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Abstract This investigation aims to decrease chromium usage in leather tanning. Therefore, guava bark extract 

(GBE) were used as a vegetable tanning material to replace chromium salts (CS) and thus decreasing their 

environmental impact. Fifteen of Barki sheep pelts were used in this work, which divided into 5 groups. Each group 

contains 3 pelts, which tanned with one of five GBE/CS ratios; 40/0, 30/2.5, 20/5, 10/7.5 and 0/10, respectively. All 

tanned leathers were tested physically and chemically to determine their quality. The obtained results showed that all 

tanned leathers were resisted to shrinkage temperature above 70 °C. Also, the tensile strength values were greater 

than 200 (Kg/cm
2
) for all tannedgroups.    

 

Keywords extraction, leather tanning, shrinkage temperature, tannins 

Introduction 

The leather industry in Egypt has been considered one of the most important industrial sectors in the Egyptian 

economy, representing about 5% of the total industrial production of the country [1]. 

Chemically, leather tanning is essentially the reaction between collagen fibers in the skins or hides with tanning 

materials [2]. While, mineral and vegetable tanning are the most common methods used worldwide [3], semi-

chrome tanning is from combined tanning method, which done by tanned pelts with vegetable tanned material and 

then re-tanned with chromium salts [4]. 

In Egypt, more than 85% of tanneries are using chromium in tanning process, because of its fast processing, low 

cost, light color and high stability. In chromium tanning process, 20–40% of applied chromium is usually disposed 

and discharged directly into sewerage system without treatment [5]. Therefore, the wastewater treatment is one of 

the major emerging environmental problems in tanning industry [6]. Chrome tanning effluent contains high 

concentrations of chromium salts, which is toxic, mutagenic and teratogenic [7], as well as, affects severely on the 

mitotic processes and seed germination if reaches to crops from ground water [8]. Due to the above mentioned 

disadvantages of chrome tanning, the tanners are now encouraged for using alternative eco-friendly methods of 

tanning such as vegetable tanning materials [6]. 

The bark of guava tree (Psidium guajava L) contains considerable amounts of tannins and hence is used for tanning 

and dyeing purposes [9]. In Egypt, guava trees are widely planted especially in Beheira, El-Sharkia, around 

Alexandria governorates and newly reclaimed lands [10]. According to the recent and the latest statistic of Egyptian 

Ministry of  Agriculture 2014, the total cultivated area of guava in Egypt reached about (40831) feddans [11]. 

Therefore, this study aims to evaluate guava bark extract (GBE) as a tanning agent in semi-chrome leather tanning, 

in order to decrease chromium salts (CS) in leather tanning, and thus its harmful environmental impact. 
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Material and Methods 

Plant collection and prepare the aqueous extract: 

 
Figure 1: Guava bark (Psidium guajava L). 

Guava bark (Psidium guajava) was brought from Al-Maamoura agricultural area in Alexandria Governorate, North 

of Egypt (Fig. 1). 

After collection, plant material was packed in perforated bags to avoid the effect of heat and humidity. Packs were 

transported directly to the Faculty of Agriculture, Al-Azhar University, Cairo. Transported plant material was dried 

for five days in an open and shaded place without using any thermal drying method. Extraction was made according 

to Nasr et al [12], using hot water (70 °C) for 60 min without chemical addition. 

 

Tannins identification: 

Tannins identification included different analyses; ferric chloride test, lead acetate test, pH and total phenols and 

non-tannins. 

Ferric chloride test: 

Two milliliters from GBE was diluted with distilled water in separate test tube and 2 to 3 drops of 5% ferric chloride 

(FeCl3) solution was added. A green – black or blue coloration indicated the presence of tannin [13]. 

Lead acetate test: 

To the test solution, a few drops of 10% lead acetate solution were added. Precipitate formation indicated the 

presence of tannin [14-15]. 

pH: 

The pH of the extracts was determined in 10% GBE solution at the standard laboratory temperature (23 ± 1 °C) 

according to ASTM [16]. 

Total phenols and tannins 
Total phenols and tannins content were determined by the Folin–Ciocalteu method using a spectrophotometer. The 

total phenols were estimated as tannic acid equivalent [17]. 

 

Leather tanning: 
Fifteen of male Barki sheep skins were collected from slaughterhouse in Alexandria regions. The skins were cured 

by salting and then transported to El-Shafie tannery. All skins were common in beam house steps; starting from 

soaking to pickling step, thereafter the skins were divided randomly into five groups, three skins in each group, and 

tanned with GBE/CS ratio as presented in Table 1. 

Table 1: Addition of tanning materials in different experimental groups 

Group Treatments Tanning Material (%)* 

GBE CS 

1 40% GBE/ 0% CS 40 0 

2 30% GBE/ 2.5% CS 30 2.5 

3 20% GBE/ 5% CS 20 5 

4 10% GBE/ 7.5% CS 10 7.5 

5 0% GBE/ 10% CS 0 10 
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*The percentage was calculated based on pelt's weight. GBE, Guava Bark Extract; CS, Chromium Salt. 

Leather testing: 

Qualitative and operational properties of obtained leathers were assessed according to indices of chemical analysis, 

physico-mechanical investigation of the finished leather. Thickness, tensile strength, elongation, shrinkage 

temperature, pH, ash and moisture were investigated according to standard procedures [16]. 

 

Result and Discussion 

Tannins identification in guava bark 

After extraction, GBE properties were determined and the obtained are results present in table (2). The positive 

results for both ferric chloride test and lead acetate test indicated the presence of tannins and hydrolysable tannins 

[14]. The ratio of total tannins and total phenols was 24% and 19% respectively, while pH value is 5.11ml mol/L. 

These results indicated to the suitability of GBE for using in leather tanning [9]. 

 

Table 2: Tannins identification in guava bark 

Value Parameter 

Ferric chloride test + (Greenish blue color) 

Lead acetate test + (Gelatinous brown color) 

Total Tannin 24% 

Total phenol 19 % 

pH 5.11 

 

Shrinkage temperature 

Shrinkage temperature is the temperature at which the leather sample starts to shrink in water or other heating 

medium. Thus, it is one of the most important parameters in characterizing the thermal stability of leather. Table 3 

shows the obtained shrinkage temperatures for each tanned leather group. The results clarified that there are a 

positive relation between chromium concentration and shrinkage temperature of tanned leathers. Moreover, tanned 

leathers with 20% of GBE or less were comparable in the shrinkage temperature values, while the corresponding 

values for the higher concentrations of GBE were less than 100 ᵒC. The obtained results of this study were in 

agreement with that obtained by previous investigations [3-4, 18]. 

 

Table 3: Shrinkage temperature values for experimental tanned leather 

Group Treatments Shrinkage temperature ᵒC 

1 40% GBE/ 0% CS 75.3 

2 30% GBE/ 2.5% CS 87 

3 20% GBE/ 5% CS 100.6 

4 10% GBE/ 7.5% CS 102.6 

5 0% GBE/ 10% CS 104 

 

Leather testing: 

Table (4) shows the physical and chemical properties of tanned leathers. The highest thickness values were observed 

with Treatment 30% GBE/ 2.5% CS, while other leathers were insignificant differed. About other physical 

properties, Tensile strength gave different results between treatments. It was the highest value of tensile strength 

when treatment 10% GBE/ 7.5% CS, while it was the lowest value when treatment 30% GBE/ 2.5% CS. 

With respect to elongation property, the values were increased when treatment 10% GBE/ 7.5% CS and decreased 

by using only chrome tanner without any extracts. Generally, all tanned leather groups were comparable in values, 

the tanned leather with was surpass in both thickness, tensile strength and elongation values. Thence, it considered 

the highest quality. The obtained values of physical properties were in agreement with those obtained by [12, 19-

22], while the obtained values of chemical properties were comparable with those obtained by [4, 12, 23].  
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Table 4: Physical and chemical properties for experimental tanned leathers 

Group Treatment Physical properties Chemical properties 

Tensile strength 

(Kg/cm
2
) 

Thickness 

(mm) 

Elongation 

(%) 

Moisture 

(%) 

Ash 

(%) 

pH 

1 40% GBE/ 0% CS 274.67 1.37 64.81 15.12 2.10 3,9 

2 30% GBE/ 2.5% 

CS 

212.45 1.67 74.6 16.23 3.57 4.2 

3 20% GBE/ 5% CS 270.98 1.12 60.55 15.99 3.73 3.9 

4 10% GBE/ 7.5% 

CS 

299.82 1.17 75.56 14.31 4.09 3.8 

5 0% GBE/ 10% CS 261.23 1.38 39.74 14.94 7.10 4.2 

 

Conclusion 

It could be concluded that guava bark extracts with hot water (70 ᵒC) for 60 min produces aqueous extract that can 

be used in leather tanning production as a re-tanning agents. Using guava bark extract with concentration 10% of 

pelts weight in semi-chrome tanning, decreases chromium addition with 25% and increases elongation and tensile 

strength values of tanned leathers. Thence, it improves the leather quality and decreases the environmental impact 

for chromium salts. 
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