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SCIENTIFIC INVESTIGATION OF LEATHER IN ETHNOGRAPHICAL OBJECTS BY MOLECULAR SPECTROSCOPY AND MHT
ABSTRACT. Collagen-based materials in museum objects may suffer physical-chemical and structural changes under the influence of environmental factors. This
alteration can be evaluated and quantified at different levels using several analytical techniques, such as infrared spectroscopy (FTIR) and UV-VIS-NIR, thermal
analysis (TG, DSC), shrinkage stability measurement of collagen fibers (MHT technique), electronic microscopy (SEM, TEM). This paper presents the scientific
investigation of leather in ethnographical objects belonging to Bucovina Museum by using molecular spectroscopy (FTIR and UV-Vis-NIR) and MHT technique.
KEY WORDS: ethnographical leather, level of degradation, FTIR and UV-Vis-NIR spectroscopy, MHT technique.

EVALUAREA GRADULUI DE DEGRADARE A UNOR PIEI ETNOGRAFICE PRIN SPECTROSCOPIE MOLECULARA S MHT
REZUMAT. Suportul colagenic al obiectelor din muzee poate suferi modificari fizico-chimice si structurale sub influenta factorilor de mediu. Degradarea acestuia
poate fi evaluata si cuantificata prin utilizarea tehnicilor analitice precum spectroscopie in infrarosu (FTIR) si UV-VIS-NIR, analiza termica (TG, DSC), mdsurarea
stabilitatii hidrotermice a fibrelor de colagen (tehnica MHT), microscopie electronica (SEM, TEM). Tn lucrarea de fatd sunt prezentate rezultatele obtinute la
investigarea unor obiecte etnografice din piele apartinand Muzeului Bucovina prin utilizarea spectroscopiei moleculare (FTIR si UV-Vis-NIR) si tehnicii MHT.
CUVINTE CHEIE: piele etnografica, grad de degradare, spectroscopie FTIR si UV-Vis-NIR, tehnica MHT.

L'EVALUATION DE LA DEGRADATION DES CUIRS ETHNOGRAPHIQUES PAR SPECTROSCOPIE MOLECULAIRE ET MHT
RESUME. Les matériaux a base de collagéne dans les objets de musée peuvent subir des modifications physico-chimiques et structurales sous I'influence de facteurs
environnementaux. Cette altération peut étre évaluée et quantifiée a différents niveaux a I'aide de plusieurs techniques analytiques, telles que la spectroscopie
infrarouge (FTIR) et UV-VIS-NIR, I'analyse thermique (TG, DSC), la mesure de la stabilité de retrait des fibres de collagéne (technique MHT), la microscopie
électronique (MEB, MET). Cet article présente la recherche scientifique sur des objets ethnographiques en cuir appartenant au Musée Bucovine en utilisant la
spectroscopie moléculaire (FTIR et UV-Vis-NIR) et la technique MHT.
MOTS CLES: cuir ethnographique, niveau de dégradation, spectroscopie FTIR et UV-Vis-NIR, technique MHT.

INTRODUCTION

Romanian ethnographical museums preserve a
large number of leather objects, dated from the 18th-
20th c. In the last years, evaluation of collagen based
materials degradation in museum objects kept the
attention of scientists, several research projects being
dedicated to this subject [1-4]. Damage assessment in

INTRODUCERE

Muzeele etnografice din Romania conserva un
numar mare de obiecte din piele, datate secolele XVIII -
XX. Tn ultimii ani, datorita interesului crescut privind
obiectele muzeale pe suport din piele sau pergament,
au fost derulate proiecte de cercetare dedicate acestui
subiect [1-4]. Evaluarea degradarii suportului colagenic
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leather, as a result of scientific investigation, may bring
an important contribution to preservation of objects
and could be used to choose the most appropriate
materials for their restoration.

The protein structure of leather undergoes
destructive processes under the influence of the
environmental (light, temperature, humidity and
pollutants), biological (fungi, bacteria, insects) and
physical-chemical (cleaning and degreasing agents)
factors, while deficiencies in manufacture may also
contribute to leather degradation [5, 6].

Several analytical techniques [7-16] could be used
to evaluate damage in collagen based materials for all
the structural levels, from macroscopic to microscopic
and molecular. Experiments performed on new and
artificially aged collagen based materials demonstrated
that, although destructive techniques are the most
useful, valuable information may be achieved by the
use of non-destructive methods, such as FTIR/ATR, if
sufficient knowledge is first accumulated on such
standards[17].

This paper discusses the results obtained by non-
destructive and microdestructive molecular
spectroscopy, FTIR/ATR and UV-VIS-NIR, as well as those
obtained based on shrinkage stability measurements
(MHT), on ethnographical leather in objects preserved in
Bucovina Museum, Suceava.

EXPERIMENTAL

Samples

Fifteen samples from various ethnographical
leather objects dated 18th-20th c., preserved in
Bucovina Museum, were investigated (Table 1).

al acestor obiecte constituie baza stabilirii conditiilor
optime de depozitare si expunere, precum si a
elaborarii propunerilor adecvate de tratament, in
vederea conservarii si restaurarii.

Structura proteica a pieilor se degradeaza in timp
sub influenta factorilor atmosferici (luminag,
temperaturd, umiditate si poluanti din mediul de
depozitare), biologici (fungi, bacterii, rozatoare, insecte),
fizico-chimici (diversi agenti de curatare/gresare), dar si
din cauza microdefectelor de prelucrare [5, 6].

Evaluarea degradarii materialelor pe baza de
colagen se poate realiza pe toate nivelele structurale,
de la macroscopic, microscopic pana la molecular,
utilizdnd diverse tehnici analitice [7-16]. Chiar daca
tehnicile cele mai utilizate sunt cele distructive, analize
efectuate pe materiale colagenice noi si imbatranite
artificial au demonstrat ca pot fi obtinute informatii
valoroase chiar si prin metode nedistructive precum
FTIR/ATR[17].

Lucrarea de fata prezinta rezultatele obtinute la
investigarea unor obiecte din piele etnografica,
conservate Tn Muzeul Bucovina, Suceava prin
utilizarea spectroscopiei moleculare nedistructiva
(FTIR/ATR) si microdistructiva (UV-VIS-NIR), precum si
tehnica MHT.

PARTEA EXPERIMENTALA

Materiale analizate

Au fost investigate 15 probe prelevate din diverse
obiecte de piele etnografica, datate secolele XVIII - XX,
conservate in Muzeul Bucovina.
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Table 1: Leather samples in ethnographical objects belonging to Bucovina Museum
Tabelul 1: Probe de piele etnografica din colectia Muzeului Bucovinei din Suceava

Sole leather Women''s boot
Piele talpd Cizmd damd

Inside leather Small hunting bag
Piele interior Tascd vandtoare

Belt leather Hunting bag
Piele curea Geantd vdndtoare

Leather Girdle
Piele Chimir
Leather Small money bag
Piele Pungutd bani
Leather Water bag
Piele Sac apd
Leather Water bag
Piele Sac apd
Furskin Vest
Piele cu bland Bunditd
Methods Metode

FTIR/ ATR (Infrared Spectroscopy with Fourier
Transformed/ Total Attenuated Reflection)

FTIR measurements were performed with a Perkin
Elmer Spectrum 100 spectrometer equipped with an
ATR unit having incorporated a diamond crystal. 32
scans were collected for each sample, with a resolution
of 4 cm”, in the 4000 to 600 cm™ range. Spectra were
collected directly fromthe sample.
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FTIR/ ATR (Spectroscopie in infrarosu cu transformatd
Fourier/ Reflexie totald atenuatd)

Pentru investigarea probelor s-a utilizat un
spectrometru Perkin Elmer Spectrum 100 cu ATR
vertical si cap de diamant. Spectrele au fost inregistrate
in intervalul 4000-600 cm™, pentru fiecare proba fiind
colectate 32 de scaniri cu o rezolutie de 4 cm™.
Colectarea spectrelor s-a realizat direct pe prob3,
nefiind necesara o preparare speciala.
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UV-VIS-NIR (Ultraviolet-Visible-Near Infrared
Spectroscopy)

UV-Vis-NIR spectra in the 200-2000 nm
wavelength range were collected, directly from the
sample, with a Jasco V570 double-beam
spectrophotometer using diffuse reflection technique
and 2 nmresolution. Also, the chromatic characteristics
were evaluated with the CIE — Lab software (DIN 6174 —
1976).

MHT (Micro Hot Table)

Hydrothermal stability of collagen fibers was
measured with a CALORIS Hot Table adapted to a
Leica S4E stereomicroscope. The magnification used
was x40. Samples about 0.01-0.02 mg were wetted
with de-mineralized water for 10 minutes on a
microscope slide. The fibers were separated in water
and covered with a second microscope slide. The
slides were placed on the hot table and heated at a
2°C/min rate. F.LT.K. 1.1.X software was used for
controland data collection.

RESULTS AND DISCUSSION

FTIR/ATR

Collagen based materials degradation by
gelatinization, hydrolysis and oxidation may be
evaluated by infrared analysis. Gelatinization (the helix-
coil conversion, i.e. collagen to gelatine) corresponds to
an increase in the separation of the amide | (Al) and
amide Il (All) bands - Av, the value being around 100 cm’
' for new leathers. Degradation caused by hydrolysis
corresponds to peptide links breakdown to form amino
acids. In the FTIR spectra it could be observed by the
Al/All ratio, which is about 1.25 for new leathers and
increases with degradation. Oxidation of the
polypeptide chains results in formation of carbonyl
compounds, visible in the spectra by a small signal at
about 1720-1740 cm™(v._,). Triple helix integrity may be
also evaluated by FTIR. It is considered that the triple
helix structure is preserved when the ratio A, /A, is
equal to or higher than 1 [7-10]. Damage assessment of
leather by infrared analysis may be influenced by the
phenolic bands corresponding to tanning agents (3300

UV-VIS-NIR (Spectroscopie in ultraviolet-vizibil-
infrarosu apropiat)

S-a utilizat un spectofotometru V 670 (Japonia) cu
dispozitiv de reflexie difuza ILN- 675 si soft-ul pentru
determinarea culorii (CIE — lab). Spectrele au fost
inregistrate direct pe proba in domeniul 200—2000 nm.
Caracteristicile cromatice s-au determinat conform
CIE-Lab (DIN 6174 — 1976), program inclus in softul
aparatului.

MHT (Micro Hot Table)

Stabilitatea hidrotermica a fibrelor de piele a fost
masuratd cu o microplitda ncalzitd cuplatd cu un
stereomicroscop Leica S4E. Probele de piele prelevate, de
aproximativ 0,01-0,02 mg, au fost conditionate cu apa
demineralizata, timp de 10 minute pe o lama concava de
microscop. Dupa separarea fibrelor de colagen, lama
acoperitd cu olameld de sticla a fostintrodusa in microplita
incalzitd sub stereomicroscop. Viteza de crestere a
temperaturii a fost reglatd la 2°C/min. S-a utilizat
programul F.LT.K.1.1.Xpentru colectarea de date.

REZULTATE Sl DISCUTII

FTIR/ ATR

Degradarea materialelor colagenice prin
gelatinizare, hidroliza si oxidare poate fi evaluata prin
spectroscopie in infrarosu. Gelatinizarea
(transformarea colagenului in gelatind) corespunde
unei mai bune separari intre benzile amida | (Al) si
amida Il (All) - Av, pentru pieile noi, Av situandu-se in
jurul valorii 100 cm™ si crescand cu degradarea.
Degradarea prin hidroliza presupune ruperea
legaturilor peptidice cu formare de aminoacizi. Nivelul
degradarii prin hidroliza este indicat de raportul Al/All,
valoarea acestuia fiind 1.25 pentru pieile noi si
crescand cu degradarea. Oxidarea lantului polipeptidic
duce la formarea compusilor carbonilici/carboxilici,
vizibili in spectru la 1720-1740 cm™ (v..). Integritatea
structurii triplu helix poate fi, de asemenea, evaluata
prin FTIR. Structura triplu helix se considera intacta
atunci cand raportul A, /A, este egal sau mai mare
decat 1 [7-10]. Evaluarea nivelului de degradare a
pieilor prin FTIR poate fi influentatda de gruparile
fenolice de la 3300-3400 cm™ si 1650 cm™ ale agentilor
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cm™ — 3400 cm™ and 1650 cm™) which superpose with de tanare, ale ciror benzi se suprapun peste cele
the investigated signals. caracteristice colagenului.

The characteristics of the ATR/FTIR spectra are Caracteristicile spectrelor FTIR/ATR sunt
presented in Table 2, and FTIR/ATR spectra of P9, P10 prezentate in Tabelul 2, iar spectrele probelor P9, P10 si
andP11samplesin Figure 1. P11inFigural.

Table 2: Characteristics of ATR/FTIR spectra for the ethnographical leather
Tabelul 2: Caracteristicile spectrelor FTIR/ATR ale probelor de piele etnografica

1740

I S I R R R
I I O O S R
P5 106 1.93 - - 0.53
ke am o os
P7 105 1.20 - - 0.63
O

1740 0.
——---—
——---—

1720

cal

Figure 1. FTIR/ATR spectra of P9, P10 and P11 samples
Figura 1. Spectrele FTIR ale probelor P9, P10 si P11

Revista de Pielarie Incaltaminte 12 (2012) 3




C. CARSOTE, L. MIU, I. PETROVICIU, D.M. CREANGA, M. GIURGINCA, W. VETTER

According to the results obtained (Table 2), the
ethnographical leather samples are not degraded by
gelatinization, the Av values varying between 91 cm™
and 106 cm™. Only a half of the samples are degraded
by hydrolysis (Table 2), the degradative process evolving
in the following order: P13<P6<P4<P2<P11<P15<P1<P5.
For the other samples, the A/A, ratio is similar to that of a
new leather.

The oxidative degradation was found in the case
of the samples P1, P2, P9 and P15; the most degraded
sampleis P15 (Table 2).

For all the ethnographic leathers, the A, /A,
values are smaller than 1, which suggests that the triple
helix structure is denaturedin all cases.

UV -VIS - NIR

The UV —VIS—NIR and the color characteristics of
the ethnographic samples are presented in Table 3 and
Figure 2.

The most important absorption bands are the t—m
and n—7t transitions from the —CONH- group in the 200-
400 nm domain (UV-VIS) and the valence and deformation
vibrations in the 1450-1520 nm region (NIR), attributed to
the —OH groups coming from the water absorbed by the
collagen structure. These bands are used to identify the
types of inter/intramolecular hydrogen bonds formed
within the polypeptidicchain [18, 19].

Conform rezultatelor obtinute (Tabel 2), probele de
piele etnograficd nu sunt degradate prin gelatinizare,
valorile Av fiind cuprinse intre 91 cm™si 106 cm™. Numai
jumatate dintre probele de piele etnografica sunt
degradate hidrolitic (Tabelul 2), procesul degradativ
evoluand in ordinea: P13<P6<P4<P2<P11<P15<P1<P5.
Pentru celelalte probe, raportul A/A, este comparabil cu
celaluneipieinoi.

Degradarea prin oxidare a fost semnalata in cazul
probelor P1, P2, P9 si P15, cea mai degradata fiind P15
(Tabelul 2).

Pentru toate probele, raportul A, /A,,, este mai
mic decat 1, ceea ce sugereaza faptul ca integritatea
structurii triplu helix este afectata.

UV -VIS - NIR

Caracteristicile UV — VIS — NIR si de culoare ale
probelor de piele etnografica sunt prezentate in Tabelul
3siexemplificatein Figura 2.

Cele mai semnificative benzi de absorbtie sunt
tranzitile m— 1 si n— n ale atomilor cu electroni
neparticipanti din gruparea —CONH- in domeniul 200-400
nm (UV-VIS) si vibratiile de valenta si de deformare din
regiunea 1450-1520 nm (NIR) atribuite gruparilor -OH
provenite din apa absorbita in structura colagenica si care
servesc laidentificarea tipurilor de legaturi de hidrogen inter
siintramoleculare formatein catena peptidica [18, 19].

Table 3: UV — VIS — NIR and color characteristics of the ethnographic leathers

Tabelul 3: Caracteristicile UV — VIS — NIR si de culoare ale pieilor etnografice

1484 66.10 112.80 0.55

1484 64.58 77.40 11.21

1478 55.71 87.62

1482 57.99 78.32

1474 50.26 48.14 5.24

1484 51.58 66.65

1506 66.65 79.63 19.51
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The ethnographical leather samples investigated
showed large bands in the 200-600 nm domain (Table
3, Figure 2) due to the superposition of the peptide
structures over those with extended conjugation
attributed to some electronic effects resulting from the
polyphenolic structure of the tanning agents, as proved
by the bands from 500-600 nm.

In the NIR domain, the ethnographical leather
samples showed a band at 1470-1510 nm, the
bathochrome shift as compared to the new leathers,
resulted from the changes of the inter/intermolecular
hydrogen bonds of the peptide chain. As compared
with new leather, the bathochrome shift of the
ethnographical leathers is 4-26 nm, the highest value
being for sample P15, which suggests a strong
association by hydrogen bonds (Table 3).

The color changes of the samples are due to the
degradative processes under the influence of the
atmosphericfactors, including the humidity and the pH
of the storage environment. The chromatic
characteristics are very different, as a result of changes
due to destructive processes (including oxidative ones)
of the peptide structure and of the polyphenolic
structure of the tanning agent, which produces a
darker, browner hue.

Probele de piele etnografica investigate prezinta
benzilargi situate Tn domeniul 200 si 600 nm (Tabelul 3,
Figura 2). Acestea sunt datorate suprapunerii
structurilor peptidice cu cele de conjugare extinsa
atribuite unor efecte electronice la care contribuie si
structura polifenolicd a tanantilor, dovada prezenta
benzilor de la500-580 nm.

in domeniul NIR, probele de piele etnograficd au
prezentat benzi situate intre 1470-1510 nm, deplasarea
batocroma a benzilor fata de pieile noi fiind specifica
modificarii legaturilor de hidrogen formate inter sau
intramolecular in catena colagenicd. Tn acest mod,
deplasarea benzii in probele degradate ofera informatii
referitoare la taria legaturii de hidrogen, respectiv a
prezenteiapeiin catena. Fata de o piele noua, deplasarea
batocroma a pieilor etnografice investigate este de 4-26
nm, valoarea cea mai mare fiind remarcata in cazul
probei P15, ceea ce dovedeste o puternica asociere prin
legdtura de hidrogen a acesteia (Tabelul 3).

Schimbarile in culoare ale probelor sunt datorate
degradarii sub influenta factorilor atmosferici, inclusiv
umiditatii si pH-ului din mediul de stocare.
Caracteristicile cromatice sunt foarte diferite, fiind
rezultatul schimbarilor intervenite in urma proceselor de
degradare (inclusiv cel de oxidare) a structurii peptidice,
darsiastructurii polifenolice ale agentului de tanare care
conduce laTnchiderea culorii panala brun.

%R

200 500

1500 1900

Wawvelength [nm)
Lungime de unda [nm]

Figure 2. UV-VIS-NIR spectra of P9, P10 and P11 samples
Figura 2. Spectre UV-VIS-NIR ale probelor P9, P10 si P11

MHT

Collagen fibres, heated in water, shrink over a
distinct temperature interval. The shrinkage
temperature (T,) is a measure of the hydrothermal
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MHT

Prin incalzire in apa, fibrele de colagen se
contracta in intervale distincte de temperatura.
Temperatura de contractie (T,) este o mdsura a
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stability of the collagen hide, which is dependent onthe
strength and quality of the skin material and the degree
of its deterioration.

As a function of temperature a collagen fibre
sample undergoes the following changes: no activity -
A (T,.) -B,-C-B,-A,-complete shrinkage (T,,). The
following moments are thus considered for shrinkage
stability measurements: (i) no activity — no fibre is
moving; (ii) Al - distinct shrinkage activity is observed in
individual fibres (T, - the temperature when the first
shrinkage takes place, marks the beginning of the
interval A1); (iii) B1 - shrinkage activity in one fibre
(occasionally more) is immediately followed by
shrinkage activity in another fibre; (iv) C - at least two
fibres show shrinkage activity simultaneously and
continuously. The start temperature of this main
interval of shrinkage is the shrinkage temperature, T;
(v) B2 —the last fibres exhibit simultaneous movement;
(vi) A2 —lastindividual fibres are moving; (vii) complete
shrinkage — all the fibres are shrunk. T, marks the end
ofthe A2 interval [11-13].

According to literature, when large chemical
changes occur in the collagen and the tannin structure,
the shrinkage temperature of the leather will be below
that of raw unhaired skin (60°C). On the other hand, with
progressive deterioration, it could be observed that for
artificially aged leathers, the length of the shrinkage
intervals (A1, B1, C, A2, and B2) suffers changes as well as
for naturally aged leathers and the shrinkage
temperature (T,) decreases. Accordingly, in the first stage
of ageing, the intervals A1, B1 and C increase; in the
second stage the A1, B1 and Ctend to decrease while A2,
B2 increase; in the last stage all shrinkage intervals
decrease. The shrinkage temperature (T,) decreases
continuously with ageing [12].

The first shrinkage (T,.), the start of shrinkage
interval C (T,), the end of shrinkage (T,,) and the total
interval of the shrinkage activity (AT, = T... - T.) of the
ethnographical leathers are presented in Table 4, while the
length of shrinkage intervalsin °Cis plotted in Figure 3.

last

last

stabilitatii hidrotermice a colagenului si depinde de
calitatea side nivelul de deteriorare ale pielii.

La masurarea stabilitatii hidrotermice sunt
considerate urmatoarele momente: (i) fara activitate —
nicio fibrd nu se misca; (ii) Al - activitatea de contractie
se observd la fibre individuale (T, este temperatura la
care are loc prima contractie si marcheaza inceputul
intervalului Al); (iii) B1 - contractia unei fibre (ocazional
mai multe) este urmata imediat de contractia altei
fibre; (iv) C — cel putin doua fibre prezinta activitate de
contractie simultan si continuu. Temperatura care
marcheaza inceputul acestui interval principal de
contractie este temperatura de contractie - T;; (v) B2 —
ultimele fibre se misca simultan; (vi) A2 — ultimele fibre
se misca individual; (vii) contractie completa - T
marcheaza sfarsitul intervalului A2 [11-13].

Conform datelor din literatura, daca apar
schimbari majore in structura colagenului si a agentului
de tanare, temperatura de contractie a pielii se situeaza
sub 60°C. Pe de alta parte, pe masura ce creste nivelul
de deteriorare, lungimea intervalelor de contractie (A1,
B1, C, A2, B2) se modifica, iar temperatura de
contractie (T,) scade. Aceste modificdri au putut fi

last

observate atat in cazul pieilor imbatranite artificial, cat
si in cazul pieilor Tmbatranite natural. Astfel, in prima
etapa a Tmbatranirii, lungimile intervalelor A1, B1 si C
cresc; in a doua etapa, Al, B1si C au tendinta sa scada,
in timp ce A2 si B2 cresc; in ultima etapa a imbatranirii,
lungimile tuturor intervalelor se micsoreaza
considerabil, in unele cazuri intervalul C neputand fi
observat[12].

Temperatura la care se produce prima contractie
(T...), inceputul intervalului de contractie C (T,), sfarsitul
activitatii de contractie (T,,) si intervalul total al
=T
de piele etnografica sunt prezentate in Tabelul 4 si
reprezentate graficin Figura 3.

activitatii de contractie (AT, -T,..) pentru probele

otal last
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Table 4: T, T, T..and AT, of the ethnographical leathers

last

Tabelul 4: T, ., T, T.. §i AT, pentru probele de piele etnografica

--_-_
--_-_
P5 55.3 37.7 77.3 39.6
S 520 m1 737 406
P7 51.8 34.1 70.0 35.9
P8 7a4 96 @4 158
P9 65.9 45.7 81.7 36.0
--_-_
--_-_
--_-_

Shrinkage temperature
Temperatura de contractie

Grade Celsius
B8 a2 23388

Degree celclus

-
o

o

T T

P1 P2 P3 P4 P5 P6

P7

T T T T T T

P8 P9 P10 P11 P12 P13 P14 P15

Sample
Proba

[uo DAl mB1 -c-Aznaz\

Figure 3. Length of shrinkage intervals for ethnographical leathers
Figura 3. Intervalele de contractie pentru probele de piele etnografica

The shrinkage temperature (T,) varies from 37.1°C
to 74.4°C, while the total interval of shrinkage activity
(AT,,..), from 15.8°C to 40.6°C. The highest
hydrothermal stability of collagen fibres is encountered
in P3, P8 and P12, having the T, over 70°C and the
lowest AT,,,.. P4, P9, P1, P11 and P10, with T, over 60°C
and AT, around 40°C, are slightly damaged. The
lowest T, (37.1°C) and a high AT, (37.5°C) of P15
sample suggest the highest deterioration as compared
tothe other samples.
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Temperatura de contractie (T,) variazd dela37.1°C
la74.4°C,intimp ce intervalul total de contractie (AT,,,)
se situeaza intre 15.8°C si 40.6°C. Probele P3, P8 s5i P12
prezinta cea mai mare stabilitate hidrotermica, avand T,
in jur de 70°C si cel mai mic AT, P4, P9, P1, P115i P10,
cu T, peste 60°C si AT, in jur de 40°C, sunt putin
degradate. Cea mai micd temperaturd de contractie
(37.1°C) si cel mai mare interval total de contractie
(37.5°C) le prezinta proba P15, ceea ce sugereaza un grad
mare de deteriorare comparativ cu celelalte probe.
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The level of deterioration reported to the
hydrothermal stability of collagen fibers for
ethnographical leathers belonging to Bucovina
Museum increase in the order: P8<P12<P3<P4
<P9<P1<P11<P10<P2<P5<P14<P13<P6<P7<P15.

CONCLUSIONS

FTIR and UV-Vis-NIR spectroscopy, as well as
Micro Hot Table method are very useful in the
evaluation of degradation level in collagen based
support from ethnographical objects. FTIR/ ATR and
UV-Vis-NIR offer information on the conservation state
of the surface, while MHT measurements allow
conservation level evaluation based on the
hydrothermal behaviour. Accordingly, the investigated
collagen based objects from Bucovina Museum are not
degraded by gelatinization but present different levels
of degradation by hydrolysis and oxidation, the triple
helix structure being alteredin all cases.
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