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ABSTRACT 

The fatty spue is one of the most frequently defect appearing on finished leathers especially for sheep skins. 

Origins of this problem are due to insufficient degreasing process, present of excess residual natural fat in leather, 

quantity and quality of fatliquoring material added during fatliquoring process and faulty fatliquoring techniques. 

It is not easy to identify this problem during wet processes.  In this research it is aimed to find out limit value of 

natural fat cause to fatty spue and its quality.   

 

Irish ovines which known as their high natural fat content were used. First group was processed without 

degreasing and fatliquoring. Second and third ones were degreased, second  group was processed without 

fatliquoring but thirds were fatliquored by 3-5-7% their own emulsified fat.  

Some physical and chemical characteristics of natural and emulsified fats were found out such as density, acid, 

peroxide and iodine values. Visual images of crosssection of skins were obtained by Scanning Electron 

Microscopy (SEM). Gas Chromatography (GC) and Nuclear Magnetic Resonance (NMR) analysis were 

performed for determination of the fatty acids components caused to fatty spue. It was determined that excess of 

3 % of natural fat emulsion could cause to fatty spue and palmitic and stearic acids were found as main 

responsibles. 
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1. Introduction 
 

The term of lipid has traditionally been used to describe a wide variety of natural products including 

fatty acids and their derivatives, steroids terpens, carotenoids and bile acids(1). The skins obtained from 

sheeps, goats and pigs can contain considerable amount of natural fat, in some skin areas increase up 

to 30% based on dry matter(2). It is well known that unevenly distributed high amount of fat has to be 

removed during the early tanning stages(3). Preliminary process of unhairing and bating, the natural fat 

starts to remove from the skin (4,5).  

The natural fats of skins/hides or used fatliquoring substance can cause of many problems for finished 

leathers such as, grease stains, uneven tanning (6), uneven colouring, soaps (7) and spue (8). 
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The type of tanning affects the spew formation for example; vegetable-tanned leathers were less prone 

to spew formation than chromium tanned ones(9). For an effective degreasing, fats have to be removed 

from fibre structure and the rest well distributed in cross-section. This depends on convenient surface 

active agents, temperature, washing out and also enzyme application (10,11). Sulphated, sulphonated, 

sulphited and phosphated fat as well as mixtures of neutral fat with different emulsifiers are used to 

obtain fatliquoring emulsions to lubricate leather(12,13). Fatliquoring processes are important to have 

comforted leather products as well as these processes effect the physical properties of leathers such as 

tensile strength, stitch tear etc. Skin/hide varies greatly in its physical structure not only from one to 

another, but within a single one (14). The aim of this  research is to  find out limit value of natural fat 

cause to fatty spue and its quality.   

2. Experimental 

2.1. Material  

25 sheep skins having high amount of fat content were used for the research. All the skins which were 

randomly chosen had same properties like sex, age and weight. Routine chemicals and emulsified 

natural fat were used in process.  

For preparation of emulfied fat, skins were treated by ISO 2419(15) and fat was obtained according to 

ISO 4048(16) from the skins. Then gained natural fat was converted into emulsified material by 

additives shown at Table 1. 
 Table 1. Emulsification recipe for natural fat(17)  

Substance  Proportion (%) 

Natural fat  60 

Neutralization Substance 1 

Surface Active Substance 4 

Stabilisator 0,5 

Bactericide 0,05 

Completed with water to 100  

2.2. Characterization 
A conventional garment leather manufacturing process was applied. Skins were randomly divided into 

three groups. First group of skins were processed without degreasing and fatliquoring. Second group 

was degreased and treated without fatliquoring. Finally, thirds were carried out degreasing and 

emulsified fat was given at different ratio of 3, 5 and 7%. All the skins were dyed with black dye to 

better recognize to fat spew (Table 2).  
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2.2.1. Determination of Fat: 

Solvent Extraction System (SES) was used that can significantly reduce extraction time and solvent 

consumption and yields equivalent results. Before analysis, leather samples were prepared by ISO 

4044(18). After than, they were loaded into the SES system and dichloromethane (Merck) was pumped 

into an extraction cell which is then pressurized and heated for several minutes. This system has a 

three level: Firstly, samples were dip into solvent for 100 minutes and 80 oC and solvent was 

approximately circulated. As a second, samples which were put in the cartridge were taken out. At last, 

the solvent phase was separated from the fatty material using vacuum.  

Table 2. Conventional recipe used fat emulsion in fatliquoring process. 
Process Ratio 

(%) 

Substance Temperature 

(oC) 

 Time 

(min.) 

Degreasing 4 Non-ionic Tenside   60 

Washing 100 Water     

 3oBe Salt   15 

              Washing less four times 

Pickle 100 Water    

 6oBe Salt   5 

 +1,2 Formic Acid   20 

 +0,8 Sulphuric Acid   75 

    pH 2,9  

Tanning +3 Chromium Tanning Agent   45 

 +3 Chromium Tanning Agent   30 

 +1 Basification Agent   10 

 +2 Chromium Tanning Agent   360 

    pH 4,0  

                Horsing up and waiting two days and shaving 

Neutralization 100 Water    

 0,2 Formic Acid   15 

 +3 Chromium Syntan   60 

 +3 Mimosa   60 

 +1 Black Dyestuff   30 

 +1 Black Dyestuff   30 

 +x Fat Emulsion    

 +0,8 Formic Acid   30 

    pH 4,2  
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2.2.2. Acid, Iodine and Peroxide Values  

To determine iodine, peroxide and acid value of fats, ISO 3961(19) and TS 4964 ISO 3960 (20) and were 

performed.   

2.2.3. Scanning Electron Microscopy (SEM)  

Fatty spew seen on the grain surface of leather were displayed by scanning electron microscopy. 

Generally, there are five steps in preparation samples to get micrograph. Firstly, skins are fixed by 

fixative substance like a glutaraldehyde (2% v/v) or formaldehyde etc. In this study chromium tanned 

leather were not fixed with any substance because of having a fixing effect of chromium salts. 

Secondly, fat or fatliquoring substances were fixed by osmium tetroxide. Osmium tetroxide protects 

living tissue and fixes fatty substance (21, 22). Third step is washing. In this step samples were washed 

with tampon solution to remove primer fixative substance. Otherwise osmium tetroxide was able to 

react with glutaraldehyde. Fourth, water existed into leather was removed. Ethyl alcohol with different 

concentration was used for removing water being inside the samples. Fifth hexamethylendisilazan was 

used in order to dry the samples and constitute sylyl esters which have more hydrogen atoms like 

glucose and amino acid and alcohol.  

2.2.4. Gas Chromatography (GC) Analysis 

Natural fats that belong to sheep skins have some common characteristics. Gas chromatography (GC) 

is probably the most popular and most effective analytic technique to analyze fat and fat spew 

available today and appears to be the technique of choice whenever and wherever it is appropriate and 

practical. Amounts of volatile organics such as fatty acids and their methyl esters can easily be 

analyzed by qualitatively and quantitatively with this technique (23,24). The analysis of fatty acid-

containing compounds requires previously their hydrolysis or saponification and frequently, the lipids 

are transesterified to produce esters in a single step. For this reason natural fat belong to sheep skins 

were prepared according to TS 4504 EN ISO 5509(25) and analyzed TS 4664 EN ISO 5508(26). Fatty 

spews made about entirely of saturated fatty acids were characterized; probably the hydrolysis of the 

triglycerides into the leather cause to fatty spews (27). GC analysis was carried out on an Agilent 6890 

gas chromatograph operated with a split/splitless injector. Data were acquired by GC solution software 

(Agilent). 
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2.2.5. Nuclear Magnetic Resonance (NMR) Analysis 
Whereas H NMR spectroscopy gives information about arrangement of hydrogenes in a molecule, 13C 

NMR gives information about the carbon skeleton. NMR analyses were carried out to fat which was 

taken from leather that was seen fatty spew on. NMR was measured at 75 MHz.  

 
Table 4. Typical chemical shifts for varied groups 

 

 

 

Table 3. GC experimental conditions  

Column SUPELCO SP-2380 

Type of Column Silica Capillar Column 

Length of Column 60 m 

Diameter and Thickness of Column  0,25 mm-0,2 µm 

Injection Split/splitless 

Type of Detector  FID 

Temperature of Detector 300 oC 

Inlet Temperature and Pressure 250 oC, 100 kPa 

Oven temperature program 50 oC-280oC at 3 oC/min. 

Flow 0,5 ml/min. 

Carrier Gas Helium 

Split Ratio 1:100 

Injection Volume  1,0 µl 

Column Flow 0,5 µl 

Hydrogen Flow 50 ml/min. 

Air Flow 400 ml/min 

Time of Analysis 45 min. 
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Figure 1. C NMR spectrums belong to varied animal fats.  

 

2.3. Results 

2.3.1. Fat content of skin and appearing of fat spue 

 The matter solubles in dichloromethane of skins were determined as 17.45% in average.  Limit value 

of natural fat cause to fatty spue was found as 3%, that means up to 3 % of fat emulsion can use safely.  

 

Figure 2. Fatty spue on the leather surface 

2.3.2. Acid, Iodine and Peroxide Values 

Acid, Iodine and peroxide value for  natural fat and fat emulsion can be seen at Table 4.  
 

Table  4. Acid, Iodine index and peroxide value for  natural fat and fat 
emulsion.  
 Acid Value Iodine Value Peroxide Value 
Natural Fat 10.55 47 8.77 
Fat Emulsion 10.00 54 7.70 
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2.3.3. Scanning Electron Microscopy (SEM)  

Scanning electron  micrographs of  fatty spued leathers were shown at Figures 3,4 and 5.  

 

Figure 3. SEM micrograph of  fatty spue on leather surface (*2000) 

Figure 4. SEM micrograph of fatty spue on leather surface (*750) 

Figure 5. Displays of fatty spue micrograph on leather surface (*2000) 

2.3.4. Gas Chromatography (GC) Analysis 
GC chromatograms belong to natural fat and fatty spue are existed in Figures 5 and 6.. This situation 

causes migration of fat or fatty substance towards to leather surface. Temperature and types of additive 

materials can increase risk of fat spue.   
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Figure 6. GC chromatogram belongs to the leather used 5% fat emulsion.  

 
 

Table 5. Contents of fatty acid methyl esters belong to natural fat and fat emulsion(%) . 
Name of The Fatty Acid Methyl Ester 1 2 

Myristic Acid Methyl Ester C14:0 2.45 4.38 

Myristoleic Acid Methyl Ester C14:1 0.18 0.26 

Pentadecanoic Acid Methyl Ester C15:0 - 0.34 

cis-10-Heptadecanoic Acid Methyl Ester C15:1 - 0.45 

Palmitic Acid Methyl Ester C16:0 27.09 28.95 

Palmitoleic Acid Methyl Ester C16:1 3.32 1.86 

Heptadecanoic Acid Methyl Ester C17:0 0.18 0.98 

cis-10-Heptadecenoic Acid Methyl Ester C17:1 - 0.28 

Stearic Acid Methyl Ester C18:0 42.35 44.58 

Linoleic Acid Methyl Ester C18:1n9cis 16.55 14.78 

Arachidic Acid Methyl Ester C20:0   

cis-11-Eicosadienoic Acid Methyl Ester C20:1 1.04 0.20 

Linolenic Acid Methyl Ester C18:3n3 - 0.36 

1. Contents of Fatty Acid Methyl Ester belong to Natural Fat (%). 

2. Contents of Fatty Acid Methyl Ester belong to leather seen fatty spew on surface (%). 

2.3.5. Nuclear Magnetic Resonence (NMR) Analysis 
 

Chemical shifts for varied 13C are reported in δ units, but the usual range is about 0 to 200 ppm 

downfield.  
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    Table 5.   Chemical shifts for varied compounds 

Type of 13C  δ ppm 
(JCH Hz) Type of 13C  δ ppm 

(JCH Hz) 
Alkanes  Alcohols and Ethers  
Sikloalkanes 5-25 CH2O- 40-60 
R CH3 0-30 RCH2O- 40-70 
R2CH2 20-45 R2CHO- 65-75 
R3CH 30-60 R3CO- 70-85 
R4C 30-70 ArO- 130-150 
    
Unsaturated Compounds  Tiols  
Aromatics 110-145 CH3S- 10-30 
Alkenes 110-150 RCH2S- 25-45 
Alkynes 70-100 R2CHS- 40-55 
  R3CS- 55-70 
Carbonyl Compounds  Amines  

R2CO 175-230 CH3N 20-45 
RCHO 175-210 RCH2N 40-60 

RCOOH 160-190 R2CHN 50-70 
RCOCl 165-185 R3CN 65-75 

RCONH2 160-180   
RCOOR 155-175 Halogenure  
(RCO)2O 150-175 CH3X 0-35 

RCN 110-125 RCH2X 0-45 
RC=NOH 145-170 R2CHX 30-65 

ROCN (RSCN) 100-120 R3CX 35-75 
RNCO (RNCS) 110-140   

 

 

 

 

 
 
 

   Figure 7. NMR spectrum for fatty acid.  
 
 

Figure 8. C NMR spectrum belongs to leather seen fatty spue. 
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Figure 9. C NMR spectrum belongs to leather seen fatty spue. 
 

   
Figure 10. NMR spectrum for aliphatic hydrocarbon 

 

When the specrum is examined, it can be seen peak between 170 and 180 ppm because of high 

electronegativity. According to spectrum between 129.873 and 130.178 ppm, it is appeared that 

natural fat emulsion has an unsaturated bound.  

3. Conclusion 

According to results, up to 3% of fat emulsion can be used as a fatliquoring agent in 

fatliquoring mixture, but 5 and 7% of fatliquoring materials cause fat spue problem. Moreover, when 

chromatograms are examined it is seen that the leather which is treated 5% natural fat emulsion has 

high amount of saturated fatty acid such as palmitic acid (C 16:0) and stearic acid (C 18:0). So it is 

expected that those two fatty acids are main responsible of fatty spue problem.  
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