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Abstract

To demonstrate the utility of the powdered hide model for 
vegetable tanning studies, interactions of quebracho with 
samples of powdered hide prepared from partially processed 
hides were investigated. Hides were dehaired by a typical 
sulfide or oxidative method and carried through the delime/
bate step of a tanning process. Prior to tanning, the powdered 
hide from oxidative dehairing was on average slightly more 
susceptible to attack by collagenase than was the powdered 
hide from sulfide dehairing. After tanning with as little as 
20% quebracho, powdered hide from both processes was well 
protected against collagenase degradation. Apparent shrinkage 
temperatures ranged between 79°C and 87°C , increasing with 
increased quebracho offer. Shrinkage temperatures for 
quebracho-treated oxidatively powdered hides were generally 
2°C lower than for sulfide dehaired samples. This contrasts 
with no difference in shrinkage temperature for chrome 
tanned powdered hides. Comparison of micrographs of 
powdered hide treated with crude and purified quebracho 
suggest that the tanning effect of quebracho is both a function 
of quebracho/collagen interactions, and the filling effect of 
other components of the crude quebracho.

Introduction

Tanning, the conversion of animal hides into leather, is a 
multistep process that continues to evolve. Driving forces in this 
evolution include customer specifications, environmental 
concerns, leather quality, yield and cost. Tanners also adjust 
their processes in response to the availability of new 
formulations and chemicals from suppliers, or in anticipation of 
new regulations on currently used chemicals. Tanning processes 
have developed in a mostly empirical fashion, and the effects of 
individual steps in the process on the hide substance are poorly 
understood. A seemingly minor change in one part of a beam-
house process may lead to the need for additional changes in 
later stages. 

One of the early steps in the production of leather is the removal 
of hair from the hide or skin. Dehairing (or unhairing) is 
traditionally accomplished with the use of significant amounts 
of sodium sulfide. Although sulfide dehairing is relatively 
inexpensive, rapid and efficient, the associated odor and the 
potential for the conversion of sodium sulfide under acid 
conditions to the toxic hydrogen sulfide have led to a search for 
other dehairing technologies. Germann’s 1997 review of the 
status of hair removal processes in the leather industry 
culminated in a prediction of future sulfide-free processes 
based on either selective enzymes or alkaline peroxide.1 Since 
that time, research in these two areas has resulted in more than 
100 publications. During the decade following Germann’s 
publication, scientists at the Eastern Regional Research Center, 
ARS, USDA explored several alkaline peroxides as the bases 
for rapid oxidative dehairing technologies.2‑5 In each case, the 
hair-free hide was chrome tanned and compared favorably with 
sulfide-treated controls at the wet blue and crust stages. More 
recently, we have used our powdered hide model system to show 
that there was little difference in the behavior of sulfide and 
oxidatively dehaired hides through the chrome tanning process.6-7
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Aldehyde-crosslinked wet white, and vegetable tanned hides 
are significant contributors, in addition to the dominant 
chrome-tanned wet blue hides, to current leather production. 
Vegetable tanning, the oldest of the currently used tanning 
technologies is, the least well understood from a mechanistic 
perspective. Some combination of hydrophobic interactions 
and hydrogen bonds between polyphenolic vegetable tannins 
and collagen are likely8 as is a filling action in the gap portion 
of the collagen fiber.9 In this study, we used the powdered hide 
model to begin an exploration of possible vegetable tanning 
mechanisms, and to compare effects of sulfide and oxidative 
dehairing in vegetable tanning. Quebracho, a condensed 
gallotannin from the bark of several South American 
hardwood trees was chosen as the model tannin.

Experimental

Materials
Fresh hide obtained from a local abattoir was sided, fleshed, 
and soaked prior to the start of the experiments. Bacterial 
collagenase (361 units/mg) isolated from Clostridium 
histolyticum, pepsin from gastric mucosa, and Sephadex 
LH-20 were obtained from Sigma-Aldrich, St. Louis. 
Quebracho was obtained from Hermann Oak Leather 
Company (St. Louis, MO) and used as obtained, except where 
purified quebracho was used for comparisons. All other 
chemicals were reagent grade from various suppliers. 

Powdered Hide Preparation
One side of the hide was sulfide dehaired and relimed with 
lime/sulfide as described by Cabeza et al.10 The other side was 
oxidatively dehaired and relimed without sulfide as described 
by Marmer and Dudley.4 Both sides were then taken through 
the delime/bate step and powdered as described previously.6

Quebracho Purification
Purified quebracho was extracted from commercially 
available crude quebracho powder as described by Hagerman.11 
One gram of crude quebracho in 10 ml 80% ethanol was 
filtered through Whatman #1 filter paper in a Buchner funnel 
with gentle vacuum and washed with 80% ethanol. A slurry of 
Sephadex LH-20 in 80% ethanol was added to the filtrate with 
stirring for 3 m, then filtered through sintered glass by gravity 
and washed with 95% ethanol until the eluates were colorless. 
The Sephadex LH-20 was then washed with acetone:water 
(1:1) until the Sephadex was white and the eluate nearly 
colorless. Acetone washes were saved and the acetone removed 
under reduced pressure. The resulting aqueous sample was 
extracted three times with an equal volume of ethyl acetate, 
each time discarding the acetate layer. The aqueous layer was 
lyophilized and yielded 0.16 g purified quebracho.

Tanning 
Initially, 1.0 gram each of sulfide and oxidatively dehaired 
powdered hide was hydrated overnight at 20˚C, 30˚C or 40˚C 

in 15 ml of phosphate buffered saline (PBS) at pH 6.0. The 
hydrated powdered hide was filtered to remove the buffer and 
rehydrated in fresh buffer. Quebracho powder 10% or 20% 
(based on the weight of the powdered hide) was added to each 
sample. The samples were tanned overnight in a shaking water 
bath at 20˚C, 30˚C or 40˚C. The following morning, they were 
filtered, and 0.5 g samples reserved damp for differential 
scanning calorimetry (DSC); the rest was allowed to air dry. In 
a second series of experiments, 0.25 g each of sulfide and 
oxidatively dehaired powdered hide was hydrated overnight at 
room temperature in PBS containing various concentrations of 
quebracho. Hydrated samples were filtered with gentle vacuum 
on Whatman #1 paper. The damp filter cake was reserved for 
analysis. 

Analyses
Calorimetry
Hydrothermal stability of powdered hide was determined on a 
Multi-Cell Differential Scanning Calorimeter (DSC) (model 
CSC-4100) from Calorimetry Sciences Corporation, Lindon, 
UT, as previously described.12 Moist, blotted samples (100 - 
250 mg) were weighed into ampoules that were sealed and 
placed in the calorimeter. The calorimeter was programmed to 
record heat flow as mcal/°C while the temperature was 
increased from 30°C to 130°C at 1.0°C /min with an 
equilibration period of 600 s at the start. The temperature at 
the peak of the calorimetry trace, Tp, was considered to be an 
apparent shrinkage temperature. 

Microscopy 
Hydrated samples of sulfide and oxidatively dehaired 
powdered hide from the delime/bate step of processing and 
after treatment with quebracho or purified quebracho were 
lyophilized. Lyophilized samples were mounted on the surface 
of carbon adhesive, the entire specimen was sputter-coated 
with gold using a Scancoat Six Sputter Coater (Edwards, 
Wilmington, MA). Samples for SEM were imaged using a 
Quanta 200 FEG environmental scanning electron 
microscope, (FEI Company, Hillsboro, OR). SEM images 
were captured as described previously.13

Collagen Extractibility
Soluble collagen was extracted from tanned or untanned 
powdered hide with 0.5 M acetic acid as described earlier.6 
Collagenase susceptibility of powdered hide that was 
untanned, or tanned with 20% quebracho was analyzed in 
triplicate as described previously.7 

Characterization of Extracted Collagen
The amount of collagen extracted from the powdered hide at 
the delime/bate stage before and after quebracho tanning was 
estimated from the absorbance in 0.05 M acetic acid at 218 nm 
using the absorption coefficient 9.43 cm–1-ml-mg-1 determined 
by Na.14 The degree of native structure was estimated from the 
circular dichroism spectrum (AVIV 420 Spectropolarimeter, 
AVIV Biomedical Inc., Lakewood, NJ), and the thermal 
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stability of native collagen structure was determined from the 
temperature dependence of the circular dichroism signal at 
223 nm as described previously.7 

Results and Discussion

Calorimetry
Shrinkage temperature is the leather scientist’s common term 
for the hydrothermal stability of a piece of hide or leather. One 
objective of tanning is to increase the shrinkage temperature 
from the 65 - 70°C range characteristic of raw cattle hide to a 
temperature approaching the 100°C of chrome tanned leather, 
or >80°C for most other tannages. The phenomenon measured 
by the shrinkage temperature is the contraction of the collagen 
fibers as they denature. The denaturation of collagen is 
monitored by a variety of techniques, depending on the 
characteristics of the sample and the equipment available, 
resulting in values that are apparent shrinkage temperatures 
and must be qualified by reference to the method. Table I 
details the apparent shrinkage temperatures obtained by DSC 
with powdered hide samples treated with varying amounts of 
quebracho. The shrinkage temperature increased linearly with 
increased offer of quebracho, regardless of whether quebracho 
was added to hydrated powdered hide or was included in the 
hydrating solution. At offers below 50% quebracho, shrinkage 
temperatures for oxidatively dehaired powdered hide were 
approximately 2°C lower than for sulfide dehaired powdered 
hide. As the offer was increased, the difference between 
shrinkage temperatures decreased, becoming negligible at or 
above 80% quebracho. At 10% and 20%, the temperature of 
the reaction, up to 40°C had little effect. 

In an attempt to better understand the vegetable tanning 
process, an experiment was done using 7% purified quebracho 
which would be equivalent to 44% crude quebracho. 
Interestingly, the shrinkage temperatures of 75.6°C and 73.6°C 
are considerably lower than might have been anticipated, 
suggesting that the other components of crude quebracho play 
a significant role in the tanning process. Also noted in this 
experiment was a DSC peak at 45°C in the oxidatively 
dehaired material representing collagen that was not stabilized 
and was more readily denatured. Although no low temperature 
peak could be resolved in the sulfide dehaired sample treated 
with purified quebracho, the raw calorimeter data showed 
three inflections between 40°C and 60°C . No low temperature 
peaks or inflections were seen in data from powdered hide 
treated with crude quebracho. It is notable that the difference 
in shrinkage temperature between sulfide and oxidatively 
dehaired powdered hide with vegetable tannin is both smaller 
and in a reversed direction than when these materials were 
chromed tanned. (Table I).

Microscopy
The characteristic banding pattern of native collagen is 
discernible in SEM images captured at 50,000x (Figure 1) of 

TABLE I
Apparent Shrinkage Temperature, °C

Samplea Sulfide dehaired Oxidatively dehaired

0% Q 68.5 ± 0.7 67.1 ± 0.7

10% Q 80.3 ± 1.3 78.8 ± 1.5

20% Q 82.2 ± 0.1 80.2 ± 2

28% Q 83.5 ± 0.3 80.7 ± 2.8

55% Q 84.8 ± 0.1 83.6 ± 1.2

82% Q 85.9 ± 0.1 85.7 ± 0.1

95% Q 86.7 ± 0.2 86.7 ± 0.1

7% PQb 75.6 73.6

Crc 91.4 ± 0.6 95.9 ± 1.0

Crd 100.8 ± 3.2 103.2 ± 1.5

aValues for crude quebracho (Q) represent results 
obtained with at least two separate samples.
b7% purified quebracho (PQ) is equivalent to 44% Q
cChrome tanned powdered hide7

dChrome tanned wet blue2-5

lyophilized sulfide and oxidatively dehaired powdered hide 
from the delime/bate step of processing both before and after 
treatment with quebracho or purified quebracho. Micrographs 
of powdered hide from either sulfide or oxidatively dehaired 
hide at the delime/bate step after lyophilization showed 
structures that were compacted and flattened. When these 
powdered hide samples were treated with crude quebracho, 
individual collagen fibers, coated with a material that fills the 
spaces between fibers were seen. 

Although suspension of crude quebracho in PBS appeared to 
be a nearly clear solution, only 16% pure quebracho could be 
extracted from this suspension. Thus 84% of the crude 
quebracho is soluble material, that is not quebracho, and that 
appears to provide much of the filling effect seen in the center 
panel of Figure 1 and is characteristic of vegetable tannins in 
general. In contrast, when the treatment was with purified 
quebracho, the fibers were well separated, and not coated as 
evidenced by the more easily seen collagen-banding pattern. 
Also visible in the 50,000x micrographs and more clearly in 
100,000x micrographs, not shown, are thread-like structures, 
possibly quebracho oligomers that appear to overlap or connect 
multiple fibers. 
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Stability of Collagen Structure
Extraction of 1.0 g each of untanned sulfide and oxidatively 
dehaired powdered hide from the delime/bate step, with 0.5 M 
acetic acid yielded 200 and 300 mg of collagen respectively. 
Similar extraction of samples that had been tanned with 20% 
quebracho yielded 18 and 28 mg respectively, showing that 
even a low level of tanning protected most soluble collagen. 
Interestingly, the ratio of acid extractable collagen (oxidative/
sulfide) is 1.5 both before and after treatment with quebracho. 
In all cases, the circular dichroism spectrum of the acid 
extracted collagen showed a positive band in the 220 - 225 nm 
range and a stronger negative band at 198 nm characteristic of 
the collagen triple helix. Melting curves were likewise 
qualitatively similar to those of soluble collagens7 in that they 
consisted of a positive flat region representing helical protein, 
at temperatures below 20°C , and a second negative flat region 
representing the unfolded protein at temperatures above 

40°C. Between these two regions, inflections associated with 
a pretransition (29°C ) and denaturation (35°C ) were seen in 
the derivatives of the melting curves for collagen from sulfide 
dehaired material. These values are each 5°C lower than 
typical for soluble collagen.15 Collagen extracted from 
oxidatively dehaired samples showed a single transition at 
39°C corresponding to the full denaturation temperature. 

Susceptibility to Collagenase 
Collagenases are a class of enzymes that cleave the triple 
helical structure of collagen, and increase the number of 
available primary amino groups by exposing buried sidechain 
groups and creating additional N-terminal amino groups. 
Before treatment with quebracho, both sulfide and oxidatively 
dehaired samples were moderately susceptible to collagenase 
digestion. Treatment of either powdered hide sample with as 
little as 20% quebracho largely protected the collagen. In 
contrast to the acid extraction of collagen, there was little 
difference in collagenase sensitivity between sulfide and 
oxidatively dehaired powdered hide, either before or after 
treatment with quebracho.

Molecular Model
In an earlier study, using the collagen microfibril model to 
explore interactions of a model gallotannin with the collagen 
microfibril, both hydrogen bonding and hydrophobic 
interactions were observed.8 Tannin molecules were docked, 
near serine residues on the microfibril. Although free to move 
in any direction, each of the tannin molecules remained near 
its docking site when the region was subjected to molecular 
dynamics simulations at 300K - 400K. By the midpoint of the 

Figure 1. Scanning electron micrographs of powdered hide at 50,000x, the bar at the bottom of each micrograph represents 1 
mm. The top row from left to right are lyophilized sulfide dehaired powdered hide from the delime/bate step, after treatment 
with an 82% offer of quebracho, and after treatment with 7% purified quebracho. The bottom row is for oxidatively dehaired 
powdered hide under the same conditions. 
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dynamics simulation, each of tannin molecules had stabilized 
in a position relative to a collagen side chain atom that could 
be explained by hydrogen or hydrophobic bonding. In the 
visual representation (Figure 3) the firmly anchored 
gallotannin molecules are seen to extend outward where they 
would be interacting with the next adjacent collagen 
microfibril, to fill gaps and stabilize the fiber structure.

Conclusions

The similarities in properties between the powdered hide from 
sulfide and oxidative dehairing are more notable than the 
differences. Calorimetry showed that in contrast to chrome 

tanning shrinkage temperatures for quebracho treated 
oxidatively powdered hides were generally 2°C lower than for 
sulfide dehaired samples. The difference diminished as the 
offer of quebracho was increased. A quebracho offer of 20%, 
which only increased the shrinkage temperature to 80°C , 
stabilized the collagen against acid extraction and collagenase 
digestion. Micrographs at 50,000x clearly show the coating 
effect of crude quebracho on collagen fibers. The tanning 
effect is partly a function of quebracho/collagen interactions, 
and also a function of the filling effect of other components of 
the crude quebracho. 
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