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2. List of abbreviations, acronyms and symbols 
 

° degree d.m. dry matter 

°C Celsius degree DTGS deuterated triglycine sulfate 

> higher than e.g. exemplti gratia (for example) 

pH hydrogenionic concentration EN European Standards 

‘ minute FT-IR Fourier Transform Infra-Red 

% percentage ISO 
International Organization for 

Standardization 

S/cm micro Siemens per centimetre micro 10
-6

 

°C/min. Celsius degree per minute milli- 10
-3

 

ATR attenuated total reflectance ml/min
 

millilitre per minute 

BOD biochemical oxygen demand mm millimetres   

centi- 10
-2

 N Newton 

CH2/CH3 methylene and methyl groups N-H nitrogen-hydrogen bond 

cm centimetre(s) N/mm
2
 Newton per square millimeter 

C-N carbon-nitrogen bond O2/l oxygen per litre 

COD chemical oxygen demand S/N signal to noise ratio 

C=O carbon=oxygen double bond TGA Thermogravimetric analysis 

DCM dichloromethane   
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3. Introduction 

This report presents the results of the demonstration of natural products in the defatting phase at 

semi-industrial level. Different types of skins were subjected to the defatting operation, employing 

the formulation selected as optimum (EDF20) and carrying out trials at semi-industrial level.  

In these trials, Inescop carried out the following tasks: 

 definition of parameters to be analysed; 

 description of semi-industrial scale trials; 

 analysis of leather specimens: organoleptic properties, physical tests and chemical tests; 

 characterisation of defatting residual baths. 

These results were compared with those obtained by using commercial products from Actions A.1 

and C.1, to assess the reduction achieved in the effectiveness of the natural defatting products. 

 

4. Definition of parameters to be analysed 

According to the proposal, the parameters to be evaluated in the leather obtained, were those 

already assessed in the case of leather processing with commercial products (Table 4.1). 

 

Table 4.1 Leather parameters 

Organoleptic 

Touch / Softness 

Colour  

Grain firmness 

Fullness 

Physical 

Shrinkage temperature (ºC) 

Tear resistance (N) 

Tensile strength (N/mm
2
) 

Elongation at break (%) 

Chemical Extractable substance by using DCM (% d.m.) 

 

The tests were monitored by means of control sheets for tests and results (Figure 4.1), that 

contained information about: 

 test type: semi-industrial / semi-industrial / pre-industrial; 

 type of defatting product and characteristics; 

 type of skin and treatment 

 leather analysis: physical tests - chemical tests - organoleptic properties; 

 wastewater analysis. 

 

 

 

 

 

 

 

 

 

 

 



                            DELIVERABLE B.2                                                                                                                                      

                  Final report LIFE+                 5                       ENV/IT/000470- ECODEFATTING 

 
 

Figure 4.1. Control sheet for characterization 

 
 

5. Description of semi-industrial scale trials with defatting formulation EDF20 

The defatting trials on leather at semi-industrial-scale were conducted at Inescop facilities, using the 

formulation EDF20, selected as optimum. The trials were carried out in rotating tanning drums of 

900 and 1,200 mm diameter respectively and 400 mm width, made of Bolondo wood and featuring 

systems for automation, control and dosage of water and reactants (Figure 5.1). 

 

Figure 5.1 Rotating drum for defatting 
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In semi-industrial scale tests, pickled sheep-skins, pig skins and calf hides were processed. The 

formulations used in these defatting tests, were reported in a table, indicating the different 

operations, the product used, the percentage by weight with respect to the pickled skins introduced 

into the tanning drum (X), temperature, rotating time and checks to be performed (Figure 5.2). 

 

Figure 5.2 Control sheet for work operations 

 
 

Once this operation was completed, a sample of each one of the obtained leathers was taken for the 

determination of the parameters showed in Table 4.1. 

 

  

    LIFE13 ENV/IT/470

Test:

Type of leather:

Product: Tanning: Chromium

Color: Shaving:

Stage % Product l // g °C Rotation pH Remarks

100 Water 20

10 Salt 30' 8  º Bé

3 Sodium Bicarbonat 180' > 6 Check pH

100 Water 35

10 Salt 15' 8  º Bé

100 Water 35

10 Salt 10' 8  º Bé

X Defatting agent 60'

100 Water 35

10 Salt 15' 8  º Bé

100 Water 30

10 Salt 15' 8  º Bé

100 Water 25

10 Salt 15' 8  º Bé

60 Water 20

8 Salt 10’ 6-7  º Bé

0,8 Sulphuric acid 1:10 30'

0,8 Formic acid 1:5 10' 2,8 - 3,0 Check pH

6 Chromium salt 60'

1,2 Oxido magnesio Check pH = 4

0,1 Fungicida 20'

Picking                      

Tanning

Noche automático

Drain

De-picking

Drain

Defatting

Drain

Drain - Sample of residual bath for wastewater analysis

Drain

Drain

Drain

Project ECODEFATTING

Weight (g):

Pickled skins Responsible: SGS

LIFE ECODEFATTING

Environmentally friendly natural products instead of chemical products in the 

defatting phase of the tanning cycle

 Semi-industrial Trials Date:
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6. Characterisation of defatted leather 

In all trials the obtained leathers (in the wet-blue form) had good appearance and no significant 

differences were noted, when compared with the leathers obtained from the defatting processing 

with commercial products. The characterisation of the degreased leathers was carried out according 

to three points of evaluation: organoleptic tests, physical resistance tests and chemical tests. 

 

6.1. Organoleptic tests 

The parameters considered in the organoleptic tests were: touch, colour and firmness factors. 

Regarding the touch, all the obtained leathers (sheep, pig and calf, in wet-blue stage) had good 

touch and no significant differences were detected amongst samples. Concerning the firmness of the 

leather, continuous flexing of the different leather types was carried out, to test the degree of 

adhesion of the grain and all of the resulting leather possessed adequate levels of firmness. Finally, 

regarding wet-blue colour, differences in wet-blue hides tone were observed, but no significant 

differences were present and these will not interfere in the final colour of crust leather. 

 

6.2. Physical resistance tests 

The quality assessment of defatted hides was done through physical validations in accordance with 

the EN and ISO codes, that are internationally acknowledged standards (Table 4.2.1). 

 

Table 6.2.1 Tests for physical characterization 

PARAMETER STANDARD 

Thickness (mm) ISO 2589:2002 (IULTCS/IUP 4) 

Tear strength (N) ISO 3377-2:2002 (IULTCS/IUP 8) 

Tensile strength (N/mm
2
) ISO 3376:2002 (IULTCS/IUP 6)  

Elongation at break (%) ISO 3376:2002 (IULTCS/IUP 6) 

Grain burst (mm) ISO 3379:1976 (IULTCS/IUP 9) - Ball burst test 

 

The determinations of physical parameters of the leathers showed the compliance of the values for 

the single parameter with the limits required for footwear manufacture (Table 4.2.2). 

 

Table 6.2.2 Results for phydical tests 

Leather type EDF20 
Tear strenght 

(N) 

Tensile strenght 

(N/mm
2
) 

Elongation 

at break (%) 

Sheep-skin 

2 61.1 15.4 65.0 

3 59.4 15.9 63.0 

4 62.5 16.3 67.0 

5 63.0 15.7 71.0 

Pig-skin 
4 63.0 9.7 41.0 

6 65.0 8.2 46.0 

Recommended values > 30.0 > 8.0 40.0 – 85.0 

Cow-hide 
4 86.0 24.5 75.0 

6 81.5 22.5 72.5 

Recommended values > 50 > 15 40.0 – 85.0 

 

 

 

http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=31147
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=31148
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=24031
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=24031
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=8670
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Next, these results were shown graphically: 

 

Figure 6.2.1 Tear resistance of degreased sheep and pig skins and calf hides 

 
 

Figure 6.2.2 Tensile strength of degreased sheep and pig skins and calf hides 

 
 

6.3. Chemical tests on leather 

The quality assessment on the production of defatting hides was done through chemical validations 

in accordance with ISO 4048:2008 for the determination of the soluble matter, which could be 

extracted with DCM (Table 6.3.1).  

 

Table 6.3.1 Defatting performance 

Leather type EDF20 
Fatty substances 

extracted  (%) 

Sheep-skin 

2 42.1 

3 44.7 

4 52.6 

5 57.9 

Pig-skin 
4 52.7 

6 58.0 

Cow-hide 
4 53.6 

6 60.7 
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This test gave the important result about the percentage of defatting, which indicated the efficiency 

of the defatting process and thus, the opportunity to go ahead with the extension of the operations 

towards production scale (Figure 6.3.1). 

 

Figure 6.3.1 Tensile strength of degreased sheep and pig skins and calf hides 

 
 

7. Analysis of defatted sheep skins at molecular level 

7.1. Material and methods 

Leather specimens obtained from the defatting of sheep skins with EDF20 were analyzed by ATR 

FT-IR and TGA in the form of crust and wet-blue maerial (Figure 7.1.1). 

 

Figure 7.1.1. Crust and wet-blue leather samples. 

 
 

The results were compared with those obtained from a blank sample, which was prepared in the 

absence of the defatting agent following the same sequence of operations reported in Figure 5.2. 

IR spectra were recorded using a Perkin-Elmer Spectrum One FTIR Spectrophotometer, equipped 

with universal attenuated total reflectance accessory (ATRU) and DTGS detector (Figure 7.1.2). 

 

Figure 7.1.2 ATR-FTIR instrument 
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In an ATR FT-IR experiment the sample is placed on a diamond crystal with an index of refraction 

larger than that of the sample. Infrared light is coupled into the crystal and directed towards the 

sample interface at such an angle of incidence that it is totally reflected (Figure 7.1.3). 

 

Figure 7.1.3 Detail of the FTIR analysis matrix 

 
 

Upon reflection at the interface between the sample and the crystal, light penetrates into the sample 

and an evanescent wave is produced. This has the same frequency of the incoming light but the 

amplitude of the electric field decays exponentially with the distance from the interface. The 

evanescent wave is absorbed by the sample and thus, the light carries the information about the 

infrared spectrum of the sample to the detector. ATR_FTIR analyses were carried out in the range 

of 600-4000 cm
-1

 and with a resolution of 4 cm
-1

. Each analysis was recorded over 32 scans, to 

obtain a suitable S/N ratio. A written-in house program for peak fitting was employed to run the 

deconvolution of the Amide I band and to determine the secondary structure of leather proteins. The 

region of the spectral width, which comprises the Amide I band, is the most sensitive of the whole 

spectrum and the relevant frequencies are correlated closely to each secondary structural element of 

proteins. The second derivatives of the Amide I band of the spectra (1700-1600 cm
-1

 region) were 

analysed, to determine the starting data (number and position of Gaussian components) required for 

the deconvolution procedure. The choice of the Amide I band for structural analysis was due to the 

very low contribution of the amino acid side chain absorptions present in this region. On the basis 

of the infrared assignment of amide components, the composition of the secondary structure could 

be obtained from the FTIR spectra, adopting the same extinction coefficient for all the secondary 

structures. The values for the percentages of the different secondary structures were estimated by 

expressing the amplitude value of the bands assigned to each of these structures as a fraction of the 

total sum of the amplitudes of the Amide I components. 

TGA analysis is based on the measurement of mass loss of material as a function of the 

temperature. In thermogravimetry a continuous graph of mass change against temperature is 

obtained, when a substance is heated at a uniform rate or kept at constant temperature. A plot of 

mass change versus temperature (T) is referred to as the thermogravimetric curve (TG curve). 

Often, the derivative thermogravimetric (DTG) curves are also calculated.  A DTG curves presents 

the rate of mass change (dm/dT) as a function of temperature, or time against the temperature, when 

the substance is heated at uniform rate. TG analyses were carried out on an EXSTAR series 

TGA/DTA7200 apparatus (Figure 7.1.4). 
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Figure 7.1.4 TGA instrument 

  

 

Each sample (5-10 mg) was placed in an alumina sample pan and the run was carried out at a 

standard rate of 10°C/min from 30 to 900°C in the presence of air (200 mL/min). 

 

7.2. Analysis of leathers from sheep skins by FTIR and TGA 

The elaboration of the FTIR analytical data was carried out adopting an initial normalization of the 

plot: a straight baseline passing through the ordinates at 1800 and 1480 cm
-1

 was subtracted and the 

spectra were normalized in the 1700-1600 cm
-1

 region. This approach was taken in order to avoid 

artefacts in absorptions near the limits of the region examined (1700-1600 cm
-1

) (Figure 7.2.1). 

 

Figure 7.2.1 FTIR normalized spectra in the 1740-1475 cm
-1

 region of crust and 

wet-blue leather samples, defatted with EDF20 and compared to the blank sample 

 
 

For each FT-IR spectra, the most important bands were: i) the area of the band in the 

3000-2750 cm
-1

 region, characteristic of CH2/CH3 stretching vibrations (Area 1); ii) the area of the 

band in the 1770-1700 cm
-1

 region, characteristic of C=O stretching vibrations (Area 2); iii) 

Amide I (1700-1600 cm
−1

); iv) Amide II (1575-1480 cm
−1

) (Figure 7.2.2).   
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Figure 7.2.2 FTIR spectra of crust and wet-blue leather samples, defatted with 

EDF20 and compared to FTIR spectrum of the blank sample. 

 
 

 

Amide I and Amide II were the two most prominent absorptions of the protein backbone. The 

Amide I band was due to the C=O stretch vibrations of the peptide bonds (approximately 80%) 

whereas the Amide II band derived from the in-plane N-H bending (40-60% of the potential energy) 

and from the C-N stretching vibration (18-40%) (Table 7.2.1). 

 

Table 7.2.1 FTIR bands: CH2/CH3 stretching (Area 1); 

C=O stretching (Area 2); AmideII/AmideI ratio 

Leather Sample Area 1 Area 2 Amide II/Amide I 

Blank 16.38 0.79 0.84 

EDF20 Wet-Blue 17.68 2.54 0.80 

EDF20 Crust 28.13 0.64 1.03 

 

The CH2/CH3 stretching area of the blank sample was due to the fat naturally present in the leather. 

The CH2/CH3 stretching area of samples treated with EDF20 defatting product were due to the 

residual fat after the defatting treatment. The AmideII/AmideI peak height ratio was determined, to 

evaluate the changes in the secondary structure of proteins during denaturation. This ratio is a 

parameter calculated from the spectra, indicative about strong conformational changes. This ratio 

generally increases during denaturation and decreases when peptides assume an ordered structure 

(e.g., α-helix, β-sheets), especially when secondary structures are formed. The curve fitting method, 

applied to the deconvolution of the Amide I band of the FTIR spectra, gave a detailed information 

on structural variations induced by EDF20 on the leather protein and on the percentage of each 

Amide I components (Figure 7.2.3). 
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Figure 7.2.3 Curve fitting of the FTIR spectra in the Amide I region of the: 

blank sample (A), defatted wet blue leather (B) and defatted crust leather (C) 

 
 

Each single component of the Amide I was assigned according to the literature data: 1690 cm
-1

 

(antiparallel β-sheets), 1680 cm
-1

 (β turns), 1655 cm
-1

 (α-helix or hydrated 310 helix), 

1660-1665 cm
-1

 (310 helix). The band in the 1626-1643 cm
-1

 region was assigned to β-sheets and the 

band at 1644-1649 cm
-1

 to random coil (wide bandwidth) or solvated short helix (narrow 

bandwidth). The band at 1601-1617 cm
-1

 was assigned to inter-molecular β-sheets (Table 7.2.2). 

 

Table 7.2.2 Deconvolution applied to the Amide I region of the FTIR spectra of: collagen, 

blank, wet blue and crust leather samples. Frequencies and (bandwidths) are in cm
-1

 

Collagen blank  EDF20 wet-blue EDF20 crust  Assignment 

 1612 (36) 

24% 

1609 (17) 

7% 

1608 (19) 

12% 

Inter-molecular 

β sheets 

1629 (14) 

13% 

1630 (24) 

24% 

1625 (30)  

30% 

1630 (33) 

36% 
 sheets 

1656 (71) 

82% 

1654 (36) 

43% 

1655 (47) 

54% 

 α Helix or 

hydrated 310  Helix 

1665 (17) 

5% 

  1660 (32) 

37% 

310  Helix 

 1684 (35) 

9% 

 1677 (14) 

3% 
 Turns 

  1696 (25) 

9% 

1693 (33) 

12% 
ap  sheets 

 

The leather samples had different secondary structure compared to collagen, which showed two 

helix components at 1665 and 1656 cm
-1

. While the first one was unequivocally assigned to 

310-helices, the component at 1656 could be assigned to a modified form of the same motifs.  The 

blank and wet blue leather samples showed only the helix component at 1655, whilst the crust 

leather had the helix component at 1660 cm
-1

. The percentage of the helix components decreased in 

the leather samples comparing to collagen and consequently, the percentage of the beta structures of 

the tanning leather increased. In the case of the secondary structure of the blank sample, the crust 

and wet blue leathers presented only weak changes (Figure 7.2.4).   
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Figure 7.2.4 Percentages of the secondary structure of: 

collagen, blank, wet blue and crust leather samples 

 
 

The tanned leathers showed significant changes in the protein secondary structure comparing to 

collagen. These changes did not depend significantly on  the treatment of the leather sample. 

 

8. Thermogravimetric study 

The blank, wet blue and crust leather samples were heated from room temperature to 900°C at 10 

°C/min heating rate under air flow (Figure 8.1). 

 

Figure 8.1 Thermogravimetric curve (right axis) and its derivative 

(left axis) of blank (A), wet blue (B) and EDF20 crust (C) leather samples 

 
 

A

C

B
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Peak 1 at 65°C, was due to the release of humidity entrapped by leather fibres. TGA in air flow 

showed that the main decomposition of the blank and wet blue leather samples took place in three 

steps. The maximum transition was at 318°C (Peak 2) for the first step, at 390°C (Peak 3) for the 

second step and at 500°C (Peak 4) for the third step.  The maximum weight loss took place for Peak 

2 and Peak 4. The main decomposition of crust leather happened in only two steps: the maximum 

transition at 318°C (Peak 2) for the first step and at 390 °C (Peak 3) for the second step. The 

maximum weight loss was for Peak 2 and Peak 3. Leather in the wet blue form was the tanned 

leather before the dyeing and greasing steps. Crust was the final tanned leather, after dyeing and 

fatliquoring. It was reasonable to assume that the difference in the degradation steps was due to the 

dyeing and greasing step of the crust leather in the tanning process. 

 

Table 8.1. Thermal degradation steps of blank, wet blue and crust leather. 

Sample Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 
Final 

residue % 

Blank 66 315 394 523 863 7.1 

Wet-blue 63 318 388 512 807 6.3 

Crust 61 319 380 

  

7.3 

 

9. Conclusions 

The demonstration of defatting animal hides at semi-industrial level showed that the EDF20 

formulation was capable, to remove the fat not only from pickled sheep skins (the usual form of 

commercial ovine skins to be processed from the slaughterhouses) but also from raw pig skins and 

calf hides. The physical characterization of the leather samples confirmed that the new defatting 

formulation guaranteed also the even distribution of residual fat, which did not hamper the 

subsequent pre-tanning operations. This result was consistent with the expectations of efficacy, 

since EDF20 had already done a good job at laboratory level on small sheep skin samples. In 

addition, the expectations were confirmed by the fact that EDF20 had a comparable behaviour to 

that of commercial products. In particular, the physical characterization of the leather specimens 

demonstrated that all tests were above the average limits for pre-tanned leathers to be used in the 

manufacturing of footwear. The tear resistance was above the threshold values in all cases, whereas 

the tensile strength was slightly under the threshold limit in the case of the pig samples. In this 

particular case, this result would not determine any concern for the use of this particular leather 

material in footwear manufacturing. Finally, the molecular characterization with the FT-IR and 

TGA analyses gave the opportunity, to demonstrate the changes at molecular level for the protein 

structure of the leathers, confirming that EDF20 was a reliable product and alternative to current 

commercial products for beamhouse operations. 

 


