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Nature of the condensed 
dietary fibre fractions in foods 

tannins present in the 

Condensed tannins may be regarded as indigwible. or al lean of only limited 
dincstibilitv. lhrouchout their ore~nce in the dietarv hbrc fractions of diRerent 
fo;dstutk’This st;dy examine; the condensed tannins in the miubk and insolubk 
dietary libw frxtianr of three quite ditkrcnt foods: FZ+WS lcctils and cocoa. Mean 
molecule size of the Pennins prcxnt in the die&y tibrc fractions war larger than that 
of the tannins prcxnt in the foodstuffs overall. The protein present in both the 
whole foodstufk and in the dietary iibre fr;ztwns alone was alsO studied, and rc!atio~ 
ships bctwccn prolcin content and condensed rennin size ~zrc established. 

INTRODUCTION 

Condensed tannins (CTs) or polymers of proantho- 
cyanidins, are phenolic compounds that are widely 
present in vcgciables (Metche. 1980). They consist of 
RavanJ-ol units with C,-C,, C&Y,, and C!-C, bonds. 

Elccausc of their ability to form complexes with 
proteins. they arc directly responsible for the astrin- 
gency of foods that are rich in such cornPounds 
(Haslam & Lilley. I988). 

In&o experiments carried out in animals have 
shown that diets high in CTs tend to bring ahout such 
negative nutritional ei%cts as reduced appetite. lower 
nutrient utilisation. and slower growth rates (Reddy er u/.. 
1985, Butler, 1989; Clausen er a/.. 199C; !%ilUnke ~1 ab, 
1990), though finai results may vary according to the an- 
imal species studied (Singleton, 1981). From a physio- 
logical standpoint. CTs appear not to be absorbed by 
the digestive tract (Mitjavila. 1980: Jim&nez-Ramsey 
ef al, 1994) and IO be excrc::d almos! in their entirety 
(Bravo ctu/., I992 Jim&z-Ramsey CI ul. 1994). 

in view of the difficulties involved in carrying out such 
cxpcriments on human beings, the inleructions between 
CTS and di&ent nutrients (carbohydrates. vitamins, 
alkaloids, metals, proteins, etc.) have hen analysed 
and measured in model systems, with proteins being 

the most important. Protein size, conformation, charge 
and the amount of proline present in the protein 
(Hagerman & Butler, 1981) as well as tannin composi- 
tion and conformation (Arquith & Butler. 1986: Ricardo 
da Silva ur ul., 1991) all influence tannin-protein 
interactions. 

New in vilro experiments that simulate human diges- 
tion and take into account the food matrix in which the 
CTs arc found need to be designed to further the study 
of CTs in human nutrition and determine the impor- 
tance of tannin-protein interactions. 

The dielary fibre fraction in a foodstuR ic :he part of 
that foodstuff regarded as indigestible or resistant to 
the actIon of human digestive enzymes (TrowelI, 1974; 
Van Soest. l9R4; Hunt & GroK 1990: Saura-Calixto el 
ob. 1991). Studying the CTs in this food fraction wili 
help to determine the degree of digestihifity of CTs and 
the variables that may affect such digestibility (CT con- 
tent and composition of the whole food). The object of 
the present study was to characterise and quantify the 
Cls present in the soluble and insoluble dietary fibre 
fractions of several foodstuffs. To this end. different 
mcrhods for analysing phenolic compounds were 
employed. and different mathematical relationships 
between the analytical values were established. The 
proline content and the proline richness of :he proteins 
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in rhe IWO dietary fibre fractions and in the whole food 
were assessed with a view IO determining lhc possible 
interactions bc~wccn CTs and proteins. 

MATERIALS AND METHODS 

Sample seketion and prepnratinn 

In an cndcavour IO make this study as general as possi- 
ble. three foodstuffs whh quite ditlercnt nutritional 
characteristics were chosen: pears (P$VUS <‘onlrtn&). 
high in sugars and low in protein and fast; knlils (Lens 
esculerrro), high in protein and low in fat. and cocoa 
(T/wbron~u cmoo) beans. high in fat and polyphenols 
and low in protein. 

The juice of the par samples wdS discarded. A 
de-juicer was used IO produce a solid residue. which was 
dried in an oven at 6O’C for 24h. Aner drying, samples 
were cornminuted to a par[iclc size of less than 0.5mm. 

The lenlil samples were likewise cornminuted lo a 
particle size smaller than O-Smm. 

The fal was cxtracled from the raw cocoa beans 
using petroleum ether. abler which the samples were 
dried in the same manner as the pear samples and corn- 
minuted as above. 

This dried and comminuted material rrom each type 
of fooclstutl’ is considcrcd as the whole foodslulr and 
shall hcrcinafier be referred IO as ‘dry marerial’. 

Di&ry Iike fractions 

The enzymatic-gravimclric method of the AOAC for 
the determination of dietary tibre (Prosky r/ ul, 1988) 
is based on digestion of nmpla by a-amylase. prOkd%. 

and amyloglucosidasc (Fig. I). This procedure yields 
two indigesliblc residues: the insoluble dietary fibre 
fraction (IDFF). namely. the solid material resistant IO 
this digestion process; and the soluble dietary fibre 
fraction (SDFF). namely. Ihe material precipitated by 
adding 95% ethanol to the sopcrnatant liquid obtained 
by fihering out the IDFF (80~20 v/v). 

Extraction of phenolic compounds 

The phenolic compounds were extracted using aectonci 
waler (70:30. v/v) at 4°C. An amount of 0 5g of sample 
and lOml of cXllaCldnl were mixed in a Isrnl test tube 
and shaken for 20min. afler which time the extract was 
separated by centrihgation (2000 rpm for IOmin). The 
extract was used in the subsequent analyses. 

Tohl polyphen& 

The Prussian blue mclhod (Price & Butler, 1977), 
which interferes with proains less than such other oxi- 
dalion-reduction reactions as the Folin-Ciocalteus 
method (Hagcrman k Butler, 1989) was cmploycd. The 
results have been expressed as tannic acid (Sigma 
Chemical Co.). 

Smnpk (05 t) 

I 

SOLUBLE DETARV 

FIttRE RACTtON (SDWI 

Fig. 1. Paprstion of Ihc dietary fibre fractions. 

Cmniensed tannins 

A modified version of the method of Porter er ul. (1986) 
for hydrolysis with buranoVHCl using polyvinylpyrroli- 
done as a phenol adsorbcr (Walterson & Butler, 1983) 
was employed. This modification enabled all the food 
samples to be assayed and averted possible inlerferenw by 
the various sugar iabundant in the pears) in the colour 
reactions measured at 550 nm. There is no universal refa. 
encc standard for condensed tannins IhaI could be used 
for comparing the rcsuhs. Quebracho tannins (Asquith & 
Butler. 1985) were used as the standard in this study. 

Relative degree of polyrnerisaliw (relative chain length) 

The ratio between the absorbance measurement Yalue 
obtained using the method of hydrolysis with butanoll 
HCl and the value obtained using the method of reac- 
tion with vanillin in acetic acid (Butler ef ul.. 1982) was 
used (relative chain length). 

Protein and proli analysis 

The protein content of Ihe samples was calculated as 
the difierencc between the measurements for total 
amino acids (obtained using hydrolysed sample] and 
for the free amino acids (obtained using unhydrolysed 
sample) (Mole PI al.. 1990). Amino acid analysis was 
performed according to the method of Mole and 
Waterman (1985) using ninhydrin as reagent. The results 
have been expressed as L-leucinc (Sigma Chemical Co.). 
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The praline content of the proteins has been expressed 
as the difference between the proline measurement 
value for hydrolysed sample and that same value for 
unhydrolysed sample (free proline) (Mole r( d. 1990). 
The method of Sates er nl. (1973) was employed for 
prolitte analysis. The results have been expressed as 
L-proline (Sigma Chemical Co.). 

Hydrolysis was carried out by placing 0.1 g of sam- 
ple and 8 ml of 6M HCI in a closed test tube at IOO”C 
for 8 h. after which the mixture was then partially neu- 
tralised with 4 ml of IM NaOH. For tmhydrolysed 
sample, 0.1 g of sample was mixed with I2 ml of NaCl 
solution for the same amount of time. but at ambient 
temperature. The supernatantr of each mixture obtained 
by filtration were used in the analyses. 

RESULTS AND DISCUSSION 

Of the three foodstutk considered, lentils had the low- 
est total dietary fibre content (Table 1, ‘XTDFF) and 
hence can be regarded as the most highly digestible. as 

Tabk I. Rokbk eud imdubk dietary Rbre Raetie& (expcsmd 
as “/n dry material) 

---- ” ---. ~ 
‘%SDFF ‘%lDFF WDFF ‘%IDFF/ 

‘SSDFF 

Pears I I.24 k 0.43 45.59 f I.37 56.83 4.05 
lentils 6.71 f 0.60 20,24 f: 0% 26.95 3.01 
Cmo beans 8,74 k II.61 48,97 f l-47 57.71 5&J 

“Three replications of all dctcrminaiions we:e performed. 
SDFF - Soluble dietary fibre h&on. IDFF Insoluble 
dietany libre fraction. TDFF - Total dieldry fibre fraction. 

opposed to cocoa and pear, in which dietary fibre 
accounted for approximately half the weigbt of the 
food. though the percentage proportions of the soluble 
and insoluble dietary fibre fractions in these two food- 
stuffs differed (Table I, XIDFFP/SDFF). 

Cocoa had the highest total phenol content (Table 2. 
total phenols); lentils had an intermediate total phenol 
content. whereas the total phenol content in the pears 
was low. The phenol content in the soluble and insoluble 
indigestible fractions was lower than in the whok food 
(dry material). The values for the solubk and insoluble 
dietary fibrc fractions varied in each of the foodstufi 
considered; in the pears and lentils the two fractions pre- 
scnted quite similar total phenol values, whereas in the 
cocoa the phenol content of the insoluble fractiitt was 
nearly IO times higher than that of the solubk fraction. 

The condensed tannin values (Tabk 2, condensed 
tannins) in the diRerent samples followed the same 
pattern as the total phenols. 

In there cases in which the degree of tannin poly- 
merisation could be calculated (Table 2, relative chain 
length). relative chain length for the fibre fractions was 
longer than in the whole food (dry material). This indi- 
cates that the tannins present in the tibre fractions 
differ from those presetu in the whole food at least wiih 
respect to size. 

The ratio of condensed tannins to total phenols 
(Table 2. condensed tannins(total phenols) was highest 
in the lentils and lowest in the pears. The intermediate 
value recorded for the cocoa, despite that foodstuFs 
high tannin content, is indicative of the importance of 
the anthccyanins in these samples (Mazza & Minki, 
1993). A similar explanation may account for the 
results obtained for the pears, possibly caused by the 
presence of mainly low.mokcular-weight phenols such 

Tsbk 2. Results of pdypheuel attalyses’ 

Sdlllpk TOtal Condensed 
phenolsn tannins’ 

P em 
Dry material 
SDFF 
IDFF 

Lm/ils 
Dry mdlerial 
SDFF 
IDFF 

CUCOU 
Dry material 
StiFF 
IDFF 

3.35 * 0. IO 
I 36 f 0. I 5 
1.59*0.14 

0.56 i 0.02 
027 10.02 

NW 

7.76 & O,SO 1.92fO.17 
3.39 *o,I? 0.48 f 0.03 
2.67 f 0. I 3 0.52 f 0.04 

5841 f I.19 I I.46 f O-46 
I-95f0.16 032 f 0.03 

19-12 * I.32 4.43 i 0.21 

Flavan-3.01 Relative Condensed 
end” chain length’ tanninf/total 

phenols” 
_ 

O~l?iO~O2 
0.03 +z o,oi 

Th 

I.17 zt 0.05 
0~151001 
0.10~0~01 

II-27?O+Xl 
O-12 *o-o2 
1~8S~O~I5 

I 56 
2~00 

0,7? 
lncl 
I.75 

0.48 
I.55 
I.11 

0.17 
0.15 
_ 

0.25 
0.14 
0*20 

0.20 
0.16 
0.23 

CAP’ CAP’/toral 
phen& 

0.87 
0.54 
_ 

1,311 
0,4g 
0*9l 

5.50 
0%50 
4.92 

0.26 
029 

@IS 
0.14 
0.34 

O,lO 
0.25 
0.26 

‘Three replications of all determinations were prformed. SDFF - Soluble dietary tibre fraction. IDFF - Insoluble dietary fibre 
fraction. 
*Prussian blue assay, mg tannic acid/g sample. 
‘ButanaVHCI hydrolysis. mg quebrdcho tannins/g mmpk. 
%nillin in acetic acid. mg r%tcchin$ sample. 
‘See text. 
‘CAP is defined as condensed tannins x relalive chain length (see text). 
‘ND - Not detected. 
‘r - under 0.02. 
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as hydroxycinnamic acids and Ravonols (Macheix 
et a/,, 1990). The values for this ratio were higher for the 
insoluble dielary libre fraction than for the correspond- 
ing soluble dietary ftbre fraction in the foods in which 
measurements enabled this ratio to be calculated. 

As was expected, the lentils presented the highest 
protein content, followed by the cocoa and the pears 
(Table 3. protein). The residual protein value for the 
lentils was lower than that for the cocoa and the pears 
(Table 3. residual protein), indicating that the proteins 
in lhe lentils were more digestible. 

The pattern for the proline richness of the proteins 
(Table 3. proline richness of the protein) was di&rcnt 
among the three foadstufls studied. Cocoa had the 
highest values. followed by the lentils and then the 
pears. This indicates the different compositions of the 
proteins in each of the foodsluRs analysed. 

The values for the praline richness of the proteins in 
Abe insoluble dietary fibrc fractions (Table 3, proline 
richness of the protein) wcrc higher than those for the 
dry material in the cocoa and the lentils. but not in the 
pears. in which the percentage protein richness value 
for the insoluble dietary fibre fraction. though similar. 
was lower. Viewed in the light of the CT results. the 
tannin-protein interaction would appear IO be partly 
responsible for these findings. because the CTs were 
not dcteclable in the insoluble dietary fibre fraction in 
the pears. 

On the other hand, the values for the prolinc rich- 
ness of the proteins in the soluble dieldry fibre fractions 
were quite similar in the three foodstuffs considered 
here. indicating that the behaviour of this fraction is 
unlike that of the insoluble dietary Rbre fraction. This 
fraction was obtained by precipitation of the super- 
natant from enzymatic digestion of the dry material in 
an alcohol medium (Fig. I): hence the finding of a 

higher degree of similarity between the soluble fractions 
of the three foodstuffs than between the insoluble frac- 
lions seems reasonable, inasmuch as the composition of 
the soluble dietary fibre fraction was more dependent 
upon the action of the enzyme systems than on the 
original foodstuff itself. 

It has been reported that the CT content of the neu. 
tral dietary fibre fraction of certain feeds is negatively 
correlated with protein degradability (Rittner & Reed, 
1992). This may also be inferred from the results ob- 
tained for CT and residual protein, for the insoluble 
fibre fractions (Table 2, condensed tannins, and Table 
3. residual protein) showed these two values IO h 
related in the cocoa and the lentils, in that higher CT val- 
ues were associated with higher residual protein values, 
i.e. lower protein degradability. However, bearing in 
mind that the insoluble fibre is the solid residue after 
digestion, the composition of that fraction is highly 
dependent upon the initial foo&tutT matrix. and hence 
it may be venturesome to attempt to draw definite con- 
clusions for such widely different foods, 

In contrast, since the composition of the soluble 
dietary fibre is less dependent upon the initial foodstufT 
matrix, a relationship between the CT eontent and the 
percentage residual protein could be established for the 
soluble Cbre fractions and this confirmed the 
tannin-protein interaction. The highest Cr value, in 
the lentils, was associated with the lowest residual pro- 
tein value, the converse of what might be expected; 
however, the CTs of the soluble dietary fibrc fraction in 
the lentils presented the lowest relative mean size (chain 
length 1.00 as opposed to 2GO in the pears and I.55 in 
the cocoa). This interaction depends not only upon 
quantitative variables but also upon such qualitative 
variables as protein size, composition, and shape and 
tannin size and structure. 

Sample Proteit+ 

Table 3. Protein ml pottin prolhte contnls’ 
._.- 

Residual Protein prolin$ Residual pmein Proline richness 
pralein ’ 1%) proline’ WI) of the protein’ 

PtO1.S 
Dry material 2.81 f 0.20 
SDFF 6&!l f 0.21 26,4 
1DFF 3+4 f a.20 62.3 

LtWilJ 
Dry material 21.0 10.89 
SDFF 13.6 f0.35 4.35 
IDFF l6,2 iO.70 15.6 

COFUO 
Dry material 114 *0.45 
SDFF 9.3OzkO.18 Ml5 
IDFF 13.8 *OS3 56.9 

0.11 ?cO~Ol 3.91 
0.36 ?c 0.02 36.8 5.45 
0,14 r 001 58,O 3,65 

l~lOiOO4 5.25 
0.80 i 0.01 5,80 5% 
I.08 f 0.04 19.9 6.67 

0.89 t 0.08 7.50 
0.56 * 0.03 550 6,02 
1~10~0~03 60.5 l-98 

‘Three replications of all determinations were performed. SDFF - Soluble dietary fibre fraction. IDFF - Insoluble dietary fibre 
fraction. 
%olein conle3, g L-bucindl00 g sample. 
‘%Protein (dry material) in DF fractions. Cakulated as (Protein (SDFFj’ X “E+DFF)l(protein (dry matcrial)~. By way of example, 
the residual protein in Ihe pear SDFF is (6,6ll X 11~2)LMl = 26.4. 
*Wein proline contenl. g L-prolin+/lW g sample. 
‘Frotcin prolinc (dry material) in DF fractions. Calculated as (Protein proline (SDFFY X ‘KSDFF), By way of example, the residual 

$ 
oNin in the pear SDFF is 0.36 X I I .2WI 1 = 36.8. 

Protein prolinc in prolein. Calculated as (Protein proI& X loOYpro&. 
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Since, exept in highly specific instances. CT analysis 
by hydrolysis with butanoUHCl measures RavanJ-ol 
units irrespective of CT size and structure, it was wn- 
sidered appropriate to define tannin capacity (CAP) as 
a measure of the CT content that takes CT size into 
account. CAP is !he product of multiplying the CT 
value obtained by hydrolysis using butanol/HCI by 
mean relative CT size: CAP = condensed tannins X rel- 
ative chain length (Table 2, CAP). This is a mathemati- 
cal contrivance to correct the measurement value based 
on flavan-3-01 units by taking into account the degree 
of polymerisation of the tannins such that, for a given 
CT value, the tannin capacity will be higher for higher 
degrees of tannin polymerisation. 

Putting into the context of results for the soluble 
dietary tibre fraction, the CAP value for the lentils was 
slightly lower than that for the cocoa, and both these 
CAP values were lower than that for the pears (Table 
2. CAP). This was the same order as in the case of the 
residual protein (Table 3, residual protein) though. in 
that case. the value for the soluble dietary tibre fraction 
in the pears was considerably higher than the values for 
the soluble dietary fibre fractions in the other two 
foodstut% and may have been influenced by the very 
low protein content of the dry material. The results 
suggest that the higher residual protein contem in the 
soluble dietary fibre fractions may have been caused by 
the tannin-protein interaction taking place in in-vitro 
digestion of a foodstuff. 

The CAP to total phenols ratio was also calculated. 
Tannin capacity per unit of polyphenol was higher for 
the insoluble fibre fraction than for the dry material in 
both the lentils and the cocoa. Accordingly, enzymatic 
digestion brought about an increase in the tannin 
capacity in proportion to the total phenol content in the 
resulting residue. These results demonstrate that tannin 
size is a very important factor in studies of tannin solu- 
bility and digestion. 

Based on the results described, the study of a large 
number of varieties of a single foodstuff is required to 
provide statistical confirmation. 

CONCLUSIONS 

Because condensed tannins are present in the dietary 
fibre fractions of diiiercnt foods, they may be regarded 
as either indigestible or poorly digmtible substances. In 
addition, the mean size of the CTs in the dietary fibre 
fractions in the three foodstuffs considered here was 
larger than the mean size of the CT’s in the original 
foods, which suggests that the more highly pvlymerised 
CTs are more resistant to digestion. 

The analysis of the protein fractions showed that (a) 
the proline content of the residual protein in the insolu- 
ble dietary fihre fractions was richer than that of the 
proteins in the whole food when initial CT levels in the 
food were high; and (b) the CT content in the soluble 
dietary fibre fraction may be correlated with the resid- 
ual protein value. These results may be explained in 

terms of tannin-protein interactions, which have been 
considered in depth in the literature. 

Finally, the parameter CAP may bc very UPIIII in 
studies on CTs in both in-vivo and in-vitro erpcri- 
merits. 
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