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Abstract 

  

In the last few decades, the decreasing level of 

natural resources together with greater 

environmental awareness has led to a 

redirection of industrial aims in many 

companies to make their production processes 

more sustainable. Nevertheless, despite the 

increasing environmental awareness, the 

tanning industry is still producing different 

environmental impacts throughout its 

industrial processes, in terms of resource 

consumption (hides and skins, water, 

chemicals, energy, etc) and in terms of 

generation of wastewater, solid waste and 

atmospheric emissions. As a consequence, the 

knowledge and implementation of alternative 

methods that reduce the environmental impact 

of the production processes need to be 

promoted even more.  

 

In this context, the project "Promotion of best 

available techniques in the European footwear 

and tanning sectors (ShoeBAT)" was launched. 

This project is coordinated by INESCOP and 

supported by the European Commission under 

the LIFE programme. As its main activity, the 

project has created an electronic platform 

exclusive for the footwear and tanning 

industries. This platform offers easy and 

understandable access to the necessary 

information about the uses of more than 70 

environmentally friendly techniques.  

 

Apart from the clear benefit in general 

environmental terms that can be obtained from 

the implementation of such techniques, other 

non-environmental advantages can be achieved 

by using such information, such as the 

potential reduction in costs, but also the 

improvement in the corporate image. 

 

This paper shows the results obtained in the 

project so far. 

 

 

Keywords: environment, sustainability, 

information, techniques, technologies, leather, 

tanning. 

 

1. Introduction. 
The leather sector produces different 

environmental impacts throughout its 

industrial processes, in terms of resource 

consumption (hides and skins, water, 

chemicals, energy, etc) and in terms of 

generation of wastewater, solid waste and 

atmospheric emissions. The main 

environmental impacts come from solid waste 

and wastewater. For example, in a European 

tannery, in order to obtain one ton of leather, 

an average of 450 kg of chemical products are 

used, producing around 35-50 m3 of 

wastewater and 700 kg of different solid waste.  

 

Considering that more than 180,000,000 m2 of 

leather were produced in Europe (Cotance 

Statistics 2012), the following environmental 

impacts may have happened: 

 

-Wastewater: 50 million  m3/year  

-Solid waste: 740,000 tons/year  

-Atmospheric emissions: 10,000 tons of 

VOC/year  

 

In this context, the project "Promotion of best 

available techniques in the European footwear 

and tanning sectors (ShoeBAT)" was launched, 

its main goal being an electronic platform for 

retrieving the necessary information about the 

uses of more than 70 environmentally friendly 

techniques. The ShoeBAT project is 

coordinated by INESCOP with the 

collaboration of IPS (Instytut Przemyslu 

Skórzanago, Oddzial w Krakowie) in Poland 

and CGS (C.G.S. di Coluccia Michelle & C. 

sas.) in Italy, and supported by the European 

Commission under the LIFE programme. 
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Although during this project Best Available 

Techniques for footwear have also been 

identified, this paper will focus on BATs for 

tanneries. 

 

 

 

 

 

2. Materials and methods. 

 

As a preparatory action, various techniques 

that are more respectful towards the 

environment and could have several 

applications in the tanning industries have 

been identified and studied in depth. Especially 

in regard to the tanning industry, we have 

conducted an exhaustive study of the European 

Commission’s document “Best Available 

Techniques reference document for the tanning 

of hides and skins” (Joint Research Centre 

2013). 

 

Other techniques, not included in the above 

mentioned document, have been studied and 

compiled; for example, the use of titanium or 

oxazolidine in the tanning process. 

 

As a result, one study about the Best Available 

Technologies (BATs) has been realized. More 

than 70 techniques related to the tanning 

industry have been identified.  

 

For compiling data, first of all a database was 

created, enabling the management of 

information in fields and indexing by key 

words. In this way it has been possible to 

manage the translation of the content of the e-

platform into the four languages of the 

partnership (English, Spanish, Italian and 

Polish). It is worth mentioning that for 

indexing by keywords the General 

Multilingual Environmental Thesaurus has 

been used (European Environment Agency 

2004). 

 

 
 

Figure 1: ShoeBAT database.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  www.life-shoebat.eu 

 

Updated information about the degree of 

implementation of BATs in the tanning 

industry has also been collected. With this 

objective, surveys were distributed by the 

partners among European tanning industries. 

These surveys have been also useful for 

checking the environmental awareness of the 

companies. 

 

The core of the project consisted in the 

creation of an e-platform. This e-platform is 

actually capable of facilitating the knowledge 

and implementation of the best available 

technologies in the footwear and leather 

tanning industries. 

 

Using the web application front-end, it is 

possible to access the information through a 
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logic search engine, retrieving by key words or 

terms included in relevant fields of each BAT. 

It is important to note that the companies can 

make personalised queries about which of the 

various BATs would work best for a possible 

application in their industrial processes. It is 

also possible to retrieve the information in a 

printable format. 

 

Apart from the search engine, the graphic 

image or recreational area of the platform has 

been developed. Different stages of the 

production processes of leather have been 

designed for this purpose. The user is able to 

obtain basic information of the BATs from the 

graphic image moving the cursor over the 

images. Once the user views the pop-up texts, 

it is possible to get more detailed information 

by clicking “Read More”. 



Vol:66 N4 2015   

64 

 

 

 
 

Figure 5: Image of the e-platform and pop-up 

text 

. 

A system for compiling contact data of 

suppliers has also been implemented in the 

platform. It contents data of equipment and 

chemical compounds suppliers for footwear 

companies and tanneries. A help desk is also 

available. 

 

3. Results and discussion. 

 

As a result of the analysis of the BATs 

included in the platform, below there is a 

summary of the Best Available Techniques for 

the tanning sector. Most of them are classified 

into the main production stage where they may 

be mainly applied. 

 

 

3.1. Storage 

 
One of the BATs at this stage is that the time 

of storage of the raw hides be as reduced as 

possible, using freshly flayed hides or skins. 

This way it will not be necessary to use salt 

preservation, pesticides or long cooling 

storage, with the consequent savings in energy, 

and water consumption in the beamhouse. 

Furthermore, the company will have the great 

advantage of avoiding the legal and sanitary 

consequences that the tannery may suffer from 

their final products being contaminated with 

forbidden pesticides or biocides. This means 

that proximity to the slaughterhouse is a 

guarantee for sustainability. 

 

The removal of salt by mechanical shaking is 

also a relevant BAT to reduce the salinity of 

the wastewater of the whole process. 

3.2. Beamhouse 

 

The fact that the skins arrive to the tannery, not 

only in a short period of time after the animal 

is slaughtered but also as clean as possible, is 

highly relevant. As less manure is attached to 

the hides and skins less environmental impact 

will be reflected, as for example less solid 

waste, less wastewater and BOD (Biological 

Oxygen Demand) in wastewater to be treated 

in the water treatment plant. 

 

With the implementation of green fleshing, 

which is a method of scrapping the flesh side 

before any processing or immediately after 

soaking instead of after liming, the company 

will use less chemical products. The surface of 

the hides and skins to be treated will be 

reduced and the fleshings will be free of 

chemical products. This way they can be used 

to get other by-products, for example tallow. 

 

In order to reduce the concentration of hair 

waste in tannery effluents due to the 

degradation activity of sulphides in the 

unhairing process, sodium hydroxide can be 

used. It makes sulphide links found in hair and 

in the upper layer of the skin turn far more 

resistant, but this effect of increased resistance 

does not affect hair roots; therefore, the 

subsequent unhairing treatment using 

sulphides will act much more efficiently at hair 
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roots, thus removing them from the skin, but 

preserving the structure of hair.  

 

In order to reduce sulphide discharge into 

wastewater and due to the possible emission of 

hydrogen sulphide at the workplace, it is 

advisable to reduce the use of inorganic 

sulphides in the unhairing stage, for example 

using unhairing enzymes. 

 

The effluents from the unhairing and liming 

processes may contain high concentrations of 

sulphur compounds. When the pH of these 

effluents falls below 9.5, hydrogen sulphide 

gas appears. A measure for avoiding this risk is 

oxidizing the effluents by biological means or 

by adding chemicals (SO4Mn2) before being 

mixed with other acid effluent or being 

discharged to the general mixing tank. 

 

With respect to the mechanical operations in 

the stage, lime splitting is a relevant technique. 

The splitting of limed hides may be considered 

more environmentally friendly than splitting 

after tanning (blue splitting), since it saves 

chromium and yields a by-product that can be 

used for food casings or for the production of 

gelatine. 

 

The use of ammonium compounds in deliming 

can be replaced partially or completely with 

the injection of carbon dioxide gas, thus 

reducing the nitrogen discharges into the 

atmosphere and wastewater. Besides, 

ammonium salts used in deliming may be 

partially or completely replaced with weak 

organic acids. The advantage of substituting 

ammonium salts is that ammonia levels in the 

wastewater are reduced. 

 

3.3. Tanning 

 

Waste chrome is contained in liquid waste, 

sludge and tanned solid waste. In general, 

chrome uptake under typical technological 

conditions is around 60 - 80% of the offer; 

therefore, chrome is a component that has to be 

strictly monitored because chrome discharge 

from tanneries is subject to strict regulations 

throughout the world. In practice, three 

principal measures to maximize chrome 

utilization in tanning processes should be 

implemented in tanneries:  

 

Measures to be taken in previous process steps:  

- Thorough liming produces more 

groups where the chromium complex 

can be bound.  

- Splitting after liming facilitates 

chromium penetration and reduces 

chemical input.  

 

Measures for ensuring high efficiency in the 

process:  

- The chromium input should be 

optimized during conventional chrome 

tanning to reduce the possible waste 

(lowest possible quantity of chromium 

should be used).  

- Use of short floats for reducing the 

chromium input, combining a low 

chromium input with a high chromium 

concentration.  

 

Processing parameters (pH and temperature):  

- Tanning cannot start at a temperature 

higher than 30 °C.  

- Increasing float temperature 

progressively.  

- Enough time must be allowed for 

penetration and reaction of chromium.  

 

Salt-free systems, based on non-swelling 

polymeric sulphonic acids are available. This 

BAT reduces the discharge of chloride and 

sulphate salt and enhances the exhaustion in 

the tanning step. 

 

Exhausted tanning floats may be reused at 

either the pickling or tanning steps. There are 

two options for the recycling of exhausted 

tanning liquors: Recycling the tanning liquors 

to the pickling process and recycling the 

tanning liquors to the tanning process.  

 

Chromium recovery from tanning baths 

through precipitation and separation is also a 

BAT. Chromium precipitated by sulphuric acid 

is used for getting a new solution that can be 

used as a partial substitute for fresh chromium 

salts. This technique is used for the treatment 

of effluents from the chromium-tanning 

process including washing floats and liquid 

from sammying. 

 

The development of wet white pretanning 

systems using aldehydes was undertaken for 

the reduction of chromium in effluents and 

solid waste. These systems have become more 

and more used for the production of 

chromium-free leather for specific 
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applications. In particular, installations 

producing leather for the automotive industry. 

 

Use of pretanning agents to aid tannin 

penetration and of short floats in drum 

tanning is also a good technique. These 

systems have a pretanning step in common 

with, for example, polyphosphates and/or 

syntans (synthetic tannins). The addition of 

syntans will make the vegetable tannins 

penetrate the hides quicker and hence reduce 

the tanning time. 

 

3.4 Post tanning 

 

In the same way as in the tanning process, 

some measures for optimizing parameters in 

retanning are to control the levels of chemical 

input, the reaction time, pH and 

temperature. These processing parameters 

should be controlled for minimizing chemical 

wastage and environmental pollution and 

maximizing the uptake of retanning chemicals. 

 

The exhaustion of the dyestuffs is quite 

desirable. A very important factor for 

obtaining a high degree of fixation of dyes is to 

end the operation at a relatively low pH value.  

 

Several process changes can be implemented 

to reduce metal discharges for example, using 

high-exhaustion tanning, or ageing of 

chrome-tanned leather. This way it will be 

possible to reduce leaching of the chromium 

during post-tanning. The slight increase in the 

metal content caused by this stage can be 

avoided if acid dyes without metals are used. 

 

Optimized fatliquoring in order to ensure the 

maximum uptake of fatliquors can be relevant 

for reducing wastewater contamination, 

especially in the production of soft leathers, 

which require large amounts of fatliquor. 

Improvements can be achieved by higher 

exhaustion. The addition of amphoteric 

polymers improves the exhaustion of 

fatliquors. 

 

The improvement of drying techniques to 

reduce energy use may be also implemented in 

the process. Some techniques can be: low 

temperature, drying machines with reduced 

energy consumption, careful control of 

temperature, humidity and time, elimination of 

the greatest amount possible of water in 

sammying, keeping the amount of exhaust air 

as low as possible. 

 

The amino resins used in the post tanning stage 

to give the leather fullness and as penetrators 

of dyes may be substituted by vegetable or 

proteinic agents. So the presence of nitrogen 

in wastewater and formaldehyde in leather will 

be avoided. Besides, if the presence of 

ammonia is reduced traces of hexavalent 

chromium will disappear. 

 

3.5. Finishing 

 

Reduced amounts of waste and solvent 

emissions into the air are the main 

environmental benefits of implementing 

curtain and roller coating.  The avoidance of 

the mist and solid particulate emissions 

associated with spraying is also beneficial in 

both techniques and, in the case of roller 

coating, wastage rates of 3-5% are reported as 

opposed to 40% for conventional spraying.  

 

3.6 Wastewater treatment 

 

The mechanical and physicochemical 

treatments have the main goal of getting a 

sludge that contains the pollutants from the 

effluents. The environmental benefits brought 

about by these techniques are relevant. Some 

of them are detailed below: 

- Up to 30-40% of gross suspended 

solids in the raw waste stream can be 

removed by properly designed screens.  

- Only with the mechanical treatment 

and by means of a preliminary settling 

operation, it is possible to remove up 

to 30% COD, thus saving flocculating 

chemicals in the next stage and 

reducing the overall quantity of the 

sludge generated.  

- With the subsequent physico-chemical 

treatment, it is possible to achieve a 

reduction by up to 55-75% in the 

COD.  

- A significant reduction in the 

concentration of substances in the 

wastewater, particularly chromium (up 

to 95%) and sulphides (up to 95%) can 

also be achieved.  

- Preparation of wastewater for 

biological treatment.  

 

Effluent from tanneries after mechanical and 

physico-chemical treatment may go through an 

additional biological treatment. Most 

biological treatment plants use the activated 

sludge (bio-aeration) method. This uses the 
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metabolic activity of microorganisms in 

suspension. They convert the dissolved, 

biologically convertible contents into carbon 

dioxide and activated sludge.  

 

The ammonium compounds in the wastewater 

are originated mainly from the use of 

chemicals containing ammonium compounds 

in deliming and dyeing and from proteins 

released in the beamhouse. These compounds 

can be removed by biological nitrogen 

elimination which is a process performed in 

two main steps: nitrification and 

denitrification. 

 

In order to remove suspended solids after 

wastewater treatment, sedimentation tanks or 

flotation are used. The separation of the 

activated sludge from the purified overflow is 

normally carried out by continuous 

sedimentation in a post-purification tank. With 

sedimentation, the sludge is separated from the 

liquid phase by gravity settlement. Sludge can 

also be dewatered by means of filter presses, 

belt presses, centrifuges and thermal 

treatment.  

 

 

3.7 Air emissions 

 

Because of the limited applicability and effects 

of air abatement techniques, the best option to 

control VOC emissions is the use of water-

based chemicals for coating. Without the 

implementation of solvent-free finishing, a 

large tannery could be evaporating 250 kg 

solvent per hour, half from the spraying 

machines and half from the driers. Final 

lacquers may contain 90 to 150 g solvent per 

m2 leather. Proposed legislation to control the 

emission of volatile organic compounds has 

stimulated the development of water-based 

alternatives to solvent-based finishes, mainly 

top coat lacquers.  

 

Airborne particulate matter can arise in the 

handling of powdery process chemicals. For 

the most effective control of dust and to 

prevent fugitive emissions, the following 

considerations should be taken into account: 

dust should be controlled at source, for 

example using soluble packaging, operations 

and machines producing dust should be 

grouped in the same area to facilitate dust 

collection, and fans need to be purpose-

designed for low power consumption and noise 

levels.  

3.8 Waste minimization  

 

Some measures to minimize the production of 

wastes in the effluent treatment plant are 

detailed below:  

- Reduction of the input of process 

agents in order to decrease the 

effluent.  

- Concentration and generation of 

sludge.  

- Optimization of the type and the 

amount of precipitation agents applied.  

- Separation of specific fractions of 

residues and different wastewater 

streams for efficient treatment and 

production of lower amounts of 

sludge.  

 

The reduction of waste production in the 

facilities is also essential for an optimized 

waste treatment system. Organic materials are 

separated from the main product stream at 

various process stages. Hair residues can be 

compacted to reduce volume before further 

treatment or disposal, and can be used, for 

example, as a fertilizer. Also sheep wool can 

be used by the textile industry, e.g. in carpet 

manufacture. Wool can also be composted 

together with other wastes.  

 

3.9 Substitution of substances 

 

Possibilities exist for replacing halogenated 

organic compounds in degreasing either by 

using non-halogenated solvents or by 

changing over to an aqueous degreasing 

system. Linear alkyl polyglycol ethers, 

carboxylates, alkyl ether sulphates and alkyl 

sulphate can be used instead of halogenated 

solvents. Prevention measures such as closed 

systems, solvent recycling, emission abatement 

techniques and soil protection can also reduce 

the emissions. 

 

It is possible to use fatliquors which do not 

contain halogenated compounds and do not 

require stabilization by organic solvents and 

perform with improved exhaustion. For 

example, methacrylates, silicone oils or 

modified silicone oils. The use of preparations 

containing more than 1% of chlorinated 

alkanes of chain length C10 to C13 is banned 

in the EU for the fatliquoring of leather 

(European Commission REACH 2006). 

 

It is possible to use water-repellent agents, oil-

repellent agents, and soil-repellent agents, 
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which do not contain halogenated organic 

compounds. For some types of leather 

products, both anti-soiling and water repellent 

properties are required at the same time, then a 

complete substitution is not possible. For 

leather requiring only a water-repellent finish, 

halogen-free water-repellent agents with a 

different chemical basis are used depending on 

the specified finish requirements.  

 

Alternatives to halogenated flame-retardants 

exist for the leather industry. Flame resistance 

is possible by applying appropriate syntans 

and the addition of melamine resins in the 

retanning process. Also inorganic phosphorus 

compounds (such as ammonium 

polyphosphate) and silicon polymer products 

could be considered as an alternative to 

achieve fire resistance. 

 

The use of nonylphenol (NPE) in leather 

processing is now restricted under the REACH 

Regulation. The main alternatives in the 

degreasing of sheepskins are linear alcohol 

ethoxylates with different chain lengths and 

ethoxylation degrees. These compounds show 

much lower toxicity than NPE and can be 

degraded to non-toxic.  

 

3.10 Other processes. 

 

Good practice to control the emissions of 

noise and vibration may use several 

techniques as the ones listed below:  

- Preventative maintenance and 

replacement of old equipment can 

considerably reduce the noise levels 

generated  

- Change of operating speeds so as to 

avoid creating resonances.  

- Keeping as much distance as possible 

between the noise source and those 

likely to be affected by it.  

- Use of resilient machine mountings 

and drives to prevent the transmission 

of vibration.  

- Using a building designed to contain 

the noise or a noise barrier.  

- Silencing of exhaust outlets.  

 

It is good practice for rainwater falling on the 

roofs of the buildings and on the paved yard 

areas, which cannot be contaminated, to be 

collected separately from the process effluent 

so as to reduce the volume of water requiring 

treatment. With respect to these yard areas, 

they can be protected from contamination by 

permanent physical barriers. 

 

4  Conclusion. 

 

Environmental protection is a key factor for 

the future of the footwear and leather sectors. 

European environmental regulations are 

becoming stricter and companies must limit 

their emissions and discharges to even lower 

limits than those established in other 

production areas outside Europe, therefore 

they need to adapt their production facilities 

through the implementation of technologically 

advanced processes that bring about 

sustainable solutions. In this sense, the Life 

ShoeBAT project will help footwear and 

tanning companies get to know and 

implement the techniques able to improve 

their environmental situation, in terms of 

waste minimisation, reduction of water and 

energy consumption, among others. These 

savings in energy, water or waste are very 

likely to have a positive impact on the 

companies' economy in the medium or long 

term by reducing their costs. 
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Abstract 

 

A comparative study of three retanning agents 

was conducted by using the optimized process 

studied in the first part of this work, where the 

best results were obtained with the amphoteric 

retanning agent AFF applied during the 

dyeing-fatliquoring stages. 

The selected retanning agents were: 

 

Amphoteric retanning agent based on protein 

PROT 

Anionic retanning agent based on pure 

dihydroxydiphenyl sulfone SULF 

Amphoteric retanning agent based on pure 

dihydroxydiphenyl sulfone AFF  

 

This work design will be used to assess the 

influence of each of the two characteristics 

(sulfone base and amphoteric nature) on the 

properties of the leather. 

Physical-chemical and organoleptic parameters 

were assessed which allowed deducing that the 

amphoteric retanning agent AFF provides the 

leather with specific properties different from 

those of the other two agents. 

Data analysis was performed with the program 

Statgraphics Plus (5) to find the optimal areas. 

The methodology used originates from a 

Simplex-Centroid (6) design as an 

experimental plan, adjusted to a linear model. 

 

Keywords:  Retanning, Amphoteric, Physical 

Resistance, Color 
 

 1. Introduction 

 
There is an incessant demand for improving 

the properties of leather in general, particularly 

of those relating to grain fullness and firmness 
(1.2)

 With this purpose in mind, new retanning 

agents have been and are being developed 

which, in addition to the above characteristics, 

offer the right feel to each article as well as 

deep colors.   

Retanning agents must penetrate the hide and 

be selectively deposited in the empty areas. 

The most critical parameters when designing 

these products are: composition, molecular 

weight (with polymers), and leather affinity. 

It is well known that water soluble polymers 

based on dihydroxydiphenyl sulfones are 

highly indicated to achieve these properties, 

and their use is being increased to this end. 

In polymers, excessively high molecular 

weights will hinder penetration, increase 

hardness, and lead to grain problems. In turn, 

excessively low molecular weights will lead to 

insufficient fullness selectivity.
(3)

 

A polymer with excessive affinity would result 

in rough grain. Excessively low affinity would 

make obtaining a selective filling much more 

difficult. Well-balanced amphoteric products 

are highly indicated to obtain good affinity, 

deep and leveled dyeing, and a smooth grain. 

The following two-part project was conducted: 

Study of a new amphoteric retanning agent, 

AFF, based on a dihydroxydiphenyl sulfone 

structure, as compared to a reference without 

retanning. Assessment of the properties it 

provides to the leather when applied at four 

different stages of the process: rechroming 

(before and after chrome), dyeing, and 

fatliquoring. 

In Part 1 of the study,
(4)

 the application of 

retanning agent AFF at the dyeing stage was 

shown to provide the skin with the best 

physical-chemical and organoleptic properties. 

Part 2 of the study includes a comparative 

study of all three retanning agents by using the 

process optimized in Part 1. 

With this design we shall attempt to assess the 

influence of each characteristic (sulfone base 

and amphoteric nature) on the properties of the 

skin. 

 

2. Materials and method   

mailto:oballus@cromogenia.com
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2.1. Substrate 

Wet-blue, 1,1 mm-thick Spanish cattle hides 

were used. 

2.2. Products 

a) Amphoteric retanning agent based on 

protein PROT 

b) Anionic retanning agent based on pure 

dihydroxydiphenyl sulfone SULF 

c) Amphoteric retanning agent based on pure 

dihydroxydiphenyl sulfone AFF 

2.3. Method 

The skins were split along the backbone. The 

left halves were taken as references —no 

retanning agent— while the right halves 

underwent the same process but with the 

inclusion of the retanning products and 

mixtures thereof at the quantities defined in 

Table 1, and underwent the standard process 

described in Fig. 1. Each variable was made in 

duplicate. 

All processes were performed in pilot plant 

drums with automatically controlled speed and 

temperature. 

 

The effect of each retanning agent and 

mixtures thereof was assessed by comparing 

the left half with its corresponding right half, 

and calculated with Equation 1 below: 

 

% of property variation = Right half value – 

left half value x 100 (1)  

     Left 

half value 

 

A Simplex-Centroid design
(6)

 adjusted to a 

linear model was used as experimental plan. 

The retanning formulation for all seven 

experiments conducted, the tested retanning 

agents and combinations thereof, and the 

sampling diagram for property determination 

are shown in Fig. 1, Table 1 and Fig. 2, 

respectively. 

The Statgraphic Plus program
(4.5)

 was used for 

statistical analysis of results with the purpose 

of finding the optimal areas of each property. 

The objective is to obtain a representation 

likely to relate the results of the seven 

variables shown in Table 1 and likely to 

predict the results that would be obtained by a 

ternary formulation of the retanning agents 

(PROT, SULF and AFF) at a maximum 

concentration of 10% of active matter on wet-

blue weight. 

A graph depicting the ternary sample is used. 

One retanning agent at a concentration of 10% 

is represented at each vertex of the triangle. 

This means that there is no mixing at these 

points —which indicate the value of the 

property as compared to the retanning-free 

reference. 

The three sides of the triangle are the areas 

where two retanning agents coexist, while all 

three retanning agents coexist inside the 

triangle. The center of the triangle corresponds 

to test 5, and has 3.33% of each retanning 

agent. 

The assessed properties were: 

-DEGREE OF SOFTNESS = SOF (IUP-36) 

-THICKNESS= THI (IUP-4) 

-TEAR LOAD= (Mean of the parallel and 

perpendicular values) = TLO (IUP-8) 

-TENSILE STRENGTH= (Mean of the 

parallel and perpendicular values) = TST (IUP-

36) 

-COLOR DEPTH = CDE (Colorimeter) 

-COLOR LEVELING = CLE (Colorimeter) 

-GRAIN FINENESS = GFI (Organoleptic and 

microscope) 

-GRAIN BURST = GBU (IUP-9) 
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DOSE ON SHAVED W.B. WEIGHT  

SOAKING 

200% Water at 35ºC 

0.2% Nonionic surfactant 

0.2% Oxalic acid 

Run 2 hours. Night in bath, running 2 min every hour. Following day pH = 3.8. Drain bath 

and wash 10 min 

RECHROMING 

100% Water at 35ºC 

5% Chrome salt 33º Sch     Run 15 min 

2% Sodium formate      Run 60 min…………pH=4.2 

NEUTRALIZATION 

100% Water at 30ºC 

2.0% Sodium formate      Run 15 min 

1.0% Sodium bicarbonate     Run 60 min………….pH=5.5  

        Drain bath and wash 10 min 

DYEING-FATLIQUORING 

50% Water at 35ºC 

LEFT HALVES – REFERENCE 

RIGHT HALVES   - RETANNING AGENT                               Run 60 min 

2% Dye dispersant 

2.0% Dyestuff        Run 45 min 

100% Water at 65ºC 

5.0% Sulfated neatsfoot oil 

5.0% Sulpho chlorinated paraffin    Run 60 min 

2.0% Formic acid      Run 60 min. pH =3.7 

Drain bath and wash 10 min  

MECHANICAL OPERATIONS 

Lay down on beam for 12 hours. Dry toggling with air at 50ºC. Condition at 22ºC and 62% R.H.  

for 2 hours (12% R.H. measured on skin). Stake.  

 

 

 

Fig. 1. Application process 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Simplex Centroid Design. Variables applied. 

 

 

 

 

 

 

Test 

 

PROT 

(%) 

SULF 

(%) 

AFF 

(%) 

1 0 5 5 

2 5 5 0 

3 0 0 10 

4 10 0 0 

5 3.3 3.3 3.3 

6 0 10 0 

7 5 0 5 
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Non-destructive tests 

 

 

 

 

 

 

 

 

 

 

 

Softness, Thickness, and Color (depth and leveling) 

 

            Destructive tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Fig. 3. Property assessment diagram 

 

3. Results and discussion 

 

Test 

 

PRO

T 

(%) 

SUL

F 

(%) 

AF

F 

(%) 

SOF 

% 

THI 

% 

TLO 

% 

TST 

% 

CDE 

% 

CLE 

% 

GBU 

% 

GFI 

%∆ 

1 0 5 5 4 15 -7 -11 -11 45 0 30 

2 5 5 0 2 9 4 -10 -7 33 0 15 

3 0 0 10 4 16 -10 -8 -8 46 2 40 

4 10 0 0 -8 2 13 -7 -1 30 1 9 

5 3.3 3.3 3.3 0 12 0 -10 -9 36 0 28 

6 0 10 0 4 14 -1 -12 -15 40 -2 22 

7 5 0 5 2 8 1 -9 -7 36 2 29 

   Table 2. Assessment results  

 

3.1. Degree of softness 

The degree of softness was measured with the 

Softness Tester as per Standard IUP-36. 

Eleven values were determined in each skin 

area, totaling 33 measurements. 

 

A linear equation was adjusted to predict the % 

of variation in the degree of softness (SOF) of 

the values of the right halves corresponding to 

retanning agents PROT, SULF and AFF vs. the 

left halves (reference without retanning agent), 

and R
2
 = 81.31% was obtained.

Backbon

e 

ESPINAZO CENTRO 

 

Grain burst 

Tensile strength 

Tear load 

 

Center 

Belly 
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VARIATION IN DEGREE OF SOFTNESS 

PROT=10,0

SULF=10,0 AFF=10,0PROT=0,0

SULF=0,0AFF=0,0

SOF

-6,0--4,0

-4,0--2,0

-2,0-0,0

0,0-2,0

2,0-4,0

 
 

        

        Fig. 4. Variation in the degree of softness              Fig. 5. Optimization of the degree of softness 

 

The results of the variation in the degree of 

softness are shown in Fig. 4. PROT (nº 4) 

decreases softness by 8%, while SULF (nº 6) 

and AFF (nº 3) increase it by 4%. 

The optimal areas for the degree of softness 

are shown in Fig. 5. The 10% PROT vertex

 

 depicts negative values that increase as the 

SULF and AFF ratios are increased. 

    

3.2. Thickness 

Thickness was measured as per Standard IUP-

4. Eleven values of each skin area were 

determined, totaling 33 measurements, with 

R
2
= 97.84%. 
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        Fig. 6. Variation in thickness                               Fig. 7. Optimization of thickness 

 

Thickness variation in absolute values is 

shown in Fig. 6. Variable 3 (AFF) increases 

thickness by 16%. Variable 6 (SULF) 

increases thickness by 14%, while variable 4 

(PROT) does so negligibly (2%). 

Optimal areas for thickness are shown in Fig. 

7. More fullness is found in the vertex with 

10% AFF. Thickness values range from 8 to

 12% in the low areas of the triangle (AFF and 

SULF mixtures). These values decrease 

significantly as PROT is approached.  

The significantly increased thickness obtained 

with AFF and SULF is to be emphasized. 

 

3.3. Tear load. 

Assessments were performed as per IUP-8. In 

this case, R
2
= 98.93%. 

 

 

VARIATION IN THICKNESS

THI

0,0-2,0

2,0-4,0

4,0-6,0

6,0-8,0

8,0-10,0

10,0-12,0

12,0-14,0

PROT=10,0

SULF=10,0 AFF=10,0PROT=0,0

SULF=0,0AFF=0,0



Vol:66 N4 2015   

74 

 

 

         

-7

4

-10

13

0

-1

1

-15

-10

-5

0

5

10

15

1 2 3 4 5 6 7

%
 ▲

TL
O

Variable nº

             

VARIATION IN TEAR LOAD

TLO

-9,0--5,5

-5,5--2,0

-2,0-1,5

1,5-5,0

5,0-8,5

PROT=10,0

SULF=10,0 AFF=10,0PROT=0,0

SULF=0,0AFF=0,0

 
 

        Fig. 8. Variation in tear load                               Fig. 9. Optimization of tear load 

                                                                 

As shown in Fig. 8, tear load is improved by 

variable 4 PROT (13%), decreased by variable 

3 AFF (10%), and left practically unchanged 

by variable 6 SULF. 

As shown in Fig. 9, the highest values are

 found in the PROT vertex, and these values 

are decreased as areas with AFF predominance 

are reached. 

Significant mean values are shown.  

  

3.4. Tensile strength  

As per IUP-36. In this case, R
2
=88.06%. 
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VARIATION IN TENSILE STRENGTH

TST

-13,0--12,1

-12,1--11,2

-11,2--10,3

-10,3--9,4

-9,4--8,5

-8,5--7,6

PROT=10,0

SULF=10,0 AFF=10,0PROT=0,0

SULF=0,0AFF=0,0

 
 

                                                                                         

       Fig. 10. Variation in tensile strength  Fig. 11. Optimization of tensile strength 

  

As shown in Fig. 10, tensile strength is 

decreased by 7%, 8% and 12% by variables 4 

PROT, 3 AFF and 6 SULF, respectively.  

As shown in Fig. 11, the highest values are 

found at the PROT vertex. These values 

decrease as the areas with SULF and AFF

 predominance are reached. 

Significant mean values are shown. 

 

3.5. Color depth 

As with degree of softness and thickness, color 

depth L* was measured at 33 points. In this 

case, R
2
 = 94.06%. 
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VARIATION IN COLOR DEPTH

L_CDE

-15,0--12,8

-12,8--10,6

-10,6--8,4

-8,4--6,2

-6,2--4,0

PROT=10,0

SULF=10,0 AFF=10,0PROT=0,0

SULF=0,0AFF=0,0

 
         

 

      Fig. 12. Variation in color depth                             Fig. 13. Optimization of color depth 

 

  Fig. 12 shows variation in absolute 
values. Color depth is decreased by 15%, 
8% and 1% by variables 6 SULF, 3 AFF 
and 4 PROT, respectively. 
As shown in Fig. 13, a smaller decrease of 

color depth is shown in the PROT vertex. This 

is increased as the AFF vertex is approached, 

even more so when the SULF area is 

approached.

Significant mean values are shown. 

 

3.6. Color leveling 

This was assessed by measuring total color 

(E*) at the physical test area and by assessing 

the difference (∆ E*) with the 10-point values 

at different areas of the leather. 

The values shown in Table 2 correspond to the 

mean of the measurements of these 10 values 

of ∆ E*. In this case, R
2
 = 93.10%. 

 

 

           

               

VARIATION IN COLOR LEVELING

CLE

28,0-31,0

31,0-34,0

34,0-37,0

37,0-40,0

40,0-43,0

43,0-46,0

PROT=10,0

SULF=10,0 AFF=10,0PROT=0,0

SULF=0,0AFF=0,0

 
 

       

   Fig. 14. Variation in color leveling                               Fig. 15. Optimization of color leveling 

 

As shown in Fig. 14, leveling is improved by 

46%, 40% and 30% by variables 3 AFF, 6 

SULF and 4 PROT, respectively. 

As shown in Fig. 15, maximum color leveling 

is found in the AFF vertex. Leveling is slightly 

decreased as the SULF vertex is approached, 

and becomes less visible as the PROT vertex is 

approached.

 

The greatly improved color leveling obtained 

with all three retanning agents, particularly 

AFF, is to be emphasized. 

 

3.7. Grain burst 

As per IUP-9. In this case, R
2
=95.61%. 
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      Fig. 16. Variation in grain burst                            Fig. 17. Optimization of grain burst 

 

As shown in Fig. 16, grain burst is slightly 

increased by variables 3 AFF and 4 PROT, and 

slightly decreased by variable 6 SULF. As 

shown in Fig. 17, higher values are obtained at 

the AFF vertex and lower values are obtained 

at the SULF area.  

Importantly, very small, little significant 

variations were obtained with all three 

retanning agents.

3.8. Grain fineness 

A scale to assess grain fineness was defined 

with a 5-point scale (from low to high) 

addressing grain uniformity, size, and 

embossing. 

Reference skin without retanning agent (Value 

2; left) and skin treated with AFF (Value 5; 

right) are shown in Photo 1 and 2 below.

  

 

 

                       
               Photo 1. Digital microscope 60x                                      Photo 2. Microscope 10x 
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VARIATION IN GRAIN FINENESS
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           Fig. 18. Variation in grain fineness                  Fig. 19. Optimization of grain fineness 
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As shown in Fig. 18, fineness is improved by 

40%, 22% and 9% with variables 3 AFF, 6 

SULF and 4 PROT, respectively. 

As shown in Fig. 19, maximum grain fineness 

is found at the AFF vertex, and is slightly 

decreased as the SULF vertex is approached. 

The worst result is obtained at the PROT 

vertex. 

The excellent improvement of color leveling 

obtained with all three retanning agents, 

particularly with AFF, is to be emphasized. 

 

4. Conclusions  

 

Amphoteric retanning agent AFF imparts very 

good fullness without hardening the leather. 

 

When a dihydroxydiphenyl sulfone SULF base 

is added with reagent groups that give it an 

amphoteric nature AFF, color depth is 

increased and color leveling is improved. 

 

When a dihydroxydiphenyl sulfone SULF base 

is added with reagent groups that give it an 

amphoteric nature AFF, grain fineness is 

dramatically increased. 

 

The best results in physical resistance are 

obtained with amphoteric protein PROT. 
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Abstract 

 

The aim of this work was optimize the process 

of cowhide degreasing by selecting the right 

surfactant to be used alone or with the aid of 

lipase enzymes. 

 

We started studying the fatty acids 

composition of the following prepared 

substrates: tallow (T); tallow treated with 

enzyme (TE); intradermal fat (IF); intradermal 

fat treated with enzymes (IFE), intradermal 

limed fat (ILF); and intradermal limed fat 

treated with enzymes (ILFE). 

 

The total fatty acids composition from each 

substrate, after hydrolysis and subsequent 

derivatization to methyl esters was measured 

by gas chromatography-flame ionization 

detection (CG-FID, Shimadzu GC 14B). A 

standard mixture of fatty acids was used as 

reference material in the analysis (Supelco 37 

FAME MIX). The actual triglyceride 

composition in each extract was also measured 

by GC using a specific column (DB-17HT, J & 

W Scientific). 

 

After analysis, T and IF preparations showed a 

very similar qualitative composition in 

triglycerides (98%), and in fatty acids profile. 

As expected, for TE, IFE, ILF and ILFE, the 

proportion of free fatty acids found was higher, 

due to the liming and enzyme treatment. 

 

In the second part, we studied the influence of 

the degree of ethoxylation (3, 5, 7 and 9 MOE) 

of a fatty alcohol in the stability of the 

resulting emulsions with each of the six 

substrates obtained, including a type of 

amphoteric surfactant. 

 

Keywords: Degreasing, fatty acids, surfactants 
 

 

 1. Introduction 

 
In cattle leather, fats are mainly distributed in 

two distinct parts (Sosa Valenzuela 2005; 

Grapone M. A. 1991) 

a) In the so-called tallow; which can be found 

attached on the outside at the flesh side.  

 

b) The constitutive fats of the skin, which are 

distributed in the sebaceous glands and in 

dermal tissue. 

 

Natural fats that cannot be removed 

sufficiently during the process prevent the 

chemicals to be used during leather production 

from penetrating hydrophilically into the 

leather and as a result, some defaults with 

adverse effects on the quality of finished 

leather occur. 

The tallow that remain in the leather during the 

processes of soaking, unhairing and liming, 

makes difficult the penetration of water and 

alkaline products, therefore its emulsification 

becomes essential to allow a deep and uniform 

soaking and an effective flesh removing. 

 

Constituent fats from the skin, those that are 

part of the sebaceous glands should be 

disposed of in the process of unhairing to 

facilitate the hair removal; and the components 

of the dermal tissue, prior to tanning to avoid 

the formation of chrome soaps. 

 

In the liming process (Thorstermen T. C.1997), 

free fatty acids are converted into insoluble 

calcium soaps; after that, in the deliming and 

bating process the calcium of the soaps is 

solubilized and extracted in the form of 

calcium and ammonium salts. In this part of 

the process are given the right conditions; pH 

= 8 and temperature of 35-37 ºC, for the 

elimination of the fatty components. 
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It has been found (Manzano G. 1991; Adzet J. 

M. 1991; Ramón M. G. 2005) that the use of 

lime alone, results in the neutralization of the 

fatty acids of the epidermis and the corium, but 

triglycerides are not hydrolyzed in lime wash, 

using sodium sulphide in the bath liming 

together with lime, increases the saponifying 

effect on triglycerides, the saponification is 

more intense the higher the concentration of 

sodium sulfide; adding suitable surfactants 

helps eliminate fat in liming. 
 

 

2- Objective of the study 

 
Study and compare the composition of the 

fatty components of the tallow and the 

intradermal fat, to define which surfactant is 

more suitable for disposal; and to assess the 

influence of the use of lipase enzymes in the 

effectiveness of degreasing. 

 

3- Materials and methods  

 
Sample preparation: 

First, as both raw materials (tallow and 

endodermal tissue) had a certain amount of 

water, for storage they were placed in a freezer 

until use. 

During the application process, fats are in 

different conditions, so extractions were 

carried out by preparing the samples as 

described below: 

Tallows: extraction will be performed as it 

comes, extracting the fat with the method 

detailed below. (tallow extract) 

Intradermal fat: the extraction of two different 

forms will be used: 

 

Intradermal fat as it is. (IF extract 1) 

Intradermal fat after subjecting it to a similar 

liming process to a pH: 11-12 (ILF extract 2) 

 

Fat Extraction: Bligh and Dyer Method (Bligh, 

E. G., et al 1959) an adaptation of Folch 

Method (Folch, J.et al.1957). The method is 

based on the homogenization of moist 

intradermal fat with methanol and chloroform 

in proportions, to form a single phase thereof 

miscible with water which, following the 

addition of chloroform and water, the two 

phases are separated, with lipid materials in the 

chloroform layer. 
Samples obtained: 

 Tallow (T)  

 Intradermal fat (IF)  

 Intradermal limed fat 

(ILF)  

 

Treatment of fats with Lipases 

A sample of 30 grams of fat, was heated to 

40°C (up to liquid state), added 10 ml of 

ethanol (saw an emulsion), then slowly added 

35 ml of “miliRo” water with stirring (always 

40 ° C) and the pH adjusted between 10 and 12 

(with NaOH). 

 

Once done, the lipase enzyme (diluted 1:10) 

1% was added (0.3 ml) and left to react for 2 

hours at 40°C with stirring.  When the time is 

finished, it was extracted with hexane in a 

separating funnel, and carried to the rotary 

evaporator to extract all the solvent. 

 

Samples obtained: 

 Tallows with enzyme (TE) 

 Intradermal fat with 

enzyme (IFE) 

 Intradermal Limed fat with 

enzyme (ILFE) 

 

Determination of fatty acids: 

The reference procedure was performed 

according to Association of Analytical 

Communities (AOAC) 969.33 (1990). 

Analysis: Equipment CG Shimadzu 14-B, FID 

detector Column: DB-Wax 30m x 0,32 mm ID 

x 25um film. Quantification against a standard 

solution of fatty acids 37 FAME MIX Supelco. 

 

4-Results and discussion 

 

4.1. Fatty acids melting points (MP °C) 
 

FATTY ACID MP (ºC) 

MYRISTIC 14:00 54,4 

PALMITIC 16:00 62,6 

STEARIC 18:00 69 

MYRISTOLEIC 14:01 -4 

PALMITOLEIC 16:01 1 

OLEIC 18:01 13 

LINOLEIC 18:02 5 

   Table N°1 

 

4.2. Fatty acids profile 
 

The following tables, shows  the total amount 

of fatty acids in each sample (in grams of fatty 

acid each 100 grams of sample), the fatty acids 

profile (in percentage), and the melting point 
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of each sample given by the contribution of 

each fatty acid melting point. 

In Table N°2, it can be seen that treating tallow 

with enzymes there is a slight increase in the 

proportion of fatty acids of high melting point 

(Myristic, Palmitic and Stearic acids) and a 

slight decrease of oleic acid with low melting 

point, raising the extract melting point 1.6 °C.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table N°2 

In tallow and tallow treated with enzymes, the 

highest proportion of fatty acids corresponds 

to: Myristic, Palmitic, Stearic and Oleic. 

In Table N° 3, it can be seen that treating the 

intradermal fat with enzymes also increases 

fatty acid ratio of high melting point, raising 

the melting point 1.2 °C, following the same 

trend as in the tallows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table N°3 

Table N°4 shows that in the treatment of 

intradermal fat with lime, Palmitic and Stearic 

acids (high melting point) decreases, and oleic 

acid increases (low melting); thereby 

decreasing the melting point of intradermal 

limed fat 1.8ºC. Enzyme treatment has no 

influence on the final melting point.

  
TALLOW TALLOW + ENZIME 

FATTY ACIDS 
TOTAL PROFILE MP (%) TOTAL PROFILE MP (%) 

(g/100 g) (%) ºC (g/100 g) (%) ºC 

Myristic 14:00 3,17 5,01 2,72 3,2 5,18 2,81 

Myristoleic 14:01 0,81 1,13 -- 0,82 1,04 -- 

Pentadecylic 15:00 0,43 0,63 -- 0,45 0,64 -- 

Pentadecanoic 15:01 0,11 0,18 -- 0,12 0,18 -- 

Palmitic 16:00 21,3 26,69 16,42 21,39 27,87 17,4 

Palmitoleic 16:01 2,65 3,34 -- 2,75 3,08 -- 

Margaric 17:00 1,46 1,18 -- 1,51 1,14 -- 

Heptadecanoic 17:01 0,78 0,79 -- 0,8 0,66 -- 

Stearic 18:00 16,97 17,07 11,83 17,13 17,91 12,45 

Oleic 18:01 31,05 42,79 5,46 32,05 41,17 5,34 

Linoleic 18:02 0,74 1,18 -- 0,75 1,12   

TOTAL 79,52 100 36,4 80,97 100 38 

  
INTRADERMAL FAT INTRADERMAL FAT + ENZIME 

FATTY ACIDS 
TOTAL PROFILE MP (%) TOTAL PROFILE MP (%) 

(g/100 g) (%) ºC (g/100 g) (%) ºC 

Myristic 14:00 2,44 3,96 2,15 2,77 4,21 2,29 

Myristoleic 14:01 0,78 1,23 -- 0,88 1,22 -- 

Pentadecylic 15:00 0,31 0,49 -- 0,36 0,51 -- 

Pentadecanoic 15:01 0,07 0,1 -- 0,08 0,12 -- 

Palmitic 16:00 20,71 26,6 16,65 23,72 28 17,57 

Palmitoleic 16:01 2,82 4,1 -- 3,25 4 -- 

Margaric 17:00 1,32 1,1 -- 1,55 1,2 -- 

Heptadecanoic 17:01 0,9 1 -- 1 1 -- 

Stearic 18:00 14,04 13,8 9,6 15,73 14,5 10,09 

Oleic 18:01 30,05 46,5 6,04 33,36 44,2 5,74 

Linoleic 18:02 0,46 0,85 -- 0,52 0,8 -- 

TOTAL 73,9 100 34,4 82,8 100 35,6 
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INTRADERMAL LIMED 

FAT 

INTRADERMAL LIMED FAT + 

ENZIME 

FATTY ACIDS 
TOTAL PROFILE 

MP 

(%) 
TOTAL PROFILE MP (%) 

(g/100 g) (%) ºC (g/100 g) (%) ºC 

Myristic 14:00 2,89 4,46 2,42 3,32 4,43 2,4 

Myristoleic 14:01 1,07 1,52 -- 1,22 1,47 -- 

Pentadecylic 15:00 0,4 0,58 -- 0,44 0,55 -- 

Pentadecanoic 15:01 0,11 0,16 
 

0,13 0,15 -- 

Palmitic 16:00 21,01 25,7 16,08 24,09 25,52 15,96 

Palmitoleic 16:01 4,18 5,27 -- 4,72 5,16 -- 

Margaric 17:00 1,3 1,03 -- 1,53 1,05 -- 

Heptadecanoic 17:01 1,15 1,17 -- 1,33 1,17 -- 

Stearic 18:00 12,05 11,2 7,86 14,32 11,6 8,07 

Oleic 18:01 35,6 47,9 6,24 41,23 48,07 6,24 

Linoleic 18:02 0,51 0,8 -- 0,61 0,82 -- 

TOTAL 80,31 100 32,6 92,95 100 32,7 

Table N° 4 

 

The total amount of fatty acids in intradermal 

fat goes from 73.9% to 82.8% with the enzyme 

treatment with an increase of 12% (Table N° 

3). When the enzyme treatment preceded 

liming the total amount of fatty acids increased 

to 92.95%, which means an overall increase of 

25.7% of total fatty acids (Table N° 4). 

 

These small variations in the composition of 

fatty acids and as a result of the melting points 

of different substrates are critical in the 

application processes; as soaking, unhairing 

and liming are carried out at temperatures 

between 20-22 °C and  bating at 38 °C. The 

efficiency of surfactant degreasing will be 

much greater as lower the melting point 

(intradermal limed fat treated with enzymes.) 

 

4.3. Composition of the extracts 

 

A Thin Layer Chromatography was performed 

to see the qualitative composition of each of 

the extracts. 

 

 
Figure N° 1 

 

 

TG = Triglycerides (standard reference) 

FFA = Free Fatty Acids (standard reference) 

T = Tallow 

TE = Tallow + Enzyme 

IF = Intradermal Fat 

IFE = Intradermal Fat + Enzyme 

ILF = Intradermal Limed Fat 

ILFE = Intradermal Limed Fat + Enzyme 

 

The composition of the extracts coincides with 

the glycerides, being the proportion of free 

fatty acids almost null; small differences 

between the extracts at the bottom of the 

glycerides are observed, which may be due to 

small variation of the fatty acids observed in 

Tables 2, 3 and 4. 

 

4.4. Surfactants 

 

The bibliography (Palop R. 2000) shows 

numerous studies on bovine leather 

degreasing; because their fat ranges from 12% 

in spanish lambs, up to 30% on lambs from 

Australia and New Zealand; furthermore, the 

application of degreasing process is performed 

on skin pickled and in this state is mandatory 

the use of nonionic surfactants. In the case of 

ovine leather the bibliography is not abundant 

and the difference with the sheep leather is due 

to the amount of natural fat and its distribution 

in the leather; on the other hand, and from 

applicative stand of view, in ovine leather 

degreasing process is performed at soaking, 

liming and bating, at alkaline or neutral pH, 

where amphoteric surfactants are stable. 
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We have selected a fatty alcohol with four 

degrees of ethoxylation and an amphoteric 

surfactant (Table N° 5). 

 

Sample 

Nº 
Type HLB 

1 Fatty alcohol 3 MOE 6,9 

2 Fatty alcohol 5 MOE 10,4 

3 Fatty alcohol 7 MOE 12,8 

4 Fatty alcohol 9 MOE 13,3 

5 Amphoteric surfactant  

Table N°5 

 

The methodology followed (Han Key R. A. et 

al. 2001) has been to assess the stability 

(values 1 to 5) over time (24 hours) of the 

emulsions resulting from adding 1g of 

substrate, 20 ml of a 5% surfactant solution at 

temperature of  22°C, without and with the 

 

 

Table N° 6 shows the stability of emulsions of 

the tallow with water and the different selected 

surfactants in various periods of time, from 

one minute up to twenty four hours, without 

and with enzymes. 

 

 

 

SAMPLE 
1 

min 

5 

min 

30 

min 

60 

min 

120 

min 

4 

hours 

24 

hours 

TALLOW+ H2O 1 1 1 1 1 1 1 

TALLOW+1 3 3 2 2 2 2 2 

TALLOW +2 5 4 4 3 3 3 2 

TALLOW +3 4 4 3 3 3 2 2 

TALLOW +4 4 4 3 3 3 2 2 

TALLOW +5 5 5 5 4 4 4 4 

TALLOW+ H2O + ENZ 2 2 2 1 1 1 1 

TALLOW+ 1+ ENZ 3 3 3 3 3 3 3 

TALLOW + 2+ ENZ 5 5 4 4 4 3 3 

TALLOW+ 3+ ENZ 4 4 3 3 2 2 2 

TALLOW+ 4+ ENZ 3 3 3 3 2 2 2 

TALLOW+ 5+ ENZ 5 5 5 5 5 5 5 

Table Nº 6 

 

In tallow without the enzymes, mmaximum 

stability is obtained with 5 MOE fatty alcohol 

and the amphoteric surfactant. (Samples 2 and 

5).The enzyme treatment increases the stability 

of surfactants so that the fatty alcohol with 3 

MOE also presents a maximum stability. 

Tallow and tallow with enzymes have similar 

behavior from surfactants: The Stability 

decreases slightly over time and considering

 the fatty alcohol, maximum stability is 

obtained with 5 moles of ethylene oxide 

(sample 2). With the amphoteric surfactant, 

maximum stability is achieved. 

Table N° 7 shows the stability of emulsions of 

the intradermal fat with water and the different 

selected surfactants in various periods of time, 

from one minute up to twenty four hours, 

without an with the addition of enzyme. 
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 Table N° 8 

 

The behavior of intradermal limed fat with 

surfactants and variables is similar to tallow; 

that is, greater stability is confirmed with fatty 

alcohol with 5 moles of ethylene oxide, and 

maximum stability is obtained with the 

amphoteric surfactant. 

 

5. Conclusions 

 

After extractions and analysis, it can be seen 

that the majority composition of bovine 

intradermal fat and tallow corresponds to 

glycerides.

Moreover treating tallow extract and 

intradermal fat extract with enzymes, lime and 

mixtures thereof varies the fatty acid 

composition and this results in a variation of 

the melting point, increasing with the increase 

of low molecular weight fatty acids content. 

As for treatment with surfactants, it is stated 

that the fatty alcohol ethoxylated with 5 moles 

of ethylene oxide has a higher stability than 

those with 3, 7 and 9 moles of ethylene oxide. 

The maximum stability and therefore 

maximum efficiency is obtained with the 

amphoteric surfactant in the two substrates 

(tallow and intradermal fat) and in all phases 

of beamhouse. 

 

6. Bibliographic references  

 

1- Adzet J. M., Química Técnica de Teneria, 223-225, 1991. 

2- AOAC Fatty Acid in Oils and Fats Preparation of Methyl Ester Boron Trifluoride Method, 

15th Edition, AOAC Official Method 969.33,  AOAC International, Washington DC, 1990. 

3- Bligh, E. G., Dyer, W. J. (1959) A rapid method of total lipid extraction and purification. Can. 

J. Biochem. Physiol., 37: 911-917 

4- Folch, J., Lees, M., Sloane-Stanley, G. H. (1957) A simple method for the isolation and 

purification of total lipids from animal tissues. J. Biol. Chem., 193: 265-275 

5- Grapone M. A., Propiedades físicas y químicas de las grasas bovinas. Facultad de Química. 

Montevideo, 349-355, 1991. 

6- Han Key R. A., Addy U. L., The use and subsequent treatment of surfactants for leather 

processing, The Journal of the American Leather Chemist; Vol. 96, 205-213,2001 

7- Manzano G., XXI Congreso IULTCS, Impianto Industriale per la produzuione de lipido., 120-

125, 1991. 

8- Palop R., Disminución de la carga contaminante en el desengrase de pieles ovinas., Facultad 

de Ciencias. Universidad de Barcelona., 2000. 

9- Ramón M. G., Hidrólisis enzimática de triglicéridos en emulsiones O/W, formulación de 

tensioactivos. Facultad de Ciencias. Universidad de Granada, 2005. 

10- Sosa Valenzuela., Contenido en ácidos grasos y conjugados del ácido Linoleico en carnes de 

bovinos., Facultad de Medicina Veterinaria y Zootecnia, Universidad de Veracruzana; Enero 

2005. 

11- Thorstermen T. C., Practical Leather Technology, 110-112., 1997. 

SAMPLE 
1 

min 

5 

min 

30 

min 

60 

min 
120 min 4 hours 24 hours 

INTRADERMAL LIMED FAT+H20 1 1 1 1 1 1 1 

INTRADERMAL LIMED FAT+1 2 2 2 2 2 2 2 

INTRADERMAL LIMED FAT+2 5 5 4 4 4 2 2 

INTRADERMAL LIMED FAT+3 3 3 3 2 2 2 2 

INTRADERMAL LIMED FAT+4 3 3 2 2 2 2 2 

INTRADERMAL LIMED FAT+5 5 5 5 4 4 4 4 

INTRADERMAL LIMED FAT+H20 + ENZ 2 2 2 1 1 1 1 

INTRADERMAL LIMED FAT+1 + ENZ 2 2 2 2 2 2 2 

INTRADERMAL LIMED FAT+2 + ENZ 5 5 5 5 5 4 3 

INTRADERMAL LIMED FAT+3 + ENZ 3 3 3 2 2 2 2 

INTRADERMAL LIMED FAT+4 + ENZ 3 3 3 2 2 2 2 

INTRADERMAL LIMED FAT+5 + ENZ 5 5 5 5 5 5 4 
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