
further explanation follows as to how these assignments 
were made. 

Four compounds, gentisic, 3,4-dihydroxyphenylacetic, 

30 60 

Figure 4. Typical chromatogram of the ethyl acetate extract of 
Vidal blanc wine. Conditions: 4.6 X 250 mm ULTRASPHERE 
ODS column; flow rate, 1.0 mL/min; detector potential, +lo00 
mV. The numbering corresponds to that in Table 11. 

. "  
1 
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Figure 5. Hydrodynamic voltammograms of Vidal blanc peak 
7 and standard phenolic compounds. 

caffeic, and salicylic acids, exhibited similar capacity 
factors in both standard and wine samples, as shown in 
Tables I and 11. For these compounds, the similar elec- 
trochemical behavior of corresponding peaks in sample and 
standard solutions served as a confirmation of the as- 
signments suggested by the similar capacity factors. 

As can also be seen in Tables I and 11, the agreement 
between the capacity factors exhibited by 4-hydroxy- 
phenylacetic and p-coumaric acids in standard and wine 
solutions is not good enough to permit unambiguous as- 
signments. In these cases, the observation of similar 
electrochemical behavior of corresponding peaks was 
critical in making the assignment. As can be seen in Figure 
2, the electrochemical behavior of these two compounds 
in the standard solutions was remarkably similar and 
distinguishable from that of other phenols with one oxi- 
dizable phenolic group. Because wine peaks 6 and 10 
exhibited electrochemical behavior similar to that of 4- 
hydroxyphenylacetic and p-coumaric acids, respectively, 
the assignment has been made as shown in Table 11. 

In the case of Vidal blanc peak 7, the use of capacity 
factor alone would lead to an incorrect assignment. The 
average capacity factor for Vidal blanc peak 7 is very close 
to that exhibited by vanillic acid in the original standard 
solutions, 3.62 versus 3.64, respectively. However, as can 
be seen in Figure 5, the electrochemical behavior of Vidal 
blanc peak 7 is very different from that exhibited by 
vanillic acid, with the hydrodynamic voltammogram for 
peak 7 dropping sharply at  a higher potential than that 
of vanillic acid. A sharp break in the hydrodynamic 
voltammogram is indicative of a phenol containing a single 
oxidizable phenolic group. Indeed the hydrodynamic 
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Table 111. Comparisons of Identifications as a Function of Method” 
comDound (all acids) wine A wine B wine C wine D wine E 

gallic ECD 
gentisic 
3,4-dihydroxyphenylacetic (DHP) 
4-hydroxyphenylacetic (HP) BOTH 
vanillic 
m-hydroxybenzoic (MHB) 
caffeic BOTH 
sa 1 icy 1 i c 
p-coumaric ECD 

ECD ECD ECD 
ECD 

BOTH BOTH ECD+ ECD 
BOTH BOTH BOTH BOTH 
DAD DAD 

BOTH DAD+ BOTH BOTH 
ECD ECD ECD 
ECD BOTH BOTH BOTH 

ECD 

Key: DAD, strong evidence for assignment obtained by photodiode array detection; ECD, strong evidence for assignment obtained by 
electrochemical detection; BOTH, strong evidence for assignment obtained by both detection techniques; +, suggestive but not definitive 
evidence obtained by the unspecified technique. 

voltammogram for peak 7 is strikingly similar to that ex- 
hibited by salicylic acid; however, the capacity factors are 
too different to permit such an assignment. Additionally, 
Vidal blanc peak 9 has already been assigned as salicylic 
acid on the basis of both similar capacity factors and 
electrochemical behavior. Barroso et al. (1983) observed 
very similar capacity factors for vanillic and m-hydroxy- 
benzoic acids. Since m-hydroxybenzoic and p-hydroxy- 
benzoic acids are isomers of salicylic acid (o-hydroxy- 
benzoic acid), they might be expected to exhibit electro- 
chemical behaviors similar to that of salicylic acid. When 
a standard solution was prepared with m-hydroxybenzoic 
acid in place of vanillic acid, a peak was observed exhib- 
iting a capacity factor similar to that of vanillic acid and 
wine component 7. However, the electrochemical behavior 
of m-hydroxybenzoic acid was very different from that of 
vanillic acid and very similar to that of salicylic acid and 
wine peak 7. Thus, on the basis of the similarity of BOTH 
capacity factor and electrochemical behavior, we believe 
Vidal blanc peak 7 to be m-hydroxybenzoic acid. 

The assignment of Vidal blanc peak 1 as gallic acid 
further illustrates the advantage of having more than ca- 
pacity factor as a criterion for making identifications. 
Peaks 1-3 in the typical Vidal blanc wine chromatogram 
(Figure 4) have capacity factors close to that exhibited by 
gallic acid in the standard solutions. Fortunately, the 
hydrodynamic voltammogram for one of the peaks more 
closely paralleled that exhibited by gallic acid that did the 
behavior of the other two peaks. As shown in Figure 3, 
gallic acid exhibits a relative response greater than zero 
all the way down to an electrode potential of +500 mV, 
and, in nine of the eleven wine samples, Vidal blanc peak 
1 exhibited that same behavior. Vidal blanc peaks 2 and 
3 on the other hand generally exhibited lower values for 
the relative response, usually zero by +500 mV. However, 
in two wine samples, this was not the case. In one wine 
sample, peak 2 exhibited the high response at  +500 mV 
characteristic of gallic acid, while peak 1 exhibited a re- 
sponse very close to zero. In a second sample, peak 1 
exhibited a response too low to be indicative of gallic acid 
but peak 2 was not observed. Thus, it would appear that 
gallic acid was not observed in this latter sample. 

The advantage of using electrochemical detection over 
photodiode array techniques in the identification of phe- 
nols in wines can be seen in the data collected in Table 
111. Gentisic, m-hydroxybenzoic, and salicylic acids were 
all detected by electrochemical but not diode array means. 
Vanillic acid is the only compound detected by diode array 
but not electrochemical methods. Sontag and Friedrich 
(1988), using electrochemical detection, also did not find 
vanillic acid in the two wine samples they studied; however, 
they did find it  in other samples of distilled alcoholic 
beverages. There are at  least six other examples in Table 
I11 in which a component was identified in a wine by 

electrochemical but not diode array detection. There is 
only one case in which the reverse may be true, specifically 
caffeic acid in wine B. 

The fact that we were able to identify eight phenolic 
acids in Vidal blanc wine demonstrates that electrochem- 
ical detection is one technique that may be used in con- 
junction with high-performance liquid chromatographic 
studies of non-vinifera white wines. Simply matching the 
capacity factors exhibited by standard and wine compo- 
nents to make assignments as done by Barroso et al. (1983) 
and Jindra and Gallander (1987) is inconclusive because 
the capacity factors of these compounds reflect intermo- 
lecular interactions that vary from sample to sample. 
Photodiode array detection is another technique that may 
be used, but it is not as sensitive as electrochemical de- 
tection (Nagels and Creten, 1985). 
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Total Phenolics, Condensed Tannins, and Protein-Precipitable Phenolics 
in Young and Mature Leaves of Oak Species 

Rajinder K. Dawra,* Harinder Paul  S. Makkar, and  Bhupinder Singh 

Tota l  phenolics, condensed tannins, proanthocyanidins, leucoanthocyanins, and  protein-precipitable 
phenolics were determined in young and mature leaves of Quereus incana, Quercus semecarpifolia, and 
Quercus ilex. Total phenols in young leaves of both Q. semecarpifolia and Q. incana were higher, but 
no difference was observed for Q. ilex. Condensed tannins increased with maturity except in t h e  case 
of Q. ilex where no  change was observed; t he  same t rend  was observed for proanthocyanidins and  
leucoanthocyanins. Protein-precipitable phenolics and  total phenols were highest in Q. semecarpifolia 
and lowest in Q. ilex. T h e  protein-precipitable phenolics had  a n  excellent correlation (r = 0.995) with 
total  phenols. 

T h e  utilization of tree foilage as feed for ruminants is 
a common practice during periods of fodder shortages 
(Negi e t  al., 1979). Oak leaves are used as fodder for 
ruminants in India and  various other developing countries 
(Neser e t  al., 1982; Makkar e t  al., 1986). Incorporation of 
oak (Quercus incana) leaves into mixed rations u p  t o  a 
level of 14% has been reported to be safe (Negi e t  al., 1979; 
Lohan e t  al., 1983). Feeding at higher levels or given as 
the sole feed results in oak poisoning (Makkar e t  al., 1986). 

Indian Veterinary Research Institute, Regional Station, 
Palampur (H.P.) 176 061, India. 

Adverse effects of oak leaves to ruminants have been at- 
tr ibuted t o  the  presence of tannins in the  leaves (Lohan 
e t  al., 1983; Makkar e t  al., 1986). The  deleterious effects 
of tannins depend on the  quantity, types, and their pro- 
tein-precipitating capacity (Feeny a n d  Bostock 1968; 
Feeny, 1970; Makkar e t  al., 1987). I n  t h e  present study, 
total tannin content as total phenolics, condensed tannins, 
proanthocyanidins, leucoanthocyanins, and  protein-pre- 
cipitable phenolics of young and  mature leaves of three 
oak species, Q. incana, Quercus semecarpifolia and  
Quercus ilex, is presented. The implication of t he  results 
in relation t o  adverse effects of oak leaves in  livestock is 
discussed. 
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