Degradation of Artificially Aged Vegetable-Tanned Leather using RP-HPLC and FTIR-ATR
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Introduction
Leather has been used for centuries for clothing. It is a complex
natural collagen-based biological martial constituent of many precious
artifacts including armor, boots, etc. However, leather may easily degrade
by the effect of temperature, humidity, light, microorganism and
pollutants. Therefore, their conservation is determined by the storage
conditions. These environmental factors alone or synergistically will lead
to different degradation of leather. According to previous researches,
partial denaturation (gelatinization), hydrolysis and oxidation are the main
degradation processes occurring in leather [1-3].
Due to the historical value of objects of leather, it is significant to
study the degradation of leather and its mechanism. Although thermal
techniques have been reported to be suitable for indicating the level of
deterioration of leather or parchment, it is still not clear about the changes
of collagen structure during the degradation process. Therefore, it is
urgent to employ other techniques to monitor the conformation, secondary
structure, and amino acid composition changes of collagen after
artificially aging. Since FTIR-ATR is a nondestructive method and RPHPLC method is suitable for the analysis of the extremely small samples
from historical leather, both of them have been widely applied in the
heritage conservation field in the past years. The aim of the present study
was to analysis the degradation of collagen in molecular level due to
aging. RP-HPLC and FTIR-ATR were used to identify the bond loss or
generation and amino acids changes of the artificially aged leather
samples.

Figure 3 Relative amino acids concentrations of (a) Glycine, proline and
hydroxyproline and (b) relative concentrations of other amino acids in vegetabletanned leather samples artificially aged for different time: the injection volume of
sample was 5 μL.

Figure 4 FTIR spectra of leather samples: (a) Full spectrum; (b) Zoomed-in
spectrum of selected region.

Methods
In this work, RP-HPLC and FTIR-ATR techniques were used to
identify the bond loss or generation and amino acids changes of the
artificially aged leather samples.

Figure 1 Schematic of FMOC derivatization procedure of amino acids.

Results
Figure 5 FTIR spectra of amide I and amide II bands observed on vegetable-tanned leather: (a) Amide I and II regions for all the samples (b) deconvolution
of amide I and II regions in unaged sample (c) deconvolution of amide I and II regions in sample aged for 3 days (d) deconvolution of amide I and II regions in
sample aged for 8 days.

Conclusions
Artificially aging treatment for different times affects the structure and conformation of collagen in leather, resulting in the
degradation of leather. Proline and hydroxyproline are attacked during aging process. More free amino acids are released
from the collagen macromolecular chain due to aging. A close examination of amide I and amide II bands showed an
increasing content of random coil, suggesting a decreasing in the triple helix structural stability of collagen in leather.
However, the present results merely provide an early sign for degradation of leather.
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