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ABSTRACT. Fresh goat skin and skins tanned with different tanning agents were prepared for histological, chemical, and physical 

analyses. Fresh skin samples were fixed in 10% formalin solution, processed using the paraffin embedding technique, sectioned, 

and stained with hematoxylin and eosin to determine the histological structure. Samples of goat tanned skin, treated with various 

tanning agents (chrome, aldehyde, chamois, and vegetable), underwent chemical analysis using Fourier Transform Infrared 

Spectroscopy (FTIR) followed by physical analyses, including tensile strength, tear strength, thickness, and shrinkage temperature. 

The results showed that the histological structure of fresh skin consisted of two layers: the epidermis and dermis, while tanned 

leather only exhibited the dermis layer. The epidermis was removed during the tanning process. FTIR analysis of chrome-tanned 

leather showed bands at 1633 cm−1 (amide I), 1554 cm−1 (amide II), and 1240 cm−1 (amide III). Aldehyde-tanned leather showed 

bands at 1651 cm−1, 1550 cm−1, and 1271 cm−1 (amide I, II, and III), while vegetable-tanned leather displayed bands at 1634 cm−1 

(amide I), 1552 cm−1 (amide II), and 1239 cm−1 (amide III). Shifts in peak positions, intensity, and the number of signature peaks 

were observed across the tanning agents (chrome, aldehyde, oil, and vegetable). The use of different tanning agents—wet blue, wet 

white, vegetable-tanned, and chamois—resulted in distinct grain-surface structures, significantly influencing the physical 

characteristics of the leather. 
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INTRODUCTION 

Skin, part of the integumentary system, is the 

largest organ of the body, serving as a protective 

barrier between the internal organs and the 

environment (Mohammed et al., 2022). 

Mammalian skin consists of three primary layers: 

the epidermis, dermis, and hypodermis. In goat 

skin, the dermal papillae and reticular layer are less 

developed, and it contains fewer hair follicles and 

sebaceous glands (Mohammed et al., 2022). Goat 

skin, when tanned, becomes a valuable material in 

leather production, enhancing its economic value 

and preventing deterioration (China et al., 2020). 

Its flexibility (Kade Malam Gadjimi et al., 2022) 

and distinctive grain pattern (Jawahar et al., 2016) 

make it a popular choice in the leather industry for 

both functional and aesthetic applications. 

Leather production is a complex process that 

transforms raw animal hides/skins into durable, 

flexible materials (Maina et al., 2019). This process 

has wide-ranging applications across various 

industries (Sisay, 2021). Tanning induces specific 

changes in the skin's structure and composition, 

which significantly affects the histological and 

chemical properties of the skin (Gun and Syedim, 

2022). From a histological perspective, tanning 

alters structures such as hair follicles, sebaceous 

glands, collagen fibers, and the epidermal and 

dermal layers (Mohamed et al., 2016). 

Several studies have explored the histology 

of animal skin, including the histological 

transformation of sheep skin during parchment 

production (Fourneau et al., 2020), the preservation 

quality of skin (Lukas et al., 2022), the histological 

structure of bovine dermal tissue (Stefano et al., 

2015), and the mechanical properties of Dorper 

sheep skin (Matos et al., 2022). However, few 

studies have examined the histological and 

chemical transformations of goat skin, particularly 

from fresh skin to tanned skin. This study aims to 

investigate the histological and chemical changes 

that occur when goat skin undergoes tanning 

processes such as wet blue, wet white, vegetable 

tanning, and chamois tanning. This research also 

compares the changes in the histological structure 

of fresh and tanned goat skin and explores whether 

the tanning process affects these changes. 

Additionally, the study includes chemical analysis 

using Fourier-transform infrared spectroscopy 

(FTIR) to identify alterations in the skin's chemical 

composition and physical analyses to assess the 

quality of the tanned skin. 

MATERIALS AND METHODS 

Materials 

Fresh goat skin and goat skins tanned 

through various methods (wet blue, wet white, 

vegetable-tanned, and chamois) were obtained 

from the Beamhouse Operation Warehouse, 
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Politeknik ATK Yogyakarta. The following 

materials and equipment were used for the study: 

histology cassettes, stainless steel embedding 

molds, rotary microtome (Microm HM 25), water 

bath (Memmert), rotary shaker (Stuart Mini Orbital 

Shaker SSM1), laboratory oven (Memmert TV 

10u), analytical balance (Ohaus PAJ1003), 

microscope (Motic-B3), stereo microscope (Motic 

SFC-11 Series), standard glass microscope slides 

(75x25mm), glass cover slips (25x60mm), and 

laboratory glassware (Pyrex). Reagents used 

included 37% formaldehyde, ethyl alcohol, 96% 

and 70% ethanol solutions, xylene (clearing agent), 

0.1% w/v gelatin, paraffin wax, hematoxylin 

solution, eosin solution, and xylol. 

Methods 

Preparation histological slide 

The histological slide preparation in this 

study was based on the procedure outlined by Jusuf 

(2009) and Isaac et al. (2023), with slight 

modifications. 

Tissue preparation and fixation 

Skin specimens were cut into approximately 

4×4 mm pieces and fixed in a 10% v/v 

formaldehyde solution for 24 hours while agitating 

at 120 rpm on a rotary shaker. 

Dehydration and clearing 

Dehydration of the tissue was carried out 

using a series of ethanol solutions (30%, 50%, 70%, 

80%, 90%, 96%, and 100%) for 60 minutes at each 

concentration. The clearing process used toluene as 

a solvent to replace ethanol in the tissue. Initially, 

the tissue was immersed in a 1:1 (v/v) ethanol and 

toluene solution for 30 minutes, followed by 

immersion in pure toluene for 60 minutes. 

Impregnation 

The sample was then immersed in liquid 

paraffin in an oven set at 60°C until the paraffin 

completely replaced the clearing agent. This 

process involved immersing the sample in hot 

liquid paraffin I for 60 minutes, followed by 

immersion in hot liquid paraffin II for another 60 

minutes. 

Blocking 

The specimens were carefully placed in the 

mold as desired, and liquid paraffin (maintained at 

60°C - 65°C) was added to fill the mold. The 

samples were labeled accordingly, allowed to 

harden, and then removed from the mold. 

Sectioning 

The tissue was sectioned from the paraffin 

block using a microtome. Sections of 4-5 

micrometers in thickness were chosen to facilitate 

staining and subsequent examination under the 

microscope (Alturkistani et al., 2015; Gurina & 

Simms, 2024). 

Staining 

Deparaffinization was performed first with 

xylene (2 × 2 minutes). Hydration was then carried 

out using a series of alcohol solutions: 100% 

ethanol (2 minutes), 95% ethanol (2 minutes), 90% 

ethanol (2 minutes), 80% ethanol (2 minutes), and 

70% ethanol (2 minutes), followed by a second 

80% ethanol (2 minutes) and 70% ethanol 

(2 minutes). The sample was washed with distilled 

water for 3 minutes. Next, the sample was 

immersed in hematoxylin for 15 minutes, followed 

by washing in running water for 15-20 minutes. 

The sample was then counterstained in eosin 

solution for 2 minutes. Dehydration proceeded in a 

series of alcohol solutions, with gradual increases 

in concentration from 70% to 100%, with each step 

lasting 2 minutes. Finally, the sample was cleared 

in xylene (2×2 minutes) (Jusuf, 2009). The final 

step involved mounting the sample with DPX and 

placing a cover slip on the sample. 

Microscopic Imaging 

Crust leather samples were observed using a 

stereo microscope (Motic SFC-11 Series) to assess 

the differences in grain structure between wet blue 

goat, wet white, vegetable-tanned, and chamois 

goat skins. 

Chemical and Physical Analysis 

FTIR analysis 

The functional groups in fresh goat skin and 

tanned goat skins (wet blue, wet white, vegetable-

tanned, and chamois) were analyzed using 

a Fourier transform infrared spectrometer (FTIR, 

Perkin Elmer Frontier) within the scanning range of 

4000–700 cm⁻¹. Samples were cut into 5×5 cm 

pieces and dried at room temperature, ensuring 

uniform dryness before analysis. 

Physical analysis 

Physical properties of the tanned leathers 

were assessed following the international standards 

(ISO) established by the International Union of 

Leather Technologists and Chemists Societies 

(IULTCS) (ISO, 2012). Tensile strength was 

analyzed according to ISO 3376, with samples for 

tensile strength cut based on ISO 25889. Tear 
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strength was determined in accordance with ISO 

3377-2, with samples cut based on ISO 2419. The 

thickness of the samples for both tensile and tear 

strength was measured based on ISO 2589. For 

each analysis, three samples were used, and 

average results were reported in this study. 

Data Analysis 

Goat fresh skin was studied descriptively 

and illustrated in histological figures. The collected 

data goat tanned skin were subjected to analysis of 

variance (ANOVA) utilizing IBM SPSS Statistics 

25 software. 

RESULTS AND DISCUSSION 

Histological Structure 

Histologically, the fresh skin of the goat 

consisted of two main layers: the epidermis and 

dermis (Figure 1). The epidermis was further 

divided into five layers: stratum corneum, stratum 

lucidum, stratum granulosum, stratum spinosum, 

and stratum basale (Kalangi, 2013). In this study, 

the stratum granulosum and stratum lucidum were 

not clearly visible. According to Razvi et al. (2015), 

these layers are often not clearly visible in thin skin. 

The stratum granulosum is typically one to ten cells 

thick, and the stratum lucidum comprises 2–3 cells 

(Yousef et al., 2024). Figure 2 illustrates the 

histologically stained tanned leather. With 

chromium, aldehyde, chamois, and vegetable 

tanning agents, most collagen fibers in the leather 

appeared denser and more robust. In contrast, the 

collagen fibers in fresh skin were loose and 

disorganized, as they had not yet bonded with 

tanning agents. According to Wang and Li (2016), 

tanning improves the dispersion of elemental 

fibers, the orderly arrangement of fiber bundles, 

and the formation of a porous fiber network.

 

 
Figure 1. Histological structure of the fresh skin: A) Stratum papilare, B) Stratum reticulare, Ep= epidermis, 

Dm= dermis, Hf= Hair follicle. HE staining with 400× magnification 

 

 
Figure 2. Histological structure of tanned leather: A) Wet blue goatskin, B) Wet white goatskin, C) Chamois goat 

skin, D) Vegetable goat skin, P= Stratum papilare, R= Stratum reticulare, Hf= Hair follicle. HE staining 

with 400× magnification
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Grain Surface Pattern 

The grain structure of goat leather tanned 

with various agents was analyzed using a stereo 

microscope at 10× magnification. Figure 3(A) 

shows the grain structure of wet blue crust leather, 

which appears prominent and wavy. In contrast, the 

grain structure of wet white goat leather (Figure 

3(B)) was less pronounced, resembling that of 

vegetable-tanned leather (Figure 3(C)). Vegetable-

tanned leather exhibited a stitch-like grain pattern 

and a brown color, which is characteristic of plant-

based tanning agents. Chamois leather, on the other 

hand, displayed a fibrous structure, resulting from 

the buffing treatment applied to smooth the leather 

surface. The results suggest that different tanning 

agents (wet blue, wet white, vegetable-tanned, and 

chamois) produce distinct grain surface structures. 
 

 
Figure 3. Stereo micrograph of the grain surface with 

10x magnification: A) Wet blue goat skin, B) 

Wet white goat skin, C) Vegetable tanned 

goat skin, D) Chamois goat skin 

Chemical Analysis 

Band assignments and their interpretation 

are based on IR studies of collagen tissue (Kumar 

et al., 2016). Visual inspection revealed variations 

in the collagen region (1081-1651 cm−1). A careful 

examination of the spectra showed shifts in a few 

peaks, which can be attributed to the complexity of 

the biochemical components in leather. The 

observed peak positions of the OR bands and their 

assignments for several tanned agents are presented 

in Table 1.  

FTIR results of leather tanned with chrome 

material show a band at 1633 cm−1, corresponding 

to the amide I vibration (Fig 4), which is dominated 

by peptide carbonyl stretching, with some 

contribution from C-N stretching and N-H in-plane 

bending (Chen et al., 2013). Special emphasis was 

placed on the spectral features at 1455 cm−1, which 

is assigned to the CH2 bending of phospholipids 

(Qin et al., 2016). Therefore, collagen analysis was 

performed using the peak area ratio of the CH2 wag 

band at 1455 cm−1 (Mehta et al., 2020). The NH2 

bending coupled with CN stretching vibration in 

the amide group, assigned as amide II, gives rise to 

a band at 1554 cm−1. The NH bending of amide III 

occurs at 1240 cm−1. 

Leather tanned with aldehyde showed bands 

at 1651 cm−1 as amide I, 1550 cm−1 as amide II, 

and 1271 cm−1 as amide III (Fig 5). Meanwhile, 

leather tanned with vegetable showed bands at 

1634 cm−1, 1552 cm−1, and 1239 cm−1 as amide I, 

II, and III (Fig 6). This result is in agreement with 

previously reported by Stani et al (2020) that 

characteristic FTIR spectrum with absorption 

bands of amide I around 1650 cm−1 and amide II 

around 1560 cm−1. There is a shift observed in peak 

position, intensity and number of signature peaks 

between chrome, aldehyde, oil and vegetable 

tanned agents. Some structural changes in collagen 

may occur due to alterations in secondary structure 

–α helix, β sheet, random coils or immature cross 

links. 
 

Table 1. The FTIR band assignments for several tanned agents 

No Assignments 
Peak position (cm-1) 

Chrome Aldehyde Oil Vegetable 

1 -OH hydroxyl 3302 3322  3307 

2 NH stretching 2926 2925 2922 2925 

3 CH vibration 1455 and 1339 - 1323 1400 and 1455 

4 C-H vibration - - - 1032 

5 C-O symmetric - - - 1323 

6 C-O asymmetric - - - 1032 

7 Amide I band of leather protein 1633 1651 1628 1634 

8 Amide II band of leather protein 1554 1550 - 1552 

9 Amide III band of leather protein 1240 1271 - 1239 

10 C-C skeletal stretching 1081 1086 1032 1082 

 

In Figure 7, a new absorption is observed at 

the wave number 1032 cm−1, which is thought to 

indicate the presence of C-H vibrations from the 

aromatic group. Symmetrical and asymmetric 

vibrations of C−O occur at a wave number of 

1323 cm−1 (Falcão and Araújo, 2014). According to 
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Falcão and Araújo (2018), a characteristic 

absorption of aromatic groups originating from 

tannins in vegetable tanning materials is observed 

in the wave number range of 1350-1000 cm−1. In 

this study, the symmetric and asymmetric 

vibrations of C−O and the presence of aromatic 

groups in tannin were demonstrated at wave 

numbers 1323 cm−1 and 1032 cm−1. 
 

 
Figure 4. Infrared spectrum pattern of wet blue tanned 

 

 
Figure 5. Infrared spectrum pattern of wet white tanned 

 

 
Figure 6. Infrared spectrum pattern of chamois tanned 
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Figure 7. Infrared spectrum pattern of vegetable-tanned 

 

Chrome tanning 

The leather tanning process using chromium 

is one of the most common causes of environmental 

problems. According to the Occupational Safety 

and Health Administration (OSHA) (2019), 

permissible exposure limits (PELs) for Cr (III) are 

set at 0.5 mg/m³. Trivalent chromium salts are 

preferred due to their superiority over other tanning 

materials, with nearly 90% of tanned leather using 

this material (Chen et al., 2023). Trivalent Cr (III) 

is insoluble and cannot penetrate cell membranes, 

which makes it less toxic compared to Cr (VI) 

(Plestenjak et al., 2022). However, both forms of 

chromium can inhibit biological processes in 

humans (Vaiopoulou and Gikas, 2012). Therefore, 

it is crucial that the leather tanning process prevents 

the oxidation of Cr (III) to Cr (VI) to ensure the 

leather remains safe (China et al., 2020). 

Aldehyde tanning  

One alternative tanning agent to replace 

formaldehyde is glutaraldehyde, which is 

considered safer and more environmentally 

friendly. Although not commonly used, this 

method can be combined with other materials in the 

tanning process (Shirmohammadli et al., 2018). 

Aldehyde tanning agents are employed to produce 

chrome-free leather. Aldehyde tanning is often 

referred to as “wet white” due to the pale cream 

color it imparts to the skins. Formaldehyde, 

however, is highly toxic to animals, and the 

ingestion of even small amounts of a solution 

containing 37% formaldehyde has been reported to 

cause death in humans. It is also classified as a 

carcinogen (List et al., 2016). At concentrations 

below 2 ppm, formaldehyde is an irritant to the eyes 

and can have respiratory effects; repeated contact 

with solutions may cause eczematoid dermatitis. 

The permissible exposure limits (PELs) for 

formaldehyde are 0.75 ppm (OSHA, 2019). 

Chamois tanning 

One alternative tanning agent to replace 

formaldehyde is glutaraldehyde, which is 

considered safer and more environmentally 

friendly. Although not commonly used, this 

method can be combined with other materials in the 

tanning process (Shirmohammadli et al., 2018). 

Aldehyde tanning agents are employed to produce 

chrome-free leather. Aldehyde tanning is often 

referred to as “wet white” due to the pale cream 

color it imparts to the skins. Formaldehyde, 

however, is highly toxic to animals, and the 

ingestion of even small amounts of a solution 

containing 37% formaldehyde has been reported to 

cause death in humans. It is also classified as a 

carcinogen (List et al., 2016). At concentrations 

below 2 ppm, formaldehyde is an irritant to the eyes 

and can have respiratory effects; repeated contact 

with solutions may cause eczematoid dermatitis. 

The permissible exposure limits (PELs) for 

formaldehyde are 0.75 ppm (OSHA, 2019). 

Oil has potential as a leather tanning agent 

for chamois leather. Chamois leather is a well-

known product with specific uses, such as in high-

quality gasoline filtration, cleaning and drying 

optical equipment, spectacles, mirrors, and 

vehicles. This is due to its softness and high water 

absorbance. The material needs to remain soft to 

avoid scratching the surface being cleaned 

(Suparno, 2010). 

Vegetable tanning  

Vegetable tannins are considered less 

polluting compared to chromium and are the oldest 

known leather tanning agents. Vegetable tanning 

involves treating hides and skins with leaves and 
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barks that contain tannins. Vegetable-tanned 

leather is used in the production of heavy leather 

goods such as furniture leather, garment leather, 

and shoe upper leather. 

Physical Analysis 

Physical analysis such as thickness, tear 

strength, tensile strength, and shrinkage 

temperature were carried out to determine the 

properties of each tanning agent. Table 2 describes 

the physical properties of several tanning agents. 

Based on the results of the ANOVA test, tanning 

materials (chrome, aldehyde, chamois, vegetable) 

significantly affect tear strength. 

The tear strength of the leather is indicated 

by the quality standard relating to the tearing load. 

Leather with high tear strength means that the 

tanning agent is well absorbed during the tanning 

process. The highest observed tear strength was 

28.128±0.02 N/mm for the chamois agent. In 

general, the tear strength of the chamois leather 

fulfilled the SNI 06-1752-1990 standard, which 

requires the tear strength to be at least 15 N/mm. 

 

Table 2. Physical properties of leather by several tanning agents 

Tanning agents Tear strength (N/mm) Tensile strength (N/mm2) Shrinkage temperature (0C) Thickness (mm) 

Chrome 14.1745±0.823 b 13.5±2.54 a 102.5±0.70 d 0.752±0.029 a 

Formaldehyde 17.26±0.165 c 19.74±3.27 b 59±0 a 1.071±0.002 c 

Chamois 28.128±0.02 d 20.64±0.46 b 63±0 b 0.801±0.002 a 

Vegetable tanned 12.262±0.14 a 29.39±0.59 c 72±0 c 0.878±0.019 b 
Note: a, b, c different lowercase superscript letters indicate significant differences (p<0.05) 

From Table 2 above, the tensile strength of 

the goat skin treated with various tanning agents 

was 13.5±2.54 N/mm² for chrome, 19.74±3.27 

N/mm² for formaldehyde, 20.64±0.46 N/mm² for 

chamois, and 29.39±0.59 N/mm² for vegetable 

agents. Based on the results of the ANOVA test, 

chrome and vegetable tanning materials showed 

significant differences, while aldehyde and 

chamois materials did not differ significantly in 

terms of tensile strength. The variation in tensile 

strength can be attributed to the presence of 

structural resistance in leather to tensile forces, thus 

affecting its state and usability. This is explained by 

Tournier (2020), who states that tensile strength is 

influenced by the type of tanning material, tanning 

time, and the type of leather used (species and age). 

The 4% chrome tanning agent yielded the best 

results, with a tensile strength value of 15.40 

N/mm² (Anggraeny et al., 2022). Additionally, 

tannins used in vegetable leather tanning agents 

produced a tensile strength above the expected 

minimum of 10 N/mm² (Cheloti et al., 2023). 

The shrinkage temperature of the chrome-

tanned leather was 102.5±0.70 °C, formaldehyde 

was 59±0 °C, vegetable-tanned was 72±0 °C, and 

chamois was 63±0 °C. Based on the results of the 

ANOVA test, tanning materials (chrome, aldehyde, 

chamois, vegetable) significantly affect shrinkage 

temperature. The variability in shrinkage 

temperature is influenced by the specific tanning 

agents used. Shrinkage temperature is a critical 

indicator of the hydrothermal stability of leather, 

reflecting the chemical changes in collagen. 

Modifications in tanning agents can significantly 

impact shrinkage temperature. The stabilization of 

the reaction between tanning agents and collagen 

fibers increases the shrinkage temperature, whereas 

destabilization of collagen bonds leads to its 

reduction (Covington and Wise, 2020). Similarly, 

Zhang et al. (2021) state that shrinkage temperature 

is indirectly related to the degree of cross-linking 

within collagen. A higher shrinkage temperature 

denotes good thermal stability of leather and a 

greater degree of cross-linking between collagen 

fibers and tanning agents. 

The goat skins presented a thickness of 

0.752±0.029 mm for chrome agent, 1.071±0.002 

mm for formaldehyde agent, 0.801±0.002 mm for 

chamois agent, and 0.878±0.019 mm for vegetable 

agent (leather samples cut across/perpendicular to 

the backbone and leather samples cut along/parallel 

to the backbone). Based on the results of the 

ANOVA test, chrome and chamois tanning 

materials did not have a significant effect, while 

aldehyde and vegetable tanning materials had a 

significant effect on thickness. 

CONCLUSION 

In conclusion, histologically, the fresh skin 

of a goat consists of both the epidermis and dermis, 

whereas tanned leather retains only the dermis due 

to the degradation of the epidermis during 

processing. The tanning process significantly alters 

the structure of collagen fibers, increasing their 

density and making them more robust. Different 

tanning agents, such as wet blue, wet white, 

vegetable-tanned, and chamois, produce distinct 

grain surface structures. Wet blue exhibits a wavy 

pattern, while chamois has a fibrous texture. 



Jurnal Agripet, Volume 25, No. 1, April 2025 

 
Histological and chemical studies of goat skin transformation processing of raw skin into tanned leather (Rahmawati et al.)  

 79 

Physical analyses reveal that tanning agents have a 

significant impact on key properties like tensile 

strength, tear strength, and shrinkage temperature. 

Among the agents tested, vegetable tanning yields 

the highest tensile strength, while chrome tanning 

provides superior thermal stability. 
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