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Abstract

The oxidation of a number of fatliquoring formulations, of different iodine index, derived from fish oil, rapeseed oil, neatsfoot oil, lecithin,
paraffin, sulphited and sulphated variants was studied. The formulations included dispersing agents, stabilizers and/or anti-oxidants. Sheepskins
were treated with fatliquoring agents at 5% of fatty matter. The oxidation of the fatliquoring formulations and the fatliquored skins was studied
by non-isothermal differential scanning calorimetry (DSC). The onset thermoxidation temperature and the enthalpy of the thermoxidation
peak located between 195 and 265were determined and then related to the different fatliquoring standard formulations. The skins were
subjected to ageing treatments using UV radiation and temperature. The fall in the denaturation temperature of the skin due to ageing was
related to the oxidability of the fatliquoring agent.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction means of calorimetry can be applied to determine oxidative
stabilities[3]. The enthalpy involved in the exothermal pro-
Leather is a biomaterial (skin) made of collagen fibrous cess of oxidation can be measured by differential scanning
protein, which has been industrially modified and trans- calorimetry (DSC) as well as the oxidative stability.
formed in order to avoid its putrefactigd]. After being Atmospheric oxygen is the most ubiquitous and econom-
tanned with trivalent chromium salts a complete stabiliza- ically important oxidising agent in many chemical processes
tion is achieved: the resistance against water absorption in-including those of the tanning industry. However, autoxi-
creases and the tanned material cannot undergo putrefactiongdation is an undesirable process since rubber, plastics, fuel
swelling, or drying off to an inflexible solid mass. Fatliquor- oil, fat and fatliguored materials such as tanned fatliquored
ing is necessary to confer the final mechanical, aesthetic andeather may undergo autoxidative deterioration or rancifica-
handle characteristics of leatH@i. tion[4]. The free-radical chain oxidation reaction of fats and
The reaction of oxygen with lipids involves free radical other oxidizable substrates is catalysed by light, transition
initiation, propagation and termination, and its kinetics has metal ions or water molecules, and is propagated by free hy-
been investigated for years. Experiments based on analyti-droperoxy radicalf]. In the tanning industry, the catalysing
cal methods (determination of peroxide concentrations) or effect of the transition metal ions on the oxidation of unsat-
on volumetric methods (measurement of rate of oxygen con- urated fats is well-known. It has been reported that stacks of
sumption) have been carried out on oxidation of lipids and leather have burst into flames when piled up under moist and
other natural and synthetic products. Given that the oxida- warm conditiong5].
tion is an exothermal process, measurements of enthalpy by  Analysis of hide fat has not yet been standardised or even
informally customized in the tanning industf§]. Conse-
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monitoring via sampling and extraction protocols. The an- tions of industrial processing and exploitation. The start of
alytical procedures are based on the works of Porter, who oxidation was dependent on the number of double bonds in
studied the oxidation of numerous oils on tanned hide pow- the carbon chain and constitutes useful values to assess anti-
ders[7] using Mackey’s methof8]: This method is based on  oxidant activity[15].
the mixture of oil and tanned hide powder, which is heated at  Isothermal DSC experiments are rather time-consuming
97°C while a controlled air flow is forced through the mix- and are usually carried out under high oxygen pressure
ture. Given that the oxidation is an exothermal reaction, the (PDSC). In contrast, non-isothermal DSC experiments are
time required to reach the maximum temperature is used tomuch faster and may yield more information not only about
determine the oxidability of the oils. the first step of oxidation (observed in conventional isother-
The potential for oxidation, often related to insaturation mal methods), but also about further steps of oxidation from
in fats, has long been of interest to tanners as a matter ofa single run. In conclusion, this experiment shows that the
descriptive analytical data on the fats and oils employed in onset of the thermoxidation process may be a very useful
the industry. References to the iodine numl@rave been  value to determine the effects of additives, such as pro- and
a common feature of oil quality requirement. Nevertheless, anti-oxidantd16].
no new methods, apart from Mackey’s, have been developed The authors used DSC to determine the onset tempera-
to test the oxidability of fatliquored leathers. Fat content ture of oxidation of diverse fatliquoring agents applied to
in the tanned state is a critical quality control assessmentbovine hides in an earlier papgt7]. DSC curves of hides
and process control indicator. Fat values from the tanned-treated with 10% fatliquoring agents from rapeseed oil and
state reveal just how well degreasing has been accomplishedts variants sulphated and stabilized with anti-oxidant; de-
and also whether a more vigorous and/or additional treat- hydrogenated and sulphited fish oil; lecithin with dispers-
ment is needefb]. Thereafter, tanned hides are subjected to ing anti-oxidant and emulsifying agent and sulphonated or
fatliquoring in order to obtain the most suitable properties for sulphochlorinated paraffin were obtained. Hide samples were
the final application of the leather. press-cut and tested in an oxygen atmosphere. The initial re-
The oxidation of fatliquored leathers starts with that of actions of oxidation, which took place above T&) were
the fatliquoring agent or with the oxidation of natural fat that identified by the changes in the slope of the curve prior to
was not completely eliminated. Subsequently, the propaga-the exothermal peak of substrate oxidation, which always
tion phase, during which the products of decomposition react occurred above 24(C.
with all the oxidable substances contained in the skin, takes This study seeks to employ DSC to determine oxidation
place. One of the ways of assessing oxidative ageing of theparameters of sheepskin samples treated with 5% of fatliquor-
skin is to determine the change undergone by diverse pa-ing formulations as alternative to the classical very time-
rameters after ageing. The most prominent of these include:consuming Mackey's method.
skin-yellowing, odour, change in values of tear resistance
and tensile strength, fall in the shrinkage temperature and
skin contractiorj10] despite the fact the tests are very time- 2. Materials and methods
consuming and that the sample size required is large. The
shrinkage temperature is the value at which the denaturation The fatliquoring formulations were based on crude and
of collagen in leather takes place when the sample is soakedsulphited fish oil, crude and sulphited neatsfoot oil, lecithin,
in water. This temperature is macroscopically detected by asulphated base and chlorated paraffin. Vitamin E and Tara
sudden contraction in the leather and it has been used as &xtract were added to the fish oil as anti-oxidants. The sul-
way of controlling the performance of the tanning prodégs phitation of fish oil was carried out in two different ways.
The oxidation of the collagen molecule, leads to a decreaseThe Hanus methof®] was employed to determine the iodine
on the denaturation temperature. index of the fatliquoring agents. The fatliquoring is the ap-
Given that autoxidation of fats, fatty acids and lipids is plication of an oil-in-water emulsion, which is subsequently
an exothermal process, the methods of thermal analysis arénduced to break, thus depositing a film of fatty matter over
useful for studying thermostability, thermoxidation and au- the collagen fibre structure of the tanned leather. The type
toxidation by isothermal experiments or non-isothermal ex- of interaction between the fatliquor and the collagen net-
periments at a constant heating rgt#]. DSC has been used  work depends on the chemical nature of the several raw and
for monitoring the oxidation of heated o0i[82]. There is chemically modified oils and surface-active agents. The sul-
good correlation between DSC method and other standardphited and sulphated fractions are attracted by leather through
chemical methods. DSC offers an alternative for monitoring ionic bonds. The free fatty acids may produce coordinated
oxidation because it saves time, requires small samples withunions with the metallic tanning agents. The sulphochlori-

minimal preparation, and needs no chemicals. nated paraffins are able to form covalent unions with the
DSC has also been applied to autoxidation kinetics of sat- non-dissociated amidic groups of collagés).
urated and unsaturated fatty acids and their e$¥d 4]. The fatliquoring agents were all of commercial type used

The oxidation course was monitored by DSC to determine by the tanning industry and the procedure of fatliquoring was
the oxidative stability of these fat components under condi- also the standard process used by the tanning indiifty
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The oxidation temperature of the fatliquoring agents and e
fatliquored skin samples, which were press-cut or ground,
was determined using a Mettler—Toledo differential scanning
calorimeter (DSC 20) in an oxygen atmosphere with a flow e
of 100 ml/min. The ground samples underwent a temperature
increase from 30 to 35CC and the press-cut samples were
subjected to a temperature variation from 30 to 2Z5vith °
a heating speed of B@€/min using an open aluminium pan
of 40p.l.

A Mettler-Toledo differential calorimeter (DSC 821 E)
with a 40ul closed aluminium pan was employed to deter- e
mine the denaturation temperature of the skin. This deter-
mination was carried out with skin samples saturated with
water. Once the samples were totally immersed in a vessel
with water; the excess water was eliminated with filter paper. o
The test was carried out with a temperature programme from
20 to 120°C at 5°C/min.

The ageing tests were as follows: ground samples weree
subjected to UV radiation in a Suntest CA8strument for
48 h with a radiation of 450 W/Aand a temperature of 4C.
Oxidation and denaturation temperatures of the aged sam-e
ples were also determined. The press-cut samples underwent
a thermal ageing test in an oven at X@for 24 h to in-
duce oxidation of the fatliquoring agent according to the age-
ing method 6B of the IULTCS Standaf#0]. Subsequently,
the denaturation temperature of the skin was determined
again.

3. Results

3.1. Fatliquoring agents

207

Sulphited fish oil I: iodine index 66. The break of the emul-
sion is observed above 10Q. Oxidation of the product
commences at 223°€.

Sulphited fish oil 1I: iodine index 69. The break of the
emulsion is also observed above @ Oxidation of the
product commences at 252C.

Crude neatsfoot oil: iodine index 83. Oxidation com-
mences at 158.8C whereas the final oxidation of the prod-
uct starts above 24 (both temperatures are somewhat
higher than those observed for crude fish oil).

Sulphited neatsfoot oil: iodine index 54. After the break of
emulsion above 100C, oxidation commences at 2166
with a maximum around 240°€ whereas the final oxi-
dation commences at 249G.

Lecithin: iodine index 58. After the break of emulsion
above 100C, oxidation is observed at 22C. The final
oxidation is initiated at 260.8C.

Sulphated base: iodine index 35. Oxidation occurs at
218.9°C after the break of emulsion above 1@
whereas the second oxidation takes place at 247..2
Chlorinated paraffin: iodine index 10. Break of emulsion
is also observed near 10Q. Although oxidation cannot
be clearly identified, a number of changes in the slope
of the baseline may be observed at 139.9 and 185.1
with a moderate peak at 229.2. In contrast to the other
fatliquoring agents, no significant final exothermal of ox-
idation is observed.

3.2. Fatliquored skin: ground samples

We determined in duplicate the oxidation and denaturation

temperatures of the original samples and those subjected to

The non-isothermal DSC was employed to assess the ther_ageing by UV radiation. The onset temperature of oxidation

moxidation phenomena of the fatliquoring agents. Likewise, \t/yas deter{mrtu;d ]fromt;]he D%Ct_curvi.t(;lven;h?t :hlstrc]:x?a-t
iodine indexes were also determined. The results are summa- 0" €@ start betore the oxidation of the substrate, the 1irs
; ) exothermal peak may be attributed to either a first oxidation
rized as follows: . . o
of the fatliquoring agent or to the oxidation of the substrate
e Crude fish oil: iodine index 102. Oxidation commences at altered by this agent. This oxidation always was detected be-
121.25°C. After a period of stabilization, a second oxi- tween 195 and 265C. Above 265 C the final oxidation of
dation takes place at 224.C until total oxidation is pro- the collagen substrated was produced. Consequently to as-

duced. sess the intensity of the oxidation effect due to fatliquoring,

REFERENCE: Degreased skin
(only natural fat)

Oxidation energy of
fatliquored skin (5%
sulphited neatsfoot oil)
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Fig. 1. DSC oxidation curves of the degreased skin taken as reference that contains only natural fat, and those of the sulphited neatsfoot oil 5% fatliquored
skins. The oxidation peak due to fatliquoring is detected below 265
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Table 1
Onset temperature of oxidation (g, Oxidation energy between 195 and
265°C (Eox) and denaturation temperatufBy) of the ground samples be-

fore and after (O3y, E, andTy', respectively) being subjected to ageing
treatment with UV radiation

oxidation and also the oxidation energy determined from the
DSC curve between 195 and 285. Fig. 1 shows the DSC
oxidation curves of the degreased skin taken as reference that
contains only natural fat, and those of the sulphited neatsfoot
oil fatliquored skin. The denaturation temperature was deter-

Fatliquoring OTox OTox’  Eox Eox’ T4 T4 . . .
agent ¢C) (C) @ @y (C) (O mined from the original samples and from samples subjected
Crudefishoil 2345 2257 4926 4823 .06 984 to thermal ageing in an oven at 100 for 24 h[20].
2269 2257 4765 4719 977 98
238.1 226.4 4399 4355 972 @7
Sulphited fish 2385 229.9 647.4 5788 964 86
oil 1 2378 2284 6147 5822 970 88 4.1. Influence of sample preparation (ground/press-cut)
Sulphited fish  254.8 250.8 194.2  168.2 966 98 on the determination of the thermoxidation onset
oil 2 2553 2517 1847 1893 969 &7 temperature and the oxidation energy
Crude 2162 2162 4185 3489 985 95 . _ o
neatsfootoil 216.8 210.0 428.7 3290 973 @5 Aregression analysis between the oxidation parameters of
Sulphited 2335 2301 4550 4007 1030 1022 theoriginal samples revealed a negative correlation between
neatsfootoil 233.1 230.6 408.4 3963 101.9 101.8 the onsetthermoxidation temperature and the oxidation en-
Lecithin 245.9 2477 3113 2879 @5 950 ergy re_zlease_d between 195 and 265 The oxidation energy _
2455 247.9 302.6 3050 919 @4 was higher in the case of the press-cut samples (correlation
Sulphatedbase 2436 2426 2857 2848 290 899 goefﬁuents—O.GOS and-0.792, respectlv_ely)_. The correla-
2416 2428 2875 2867 900 o4 tion between the onset temperature of oxidation of the ground
and press-cut samples was very higk (-900) as was the
Chlorated 2552 2571 1994 2012 927 23 lation betw h idati . 905
paraffin 2500 2697 1881 2879 844 a4 correlation between the oxidation energies (-905) (see

Fig. 2). It may be observed that both values were, in general,
higher for the press-cut samples. There was also a signifi-
the exothermal enthalpy of the DSC curve between 195 andcant correlation between the denaturation temperature of the
265°C was measured (Fig. 1). ground and press-cut skins{0.672). The measurement of
The determination of the denaturation temperature is not the denaturation temperature on the ground samples was less
very accurate given that the structure of the collagen is alteredaccurate than that of the press-cut samples due to the unclear
by the grinding operatioriTable 1shows the results of the  peak shape of the former.
oxidation temperature, the oxidation energy and the denatu-

ration temperature before and after ageing treatment by UV 4 5 |nfluence of ageing on the oxidation parameters of

radiation. fatliquored skin
3.3. Fatliquored skin: press-cut samples Variance analysif21] was employed to determine the in-
fluence of the type of fatliquoring agent, treatment of ageing
Tests were carried out in duplicate on the press-cut sam-and its possible interaction on the oxidation parameters of
ples that were subjected to the same test of oxidation temperthe ground samples of fatliquored skin. A very significant
ature determinatiorable 2shows the onset temperature of influence of fatliquoring agent and ageing (significance level

Table 2

Onset temperature of oxidation (), Oxidation energy between 195 and 2€5(Eox) of press-cut samples and denaturation temperature of the press-cut
samples before @) and after (§') thermal ageing, and decrease in denaturation temperatugg (D& to ageing

Fatliquoring agent OTox (°C) Eox (J/9) Ta (°C) Td (°C) DTy (%)
Degreased skin (natural fat) — reference NF 254.3, 254.1 228.6, 222.6 101.7,101.9 943,953 3,657
Crude fish oil 1 (F1) 246.5, 246.4 330.1, 324.6 106.0, 106.0 93.3,92.6 .6, 120
Crude fish oil 1 plus Vitamin E (F1+E) 239.2, 239.6 337.8,344.7 106.0, 105.9 96.2,93.3 9,913
Crude fish oil 1 plus Tara extract (F1+T) 273.8,273.3 269.9, 265.6 105.4, 105.6 96.7,96.9 .2,8.38
Crude fish oil 2 (F2) 239.5,240.9 514.9, 494.9 104.2,104.1 94.9,95.4 9,88
Sulphited fish oil 1 (SF1) 238.1, 238.6 722.8,694.7 103.8, 103.6 96.8, 95.0 .7,8.8
Sulphited fish oil 2 (SF2) 274.4,274.6 311.6, 246.2 104.4,104.8 97.9,99.1 3,58
Crude neatsfoot oil (N) 217.9,221.5 538.1, 446.5 105.3, 105.8 98.0,97.8 5,73
Sulphited neatsfoot oil (SN) 233.9,232.5 641.7, 666.0 106.2, 106.5 98.7,97.8 .0,8.2
Lecithin (L) 269.9, 269.9 351.1, 338.0 105.1, 105.3 94.2,92.9 4,101.8
Sulphated base (SB) 272.2,272.3 289.0, 297.1 103.5,103.3 98.4,98.3 9,48
Chlorated paraffin (CP) 269.3,272.4 267.9, 244.7 103.6, 103.6 98.9,99.2 5,4a
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Onset Temperature of Oxidation [°C] Oxidation energy between 195 and 265°C [J/g]
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Fig. 2. Influence of sample preparation on the determination of oxidation temperature and oxidation energy released between % and 265

5%) on the thermoxidation onset temperature was observedtemperature was more marked in accordance with the type of
Ageing led to a fall in the thermoxidation onset tempera- the fatliquoring agent. The results are showifrig. 4.
ture although interaction with the fatliquoring agentindicated =~ The denaturation temperature of the aged press-cut sam-
that ageing did not affect the different fatliquoring agents ples fatliquored with crude fish oil and lecithin underwent a
in the same wayFig. 3 shows that the lowest thermoxida- bigger fall than the samples treated with other agents. The re-
tion temperatures correspond to crude neatsfoot oil and fishgression analysis between the iodine index and the decrease
oil whereas the highest temperatures correspond to sulphitedn the denaturation temperature after ageing shows that there
fish oil and chlorinated paraffin. Ageing also lowered the ox- is a very significant relationship between these variables (at
idation temperature of fish oil and of one sulphited variant, 0.1% level) with a correlation coefficient of 0.6dg. 5shows
whereas the effect of ageing was negligible in the case of thethat the higher the iodine index (the insaturation level of the
other variants. Ageing had the opposite effect in the case offatliquor), the higher the decrease induced by ageing to the
chlorated paraffin. The oxidation energy and the denaturationdenaturation temperature.
temperature were not affected by ageing or by its interaction
with fatliquoring agents. These parameters were only influ- 4.3, Monitoring the thermostability of the press-cut
enced by the fatliquoring agents. fatliquored samples through the thermoxidability

By contrast, in the case of the press-cut samples, we ob-parameters obtained by non-isothermal DSC testing
served that thermal ageing treatment in an oven at Cdfor
24 h exerted a significant influence on the denaturation tem-  |f the experimenta| results are p|otted as a function of the

perature. Significant interactions with the fatliquoring agent onset temperature of thermoxidation, the oxidation energy
were produced with the result that the fall in the denaturation released between 195 and 265and the fall in the denatu-

Onset Temperature of Oxidation / °C Denaturation Temperature / °C
270 108
260 105 T
250
102 H —{ — — —
— Original
240 @ Original O Original
m Aged m Aged
99 H — — —
230+
96 H — -
2201
210+ 93 WJ—r ]—r
I A . : DN A ) &
.00\ EN §L & S ‘\F\(\ ‘o&@ (5{\\0 .%’\\0\ & o © &Q\ 5\@0 ‘0@,’@ &,{\\
¢F & & DS & > & &S !.Qa}\ ‘3.\‘}\ &0 & @ &
pY A% VY ¥R > FF & &
(}.\\@ &\{@ ~ e;b(\ G)&QQ _\\d’ﬂk é& &\{& = q,b(\ “9\}{? _\Q‘S-‘
SN & NS & O
& o \)\60\ <& @ 9 & o
) )

Fig. 3. Onsettemperature of thermoxidation in ground samples with/without Fig. 4. Denaturation temperature of press-cut samples with/without thermal
UV ageing treatment as a function of the type of fatliquoring agent. ageing as a function of the type of fatliquoring agent.
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Decrease in Denaturation Temperature after Thermal Ageing / % the fatliquoring agents (93.5%), followed by the oxidation
14 F - - - - - 3 energy which accounts for the 5% of the differences between
i b . ] the fatliquoring agents and the decrease in the denaturation

] temperature that accounts just for the 1.5% of differences
] between the groups. Consequently the onset temperature of
] thermoxidation seems to be the most reliable parameter in
order to evaluate the oxidability of the fatliquored leather
samples, followed by the oxidation energy released between
195 and 265C.

10 F
8 F

6 f

4 F : . . X . 3
0 20 40 60 80 100 120

lodine Index

Fig. 5. Relationship between the iodine index of the fatliquoring and the 5. Conclusions
decrease induced by ageing on the denaturation temperature.

e The non-isothermal DSC gives a fast and reliable method
ration temperature after thermal ageing of the press-cut sam- oftesting the oxidability of the press-cut fatliquored leather
ples, the graph ifrig. 6is obtained. The ‘reference’ sample samples, through the determination of the onset tempera-
containing only natural fat presents an onset temperature of ture of thermoxidation and the oxidation energy released
thermoxidation, which is somewhat above 280and an oxi- between 195 and 26%.
dation energy of 220 J/g. The samples fatliquored with crude o In order to discriminate between fatliquored samples with
fish oil, a variant of sulphited fish oil, crude and sulphited  similar values of thermoxidation onset temperature and
neatsfoot oil yield onset temperatures of thermoxidation that ~ oxidation energy, it should be useful to determine the de-
are lower, and oxidation energies that are higher. The samples crease on the denaturation temperature after submitting the
treated with fish oil plus Tara, a variant of sulphited fish oil, sample to thermal ageing 24 h at 1@
lecithin, sulphated base and chlorated paraffin present ther-e The effectiveness of this method in contrast with the classi-
moxidation onset temperatures that are higher than that of the cal long time-consuming methods is based on its apprecia-
‘reference’ sample (with only natural fat). In all these cases, ble timesaving and the use of small samples with minimal
the oxidation energies are low and it seems that the oxidation preparation that enables to obtain a fast and reliable as-
ofthese fatliquoring agents takes place atthe sametime asthat sessment of the oxidability of the fatliquored leathers.
of skin collagen. In order to differentiate between this group e The method has probed to be sensitive to the lowest levels
of fatliquoring agents, the fall in the denaturation tempera-  of fatliquoring used in the tanning industry (5%).
ture due to thermal ageing should be considered. Lecithin e The oxidability determined by non-isothermal DSC of the
led to the biggest fall in the denaturation temperature, fol-  different fatliquoring agents are in accordance with the
lowed by fish oil plus Tara, the second variant of sulphited  relative oxidability assessed by the industrial experience
oil, sulphated base, and chlorinated paraffin. acquired by the tanning industry.

The three variables have been used to derive discriminat-
ing functiong21] in order to classify the type of fatliquor ap-
plied to the skin. Allthree variables were highly significant (at Acknowledgements
0% level) being the onset temperature of thermoxidation the
variable which accounts for most of the differences between  This work has been supported by the European Commis-
sion through the CRAFT 1999-71638 Project. The authors
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