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ABSTRACT 

Environmental issues are nowadays the prime concern worldwide for leather industries due to chrome 

containing solid and liquid wastes generated from the tannery. Therefore, experts are being 

encouraged in exploring alternative tanning agents. This study aimed at applying a novel vegetable 

tanning agent extracted from Xylocarpus granatum barks for the production of semi-chrome (SC) and 

chrome retanned (CR) leathers to reduce chromium use. Characterization of the SC and CR leathers 

was performed by Fourier Transform Infrared (FTIR) spectroscopy which revealed prominent tanning 

activity of the extracted tannins. The tanned leathers exhibited shrinkage temperatures of 112˚C for 

SC and 103˚C for CR leathers. The physicomechanical properties were found as tensile strength >230 

kg/cm2, tear strength >30 kg/cm, grain cracking load >20 kg, distention at grain crack >7 mm, ball 

bursting load >38 kg, and distention at ball bursting >12mm that was comparatively acceptable 

according to UNIDO standard for shoe upper leathers. 
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1. INTRODUCTION 

The leather industry is under pressure due to worldwide 

concerns environmentally as it releases huge amounts of 

effluents to the environment, particularly during the tanning 

process. Putrescible raw hides and skins, a by-product of the 

meat industry, are turned to be imputrescible through the 

tanning process. The transformation of raw hides and skins 

into leather involves several steps, i.e. pre-tanning, tanning, 

and post-tanning [1]. In tanning processes, tanning materials 

with various substances having crosslinking ability react with 

the moieties being isolated and activated of fibrous protein in 

which a series of complex preliminary attempts are executed 

to enhance the tanning reactions. Hence, leather making is a 

lengthy process and involves the use of many different 

mechanical and chemical processes viz., soaking, liming, de-

liming, pickling, tanning, post tanning, and finishing 

operations using several chemicals e.g., sodium hydroxide, 

lime, chlorides, sulfuric acid, formic acid, chromium, 

ammonium salts, metallic salt, different organic chemicals, 

enzyme etc. [2]. Among the processes, tanning is considered 

one of the important and unavoidable processes that protect 

the leather against microbial degradation. It influences the 

properties of the end product by stabilizing the raw skin 

collagen proteins with different tanning agents, e.g. mineral, 

vegetable, aldehyde, syntan, resin, and oil tannage [3]. 

Among the varieties of tanning agents, basic chromium 

sulphate accounts for 88-90% of total tannage consumption 

which provides excellent heat stability and strength 

properties to the leather [1,4]. However, environmental 

pollution is the only key concern for the use of chromium in 
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leather tanning, because only about 54-57% of chromium is 

consumed by pelt in the tanning and retanning process [3], 

and the remaining must be treated before being released into 

the environment. Alteration of Cr(III) to Cr(VI) by various 

environmental influences could be harmful and carcinogenic 

for human health and possibly is of a detrimental effect on 

the ecosystem. During the manufacturing and finishing 

process of the leather and leather products, the application of 

heat and UV radiation to the chrome tanned leather could 

convert chromium (III) to chromium (VI) [5, 6]. 

Furthermore, the human health risks associated with 

chromium-rich solid waste could impact respiratory, skin, 

and bone damage, renal problems, liver damage, kidney 

failure, infertility, cancer, and even birth defects [6-8]. 

Although chrome tanning has gained importance in leather 

manufacture, its advantage is overshadowed by its negative 

impact on the environment. Chromium wastes are released 

from tannery effluent to the environment due to low uptake 

by pelt; thereby, accumulating in the soil where it was 

discharged. However, vegetable tanning is an eco-friendly 

method as compared to the chemical tanning process like 

chrome tanning and also discharges minimum amounts of 

pollutants to the environment. Therefore, the total or partial 

substitution of chromium in leather production is an 

environmental demand that can outperform the advantages of 

chromium in leather manufacture. 

Semi-chrome tanning and chrome re-tanning processes are 

the methods where the properties of leather could be 

approached to that of chromium leather by supplementation 

for lackings. Mimosa, quebracho, sumac, tara, valonea, 

divi-divi, oak, and chestnut etc. are the most widely used 

tannins in re-tanning and pre-tanning processes for semi-

chrome and chrome re-tanned leather at present [9, 10]. 

Several researchers have previously investigated novel 

vegetable tanning systems based on tannins derived from 

alternative plant sources such as acacia seyal bark [1], 

acacia nilotica fruit [11, 12], acacia xanthoploea bark [12], 

hogenia abyssinica bark [12], acacia senegal bark [13, 14], 

henna extract [3], longan bark [15]. These vegetable 

tanning materials exhibited promising results; however, 

they are not practiced commercially.  

Xylocarpus granatum (Family: Meliaceae) known as 

"Dhundul" in Bangladesh is generally found in low-lying, 

salt-tolerant forest and muddy areas of the Sundarban 

mangrove forest [16]. It's also found in East Africa, 

Polynesia, Thailand, Indonesia, Myanmar, Malaysia, India, 

China, and Australia's tropical regions [17, 18]. The bark of 

X. granatum has never been used as a new source of 

vegetable tanning material in pre-tanning and re-tanning. 

According to research published for dye extraction from 

this plant's bark, Xylocarpus granatum barks from mature 

plants may include tannin content and reddish-brown dye 

on a dry matter basis [18]. Also, this is a mangrove plant 

that has yet to be evaluated and classified as a tanning 

material. Several studies have indicated that the bark of 

several mangrove plants contains 16-48% tannin [19]. 

The objectives of this study were i) to evaluate X. granatum 

bark extract as a vegetable tannage substitute in the 

manufacture of semi-chrome and chrome retanned leather, 

ii) to examine and analyze the tanning properties of the 

semi-chrome and chrome-retanned leather processed by X. 

granatum bark whether it meets the tanning requirements, 

and iii) to analyze the strength properties, e.g. tensile 

strength, tear strength, grain cracking load, shrinkage 

temperature, and distention at grain crack of leather tanned 

with the combination of extracted tanning materials and 

chromium, and to verify them with the concerned 

recommended values of United Nations Industrial 

Development Organization (UNIDO). 

2. MATERIAL AND METHOD 

2.1 Material 

Xylocarpus granatum, also known as "Dhundul," was 

collected from the Sundarban, the world's largest mangrove 

forest, along the Malancha River, situated 16 kilometers 

south of Shyamnagar, Satkhira, Khulna, Bangladesh. The 

Sundarban covers 6017 square kilometers in Bangladesh's 

southern region [20, 21]. The bark of X. granatum was 

collected from three different matured plants and mixed 

thoroughly for identical sample preparation. Wet salted 06 

pcs mature goat skins with approximately 6-7 square feet 

each were taken for the leather processing. These wet salted 

goat skins were collected from the Posta hides/skins 

market, Dhaka, Bangladesh. Leather processing chemicals 

were collected from the local market of Bangladesh other 

than standards.  

2.2 Methods 

2.2.1 Application of extracted tanning materials (X. 

granatum bark) in semi-chrome and chrome 

retanning processes  

Extract of X. granatum bark (vegetable tanning agent) was 

prepared using 100% methanol by rotary evaporator in a 

previous study of the same author and found 31.22% 

extraction efficiency of tannin [22]. The extracted tannin 

was found to be a condensed type of tannin whereas the 

Xylocarpus granatum bark tannin contained 48% of 

condensed tannin [22]. It was applied in leather to produce 

semi-chrome and chrome retanned leather for evaluating 

their necessary properties. 

The soaking to pickling process (a common series of steps) 

of leather processing was carried out in this study 

maintaining the conventional process. The pre-tanning 

process was done for both conventional with chrome 

tanning and experimental with developed tannin 

respectively following the recipe depicted in Table 1. 

After aging (pile-up for 8 days) of the leather, re-tanning 

and post-tanning processes were carried out for both 

chrome re-tanned and semi-chrome leather respectively by 

following the recipe shown in table 2 and table 3. The 
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wetback and fatliquoring processes were done according to 

the conventional procedure, thus not mentioned in the table. 

  

 

Table 1. Pre-tanning with chrome and vegetable tannin agent (developed) of goat skin 

Wet blue process 

Percentage Chemicals Duration (min) Observation 

In the pickle liquor at pH 2.8 

4 Basic chromium sulfate (33%) 30    

1 Chrome stable fat (Remsol OCS) 
30    

0.20 Fungicide 

4 Basic chromium sulfate (33%) 60  Penetration 100% 

1.50 Sodium formate 30    

0.40 Sodium bicarbonate 
3 steps after 20 min 

 with 2 hours additional run 
pH 4.0 

 

0.10 Fungicide 45 pH 4.0  

Drained and piled up   

 Vegetable pre-tanning (Developed Tannin) 

Percentage Chemicals Duration (min) Observation 

Pelt in pickle bath at pH 2.8   

1.50 Sodium formate 30  pH 3.5-4.0 

0.10 Fungicides (Busan 30L) 

30    0.10 Polyphosphate (RW) 

0.20 Sequestering agent (Trilon B) 

1 Hypo 30    

3 Developed tannin 2 steps 60 min and 30 min   

0.5-0.8 Sodium bicarbonate (1:20) 3 steps 20 min and 120 min  

0.10 Fungicide (Busan 30L) 35  pH 3.8-3.9 

Drained and piled up   

 

Table 2. Tanning, and post tanning process of goat skin for chrome retanned leather  

Neutralization and retanning 

Percentage  Chemicals Duration (min) Observation 

Wet blue leathers were taken and prepared for neutralization 

150 Water at 45oC 

50  pH 5 3 
Neutralizing syntan 

(Naphthalene syntan) 

2 Sodium formate 

4 Acrylic resin  20     

1 Sequestering agent (Trilon B) 

60    

6 Developed tanning agent 

4 
Replacement syntan (Dihydroxydiphenyl 

sulphonic acid) 

3 
Phenolic replacement (Phenol sulphonic acid) 

syntan 

0.50 Synthetic fat (Lanoline based) 

6 Developed tanning agent 

60    

3 
Replacement syntan 

(Dihydroxydiphenyl sulphonic acid) 

3 
Phenolic replacement syntan 

(Phenol sulphonic acid) syntan 

1 Dispersing agent 

6 Developed tanning agent 

60    

3 
Replacement syntan 

(Dihydroxydiphenyl sulphonic acid) 

3 
Phenolic replacement syntan 

(Phenol sulphonic acid) 

1 Fatliquor (Lanoline based)  

Left overnight 

0.50 Formic acid 
2 steps after 15 min 

interval 
  

Drained and washed well 

 

Table 3. Tanning and post tanning process of goat skins for semi-chrome leather 
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Acid wash and rechroming 

Percentage Chemicals Duration (min) Observation 

150 Water 
25  pH 3 

0.40 Formic acid 

6 Basic chromium sulfate (33%) 

60    
2 Chrome syntan 

1 Sodium formate 

1 Chrome stable fat (Remsol OCS) 

1 Sodium formate 

40    
1.50 

Neutralizing syntan 

(Naphthalene syntan) 

2 
X. granatum bark tannin 

(Developed tannin ) 

Left overnight, run 20 min next day, drained and washed well 

Neutralization 

150 Water at 45oC 

45  pH 5 

2 
Neutralization syntan 

(Naphthalene syntan) 

0.50 Sodium formate 

0.50 
Synthetic fat 

(Lanoline based) 

Drained and washed well 

Re-tanning 

150 Water at 45oC 
20    

3 Acrylic resin 

0.50 Sequestering agent (Trilon B) 

65    

6 Develop tanning agent 

3 
Replacement syntan (Dihydroxy diphenyl sulphonic 

acid) 

3 Phenolic replacement (Phenol sulphonic acid) syntan 

1 Dispersing agent 

1 
Synthetic fat 

(Lanoline based) 

100 Water at 45oC Left overnight   

The next day run 20 min, drained, and washed well 
 
 

 
 

 

 
 

 
 

 
 

 

2.2.2 Determination of hydrothermal stability 

The shrinkage temperature (Ts) of pre-tanned and re-tanned 

leather was measured to determine its hydrothermal 

stability. The leather samples were cut (50mm×12mm) 

across the backbone and carried out the test following the 

standard method IUP-16 [23]. For this analysis, three 

replicates were examined, and the mean with standard 

deviation was reported in this study. 

2.2.3 Determination of the phenolic compound in  

tanned leather using FT-IR 

The functional groups and other polyphenolic compounds 

were identified using Fourier Transform Infrared (FT-IR) 

spectroscopy such as -OH group, aromatic C-H stretch, -

CO group, C-H bending, and carbon-carbon double bond 

stretch present in the tanned leather. The FT-IR spectra 

were examined using IRPrestige 21, Shimadzu (Japan) in 

the range of 4000–400 cm-1. 

2.2.4 Determination of physico-mechanical  

properties of tanned leather 

The tanned leather (semi-chrome and chrome re-tanned) was 

cut for sampling into specific measurements for a specific 

test done in this study and conditioned the cut sample 

maintaining temperature 25±2˚C, relative humidity 65±2%, 

and 48 hours by following the ISO-2419 standard method 

[24]. Tensile strength, percentage of elongation, tear strength, 

resistance to grain cracking, and distension at grain crack, 

ball bursting strength, and distension at ball burst were 

carried out to assess the mechanical and physical 

characteristics of semi-chrome and chrome re-tanned leather 

[25-27]. In this study, all experiments were checked three 

times for both parallel and perpendicular to the backbone and 

represented as the mean with standard deviation.  

3. RESULTS AND DISCUSSION 

3.1 Hydrothermal stability 

The shrinkage temperature (Ts) of the leather sample 

represents the hydrothermal stability of the leather and table 

4 describes the Ts values of pickle pelt, wet blue, pre-tanned 

(developed tannin), semi chrome, and chrome retanned crust 

leather for both semi-chrome and chrome re-tanned leather. 

The Ts for wet blue and experimental wet-tanned leather 

were found at 100.67 °C and 78.67 °C respectively shown in 

table 4. The statistics reported previously for shrinkage 

temperature on pre-tanning with chromium sulfate ranges up 

to 120 °C [9, 28]. The shrinkage temperature of the pickled 

pelt was around 58°C and increased to 79 °C after tanning 

(tanned with X. granatum extract) which might be due to the 

cross-linking between reactive moieties of collagen and 

polyphenolic compounds of X. granatum. The Ts of semi-

chrome leather was 103.34°C and chrome re-tanned leather 
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was found at 112.34°C which suggests that the extracted 

tanning material from X. granatum could substitute 

conventional mimosa and quebracho vegetable tannins with 

chrome in terms of increasing hydrothermal stability. The 

size of polyphenol molecules and the number of -OH groups 

determine the rise in shrinkage temperature. The kinetic 

stability of linkages between the tanning agent molecules and 

the protein's side-chain determines the shrinkage temperature 

[29]. In semi-chrome leather, pre-tanning with developed 

tannin and the addition of chromium to the re-tanning 

process could increase the cross-linking between polyphenol 

and collagen, resulting in a stable complex matrix where 

chromium acts as a ligand [29]. As a result, the hydrothermal 

stability of the tanned leather showed an elevated level. 

Table 4. Shrinkage temperature (Ts) of pickle, wet blue, and 

leather tanned by developed tannin (mean ± standard 

deviation) 

Samples Shrinkage Temperature °C 

Pickle pelt 58.67 ± 1.15 

Wet blue 100.67 ± 1.52 

Experimental wet-tanned leather 

(Extracted X. granatum tannin) 
78.67 ± 1.15 

Chrome re-tanned leather 112.34 ± 1.53 

Semi-chrome leather  103.34 ± 2.05 

 

3.2 Analysis of the phenolic compound in tanned leather  

using FT-IR 

FTIR Spectra of the pickle pelt, semi-chrome, and chrome re-

tanned leather are shown in figure 1. The tanned leather 

sample showed the presence of O-H stretching, C=O 

stretching, aromatic C-H stretching, C=C ring stretching, C-

H bending, C-O stretching, Out-of-plane C-H bending 

compared with pickle pelt. FTIR spectrum of chrome re-

tanned and semi-chrome leather showed respectively a 

relatively broadband at 3325 cm-1, and 3425 cm-1 

representing the presence of –OH groups of polyphenols 

such as tannin and flavonoids which is in congruence with 

the other studies [30-33]. On the other hand, the pickle pelt 

showed a relatively spike-type band at 3383 cm-1 

representing the presence of the amino group of the protein 

collagen. Besides, a medium band was found at 2935 cm-1for 

both semi-chrome and chrome re-tanned leather that 

indicates the presence of aromatic C-H stretching in these 

leather samples whereas pickle pelt showed no band at this 

region. Again for both leather samples strong peak at 1716 

cm-1 and 1612 cm-1 was noticed while the pelt showed peaks 

at 1643 cm-1 that indicate the presence of C=O stretching and 

C=C ring stretching with a substituted benzene ring.  In this 

study, peak(s) at 1519 cm-1 and 1516 cm-1 was found for both 

leather samples which stipulate the presence of catechin and 

its near derivatives (e.g., epicatechin) in the sample. 

Therefore, the leather tanned with the extracted Xylocarpus 

granatum bark tannins showed vegetable tanning material-

rich compounds in it because it confirmed the presence of 

several polyphenolic groups in its chain. 

3.3 Physico-mechanical properties of tanned leather 

Table 5 shows the physico-mechanical characteristics of 

leathers investigated in this study. The tensile strength of 

experimental chrome re-tanned and semi-chrome leather 

was 243 kg/cm2 and 364 kg/cm2 respectively, which is 

much greater than the acceptable quality levels declared by 

United Nations Industrial Development Organization's 

(UNIDO). Similar investigations on indigenous crossbred 

sheepskin done in Ethiopia and Turkey revealed average 

tensile strengths of combination tanned leather of 249 

kg/cm2 and 218 kg/cm2 respectively [3, 34]. Further, the 

experimental semi-chrome leather had a very high 

percentage of elongation (41.12%), which is considerably 

above the chrome re-tanned leather (35.47%) and is a well-

accepted value suggested by UNIDO (Table 5). Therefore, 

the experimental leather could stretch and may hold more 

loads without breaking. As a mangrove plant, X. granatum 

bark tannin contains flavonoid chemicals (e.g., catechin 

hydrate, epicatechin, etc.) and phenolic hydroxyl groups, 

which may react with collagen via numerous hydrogen 

bonding and quinoid processes, which potentially increase 

leather strength. The variation of tensile strength varies on 

the composition of the tanning agents, type of tannin, 

quantity of tannin, the control of beam-house operations, 

pre-tanning, tanning, post-tanning and /or methods of 

tanning [12]. The higher strength properties of the 

experimental leather could be due to the high content of 

condensed tannin (48%).    

 

Figure 1. FTIR spectra of pickle pelt, semi-chrome, and chrome retanned leather 

Table 5. Physico-mechanical properties of semi-chrome and chrome retanned leathers (mean± standard deviation) 
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Parameters  
Chrome re-tanned 

leather 
Semi-chrome leather 

Acceptable values 

[35] 

Tensile strength (kg/cm2) 243.46 ± 12.76 364.71 ± 19.52 ≥ 230  

Elongation (%) 35.47 ± 4.15 41.12 ± 1.28 30 – 45  

Tear strength (kg/cm) 31.34 ± 3.01 46.92 ± 4.06 ≥ 30  

Grain crack load (kg) 28 ± 1.00 35 ± 3.60 ≥ 20  

Distension at grain crack (mm) 12.71 ± 0.46 13.57 ± 0.98 ≥ 7  

Ball burst load (kg) 38.67 ± 1.15 44.67 ± 2.31 - 

Distension at ball burst (mm) 14.89 ± 0.98 15.98 ± 1.94 - 
 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

In this study, for tearing strength, the chrome re-tanned 

leather showed 31.34 kg/cm and 46.92 kg/cm for semi-

chrome leather. Other research has shown tear strength of 

39.79 kg/cm when using 20% nilotica L. pods tannin [34] 

which is similar to this study. Also, the type of the tannin 

and the regulation of beam-house activities seem to be 

highly influencing parameters for leather tearing strength 

[12, 36]. 

The lastometer test which measures the real cracking and 

bursting load with distension is another essential physical 

test for evaluating the overall quality and strength of the 

leather. Grain cracking and ball bursting loads were found 

to be 28 kg and 38.67 kg for chrome re-tanned leather and 

35 kg and 44.67 kg for semi-chrome leather respectively. 

Also, the distention at grain crack and ball burst for chrome 

re-tanned leather were 12.71 mm and 14.89 mm 

respectively whereas semi-chrome leather showed 13.57 

mm and 15.98 mm respectively (Table 5) which are far 

beyond the minimum recommended value set by UNIDO 

for distention at grain crack (6.5 mm) and distention at ball 

burst (7.0 mm) respectively for all types of leather. For 

various sheep leathers, several researchers reported 

distention at grain fracture 6.74 mm/9.9 mm and distention 

at ball burst 7.72 mm/ 10 mm [37]. The types of tannin 

ingredients, pre-tanning procedures, tanning, and post-

tanning processes are considered to be the influencing 

factors of the grain cracking load and ball-bursting load of 

leather [12].  

4. CONCLUSION 

The experimental semi-chrome and chrome retanned 

leathers exhibited excellent strength properties, 

hydrothermal stability, and smoothness. The high shrinkage 

temperature obtained in this study which is greater than 102 

℃ made the leathers usable parallel to conventional leather 

and provided an opportunity to be utilized as well 

alternative to the conventional SC and CR leathers. In 

addition, tensile strengths over 243 kg/cm2 with 35-41% 

elongation provided the produced leathers better strength 

with proper flexibility for shoe uppers. Further, the main 

fact is that Xylocarpus granatum naturally grown in the 

southern part of Bangladesh (Sundarban region) could be 

regarded as a renewable material because it regenerates 

bark (after a few months of being peeled off). Hence, its 

utilization in tanning could pave the way for sustainable 

leather processing. Apart from our findings, as an 

indigenous source, cheaper sale price than that of 

commercial mimosa and quebracho, with greater extraction 

efficiency, and environmentally safe characteristics could 

make this material a potential tanning agent for future use. 

It is possible to conclude that Xylocarpus granatum bark 

extracts can be utilized as pre-tanning and retanning agents 

in leather tanning.  
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