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ABSTRACT

Vegetable tannages employ both condensed and hydrolyzable
tannins. As part of our exploration of tanning mechanisms, we
reported previously on interactions of the condensed tannin,
quebracho, with powdered hide. In this study, the interactions
of chestnut extract, a hydrolyzable tannin, with powdered hide
samples are reported and compared with those of the
condensed tannin. Hydrothermal stability of powdered hide
treated with the hydrolyzable tannin reached a maximum of
75° C at a 40% offer, compared with 84° C for a similar offer
of condensed tannin. The hydrolyzable tannin was much more
effective at improving collagenase resistance, with nearly
complete protection at <10% offer.

INTRODUCTION

Tanning, the conversion of animal hides into leather can be
accomplished by several distinct processes. The three major
classes of tanning reagents (metals, polyphenols, and
aldehydes) each produce a material with distinctive
characteristics that is clearly leather. Chrome-tanned wet blue,
aldehyde-crosslinked wet white, and vegetable tanned hides
are major contributors to current leather production. The
choice of specific reagents within each class tends to evolve
over time without a thorough understanding of the relevant
tanning mechanisms. Tanners also adjust their processes in
response to new regulations from their governing bodies or the
availability of new formulations from suppliers. As new
reagents and processes are adopted, 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 additional changes in later stages.

Vegetable tanning, the oldest of the currently used tanning
technologies is, from a mechanistic perspective, the least well
understood. Some combination of hydrophobic interactions
and hydrogen bonds between polyphenolic vegetable tannins
and collagen! are likely, as is a filling action in the gap region
of the collagen fiber.? Both condensed tannins, based on a
heterocyclic ring system, and hydrolyzable tannins containing
a central sugar moeity® are used in vegetable tanning. In this
study, we use the powdered hide model to begin to explore
possible vegetable tanning mechanisms, to compare a
hydrolyzable tannin with a condensed tannin, and to assess the
effects of oxidative and sulfide dehairing in vegetable tanning.
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The primary purpose of tanning is to stabilize the collagen
matrix of the hide or skin so that it has improved hydrothermal
stability and is more resistant to microbial attack. Our approach
has been to develop model systems, experimental models at the
bench and pilot plant level, and computational models for
evaluating the effects of beamhouse processes on collagen. The
current laboratory model* uses powdered hide prepared from
hide that was dehaired by a traditional sulfide process® or by an
oxidative process.® We have used our powdered hide model
system to show that there is little difference in the behavior of
sulfide and oxidatively dehaired hides through the chrome
tanning process.*’” More recently, we adapted the model for
examining the interactions of quebracho, a condensed tannin
with collagen.® In this study we look at the hydrolyzable tannin
extracted from chestnut bark. The collagen microfibril model’
that showed preferences for hydrogen bonding and hydrophobic
interactions in the interactions of condensed tannin with the
collagen microfibril'® will be used to explore interactions of
hydrolyzable tannin with collagen.

EXPERIMENTAL

Materials

Bacterial collagenase (361 units/mg) from Clostridium
histolyticum, and pepsin from gastric mucosa, were obtained from
Sigma-Aldrich, St. Louis. Tannins, quebracho and chestnut, were
obtained from Hermann Oak Leather Company (St. Louis, MO).
All other chemicals were reagent grade from various suppliers.

Sample Preparation

Tannin Preparation

Commercially available tannins were extracted with hexane to
remove lipids, chlorophyll, and other nontannins!®!'" and dried
under vacuum. Concentrations of soluble tannin were
estimated from the UV absorbance at 280 nm of a solution in
phosphate buffered saline (PBS). Absorbances of 20.9 for
chestnut, and 18.6 for quebracho on a mg/ml basis were
estimated from the spectra of replicate experiments.

Powdered Hide Preparation

Powdered hide from the delime/bate step of beamhouse processing
was prepared as previously described.* Two batches of powdered
hide were used in this study, one from hide that was sulfide
dehaired and relimed with lime/sulfide as described by Cabeza et
al.’ and the other from hide that was oxidatively dehaired and
relimed without sulfide as described by Marmer and Dudley.®

Tanning of Powdered Hide

Sulfide (S-PH) and oxidatively dehaired powdered hide (Ox-
PH) samples 400 to 1000 mg were hydrated in 15 ml of
phosphate buffered saline (PBS) at pH 6 or pH 2, containing
various amounts of tannin. The reaction was run overnight,
either at room temperature with stirring, or in an incubator at
35°C with rotation at 90 rpm. Samples from reactions at pH 2
were adjusted to pH 6 with 1% sodium bicarbonate. Tanned

powdered hide suspensions were filtered with gentle vacuum
on Whatman #1 paper. The volume of the filtrate was
measured and a portion reserved for analysis. The filter cake
was then washed with 100 ml water to remove excess salt and
unbound tannin. The concentrations of tannin in the filtrate
and wash were estimated from the absorbance at 280 nm.

Characterization of Tanned Powdered Hide

The wet filter cake was subdivided into samples for moisture,
thermal stability of the tanned powdered hide, and stability of
collagen structure. For moisture determination, ~120 mg of
wet filter cake was weighed into a dried weighing bottle. The
bottle with wet filter cake was placed in a vacuum oven with
vacuum but no heat for 24 h, and then reweighed.

Calorimetry

Hydrothermal stability of tanned powdered hide was
determined on a Multi-Cell Differential Scanning Calorimeter
(DSC) (model CSC-4100) from Calorimetry Sciences
Corporation, Lindon, UT, as previously described.* Moist,
blotted samples (~200 mg dry weight) were weighed into
ampoules, and dispersed in 100mL water to assure good
contact with the heating element. The filled ampoules were
sealed and placed in the calorimeter which 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.

Collagen Stability

Tanned and untanned powdered hide was extracted first with
0.5 M acetic acid and then with the addition of pepsin as
described previously* to determine the extractability of
collagen. Collagenase susceptibility of powdered hide from
the sulfide and oxidatively dehaired hide at the delime/bate
step and after tanning with chestnut or quebracho tannin was
analyzed as described in earlier studies'? with modification of
the detection method to use water rather than propanol for the
dilution, as reported by Zhang et al.'®

Computational Model

A 756-residue segment was excised from the gap region of the
microfibril model.” This segment contained 12 chains, each 63
residues long, in the form of 4 triple helices. ACE and NME
caps were added to the amino and carboxyl termini of each
chain. The model for condensed tannins was taken from
previous studies'® and a model hydrolyzable tannin,
[—pentagalloylglucose was constructed as described by Vivas
et al.'* In separate experiments, each of these models was
merged into the same relatively open position in the
microfibril. After the positioning of the tannin molecule in the
microfibril was optimized by energy minimization, the capped
ends of the chains were anchored to prevent disintegration of
the protein during dynamics simulation. The molecular
complex was then subjected to molecular dynamics
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simulations at 300K for 10 ps. The movement of the tannin
molecule relative to selected residues in the microfibril was
monitored as a function of time.

RESULTS AND DISCUSSION

Uptake of Tannin by Powdered Hide

The relationship between offer and uptake of hydrolyzable
(chestnut) tannin and condensed (quebracho) tannin was
relatively linear and nearly the same for powdered hide from
either a sulfide or an oxidative dehairing process (Figure 1).
Uptake from offers in the 20-40% range was consistently
lower than anticipated, but being outside the typical offers
used in tanning operations, probably not significant.

Calorimetry

Table I details the apparent shrinkage temperatures obtained
by DSC with powdered samples treated with varying offers of
chestnut or quebracho tannin.

The apparent shrinkage temperature increased linearly as the
offer of chestnut was increased up to 40% on either sulfide or
oxidatively dehaired powdered hide, and then remained
constant. In this study, the thermal stability of quebracho-
treated powdered hide was constant above an offer of 30%.
These results suggest that the rationale for using very high
offers of tannins® is to assure an uptake of at least 40%.
Hydrothermal stability of quebracho treated powdered hide
was nearly 10°C higher than the chestnut treated material.

Stability of Collagen Structure

Extraction of 0.5 g of chestnut treated S-PH and Ox-PH with
0.5 M acetic acid did not yield measureable amounts of
collagen. The addition of pepsin in the acetic acid extraction
was equally ineffective at liberating significant collagen from
these chestnut treated samples.

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.
Collagenase digestion using typical amounts of reagent and
reaction time had no effect. When the sample size, amount of
enzyme and length of time for digestion were all increased by
nearly a factor of 10, the untanned S-PH was moderately
susceptible with the liberation of 26 muM/mg of amino
groups, while untanned OX-PH was less susceptible
(Figure 2). A control without enzyme was run with each
sample so that any degradation resulting from the longer time
of reaction could be noted. Chestnut tannin had a strong
protective effect even at 19% offer. These results are consistent
with the finding of Colak'® that as little as 1% chestnut extract
in the soaking float had excellent biocidal activity.
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Figure 1. Uptake of chestnut (red) and quebracho (blue) by powdered
hide from sulfide (a) or oxidatively dehaired hide (b).

TABLE I

Apparent Shrinkage Temperature, °C.
Sample® Sulfide dehaired | Oxidatively dehaired
0% CH 64.5+3.2° 66.3+2.6
10% CH 68.3+0.8 678 +04
20% CH 704 +0.5 69.5+0.1
30% CH 724 +0.6 710+ 04
40% CH 753+0.3 747
90% CH 743+09 753 +0.3
25% Q 827 +34 822+13
90% Q 82.8+0.5 83.6+0.5

*CH represents chestnut and Q represents quebracho.
"Values with ranges represent results obtained with at least
two separate samples.

Computational Model

In an earlier study, using the collagen microfibril model to explore
interactions of model gallotannins with the collagen microfibril,
both hydrogen bonding and hydrophobic interactions were
observed.! At that time, tannin molecules were docked, near
serine residues on the microfibril, and allowed to move freely
relative to a static microfibril during molecular dynamics
simulations at 300K - 400K. In this study, the tannins were
merged into a relatively open area of the gap region and both
tannin and collagen had a degree of motional freedom during the
dynamics simulation. One notable difference between the tannin
models is size, where the model condensed tannin molecule has
77% more atoms than the hydrolyzable tannin. During the
dynamics simulation at 300K, the condensed tannin moved 0.29
nm relative to the microfibril while the hydrolyzable moved 0.59
nm, nearly twice as far; both moved toward areas where the
number of potential H-bonds was greater. For the condensed
tannin, the H-bond density was increased by 15% at the
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Figure 2. Available primary amino groups liberated from powdered hide
as a function of chestnut offer and collagenase digestion. Solid markers
represent amino groups liberated by collagenase, open markers are
controls without collagenase. Blue markers represents results from sulfide
dehaired hide and red markers represent oxidatively dehaired hide.

completion of the simulation, and for the hydrolyzable tannin the
increase was 20%. Although both tannin molecules were initially
positioned similarly within the microfibril, the difference in their
size affected the apparent composition of the surroundings. The
average number of residues within 0.6 nm of selected atoms in the
tannin was initially 12 + 1 for the condensed tannin model and 8
+ 3 for the hydrolyzable model. After dynamics simulation, the
average for both types of tannin in this 0.6 nm sphere was 9 +2
residues. Based on the hydrophobicity values developed by Black
and Mould"” for post-translationally modified amino acid
residues, there was a moderating effect where the surroundings of
selected atoms in the condensed tannin became slightly less
hydrophobic (0.44 + 0.02, to 0.36 + 0.1) while for the hydrolyzable
tannin the effect was toward a slightly more hydrophobic
surrounding (0.28 + 0.02 to 0.36 £ 0.1).

CONCLUSIONS

The tanning effect of a hydrolyzable tannin, chestnut, is most
notable in protecting against microbial degradation. Even a very
low offer protected the powdered hide from attack by collagenase.
Hydrothermal stability reached a maximum of only 75°C at a 40%
offer. Little difference was observed between the effects on S-PH
and Ox-PH. The computational model shows that the smaller size
of the hydrolyzable tannin allows it to move more freely within the
microfibril than is possible for the condensed tannin. Presumably
the greater mobility and ability to penetrate the hide substance
allows it to protect more sites where collagenase could attack. The
results of this study suggest that tanners and biomaterials
engineers may want to consider the preservative qualities of very
small amounts of hydrolyzable tannins in their formulations.
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