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Abstract 

Valonea extract is a natural tannage widely applied in leather industry which is produced via conventional 

hot water extraction method. On the otherhand more environmental friendly methods have started to be 

used in extraction technology recently. Present paper reports on the effect of different extraction methods 

on the properties of valonea extracts. For this purpose, conventional solvent extraction (CSE) 

(methanol/water mixture), supercritical CO2 (scCO2) extraction and pressurized fluid extraction (PFE) 

(water/CO2 binary system) techniques have been employed on valonea and the obtained extracts have been 

characterized. Molecular weight of the tannins was determined by gel permeation chromatography (GPC), 

particle size was examined by Malvern Zetasizer instrument, chemical structure by Fourier Transform 

Infrared Spectroscopy (FTIR). Tannin content was also examined and the results were compared with 

commercial valonea extract (CVT). The results showed that especially particle size of the tannins was 

affected by the applied extraction method and the smallest particle size was obtained by PFE method as 

505.3 nm compared to commercial tannin as 983.0 nm of average particle size. PFE method was also 

provided more uniform extract according to the polydispersity index values. GPC and FTIR analyses 

showed slightly differences on the characteristics of tannins. 

Keywords: Leather, valonea tannin, conventional solvent extraction, supercritical CO2 extraction, 

pressurized fluid extraction, characterization. 

 

1. Introduction 

During tanning step, several tanning agents are applied. 

Selection of these materials in tanning application varies 

on the desired leather goods such as garment, 

upholstery, shoe upper etc. Nevertheless, 80-90% of the 

global leather production is carried out with chromium 

(III) salts [1]. However, leather sector is recently 

searching for the alternative tannage options based on 

the natural products as vegetable tanning agents [2]. 

Vegetable tannins can be used with different tanning 

agents to get the required leather properties. In Europe, 

vegetable tannages are widely prefered for high-priced 

luxury leather goods. These herbal extracts are generally 

manufactured by conventional hot water extraction 

method of selected plant parts which rich in 

polyphenolic substituents. The content of tannins, non-

tannins and their characteristic properties are the major 

criterion for assessment of the extracts. In the tanning 

process, tannin extracts penetrate into the hide/skin and 

crosslink with the active groups of collagen. This 

linkage provides a stabilization of the collagen leading 

to increased hydrothermal stability and good resistance 

against microorganisms. The higher quality of an extract 

brings the higher efficacy in tanning process [3]. 

Tannins are secondary complexes and widely 

distributed in the plants. Tannins are categorized with 

two major groups as ester derived hydrolysable and 

flavanoid derived condensed tannins [4]. Tannins 

obtained from oak tree growing in the Mediterranean 

region are defined as valonea. Valonea among the 

hydrolysable tannins are mostly used in leather 

production for tannage and retannage steps either alone 

or in combination with other tannins [5]. Chemical 

structures of active hydrolysable tannin consitutents of 

valonea are ellagic acid, gallic acid, geraniin and 

corilagin are as given in Figure 1 [6].  
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Figure 1. Basic structures and their molecular weights of valonea tannin. 

The matured acorn cups are picked up in certain season 

between October and March. They are dried and 

dispatched to the extraction facilities. Tannins are 

generally extracted with empirical ways in hot water to 

leach the tannin compounds [7]. Employed extraction 

methods affect the structure of the complex, content of 

tanning phenolic compounds, molecular weight, particle 

size and other general properties of tannins [8-10]. 

Therefore, different extraction ways are developed for 

the well isolation of the phenolic compounds from 

natural matrix [11]. There is a rising demand to improve 

the proper techniques to get the high quality of tannins 

[12,13]. 

Valonea tannin gives excellent firmness, good lightfast, 

fullness and lower water absorption properties for 

leather compared to the other natural tannages. On the 

other hand, the application of valonea during the 

tanning process causes high astringency of tanning, 

sludge formation in the process pits and unfavorable 

color for leather products [14]. These properties are also 

responded by the applied isolation methods [15]. 

This study aims to investigate the effect of different 

extraction tecniques such as conventional solvent 

extraction (CSE) (methanol/water mixture), 

supercritical CO2 (scCO2) extraction and pressurized 

fluid extraction (PFE) (water/CO2 binary system) on the 

characteristic properties of valonea tannin. 

Characteristic properties of CSE, scCO2 and PFE 

extracted valonea tannins were also compared with 

commercial valonea extract. 

2. Materials and Methods 

2.1. Materials 

Turkish oak acorns were used for the extraction 

processes. They were obtained from ‘‘Balaban Izmir 

Palamut Ltd. Company’’ in Manisa, Turkey. Low-

chromed (Cr2O3 content<0.8%) hide powder was 

purchased from FILK (Research Institute of Leather and 

Plastic Sheeting, Freiberg, Germany) and used for the 

phenolic content analyses. 

2.2. Methods 

2.2.1. Extraction of the valonea tannin with different 

techniques 

CSE extraction of valonea tannin was realized under the 

parameters of S/F=100 during 6 h and at 90oC [16]. 

Supercritical CO2 extraction was carried out at 70oC 

under 70 bar during 60 min. (20% co-solvent: 

methanol). Water/CO2 binary pressurized fluid system 

was applied with the parameters of S/F=100 with 100 

bar during 3 h and at 80oC [17]. 

2.2.2. Tannin content analysis (hide-powder method) 

The tanning phenolic contents of the produced extracts 

and the commercial valonea sample were analysed 

according to the official standards of SLC 114, 115, 116 

and 117. 
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2.2.3. Molecular weight determination of valonea 

extracts 

Aqueous Malvern Gel Permeation Chromatography 

(GPC) was used for determination of average molecular 

weights and polydispersity indexes of the produced 

valonea tannins. 0.1 M NaNO3 and 0.5% NaN3 aqueous 

solution were used as the mobile phase with a flow rate 

of 0.7 mL/min during the measurements. Before the 

analyses, the valonea tannins in 5 mg/mL concentration 

were dissolved in GPC eluent and shaken for at least 6 

hours to obtain a complete dissolution. Then, the 

valonea samples were filtered by 0.45 μm injector filters 

and measured for the determination of number average 

molecular weights (Mn), weight average molecular 

weight (Mw), molecular weight distributions and 

polydispersity index (PDI). 

2.2.4. Particle size analysis 

Particle size distribution of the tannins was carried out 

with a Malvern Zetasizer Nano ZS 90 particle size 

analyzer (Malvern Inst. Ltd., UK) under room 

temperature. For the analysis, tannin samples were 

prepared as 0.1 mg/mL concentration by diluting with 

the ultrapure water. The measurement size range of the 

instrument was 0.1-10000 nm. 

2.2.5. Fourier transform infrared (FTIR) 

spectroscopy characterization 

The structural analysis of valonea tannin samples was 

performed by using Perkin Elmer FT-IR+ATR 

spectrometer (Spectrum-100 model). The IR spectra of 

the samples in powder form were provided after 5 scans 

between 4000-650 cm-1 using 2 cm-1 discriminating 

power. 

3. Results and Discussion 

Tanning phenolic contents of valonea tannins produced 

in different extraction conditions for the CSE, PFE and 

scCO2 were given in Table 1 by comparing the CVT 

sample. 

Table 1. Tanning phenolic contents related to extraction 

method. 

Extracts 
Tanning phenolic  

contents (%) 

CVT 58.34 

PFE 63.90 

CSE 62.03 

ScCO2 59.20 

In conventional extraction processes, it is tried to 

dissolve the components of the plant by long treatment 

time. However, phenolic compounds that are not tannins 

are also taken into consideration at the long extraction 

process, the extraction yield (%) seems to be higher but 

the content of tannin (%) of the extract is decreased. For 

this reason, it is necessary to give more extract to the 

drum in order to get enough tannin content on the 

leather weight during the production. It means that the 

content of tannin is more important than the extraction 

efficiency. However, high tannin content (%) from 

acorn cups was obtained with scCO2 and PFE 

extractions in short application time. This situation will 

be quite advantageous for reducing the cost of extracts 

and the waste load occured in tanning and retanning 

steps in the factories where tons of leather produced. 

Another methods are tried to increase the extraction 

efficiency, as well. Chestnut tannin is also widely 

applied in vegetable tanning process in leather sector. 

Vázquez et al. reported the extraction yield of chestnut 

shell as 8.7% at 70oC and 12.2% at 90oC in water [8]. 

10% NaOH and water solvent mixture was used to 

increase the extractability of tannin compounds. 49.4% 

extract yield was obtained at 70oC, but pH value oft he 

extract was 9.3 which is a significant drawback for the 

industrial applications. Because lower pH values are 

required for vegetable tanning process for the good 

penetration of tannin compounds to leather matrix.  

Moreover, molecular weight of the extract decreased 

with the NaOH application. 

The particle size and chemical composition of the 

chemicals used in the leather production is one of the 

most important factor both affecting the performance 

and the properties of leather. While the small particle 

size of the chemicals is capable of a high penetration 

rate into leather, the larger the particle size the 

chemicals have a low penetration rate. Sivakumar et al. 

have also reported that particle size of the tannins are 

highly considerable factor for the vegetable tanning 

process of leather [20].  Results of the particle size 

analyses of valonea tannins obtained from extraction 

methods applied are given in Table 2. 

Table 2. Results of the particle size analyses of valonea 

tannins. 

Samples 
Average particle 

size (nm) 

Polydispersity 

index 

CVT 983.0 0.559 

PFE 505.3 0.512 

CSE 711.1 0.719 

ScCO2 877.8 0.880 
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Figure 2. Particle size distribution of valonea tannins.  
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It was monitored that the average particle size decreased 

from 983.0 nm to 505.3 nm with the pressurized fluid 

extraction method (water/CO2 binary system) compared 

to commercial valonea tannin (CVT) produced by water 

extraction. Thermodynamically, the density of CO2 

increases with the increased pressure at a constant 

temperature. This resulted in decreased particle size 

formation [18,19]. The polydispersity index (PDI) is 

related with the size distribution/uniformity of the 

particles. Thus, higher polydispersity index brings poor 

uniformity in particle size distribution [20]. The best 

uniformity was also provided by pressurized fluid 

extraction method (water/CO2 binary system) with low 

PDI value as seen in Table 2. 

Sivakumar et al. revealed that particle size of the tannins 

was decreased by ultrasonic extraction application, 

penetration ability of the tannins were affected and 

improved [17]. Thus, float exhaustion was also 

increased in the production by tannins. The extracts 

obtained by pressurized methods can be used to improve 

the float uptake in tanning processes, reduce the 

environmental pollution and decrease the process time. 

Teng et al. used different particle sized tannins obtained 

from Acacia mangium bark and reported that the 

penetration time of tannin was the longest, with up to 96 

h required for its biggest particle size [9]. Conversely, 

extracted tannin with the smallest particle size 

penetrated quickly, and only 36 h was required for 

complete penetration. 

The effect of extraction methods on the molecular 

weight of tannins were also investigated using gel 

permeation chromatography. The results are given in 

Table 3 and Figure 3. 
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Figure 3. GPC spectra of valonea extracts.  

 

The results indicated that the molecular weight 

distribution of the samples were in the range of 150-

7000 Da with different molecular fractions.  Similar 

results were also obtained for valonea tannin in a study 

by Ozgunay et al. where the molecular weights were 

investigated by MALDI-TOF technique [13]. The 

samples of CVT and PFE had 3 main distribution peaks 

while samples CSE and scCO2 had two peaks possibly 

due to the different fractions of molecular species. The 

major peak of species were observed at 331-366 Da and 

second major peak at 572-632 Da. The most broad 

distribution with slightly higher molecular weights were 

observed at CVT where the other extraction methods 

used in the study resulted in lower molecular weight 

distribution. The most narrow molecular weight 

distribution was observed at scCO2 extracted valonea 

tannins being in the range of 225-2000 Da. These results 

show that the extraction methods rather than 

conventional one have also effect on molecular weight 

of the valonea tannin since they give lower molecular 

weight species.  

 

Table 3. Effect of extraction methods on the molecular weight of tannins. 

Extracts Mw Distribution 

range (Da) 

Mp1 (Da) Mp2 (Da) Mp3 (Da) 

CVT 150-7000 210 366 632 

PFE 140-4000 187 331 572 

CSE 220-4000 136 347 593 

ScCO2 225-2000 - 345 605 
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The chemical characterization of the valonea extracts 

was done by FTIR and their spectra are given in Figure 

4. From the results it was observed that all the valonea 

extracts had very similar spectrum and the main 

characteristic absorption bands appeared at 3276 cm-1 

for -OH strecthing, 2920 cm-1 for -CH stretching, 1720 

cm-1 for C=O, 1610 and 1447 cm-1 for C=C of aromatic 

rings, 1315 cm-1 C-OH (in plane), 1179 cm-1 for C-O-C 

ester bonds and 1038 cm-1 for C-O of C-OH groups. On 

the other hand an intensity difference of the peaks at 

1720 and 1610 cm-1 was observed especially for the 

sample ScCO2 which showed that the content of 

molecular species carrying -C=O was higher. This may 

be due to the partial carboxylation of some phenolic 

rings during supercritical CO2 extraction. However, all 

the spectra showed that characteristic peaks of valonea 

tannin as reported also by other researchers [13].  

 

Figure 4. FTIR spectra of tannins. 

4. Conclusion 

Different extraction techniques were employed on 

valonea tannin their characteristics were investigated. 

The overall results exhibited that many important 

properties of valonea tannin have been affected by the 

applied extraction techniques such as particle size, 

molecular weight and chemical structure of the extracts 

which can have further affect their tanning properties. 

From this point of view, it has been clearly appeared 

that proper extraction methods should be determined 

according to the desired features of the tannins. This 

situation is importance for the leather goods to be 

produced because it may have effect on their quality and 

performance parameters. PFE method contributes to the 

extraction efficiency and does not adversely affect the 

characteristic and quality properties of the tannins 

which are considerable in terms of the leather 

production. Moreover, the methods provide more 

uniform and smaller particle size as well as relatively 

lower molecular weight extracts can be advantageous 

during tanning and retanning applications. Applied 

extraction method should not be ignored in terms of the 

environmental aspects and sustainable production as 

well. For these reasons, supercritical fluid and 

pressurized fluid application techniques have gained 

much importance by the industry as they offer more 

ecofriendly and efficient extraction.  
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