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The summative equation of prediction of digestibility based on lignin and fiber contents of plant material, 
gave a good estimation of the in vitro value in byproduct feeds such as oak and olive browses and vine 
branches when the sulfuric lignin content of fiber was used, better than with permanganate lignin. In 
both cases, the lignin content of the neutral-acid-detergent fiber was more highly correlated with in 
vitro digestibility than the acid-detergent fiber of the acid-neutral-detergent fiber. The inclusion of 
condensed tannins into the predictive equation, as components that may cause a decline of digestibility, 
improved the prediction of the in vitro value from chemical composition. 

INTRODUCTION 

Browse species (oak, olive) as well as vine branches are 
eaten by grazing sheep and cattle in Spain. The nutritive 
value of these products appear to be limited by fiber and 
tannins. The detergent system of analysis, originally 
developed for forages, has been shown to be adequate for 
the fiber fraction in browse species (McCammon-Feldman, 
1980; Horvath, 1981; Reed, 1986; Conklin, 1987; Van Soest 
et al., 1987; Woodward, 1988). However, tannins have 
not been incorporated into standard nutritive evaluations 
of these species by laboratory analyses, and difficulty in 
evaluating tanniniferous species has been encountered. 

Condensed tannins tend to be recovered in crude lignin, 
therefore elevating the value. It appears that the influence 
of tannins upon digestibility of fiber is less than that of 
lignin (Austin et al., 1989). There is a problem in 
distinguishing tannins from lignin by gravimetric assays 
because tannins are largely unextractable in dried feeds. 
Most tannin assays are dependent upon extraction. 
Consequently, unextractable forms have often been over- 
looked (Reed et al., 1985). Other deficiencies of methods 
are described by Marquardt (1989). The extraction is 
incomplete owing to the varying nature of the polyphenols 
and their associations with other plant components 
(Horvath, 1981). Acetone has been the favored solvent 
for extracting tannins since i t  inhibits the interactions 
that can take place between tannins and protein (Hager- 
man, 1988). The colorimetric measurement suffers from 
the lack of a suitable compound that can be used as a 
primary standard (Mueller-Harvey et al., 1988). 

Since the order of extractions with neutral- and acid- 
detergent can be varied, it seemed worth while to apply 
varied sequential analyses to  some agricultural and forest 
residues and apply the results to  the prediction of 
digestibility in the summative system. Also, condensed 
tannins measured by 1-butanol-HC1 were included into 
the summative system to determine if such an inclusion 
would improve the prediction of digestibility from chemical 
composition. 

MATERIALS AND METHODS 

Materials. Samples of oak (Quercus der)  were taken from 
pruned oaks in Sartajada (Toledo, Spain) in March 1985, and 
samples of olive (Olea europea) were taken from olive trees in 
Valdeolivas (Cuenca, Spain) in March and September 1988; the 
samples from these two collections were mixed to make a single 
sample. In addition to the whole foliage, the leaves and stems 
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of oak and olive were analyzed separately. Vine branches (Vitis 
vinifera) were taken from vineyards in Moral de Calatrava 
(Ciudad Real, Spain) in October 1983 after harvesting of grapes 
and immediately ensiled. Samples from oak and olive were oven- 
dried at 55 OC; samples of vine branches were freeze-dried. All 
samples were ground to pass a 1-mm screen and stored in the dry 
form in sealed plastic bottles. 

Determination of Dry Matter. Dry matter was determined 
by drying a 1-1.5-g sample at 105 “C for at least 8 h and hot 
weighing (Goering and Van Soest, 1970; Van Soest and Robertson, 
1985). For the hot weighing procedure, a single-pan automatic 
macroanalytical balance with electronical readout to 0.1 mg was 
used. To heat up the balance, three weighing sequences were 
completed, using blank beakers (or crucibles) in a set sequence 
before the analytical weighing. The balance stabilized for a short 
period of time while the hot beaker was on the pan. 

Determination of the Amount of Fiber and Lignin. The 
fiber and lignin contents of the samples were determined via the 
sequential detergent system of analysis (Goering and Van Soest, 
1970; Horvath, 1981; Van Soest, 1987). Sequential extractions 
with neutral-detergent (ND) followed by acid-detergent (AD) 
and of AD followed by ND were done to measure fiber content. 
The residue obtained after neutral-detergent extraction followed 
by acid-detergent treatment was termed NADF. The residue 
obtained after acid-detergent extraction followed by neutral- 
detergent treatment was termed ANDF (Figure 1). 

The amount of lignin was estimated using two procedures: 
the procedure for Klason lignin and the procedure for perman- 
ganate lignin (Figure 2). Klason lignin or “sulfuric lignin” (Ls) 
is the residue insoluble in 72 % sulfuric acid. The Klason lignin 
residue was treated with potassium permanganate, and the loss 
in weight termed “permanganate lignin” (Lk). 

The hot weighing procedure was applied to all fiber and lignin 
determinations. Two replications were made in all analyses. 
Values were expressed on a organic matter basis (ash-free values). 

Determination of Crude Protein. Crude protein was 
determined following the macro-Kjeldahl method (AOAC, 1980). 
Neutral-, acid-, neutral-acid-, and acid-neutral-detergent fiber- 
bound proteins were determined and termed NDFCP, ADFCP, 
NADFCP, and ANDFCP, respectively. Protein-free fiber frac- 
tions were calculated by subtracting fiber-bound protein from 
fiber residues. 

Determination of Condensed Tannins. Condensed tannins 
(soluble proanthocyanidins) were estimated via the procedure of 
Reed et al. (1982) by placing 10-30 mg of the original sample into 
a test tube, adding 10 mL of 5% HC1 in 1-butanol, and heating, 
covered by a marble, for 30 min on a steam bath at 98 O C .  The 
absorbance of solution was read at 550 nm. The amount of 
condensed tannins was calculated using a standard curve. To 
prepare the standard curve, 2 g of oak leaves was extracted five 
times with 20 mL of 70 % aqueous acetone. The acetone solution 
was separated into an aqueous and acetone phase in a separatory 
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Figure 1. Sequences of analysis of fiber following the sequential detergent system (Horvath, 1981; Van Soest, 1987). 
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Figure 2. Sequences of analysis of lignin following the detergent 
system of analysis (modified from Van Soest and Robertson, 
1985). 

funnel by addition of excess sodiumchloride. The lower aqueous 
phase was removed, and 1:5 ethanol-diethyl ether was added to 
precipitate tannins. The precipitate was dissolved in 50% 
aqueous methanol, dialyzed three times against water, and freeze- 
dried. Dialysis was made against 4 L of distilled water, in dialysis 
tubing (2000 molecular weight cutoff). Of the precipitate 
obtained, 1-6 mg was placed in test tubes, adding 10 mL of 5 %  
HC1 in l-butanol, and heating for 30 min in a steam bath at 98 
OC. The absorbance was read at 550 nm. 

Determination of Digestibility. Digestibility was deter- 
mined experimentally via the in uitro technique of Goering and 
Van Soest (1970). The sample (0.5 g, ground to pass a l-mm 
screen) was weighed in a 125-mL Erlenmeyer flask, placed in a 
water bath at 40 "C, and treated with 40 mL of a medium prepared 
with 2 g of trypticase, 400 mL of water, 0.1 mL of micromineral 
solution (calcium chloride, manganese chloride, cobalt chloride, 
ferric chloride, and distilled water), 200 mL of buffer solution 
(ammonium bicarbonate, sodium bicarbonate, and distilled 
water), 200 mL of macromineral solution (disodium phosphate, 
monopotassium phosphate, magnesium sulfate, and distilled 
water), and 1 mL of resazurin. After the carbon dioxide pressure 
was removed, 2 mL of reducing solution (cysteine hydrochloric 
acid, distilled water, sodium hydroxide, and sodium sulfide) was 
added. The sample was then fermentated for 48 h with 10 mL 
of rumen inoculum from a fistulated Jersey cow fed with timothy 
hay; after collecting, the inoculum was blended for 2 min under 
carbon dioxide and filtrated through glass wool. At the end of 
fermentation, the residue was treated with 100 mL of the neutral- 
detergent solution via the same procedure as in the neutral- 
detergent fiber determination to eliminate bacterial residues. 
Digestibility was calculated as 100 minus the percent of the ash- 
free neutral-detergent residue. Two replications of in uitro 
digestibility per sample were made. 

Also, organic matter digestibility (SEOMD) was calculated 
from the summative equation of Goering and Van Soest (1970): 
SEOMD = 0.98(100 - NDF) + (CWD/100)NDF, where 0.98 is 
the average digestibility of cellular contents; NDF is the percent 
of the neutralaetergent fiber (cell wall); 100 - NDF is the percent 

of cellular contents; and CWD is the cell wall digestibility, which 
can be calculated from the sulfuric lignin content of fiber: CWD 
= 147.3-78.91og[(Ls/fiber)100],or fromthepermanganatelignin 
content of fiber: CWD = 180.8 - 96.6 logt(Lk/fiber)l001. The 
proportion of condensed tannins (CT) was subtracted from 
SEOMD (SEOMD - CT) to include the correction owing to 
tannins into the equation. 

Statistical Analysis. Analysis of variance was performed to 
study the variation among analytical procedures for measuring 
fiber and lignin contents and to study separately each plant 
material. Simple linear regression (expressed as R2) was applied 
to study the relationships among experimental and in uitro data. 

RESULTS AND DISCUSSION 

In each plant material, the neutral-detergent fiber was 
always the fraction that represented the highest proportion 
of fiber, while ANDF gave the lowest estimate (Table 1). 
NDF was the fraction that showed the greatest variation 
among samples within a plant, while ANDF showed the 
lowest variation in oak and vine branches and NADF the 
lowest variation in olive. In oak, NADF and ANDF gave 
nonsignificantly different estimations of fiber and different 
estimations of NDF and ADF. In olive, the four procedures 
to estimate the amount of fiber gave results not signifi- 
cantly different @ > 0.05). In vine branches, ADF and 
NADF gave nonsignificantly different results of fiber and 
different results of NDF and ANDF. 

In oak samples, the highest estimate of lignin was 
obtained from the ADF residue, with NADF giving the 
maximum value in the rest of plants, with the exception 
of olive stems, where ANDF gave the highest value. Lignin 
content obtained by means of the 72% sulfuric acid 
procedure was higher than that obtained by means of the 
permanganate method. Any nonlignin substances that 
are insoluble in 72 % sulfuric acid increase lignin Klason 
value (Van Soest and Robertson, 1985). In all plants the 
sulfuric lignin value obtained from the ANDFresidue gave 
the highest variation among samples within a plant, while 
NADF gave the lowest. The highest variation among the 
three analytical routes to  estimate permanganate lignin 
in oak was obtained with ADF and NADF and with NADF 
in olive and vine branches. In all plants, the three fiber 
fractions gave not significantly different @ > 0.05) sulfuric 
lignin content. In vine branch material, the three esti- 
mations of permanganate lignin were significantly dif- 
ferent, while differences were not found in oak and olive. 

Neutral-detergent extraction dissolves pectin, silica, and 
tannins, while acid-detergent extraction recovers silica, 
tannin-protein complexes, and to  a partial degree, pectins 
(Van Soest, 1987). The differences found among all fiber 
estimations (NDF, ADF, NADF, and ANDF) can be 
attributed to the cited components. Silica was not detected 
in the samples studied. Pectins, if present, are in ADF. 
That  means that cell wall protein (fiber-bound protein) 
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Table 1. Fiber, Lignin, and Condensed Tannins (Percent of Dry Matter) in Different Samples. 
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fiber fraction 
NDFd ADFe NADP ANDF8 

oak leaves 48.5 38.1 32.0 31.4 
oak stems 67.3 54.2 47.6 46.2 
oak foliage 51.5 44.2 36.7 35.7 
mean 51.8A 45.6B 38.8C 37.8C 
SE 4.43 3.91 3.11 3.59 

sulfuric lignin Lsh permanganate lignin Lki 
ADF NADF ANDF ADF NADF ANDF CTj 
14.2 11.5 12.1 9.8 7.9 7.5 8.7 
24.3 21.2 21.9 14.3 12.9 9.8 4.7 
11.4 13.8 13.7 8.5 7.4 6.5 8.3 
18.6A 15.5A 15.9A 10.9A 9.4A 7.9A 7.2 
2.43 2.39 2.48 1.43 1.43 0.80 1.04 

olive leaves 44.7 31.5 33.5 31.3 19.9 21.1 20.1 9.2 10.9 8.2 1.5 
olive stems 59.9 46.1 40.1 39.9 13.2 13.9 14.3 8.1 9.7 7.0 0.7 
olive foliage 38.1 26.2 28.0 21.3 11.2 15.2 9.7 2.4 4.3 2.0 1.7 
mean 41.6A 36.6A 34.1A 30.8A 14.8A 16.7A 14.7A 6.6A 8.3A 5.7A 1.3 
SE 5.27 4.70 3.00 4.39 2.15 1.81 2.46 1.72 1.66 1.55 0.25 

vine branches 
fresh 53.9 35.6 34.8 29.8 9.4 10.8 7.8 5.2 6.9 4.4 6.0 
silage 66.3 43.0 42.6 36.2 12.2 14.5 10.7 7.3 9.7 6.2 11.1 
silage FAb 57.0 40.7 39.5 34.6 11.4 13.8 11.4 8.6 10.5 6.1 10.4 
silage FSAC 56.7 43.9 41.3 35.8 14.5 15.7 13.3 11.1 13.0 6.2 8.2 
mean 58.5A 40.8B 39.6B 34.1C 11.9A 13.7A 10.7A 8.1A 10.OB 5.9C 8.9 
SE 2.34 1.61 1.48 1.28 0.91 0.90 0.99 1.07 1.09 0.44 1.00 

Means within a row with different uppercase letters are significantly different at p < 0.05. * Treated with formic acid. Treated with 
formaldehyde and sulfuric acid. d Neutral-detergent fiber. e Acid-detergent fiber. f Neutral-acid-detergent fiber. 8 Acid-neutral-detergent 
fiber. h Klason lignin or sulfuric lignin (Ls), obtained by treatment of the different fiber fractions with 72 % sulfuric acid. i Permanganate lignin 
(Lk), obtained by treatment of the different Klason lignin residues with potassium permanganate. j Condensed tannins were measured by the 
acid-butanol assay (Reed et al., 1982). 

Table 2. Fiber-Bound Protein and Protein-Free Fiber Residues (Percent of DM). 
CPb NDFCPc NDF*g ADFCPd ADF*g NADFCP' NADF*l ANDFCPf ANDF*g 

oak leaves 8.0 0.9 47.6 1.2 36.9 1.8 30.2 0.8 30.6 
oak stems 4.9 1.4 65.9 2.4 51.8 3.1 44.5 0.8 45.4 
oak foliage 6.9 1.9 55.6 2.3 41.9 1.2 35.5 0.9 34.8 
mean 6.6 1.4 56.4A 2.0 43.5A 2.0 36.7A 0.8 36.9A 
SE 0.74 0.24 4.32 0.31 3.57 0.46 3.41 0.03 36.0 

olive leaves 10.2 6.6 38.1 5.6 31.9 7.1 26.4 4.9 26.4 
olive stems 4.1 1.1 58.8 1.4 44.1 2.3 38.4 0.6 39.3 
olive foliage 8.8 3.0 35.1 0.9 25.7 1.6 26.4 0.4 20.9 
mean 7.7 3.6 44.OA 2.6 34.OA 3.1 30.4A 2.0 28.9A 
SE 1.50 1.32 6.08 1.22 4.65 1.41 3.27 1.20 4.45 

vine branches 
fresh 6.0 2.4 51.5 1.0 34.6 0.7 34.1 0.4 29.4 
silage 5.0 2.5 63.8 1.8 41.2 1.6 41.0 0.7 35.5 
silage FA 4.1 2.5 54.5 0.8 39.9 2.2 31.1 0.6 34.0 
silage FSA 5.4 3.1 53.0 2.0 41.9 3.8 37.5 0.5 35.3 
mean 5.3 2.8 55.7A 1.4 39.4B 2.1 37.5B 0.6 33.6C 
SE 0.23 0.21 2.40 0.25 1.43 0.56 1.22 0.06 1.23 

a Means within a row with different uppercase letters are significantly different at  p < 0.05. CP: crude protein (nitrogen Kjeldahl X 6.25) 
measured in the whole sample. NDFCP crude protein measured in neutral-detergent fiber, expressed on a dry matter basis. d ADFCP: crude 
protein measured in acid-detergent fiber, expressed on a dry matter basis. e NADFCP: crude protein measured in neutral-acid-detergent 
fiber, expressed on a dry matter basis. f ANDFCP: crude protein measured in acid-neutral-detergent fiber, expressed on a dry matter basis. 
8 Protein-free fiber, obtained by subtracting fiber-bound protein from fiber residue. 

and tannins may be components which make all fiber 
estimations different. Fiber-bound protein was measured 
in the four residues, and protein-free fiber was calculated 
by subtracting protein-fiber bound from the corresponding 
fiber fraction (Table 2). The protein-free fiber estimations 
were not significantly different in oak, so fiber-bound 
protein could be a component which made the fiber 
estimations of oak different. In vine branches, the protein- 
free fiber residues still were significantly different, so this 
material may have tannins which may be largely respon- 
sible for the disparity found among fiber estimations. 
Moreover, from sequential detergent analysis of fiber, it 
could be said that proanthocyanidins are present in 
samples from oak and vine branches, since they showed 
a red color when heated in acid-detergent solution. 

Condensed tannin content (Table 1) was highest in 
samples from oak and vine branches, while olive samples 
showed the lowest value. Stems had less tannins than 
leaves (oak and olive), as observed in other browse species 
(Conklin, 1987). The condensed tannins content of 

byproducts studied was not significantly correlated (p > 
0.05) with the amount of fiber or lignin (data not shown). 
Reed (1986, 1987) found a significant correlation among 
insoluble proanthocyanidins and NDF, NDFCP, and 
lignin. 

Table 3 shows in  vitro organic matter digestibility 
(IVOMD). Rebole et  al. (1988) found values of 33.2 and 
39.9, respectively, for the i n  vivo (sheep) and in  vitro dry 
matter digestibilities of vine branches. Boza and Guerrero 
(1981) found values of 49.3%, 60.4%, and 55.2% for the 
in  vitro organic matter digestibility (goats) of oak foliage, 
olive leaves, and olive foliage, respectively. Olive presented 
the highest variation of in  vitro digestibility among 
samples, while vine branches presented the lowest. 

Digestibility calculated from the summative equation 
using the analytical data (SEOMD) is in Table 3. Per- 
manganate lignin gave the highest variation of digestibility 
among samples of olive and vine branches, while sulfuric 
lignin gave the highest variation among samples of oak. 
In oak and olive the three analytical sequences gave not 
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Table 3. In vitro (IVOMD) and Predicted (SEOMD) 
Organic Matter Digestibilities (Percent of DMP 

Rebole 

SEOMDb 
LSC Lkd 

IVOMD ADF NADF ANDF ADF NADF ANDF 
oak leaves 
oak stems 
oak foliage 
mean 
SE 

olive leaves 
olive stems 
olive foliage 
mean 
SE 

63.4 
43.3 
52.3 
53.0 
4.75 

68.8 
53.2 
77.8 
66.6 
5.78 

61.8 
43.6 
54.0 
53.1A 
4.30 

59.2 
58.7 
67.8 
61.9A 

2.41 

62.4 
43.6 
54.9 
53.6A 
4.46 

56.6 
55.1 
64.6 
58.8A 
2.41 

61.2 72.1 
42.2 61.5 
54.5 74.3 
52.6A 69.3A 
4.54 3.23 

56.3 75.0 
54.1 75.6 
66.9 94.1 
59.1A 81.6A 
3.23 5.12 

72.9 
60.6 
73.1 
68.9A 
3.38 

69.7 
67.9 
85.9 
74.5A 
4.67 

73.6 
67.5 
75.6 
72.2A 
1.99 

73.8 
75.6 
93.7 
81.OA 
5.19 

vine branches 
fresh 57.9 64.1 61.1 64.3 82.0 75.1 81.8 
silage 49.5 54.7 50.5 54.6 74.1 66.0 73.9 
silageFA 55.0 61.0 56.7 57.8 72.2 66.8 74.3 
silageFSA 52.8 58.0 55.3 55.7 68.1 62.9 77.1 
mean 53.8 59.56 55.9A 58.1A 74.1A 67.7B 76.8A 
SE 1.54 1.74 1.89 1.88 2.53 2.26 1.58 

a Means within a row with different uppercase letters are signif- 
icantly different at p < 0.05. b Organic matter digestibility calculated 
from the summative equation of Goering and Van Soest (1970); 
SEOMD = 0.98 (100 - NDF) + (CDW/100)NDF, where CWD is the 
cell wall digestibility. e Using sulfuric lignin value: CWD = 147.3 - 
78.9 log[(Ls/fiber)100]. Using permanganate lignin value: CWD = 
180.8 - 96.6 log[(Lk/fiber)100]. 

Table 4. Predicted Organic Matter Digestibility Including 
the Correction for Condensed Tannins (SEOMD - DT) 
(Percent of DM)* 

SEOMD - CTb 
Ls Lk 

ADF NADF ANDF ADF NADF ANDF 
oakleaves 53.1 53.7 52.5 63.4 64.2 64.9 
oakstems 38.9 38.9 37.5 56.8 55.9 62.8 
oak foliage 45.7 46.6 46.2 66.0 64.8 67.3 
mean 45.9A 46.4A 45.4A 62.1A 61.6A 65.OA 
SE 3.35 3.49 3.55 2.24 2.34 1.06 

oliveleaves 57.7 55.1 54.8 13.5 68.2 72.3 
olive stems 58.0 54.4 53.4 74.9 67.2 74.9 
olive foliage 66.1 62.9 65.2 92.4 84.2 92.0 
mean 60.6A 57.5A 57.8A 80.3A 73.2A 79.7A 
SE 2.25 2.22 3.04 4.96 4.50 5.05 

vine branches 
fresh 58.1 55.1 58.3 76.0 69.1 75.8 
silage 43.6 39.4 43.5 63.0 54.9 62.8 
silageFA 50.6 46.3 47.4 61.8 56.4 63.9 
silageFSA 49.8 47.1 47.5 59.9 54.7 68.9 
mean 50.5A 47.OA 49.2A 65.2A 58.8A 67.9A 
SE 2.57 2.78 2.75 3.17 3.00 2.57 

a Means within a row with different uppercase letters are signif- 
icantly different at p < 0.05. * Predicted organic matter digestibility 
less condensed tannins. 

significantly different (p > 0.05) values of the digestibility 
calculated from permanganate lignin as well as from 
sulfuric lignin. In vine branches, the permanganate lignin 
from the ADF and ANDF gave not significantly different 
digestibility, but different from that calculated from 
NADF. 

To see how the detergent system of analysis is able to 
predict the in  vitro digestibility from chemical composi- 
tion, both parameters were compared (Table 4). The 
sulfuric lignin content of NADF gave the best prediction 
(R2 = 0.683) of the experimentally determined in  vitro 
value, and the permanganate lignin content of ANDF gave 
the poorest correlation (R2 = 0.542). In some cereal and 
legume straws studied by RebolB et al. (1990), the best 

Table 5. Correlations (a) among in Vitro and Predicted 
Organic Matter Digestibilities 

IVOMD, R2 
SEOMD Ls ADF O.63gb 

NADF 0.683b 

SEOMD 
ANDF 0.612b 

Lk ADF 0.621b 
NADF 0.680b 
ANDF 0.542O 

SEOMD - CT Ls ADF 0.73gb 
NADF 0.776b 
ANDF 0.184b 

SEOMD - CT Lk ADF 0.63Bb 
NADF 0.696b 
ANDF 0.582O 

a p  < 0.05. p 0.01. 

estimate of digestibility was obtained from the lignin 
permanganate content of NADF (R2 = 0.610), while the 
Klason lignin content of NADF gave the lowest prediction 
(R2 = 0.320). 

Tannins, as components that may cause a decline in 
digestibility, can be introduced into the equation to predict 
digestibility. The correction could be done by subtracting 
the percentage of condensed tannins from the organic 
matter digestibility (Table 4). Permanganate lignin gave 
the lowest variation among samples in oak and the highest 
in olive and vine branches. In all plants, digestibility values 
calculated using the three different analytical routes were 
not significantly different. With the correction from 
tannins, the prediction of the in  vitro value from sulfuric 
lignin content of fiber improved (R2 = 0.739,0.776,0.784, 
Table 4), while change was not significant in the case of 
permanganate lignin (R2 = 0.638, 0.696, 0.582). Plant 
tannins, as components with a negative effect upon 
digestibility of feeds, should be taken into account in the 
prediction of digestibility from chemical composition. 

The effects of heating the plant material on tannin 
reactivity should not be overlooked, since oven-drying 
could causes a decrease in the solubility of the proantho- 
cyanidins and an increase in the content of lignin and 
fiber content (Reed et al., 1982). Additional research by 
comparing fresh material with air-dried, oven-dried, and 
lyophilized samples is needed. However, the problem of 
analyzing tannins in prepared dried feeds remains. The 
relationship between the assays for tannins and the 
biological effects need to be clarified, as well as the 
influence of the season on tannin content (Marquardt, 
1989, 1993). A better knowledge of the chemistry of 
tannins is necessary to understand completely their 
nutritional significance (Hagerman and Butler, 1989). 
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