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Abstract: Eco-friendly leather processes based on the usage of natural products have become a potentially
attractive issue for leather industry during the last few decades. Synthetic protective chemicals like bactericides
used in most soaking process are known as hazardous substances and cause tannery effluents with high
concentrations of Chemical Oxygen Demand (COD). In the present study, the effect of tannic acid on
microorganisms, skin, wool and effluent were investigated in order to demonstrate the applicability of tannic
acid in soaking process instead of commonly used bactericides. The bacterial load (cfu/ml), COD and Nitrogen
Content (N) of the soaking effluents and Total Kjeldahl Nitrogen (TKN) content of skins and wools were
investigated. Application of 0.5 and 1 wt% tannic acid concentrations was more effective than commercial
bactericide, while comparable results were achieved by 0.1 and 0.3 wt% tannic acid. The application of tannic
acid for soaking process resulted in lower COD and N values of effluents. The results show that tannic acid
has the potential to be an alternative, eco-friendly bactericide for leather industry by reducing the pollution of
leather soaking process.

INTRODUCTION

New eco-benign systems, either using non-hazardous compounds or developing new
production methods have become the raising trend in global industrial activities, due to
the increasing health and environmental regulations and restrictions.

Researchers have adopted various approaches to minimize the environmental
impact of leather processes taking into consideration the use of chemicals having less
toxicity or less environmental impact [5, 27], recovery and/or reuse of water, floats
and chemicals in leather processing steps [25, 36, 43] and innovation of processes and
products [33, 476].

Soaking is one of manufacturing processes of leather used to restore the original
water content of skin. In this process synthetic antimicrobial agents are widely used to
prevent microbial growth. However, considering the potential toxicity of these chemicals
and requirements imposed by regulating agencies, natural eco-friendly alternative
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antimicrobial products have recently become a predominant focus of interest in many
fields like textile, leather as well as pharmacy, medicine, cosmetics, food and etc.

In leather industry, the use of several alternative environmentally friendly
antimicrobial products has been reported in different processing steps. The antimicrobial
effect of Aloe vera in fatliquoring process [6], the biocide effect of photo sensitizers
[16], bronopol [38] and ozone [39] in soaking process were investigated. The use of
vegetable tannins such as quebracho, mimosa, gall-nut, chestnut and valonia as a biocide
in leather soaking process was also studied [ 18] owing to their antimicrobial and antiseptic
properties [19]. Tannic acid, which is a commercially important hydrolysable gallotannin,
has also got a great deal of attention as an antimicrobial agent due to its antimicrobial,
antimutagenic, anticarcinogenic and antioxidant properties [1, 3, 4, 10, 22, 23, 31, 35, 37,
41, 44]. Tannic acid is present in a variety of fruits and vegetables including tea, cocoa,
beans, grapes, strawberry, persimmon, especially the bark of the oak species, sumac and
myrobalan [1, 11, 40] and also categorized as a ‘generally recognized as safe’ (GRAS)
food additive [1]. In addition, it is not classified as hazardous material according to CLP
Regulation (EC) 1272/2008 on classification, labeling and packaging of substances and
mixtures [32]. Tannic acid was applied in textile [8], microbiology [45], medical and
biomaterial sciences [2, 26] and leather industry [17].

Recent studies on tannic acid in leather industry can be summarized as an application
of tannic acid in pickling and tanning processes [17, 20, 21, 46, 52], the reduction of Cr
(VI) formation in leather by tannic acid [14] and use of tannic acid in leather dyeing
process as a natural dye [29]. According to our knowledge, so far, there has been no
reported research on the application of tannic acid as a bactericide in soaking process for
leather industry.

In this research, the applicability of tannic acid as an alternative natural antimicrobial
agent in respect to common synthetic bactericides used in soaking process were
investigated to reduce the negative environmental impact of these protective chemicals.

MATERIALS AND METHODS

Materials

Tannic acid (Merck, Darmstadt, Germany), which is the powder form of tannin with
a pH value of 3.5 (100 g/l, H,O, 20°C), was used as an eco-friendly bactericide in
soaking process. The bactericide effect of tannic acid was tested using 100 cm? pieces
of dry salted raw Metis type sheepskins. To evaluate the antibacterial effect of tannic
acid, a commercial bactericide containing benzisothiazolinon (25% conc.) as an active
ingredient was used.

Methods

Leather samples were pre-soaked for 2 hours under static conditions and washed for
5 minutes to remove the dirt and remained salt. Then, the samples were put in 2L beakers
and soaked with 1L solutions of tannic acid of different concentrations (0.1, 0.3, 0.5
1.0%) as well as with 0.1% solution of commercial bactericide at 27°C. During the
soaking process, a shaker provided mechanical mixing for 10 minutes per hour. Also,
pH and temperature values of soaking baths were controlled. At 8 and 24 hours of
process, samples were taken for the determination of soaking bath properties. In order
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to demonstrate the applicability of tannic acid in soaking process, not only the effect of
tannic acid as bactericide, but also its effect on soaking effluent and the compositions of
skins and wools were determined. A blank bath without any protective chemicals was also
analyzed. The results were given as mean values (+SE) obtained with triplicate samples
and evaluated statistically.

The enumeration of cultivable bacteria by plate count method (CFU)

The bacterial load of the soaking baths was determined with the samples taken at 8™ and
24" hours of process by use of pour plate method. 1ml of each soaking sample was added
to 9 ml sterile physiological saline solution for preparing serial dilutions of samples. This
procedure was followed by mixing 1 ml aliquots of the appropriate sample dilutions with
Plate Count Agar (pH 7; 45°C; Merck) in a sterile petri dish. After plating, the media were
incubated at 37°C for 24 hours and the cultivable bacterial cells in 1 ml of a soaking bath
were counted. For each experiment, three separate sub-samples from soaking baths were
analyzed and the enumeration of bacteria was expressed in log cfuml'.

The determination of N contents and COD values of soaking effluents

The spent liquor from the soaking operation was analyzed for total N content and COD
values (mg-L") using standard kits (114763: Nitrogen (total) Cell Test; 114555: COD
Cell Test; Merck) with Merck SQ 300 Water and Wastewater Spectrophotometer at 520
and 585 nm respectively. N content and COD load of each soaking effluent was analyzed
in triplicate.

The determination of shrinkage temperature and TKN
Shrinkage temperature of leather samples was determined in accordance with TS 4120
EN ISO 3380 [49]. In this method, soaked 5 x 0.2 cm leather specimen was immersed
into distilled water which was used as a heating medium for the shrinkage temperatures
at or below 98°C and the heater was set to make the temperature of the heating medium
increase 2°C per minute. When the first shrinkage was observed, the changes were
recorded in every 30 seconds until the last shrinkage.

TKN values of skins and wools were determined in accordance with the Kjeldahl
nitrogen method [7, 50] and experiments were performed in triplicate.

Scanning Electron Microscopic (SEM) Examination

The fiber structure of wool of each soaked leathers after soaking process was monitored
with TM 1000 Hitachi (Japan) Tabletop Scanning Electron Microscopy with the
magnification power 20—10.000 according to methods previously described in the
literature [9]. The wool samples were dried at 40°C after soaking process and randomly
selected ten separate wool samples from each application were viewed under the SEM
without requiring any sample preparation.

Statistical analysis

The data were analyzed with SPSS 15.0 for Windows. Analysis of variance was
performed on each attribute and data were analyzed for treatment effects, time effects
and treatment by time interactions. When significant interactions were observed, Tukey
post hoc test was used for multiple comparisons for enumeration of the cultivable bacteria
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assessment. Multiple comparisons of chemical oxygen demand, total nitrogen content
and total kjeldahl nitrogen results were performed by Duncan test. The evaluation of the
linear relationship between tannic acid offer and the CFU, COD, N and TKN results was
measured using Pearson’s correlation.

RESULTS

The Effect of Tannic Acid on Microbial Load of Soaking Process
The bacterial load of soaking baths with different concentrations of tannic acid and control
samples are presented in Table 1.

Table 1. The number of cultivable bacteria expressed as log,cfu per 1 ml after 8" and 24" hours
of soaking process

Treatment
Time (h) Blank 0.1% TA 0.3% TA 0.5% TA 1% TA Bactericide

8 5.9340.015%  4.80+0.012% 4.53+0.004%¢  4.22+0.003%¢  3.51+0.004% 5.06+£0.017%®
24 8.03+0.028"  7.66+0.008*"  7.51+0.003°  7.28+0.004*  6.49+0.005"  7.43+0.006*°

* values in the same columns or rows followed by the same upper or lower case letters, respectively are not
significantly different according to Duncan test (p < 0.01).
TA, tannic acid; n =3

The bacterial growth at 8 hours of soaking indicated that all the concentrations of
tannic acid wt% could prevent the microbial growth under ideal conditions. The microbial
growth prevention of 1wt% tannic acid was significantly (p <0.01) higher than the other
treatments of tannic acid and control samples. On the other hand, there was no significant
difference between control samples and 0.1, 0.3, 0.5 wt% concentrations of tannic acid
(»>0.01).

The number of cultivable bacteria in bactericide added soaking process for 24 hours
was found significantly lower than the blank sample (p < 0.01). Comparable results with
commercial bactericide were obtained by using 0.1 and 0.3 wt% of tannic acid (p > 0.01).
For the same period of time, although 0.1 wt% of tannic acid gave the highest colony
forming unit results, it has been a limitation at microbial growth as much as half of the
blank sample (p < 0.01). It was obvious that the results of 0.5 and 1 wt% of tannic acid
were significantly better than the commercial bactericide (p < 0.01). An analysis using
Pearson’s correlation coefficient also indicated that there was a significant relationship
between tannic acid offer and number of bacteria (cfu) at 8 and 24 hours of soaking
process, r (12) = -1, p <0.000 and, r (12) =-0.990, p < 0.000 respectively.

Nitrogen and COD Values of Soaking Effluents

The nitrogen value of blank sample for 24 h, presented in Table 2, had the highest value
among other effluent samples (p < 0.05). This might be because of the heavy infection of
the soaking float. Owing to inhibition effect of tannic acid and bactericide on microbial
growth, lower nitrogen values were acquired in these effluents. The lowest N content
values were obtained from 0.5 and 1 wt% tannic acid application compared to other
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soaking groups (p < 0.05). However, there were no statistical differences between
the groups of 0.1, 0.3 wt % tannic acid and bactericide (p > 0.05). In the mean time,
the difference between the 0.5 and 1 wt % tannic acid was not statistically significant
(p > 0.05). Generally, all effluents contain N values in the range between 3 and 10 mg
per L [15], that are the limit values specified for directly discharge into the surface water.

Table 2. Total nitrogen (N) content and chemical oxygen demand (COD) values of soaking effluents (mg-L™")
for 24 h soaking process

Treatment
Blank 0.1% TA 0.3% TA 0.5% TA 1% TA Bactericide

N 4.13+0.38 3.23+0.09 3.17+0.41%° 2.2740.45° 2.4340.07° 3.17£0.20%*
COD  1673+40.55¢  1683+33.33¢ 1667+6.67° 1673+21.86°  2043+61.19°  3040+34.64°

* values in the same row followed by the same letters are not significantly different according to Duncan test
(p <0.05);
TA, tannic acid; n =3

The COD values of soaking effluents were determined lower than the previously
reported values [42, 48]. With the use of 1 wt% of tannic acid instead of bactericide,
the COD values of soaking effluents were reduced approximately by 33% (Table 2).

The difference between the 1 wt% of tannic acid and bactericide was also found
significant (p < 0.05). However, no statistically significant difference was found between
the soaking applications of blank, 0.1, 0.3 and 0.5 wt% of tannic acid (p > 0.05). The
highest COD value reduction by 45% was obtained from 0.1, 0.3 and 0.5 wt% tannic acid
applications. An analysis using Pearson’s correlation coefficient also indicated that there
was a significant relationship between tannic acid offer and COD values of effluents,
r (12) = 0.853, p < 0.000 respectively. In soaking process, the 0.5 wt% tannic acid
concentration that has a comparable antimicrobial effect with 1 wt%, may be selected
considering both environmental aspects and cost-effectiveness, although the COD value
of 1 wt% tannic acid is lower than bactericide.

The Effect of Tannic Acid on Shrinkage Temperature, TKN and SEM

The shrinkage temperature of the skins soaked with increasing concentrations of tannic
acid presented only slight differences within the minimum and maximum range of 55 and
57°C. This can be regarded as a supportive indication for not generating any modification
in skin structure. Also, the shrinkage temperatures of blank and bactericide samples were
determined as 53 and 55°C respectively.

All skin and wool samples provided similar total Kjeldahl nitrogen values that varied
between 14.56—15.27% (Table 3). No statistically significant difference was found between
TKN values of all wool and skin samples (p > 0.05). Scanning electron microscopy
analysis of wool for tannic acid applications as well as control samples did not reveal
any bacterial attack on fiber structure of wool (Figure 1). The statistically insignificant
TKN values of wool were also supported by similar SEM images. Accordingly, bacterial
attack in the course of tannic acid application does not cause any adverse structural
modifications in skin matrix and wool as supported with TKN values and SEM images.
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Table 3. Total nitrogen (TKN) values of skin and wool samples (%) for 24 h soaking process

Treatment
Blank 0.1% TA 0.3% TA 0.5% TA 1% TA Bactericide

Skin samples
TKN  14.57+0.090* 14.60£0.063* 14.56+0.127* 14.87+0.055* 14.68+0.072* 14.58+0.012°
Wool samples
TKN  15.2240.165° 15.27+0.012* 15.21+0.169* 15.06+0.063* 15.24+0.048* 14.97+0.050°

* values in the same row followed by the same letters are not significantly different according to Duncan test
(p<0.05)
TA, tannic acid; n =3
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Fig 1. SEM micrographs of wool samples soaked with 0.1% (A), 0.3% (B), 0.5% (C) and 1% (D)
of tannic acid, without any bactericide (blank) (E) and with a commercial bactericide 0.1% (F) x 1500
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DISCUSSION

The most commonly known synthetic preserving agents used in leather industry have
carbamates, benzisothiazolinon, organo-bromine compounds, and oxidative agents as
active substances. Their use in leather industry has become the focus because of the
chemical safety and consumer health issues considering their toxic effect for wastewater,
aquatic organisms and environment. The toxicity of bactericides and fungicides in tannery
effluents was confirmed by determination of their extremely high acute and chronic
toxic effects on bacteria, algae, zebra fish and daphnids such as Daphnia magna and
Danio rerio [48]. They may impair fertility, cause harm to the unborn child and potential
heritable genetic damage [30].

A number of articles have been reported regarding the inhibition effect of tannins on
microorganisms. Their antibacterial effect could be largely attributed to their reduction of
enzyme activity, dysfunction of cell membrane and deprivation of substrate metal ions and
minerals [1, 24, 51]. Amongst tannins, tannic acid was found to be inhibitory to the growth of
intestine bacteria such as Bacteroides fragilis, Escherichia coli and Clostridium perfringens.
This inhibitory effect was thought to be closely related to the iron-binding capacity of tannic
acid [11]. Besides, Chung et al. [12] reported that tannic acid inhibited the growth of all
selected food-borne bacteria while gallic and ellagic acid could not inhibit any of them.
Chung et al. [12] and [13] reported that the ester linkage between gallic acid and glucose (to
form tannic acid) was important for the antimicrobial potential of these compounds.

Tannic acid significantly inhibited the microbial growth without altering collagen
matrix as well as wool structure. All concentrations of tannic acid used in the study, provided
an antibacterial effect in comparison to blank samples by decreasing the bacterial load of
soaking baths significantly. Tannic acid performed better antimicrobial activity during the
first 8 hours of soaking process when compared to commercial bactericide. Commercial
bactericide presented similar antibacterial effect during 24 h soaking as 0.1 and 0.3 wt% tannic
acid. Tannic acid at the concentrations of 0.5 and 1 wt% fulfilled the requirements of being
antimicrobial agent by providing highest inhibition effect on microorganisms. However, it is
advisable to apply the tannic acid in lower concentrations with the maximal inhibitory effect
on microorganisms due to its polyphenolic structure. Although it is a natural compound,
there are limitations in the use of vegetable tanning materials due to their high organic load
in the effluent, which results high COD [28, 34]. Nevertheless, lower COD values than 0.1%
solution of commercial bactericide were obtained after application of tannic acid at highest
tested concentration (1%), which is a good sign of their environmentally friendly structure.
In the view of these findings, tannic acid can be appreciated as a natural and eco-friendly
bactericide due to its antimicrobial, environmentally friendly and biodegradable properties.
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