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A comparison of tannic acid and quebracho tannin 
ccprecipitation with gelatin showed that the prin- 
cipal difference between the two types of tannin was 
their behavior under different pH conditions. 
Tannic acid-gelatin precipitation was much lower 
at pH 3.5 than at pH 5.0, while quebracho tannin- 
gelatin precipitation was similar at both pH levels. 
The effect of alcohol was to decrease the affinity of 

tannin for gelatin and to decrease the solubility of 
the tannin-gelatin complexes. Aggregation of com- 
plexes to sedimentable size apparently takes place 
through the formation of tannin links between 
smaller complexes. Formation of aggregates was 
reversible. The amount of the tannin-gelatin pre- 
cipitates and their composition were influenced by 
the relative concentrations of the reactants. 

he reaction between proteins and tannins produces 
hazes and precipitates in natural beverages such as T fruit juices, wines, and beer. Under some circum- 

stances a protein, such as gelatin, is added to a hazy or 
potentially hazy tannin-containing beverage to entrap haze 
particles in the resulting coagulum and to decrease the 
tannin in the beverage. The interaction between proteins 
and tannins appears dependent upon the formation of hy- 
drogen bonds between the hydroxyl groups of polyphenolic 
tannins and the carbonyl groups of the protein peptide 
bonds (Gustavson, 1954). Covalent or ionic bonds also 
may be involved, but there is general agreement that they 
play a minor role in the primary protein-polyphenol 
reaction. 

The ability of polyphenols to form complexes with pro- 
teins increases with the number of phenolic hydroxyl 
groups (Endres and Hormann, 1963) and with the degree of 
polymerization. Tannins are complex polyphenols show- 
ing molecular weight of the order 1000 to 3000. Proteins 
as different as egg albumin and gelatin readily combine 
with tannins to form precipitates under similar experi- 
mental conditions. Zitko and Rosik (1962) have suggested 
that one tannin molecule binds with two or more peptide 
groups and thus can form crosslinks between protein 
chains. The degree of crosslinking would be expected to 
be dependent on the number and accessibility of the peptide 
carbonyl groups on the protein molecules as well as the 
relative concentrations of tannins and proteins. Forma- 
tion of hazes and, eventually, of precipitates appears de- 
pendent on crosslinking and increases in the size of the 
complexes. 

In view of these considerations, the present work was 
undertaken to explore the influence of various factors on 
the quantity and composition of precipitates resulting from 
the interaction of proteins and tannins. Factors studied 
were relative amounts of tannins and protein, pH, alcohol, 
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and salt. Comparison was also made between tannic acid, 
a hydrolyzable tannin, and quebracho tannin, a condensed 
tannin (Gustavson, 1956). Haze formation was investi- 
gated as a function of pH and tannin and protein con- 
centrations. 

PROCEDURE 

Tannic acid (Mallinckrodt analytical reagent) was puri- 
fied with 2-butanone following the procedure of Filachione 
e f  a/. (1955) to yield a material with an osmotically deter- 
mined molecular weight of 1100. Quebracho tannin (J. s. 
Young Co.) was used as received. Gelatin (Difco) was 
derived from calfskin and had an isoelectric point of 5.0. 
Throughout this work, pH was adjusted through the use of 
HCI or NaOH. 

Tannins were measured using the Folin-Ciocalteau rea- 
gent (Singleton and Rossi, 1965). Protein was calculated 
by multiplying Kjeldahl nitrogen by 6.25. Haze readings 
were made with the Gardner Hazemeter ( U  X 10). This 
instrument yields a measure of low angle scattering by a 
suspension. 

In carrying out the experiments, the gelatin solutions at 
the appropriate pH were added to 100-ml. volumetric 
flasks, followed by distilled water, salt, and ethanol as re- 
quired. Tannin was added with constant stirring. Vol- 
ume was then about 90 ml. The solutions were adjusted to 
volume and allowed to stand at  room temperature for 1 
hour. A portion of the suspension was centrifuged at 
68,500 x G for 30 minutes. Nitrogen and tannin deter- 
minations were made on the clear supernatants. 

RESULTS AND DISCUSSION 

A comparison of the gelatin precipitated at the two pH 
levels (Table I) shows that at  a given tannic acid level, less 
was carried down as the pH was lowered. At pH 5.0, al- 
most all of the gelatin was removed from solution when the 
tannic acid was 180 mg. per 100 ml., while at pH 3.5, at the 
same tannic acid level, 37% came down. Even at 720 mg. 
per 100 ml. of tannic acid, 23% remained in solution at pH 
3.5. The presence of ethanol increased the precipitation of 
gelatin, particularly at pH 3.5. NaCl had little influence 
on gelatin precipitation. 

The per cent of tannic acid appearing in the pH 5.0 pre- 
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cipitate decreased as the amount of added tannic acid in- 
creased. However, at pH 3.5, for plain gelatin and in the 
presence of 0.001M NaCI, the per cent of the added tannic 
acid precipitated increased as the tannic acid was raised. 
As the tannic acid was increased further, the per cent in the 
precipitate decreased. 

The presence of 15% ethanol resulted in a decline in the 
per cent tannic acid precipitated at 5.0 and at  most tannic 
acid levels at pH 3.5. At low tannic acid, the ethanol 
caused a considerable rise in the amount precipitated. 

The per cent gelatin precipitated at  a given quebracho 
tannin level (Table 11) was not markedly affected by pH or 
other conditions, except at  low levels of tannin where a 
lowered pH decreased the amount of gelatin precipitated. 
Most of the gelatin was precipitated when the quebracho 
addition reach 150 mg. per 100 ml. 

At pH 5.0, as the amount of quebracho was increased, 
the per cent of added quebracho appearing in the precipi- 
tate decreased. At pH 3.5, as the quebracho was raised 
initially, the percent quebracho appearing in the precipitate 
increased, but at higher quebracho levels the per cent in the 
precipitate decreased. The use of ethanol caused a de- 
crease in the quebracho precipitated. The NaCl depressed 
the precipitation of quebracho only at the low quebracho 
level. 

The effects of conditions on the ratio of tannin to gelatin 
(TIP ratio) in the precipitate are presented in Table 111. 
As the level of tannin in the reaction mixture increased, the 
TIP ratio of the precipitate increased. Ethanol caused a 
decrease in the precipitate TIP ratio. Lowering the pH at 
the low tannic acid levels caused a decrease in the TIP ratio 
for the gelatin with or without ethanol but caused an in- 
crease in the precipitate TIP ratio in the presence of NaCl. 
The low pH decreased the binding of tannic acid in the ab- 
sence of salt. At high tannic acid levels the precipitate 
formed at pH 3.5 had a higher T/P ratio. At pH 3.5 the 
inclusion of NaCl gave a precipitate with a higher T/P  ratio 
than at pH 5.0. The highest TIP ratio found was 2.59:at 
pH 3.5 in0.001MNaCI. 

There were many similarities between tannic acid and 
quebracho tannin with regard to their interaction and pre- 
cipitation with gelatin. They were as follows. 

At pH 5.0, as the tannin 
increased, the per cent of added tannin appearing in the 
precipitate decreased. At pH 3.5, as the amount of tannin 
went from the lowest level to the next higher level, the 
per cent tannin appearing in the precipitate increased. 
On further raising the tannin level, the per cent precipitated 
decreased. At pH 5.0 the presence of ethanol reduced 
the per cent precipitated. 

Per Cent Tannin Precipitated. 

Conditions" 
pH 5.0 
pH 3.5 
pH 5.0, 15 % ethanol 
pH 3.5, 15% ethanol 
pH 5.0, 0.001MNaCl 
pH 3.5, 0.001MNaCl 

0 80 mg. gelatin per 100 ml. 

Table I. Gelatin and Tannic Acid Precipitated 
at Various Initial Concentrations of Tannic Acid, Mg. per 100 MI. 

% of Gelatin Precipitated % of Tannic .4cid Precipitated 
45 90 180 360 720 45 90 180 360 720 
64 88 99 93 94 77 76 55 29 17 
13 24 37 49 52 7 20 22 16 10 
76 95 96 100 98 65 63 39 22 13 
56 59 61 65 72 27 22 15 15 11 
72 90 100 100 100 77 I5  54 32 24 
10 27 30 43 73 21 30 25 22 21 

Conditions" 

Table 11. Gelatin and Tannin Precipitated 
at Various Initial Levels of Quebracho Tannin, Mg. per 100 MI. 

% of Gelatin Precipitated % of Quebracho Tannin Precipitated 
38 75 150 300 600 38 75 150 300 600 

pH 5.0 56 79 87 85 91 66 52 36 20 18 
pH 3.5 50 88 91 93 96 64 70 50 29 18 
pH 5.0, 15 % ethanol 66 81 90 100 95 41 40 35 30 17 
pH 3.5, 15 % ethanol 36 81 93 100 100 30 47 35 29 26 
pH 5.0,0.001MNaCl 67 87 93 94 94 57 50 36 21 20 
pH 3.5, 0.001MNaCl 46 88 91 96 100 53 68 49 29 28 

a 80 mg. gelatin per 100 ml. 

Table 111. Ratio of Tannin to Gelatin (TIP) 
in the Precipitate at Various Initial Levels of Tannins 

Initial Concn. of Tannic Acid, Mg./100 MI. 
Conditions" 45 90 180 360 720 

pH 5.0 0.68 0.95 1.25 1.40 1.63 
pH 3.5 0.30 0.94 1.34 1.47 1.73 
pH 5.0, 15% ethanol 0.48 0.75 0.91 0.99 1.18 
pH 3.5, 15% ethanol 0.27 0.42 0.55 1.04 1.38 
pH5.0,0.001MNaCl 0.53 0.94 1.21 1.44 2.16 
pH 3.5, 0.001MNaCl 1.18 1.25 1.87 2.30 2.59 

5 80 mg. gelatin per 100 ml. 

Initial Concn. of Quebracho Tannin, Mg./100 MI. 
38 75 150 300 600 

0.56 0.61 0.78 0.88 1.48 
0.61 0.74 1.03 1.17 1.41 
0.30 0.46 0.73 1.13 1.34 
0.40 0.54 0.71 1.09 1.95 
0.40 0.53 0.73 0.84 1.60 
0.55 0.72 1.02 1.12 2.10 
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Per Cent Gelatin Precipitated. Most of the gelatin was 
precipitated at pH 5.0 when the tannin reached the 150 
to 180 mg. per 100 ml. level. At this pH, similar changes 
were seen when ethanol or NaCl was present. 

The differences in the behavior of the tannic acid and 
quebracho tannin systems also should be noted. 

Per Cent Tannin Precipitated. More quebracho tannin 
was precipitated when the pH was lowered. With tannic 
acid, more was precipitated at pH 5.0. At comparable 
tannin levels, there was a greater amount of tannic acid 
precipitated at pH 5.0 and a greater amount of quebracho 
tannic precipitated at pH 3.5. At low tannic levels, pH 
3.5, NaCl depressed the amount of quebracho tannin 
precipitated, while it increased tannic acid precipitation. 

Per Cent Protein Precipitated. More protein was 
precipitated at pH 5.0 by tannic acid than at pH 3.5, but 
quebracho tannin precipitated protein about equally as 
well at both pH levels. On a weight basis, comparable 
amounts of gelatin were precipitated by both tannins at 
pH 5.0, but at pH 3.5 about twice as much gelatin was 
precipitated by the quebracho tannin. 

With plain gelatin there was 
little change in the TIP ratios when the quebracho tannin 
system pH was lowered, but the tannic acid system showed 
decreased TIP ratios with such a shift. With ethanol, 
this pH change caused increased TIP ratios for quebracho 
tannin and decreased ratios for tannic acid. NaCl in- 
creased the TIP ratios at  pH 3.5 with tannic acid, while 
with quebracho the salt produced a lower T / P  ratio at  5.0. 
At comparable amounts of protein precipitated, quebracho 
tannin was associated with lower TIP ratios. 

A major difference in the behaviors of tannic acid and 
quebracho tannin lies in the influence of pH on their com- 
bination with gelatin. A lowering of the pH to 3.5 caused 
a marked decrease in the strength of tannic acid binding but 
little or no change in quebracho tannin binding. This was 
best seen at low tannin levels. Zitko and Rosik (1962) re- 
port a similar conclusion for tannic acid, stating that as the 
pH was lowered the equilibrium binding constant de- 
creased. In addition, there was less effect of pH on aggre- 
gation to sedimentable size with quebracho tannin-gelatin 
complexes. The net result was that greater percentages of 
both gelatin and tannin would be sedimentable at low pH 
and tannin levels in quebracho tannin systems. 

The general effect of ethanol was to increase gelatin pre- 
cipitation and decrease tannin precipitation and, therefore, 
result in a decreased T,'P ratio in the precipitate. Ethanol 
may have increased gelatin crosslinking through small crys- 
tallites (Boedtker and Doty, 1954). NaCl had relatively 
little effect on tannin precipitation but tended to increase 
gelatin precipitation at pH 5.0, especially when quebracho 
tannin was used. 

The influence of the relative amounts of gelatin and que- 
bracho tannin on complexes formation can also be ob- 
served through the amount of haze produced. Figure 1 
shows a haze increase as the quebracho tannin was raised, 
and Figure 2 shows a haze decrease as the gelatin concen- 
tration was increased. Excess of gelatin reduced the 
amount of haze. Also of interest was the decrease in haze 
when the pH was lowered. In view of the relatively small 
effect of such a pH shift on the precipitation of gelatin seen 
earlier (Table II), the amount of haze material probably was 

TIP Ratios of Precipitates. 

similar, but the particle size was smaller at pH 3.5. 
Such a decrease may have been due to electrostatic inhibi- 
tion of large aggregate formation at pH 3.5. 

An increase in the amount of gelatin reduces the number 
of tannin molecules bound on each molecule of gelatin, de- 
creasing the tendency of small complexes to bind with each 
other. Comparable results have been observed with 
tannin-polyvinylpyrollidone mixtures (Chapon et al., 1961). 

Similar decreases in haze were seen when gelatin was 
added to a hazy gelatin-tannin mixture or when the pH of a 
hazy suspension was lowered from pH 5.0 to 3.5. The 
build-up of aggregates is reversible but is difficult to observe 
if the aggregate particles attain a large size-large enough 
to precipitate from suspension. 

The presence of both tannin and gelatin in the super- 
natants indicates that soluble complexes of tannin and pro- 
tein are possible under appropriate conditions. Such 
soluble complexes might involve aggregates containing a 
number of gelatin molecules. To  test for the presence of 
such complexes, a few light-scattering observations were 

,/ 
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10 30 50 70 90 I ? @  130 150 

Quebracho Concentration As mg / 100 ml  

[Gelatin Concentration 187.5 mg / 100 m l )  

Figure 1. Effect of tannin concentration on haze formation 

I pH 5.0 

60 \ 

62 5 1875 3125 4375 625 0 
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(Quebracho Concentration Was 150 rng / 100 ml) 

Figure 2. Effect of gelatin concentration on haze formation 
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made. An intense, well collimated light beam was passed 
through solutions, and the light scattered at  90” to the path 
of the incident light was observed. Gelatin or tannin solu- 
tions scattered very little light. Addition of 1 mg. of 
quebracho tannin to  50 ml. of a 0.1% gelatin solution 
caused a large increase in 90” scattered light, which was 
also polarized perpendicular to the path of the incident 
light. No precipitate formed in this quebracho-gelatin 
mixture. Supernatants obtained from other mixtures of 
quebracho and gelatin also showed pronounced light scat- 
tering ability. Thus, complexes form between tannin and 
protein of a relatively small size, not readily sedimented by 
centrifugation, yet which are large enough to enhance the 
light-scattering ability of their solutions. 

The interaction between tannin and gelatin might be 
represented by the equation 

Gelatin + tannin e (gelatin-M tannin),. (1) 

( M  = average number of tannin molecules bound per gela- 
tin molecule, and N = average number of gelatin molecules 
in an aggregate) with both M and N increasing as the TIP 
ratio of the reactants increased. N would be expected to 
increase as a function of M up to a point where the num- 
ber of tannin molecules bound on most of the gelatin 
molecules interfered with crosslinking between gelatin 
molecules by means of tannin bridges. In actual practice, 
this limit has not been observed even when the TIP ratio 
of the reactants was 80 (Page, 1942), although it may be 
approached under the reaction conditions described by 
Mejbaum-Katzenellenbogen (1955) for the turbidometric 
estimation of protein. As N increases the light scattering 
ability of the system increases, and as N goes to rather 
high levels precipitation and coagulation occur. 

Precipitate T / P  was influenced by the pH of the mixtures, 
and at  the pH levels used here the influence was certainly 
due to the charge carried on the gelatin molecules. A 
solution of such complexes experiences both electrostatic 
and the London-van der Waals effects (van Olphen, 1963), 
and the balance of these determines the ease with which 
the complexes can approach sufficiently close for crosslink- 
ing through the formation of stable hydrogen bond con- 
figurations. The expected result would be the reduction of 
N as the pH was lowered from 5.0, in the region of the iso- 
electric point, to p H  3.5. The TIP ratio in the precipitate 
should then increase when pH was lowered assuming an 
unchanged distribution of M values. Since these were the 

results observed, the aggregation to  sedimentable size in 
tannin-gelatin systems was probably achieved through 
tannin bridges. A similar conclusion can be drawn from 
the binding of tannin-protein complexes onto insoluble 
polyamides as observed by Harris (1965). 

The TIP ratios of the precipitates are expected to have a 
high degree of correlation with M (Equation 1). Hence, 
lowering the pH from 5.0 to 3.5 decreased M in low tannic 
acid systems lacking salt. Apparently some electrostatic 
effects are operative in the primary combination of protein 
and tannin. This is compatable with the view of hydrogen 
bonds possessing some electrostatic aspects (Cannon, 
1955). Such effects on M would be most important at low 
reactant levels. At high tannin levels, the presence of ex- 
cess tannin and the accessibility of sites become the pre- 
dominating influences on M o r  TIP values. Since lowering 
of pH enhanced the accessibility of sites by increasing the 
distance between protein chains, the TIP ratios of the pre- 
cipitates were higher. 

The effect of alcohol might be described as a decreased 
affinity of tannins for proteins in the presence of ethanol. 
There have been many reports of the greater ability of 
alcohol-water mixtures, as compared with water, to remove 
polyphenols from polyamides (Endres and Hilal, 1963). 
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