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Abstract

Abstract In this study, pre-tanning stage goat hide was treated with atmospheric pressure air dielectric barrier discharge
with the aim to provide an eco-friendly antimicrobial finishing. The untreated and the air plasma-treated hide pieces were
incubated in sterilized agar media. Upon incubation, untreated sample showed noteworthy growth of fungus, while the
plasma-treated piece remains unaffected which clearly reveals the sterilization capacity of the plasma treatment. The fun-
gus grown on untreated sample was cultured and identified with fungal specific ITS rRNA gene sequence and Basic Local
Alignment Search Tool and found to be strains of Curvularia sp. with 100% similarity to Curvularia caricae-papayae and
99% similarity to Curvularia pseudobrachyspora. The untreated and plasma-treated goat hide samples were subsequently
dipped into the extract obtained from bark of two Cassia species: Cassia renigera and Cassia fistula to provide antifungal/
antibacterial finishing. Effectiveness of this anti-fungal finishing was demonstrated by inoculating the samples with culture
of the fungus and incubation. The obtained results indicate that samples treated with the plasma and the extracts finishing
deliver substantial antifungal activity in comparison to that of untreated extract finished goat hide. Additionally, the plasma
treated followed by plant extract finished samples provide evidence of antibacterial finish which has been confirmed by
zone of inhibition against a Gram-positive bacteria Staphylococcus aureus. Activation of hide surface and generation of
various functional groups due to the plasma treatment were accountable for better uptake of the extracts and thus imparting
antimicrobial finish.

Graphic abstract

COOH

attachment

é Better uptake due to covalent
H o
L PO IP I PP

o
Atm. Pressure . & Y0 M

Air DBD z\\\ l / J/fv ‘

Finishing with

| Activation of

i Grain Natural
Grain Surface ram_
- Products
Sterilization Cortiam i Antimicrobial
" Finish
Flesh

Keywords Goat hide - Atmospheric pressure plasma - Dielectric barrier discharge - Surface activation - Functional groups -
Cassia - Antifungal - Antibacterial

Extended author information available on the last page of the article

@ Springer


http://orcid.org/0000-0002-9406-8529
http://crossmark.crossref.org/dialog/?doi=10.1007/s12210-020-00954-2&domain=pdf

1106

Rendiconti Lincei. Scienze Fisiche e Naturali (2020) 31:1105-1116

1 Introduction

Leather manufacturing involves conversion flayed animal
hides into commodities by pre-tanning, tanning, and post-
tanning operations. Microbial degradation of raw hides is
obvious; also, microbial degradation occurs usually during
leather manufacturing processes as well as during storage/
use of finished leather and leather products (Lindner and
Neuber 1990; Orlita 2004). In case of raw hides, microbial
degradation by bacteria results mainly due to decompo-
sition of untanned collagen of raw hides at pre-tanning
stages; conversely fungi has ability to thrive even after
tanning process at various stages of leather processing and
also on finished products (Lindner and Neuber 1990; Orlita
2004; Fontoura and Gutterres 2015; Fontoura et al. 2016).
In fact, fungal growth is inexorable during leather process-
ing due to nature of chemicals used and favorable environ-
ment during leather processing, so fungicides are always
used by tanners during leather processing (Orlita 2004;
Meneses et al. 2005; Bryant et al. 2010Sahu et al. 2017b).
Moreover, for finished leather products, particularly for
footwear antimicrobial properties are desired. In case of
footwear, leather’s collagen-fibrous network provides an
excellent environment for microbial proliferation due to
absorption of sweat containing metabolite and sebum; the
warm and moist conditions along with oxygen availability
results in to bio-film formation and subsequent problems
such as unpleasant odor, discoloration, decreased mechani-
cal strength and even risk for skin infection (Fernandes
et al. 2013; Liu et al. 2017). Thus, at industrial level and
for consumers, antimicrobial treatment of hide/leather is
indispensable requirement (Liu et al. 2017).

At present, synthetic organic chemicals are mainly used
to provide antimicrobial finishing to textiles (Windler
et al. 2013) and likewise widely used during processing
of leather as well as during final finishing particularly to
provide protection against fungi (Orlita 2004; Carvalho
et al. 2018). There are two general class of fungicides
used for leather manufacturing: Phenolics and Heterocy-
clics (Lindner and Neuber 1990; Orlita 2004; Font et al.
2011). Pentachlorophenol (PCP) was commonly used
fungicide in leather manufacturing which is replaced
by other fungicides after 1980s due to toxicity and poor
biodegradability; use of PCP as leather preservatives has
been banned in many countries and mandatory residual
substances limits (RSLs) of PCP in finished product set
to 30 ppm (Muralidharan and Rao 1994; Orlita 2004;
Font et al. 2011; Dixit et al. 2015). Currently, chemi-
cals particularly 2-(thiocyanomethylthio) benzothiazole
(TCMTB), N-OITZ (N-Octylisothiazolinone), OPP (Ortho
phenyl phenol), PCMC (p-Chlorom-cresol), Carbendazim,
Merkaptobenzothiazole, TCP (tri-chloro phenol), p-nitro
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phenol, BMC, DIMTS are commonly used as fungicide by
leather industries. These are generally found harmful to
human health and nature (Bryant et al. 2010; Lkhagvajav
et al. 2015; Sahu et al. 2017a). It is reported in the litera-
ture that, 2-thiocyanomethylthiobenzothiazole (TCMTB),
Ortho phenyl phenol (OPP) and Pentachlorophenol (PCP),
specifically used fungicides for leather processing are now
banned in many countries due to toxicity, carcinogenic
effect and poor degradability (Sahu et al. 2017a, Sahu
et al. b; Carvalho et al. 2018). Furthermore, these chemi-
cal finds way to environment through tannery wastewater;
recent study indicates high cytotoxicity due to residual
fungicides in tannery wastewater (Hansen et al. 2020).

Growing concern for environment protection, and imple-
mentation of stringent health and environmental regula-
tions and restrictions, laid a serious challenge for utilization
of synthetic organic chemicals as antimicrobials and thus
uncertainty for future usage (Orlita 2004; Windler et al.
2013). Thus, research on antimicrobials/natural products
derived from plant is the focus of scientific community
which can likewise provide antimicrobial properties to tex-
tiles and leather (Alihosseini 2016), can be an alternative
to chrome tanning (Sahu et al. 2017b; Maier et al. 2017).
Use of Azadirachta indica oil (Venkatachalam et al. 1977),
Clerodendrum viscosum leaf paste (Hashem et al. 2017),
Moringa oleifera leaf paste (Hashem et al. 2018), Citrus
limon (Lemon) leave paste (Tamil Selvi et al. 2020), Rumex
abyssinicus (mekmeko) roots (Mohammed et al. 2016) for
preservation of goat skin, Calophyllum inophyllum oil and
Citrullus colocynthis oil as antifungal fat-liquor for leather
industry (Sahu et al. 2017a, Sahu et al. b), microencap-
sulated Melaleuca alternifolia (Tea Tree) oil as biocide
(Sanchez-Navarro et al. 2011), commercial essential oils of
Eucalyptus slobulus and Lavandulae officinalis (Sirvaityté
et al. 2011), essential oils of Thymus vulgaris (Sirvaityté
et al. 2011) as alternative preservatives for tanned leather,
essential oil of Origanum minutiflorum (Bayramo et al.
2006), sweet orange seed oil as antifungal preservative in
leather processing (Akpomie 2010), Cedar and Coriander
oils for antifungal finish (Niculescu et al. 2017, 2018, p. 2),
and many more (Zhiyuan et al. 2013) are been reported in
scientific literature.

For any material, surface property and surface charge play
important role in treatment carried over it and thus desired
surface property is anticipated. Similarly, for leather and
leather products, role of desired surface property and surface
charge on hide/leather is well recognized and considered
requisite for organic tanning (Thanikaivelan et al. 2005) as
well as to provide antimicrobial finishing (Koizhaiganova
et al. 2015). Surface modification of hide/leather by non-
thermal plasma can assuredly be a worthy treatment to
acquire effective antimicrobial finish. Use of non-thermal
plasma as eco-friendly technology for hide/leather surface
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modification is of current interest of researchers and have
been studied for surface functionalization, improving wet-
tability, water proof property and wet-rubbing property,
printability, leather dressing, leather dyeing and finishing,
improvement in adhesion (Osin et al. 1998; Choi et al. 2003;
Acikel et al. 2013; You et al. 2016; Kaygusuz et al. 2017,
2018; étépénové et al. 2017). In other studies, application
of atmospheric pressure dielectric barrier discharge (DBD)
for surface functionalization of goat hide and to improve dye
uptake with various natural dyes also been reported (Dave
et al. 2016, 2017).

In the present study, atmospheric pressure air DBD
plasma employed for grain surface treatment of goat hide;
the plasma treatment can sterilize the hide and thus with this
study application of the atmospheric pressure non-thermal
plasma for short-term preservation of goat hide demon-
strated first time. Surface functionalization and activation
of goat hide by the air DBD treatment subsequently results
in better uptake of plant-based extracts and thus antimi-
crobial finishing can be imparted. Furthermore, to explore
antimicrobial finishing to goat hide, we had used the extract
obtained from bark of two Cassia species: Cassia renigera
and Cassia fistula, since plants of genus Cassia are known
for antimicrobial and other biological activities (Dave and
Ledwani 2012). Leave paste of Cassia fistula has been
explored and proved very efficient for phyto-based preser-
vation of freshly flayed goat hide due to excellent antibacte-
rial and antifungal properties (Vinodhkumar et al. 2016).
The effectiveness of finishing by the atmospheric pressure
plasma and subsequent treatment with the plant extract-
treated samples demonstrated with fungus culture isolated
from the hide sample itself, while antibacterial effect con-
firmed by zone of inhibition against a Gram-positive bacteria
Staphylococcus aureus.

2 Experimental
2.1 Materials

Goat hide (pickled, full grain) having average thickness
of 1 mm were procured from local market at Agra, Uttar
Pradesh, India. Bark of Cassia renigera and Cassia fistula
were collected from trees growing at local areas of Jaipur,
Rajasthan, India. Bark was rinsed with distilled water (DI)
to remove impurities present then dried in shadow to pre-
vent bio-degradation and loss of active compounds. All
the chemicals and solvents used in this experiment were of
analytical grade. 99.9% Ethanol (CSS Pvt. Ltd.) was used
to obtain extract from bark of Cassia renigera and Cassia
fistula. Agar—Agar and nutrient agar medium and potato dex-
trose agar supplied by HiMedia Laboratories Pvt. Ltd. were

used for isolation of fungus from hide sample and for testing
of antifungal, antibacterial finishing.

2.2 Surface modification of goat hide
by atmospheric pressure air DBD

To activate the goat hide surface and incorporate functional
groups, grain surface of goat hide was exposed to atmos-
pheric pressure air DBD for duration of 15 min by keep-
ing the hide sample on bottom electrode of an experimental
plasma system. The schematic of experimental system is
shown in Fig. 1. The experimental plasma system consists of
low-frequency (50 Hz) power source connected with SS wire
mesh electrodes (flat, rectangular, separated 3 mm apart)
covered by polyethylene—terephthalate (PET) film as dielec-
tric medium. The air DBD generated in this experimental
system by applying high voltage of 7 kV rms across the
electrodes. Further details about air DBD plasma experi-
mental system and characterization of air DBD-treated goat
hide sample by employing ATR-FTIR spectroscopy, X-ray
photoelectron spectrometric (XPS) analysis and Scanning
Electron Microscopy (SEM) are reported in previous study
(Dave et al. 2016).

2.3 Preparation of extract from Cassia renigera
and Cassia fistula bark

Bark of Cassia renigera and Cassia fistula were thoroughly
washed, separately with deionized water and dried in shade
for 4-5 days to remove any moisture. It was then crushed
to powder form and stored for further use. The active plant
constituents from the bark powder were extracted by soxhlet
method using ethanol (99.9%) as a solvent. After 1012 h of
the process, crude extracts were obtained.

2.4 ATR-FTIR analysis of Cassia renigera and Cassia
fistula bark extract

Chemical constituents of the extracts were analyzed by
ATR-FTIR (Attenuated total reflectance Fourier trans-
form infrared spectroscopy) spectrophotometer Alpha,
Bruker, Germany. The spectra were recorded in the range
of 4000600 cm™~! with 64 scans, resolution of 4 CIIl_l).

2.5 XRD analysis of untreated goat hide

X-ray diffraction patterns for grain surface of the untreated
goat hide were collected by X-ray Diffractometer (GNR
APD 2000 PRO) using an X-ray tube with Cu anode (CuKo
radiation with a wavelength of 1.541874 A). For measure-
ment, the hide sample was cut around 20 mm X 20 mm and
fixed in sample holder. The 26 angle was scanned between
10° and 50°, with 0.020 step size and 1.5 s time per step.
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Fig. 1 Schematic diagram of
experimental set up of plasma
chamber
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2.6 Isolation and identification of fungus strain
from the goat hide sample

As described above, the hide sample was bought from local
market, where it was already exposed to air and dust. Hence-
forth, the presence of bacterial/fugal spore in the hide sam-
ple was assumed. When piece of untreated hide sample and
hide piece treated with the air DBD for 15 min were placed
in sterilized agar media poured in Petri-dishes and incu-
bated at 27+ 1 °C in aseptic condition, fungus growth was
observed on untreated hide sample. No fungal growth found
on the air DBD-treated hide sample which due to steriliza-
tion by the air DBD treatment as described in Sect. 3.4. The
fungus grown on untreated hide pieces was isolated and cul-
tured as per the previously reported method (Rathore 2015)
and identification of fungus strain carried out using fun-
gal specific ITS rRNA gene sequencing (White et al. 1990;
Krizsan et al. 2015). For that, chromosomal nucleic acid
extraction from the cultured fungus was performed using
commercial DNA isolation kit. The Basic Local Alignment
Search Tool (BLAST) which finds regions of similarity
between sequences and NCBI/Gen Bank Database were
used to generate identification report (Altschul et al. 1990;
Krizsén et al. 2015). The BLAST compares nucleotide or
protein sequences to sequence databases and calculates the
statistical significance of matches; the BLAST algorithms
also used to infer functional and evolutionary relationships
between sequences as well as help to identify members of
gene families. For the fungal strain identification, first step
is initial search to find closely related sequences using the
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BLAST program, afterwards pairwise alignment done to
calculate the sequence similarity values between the query
sequence and the sequences identified in first step (Karlin
and Altschul 1990; States et al. 1991). Therefore, each iso-
late is reported with the first five-ten hits observed in the
said database.

2.7 Antimicrobial finishing with extracts obtained
from bark of Cassia renigera and Cassia fistula

The plasma-treated and untreated leather samples were
dipped in plant extracts at material to liquor ratio of 1:10
for 50 min. After the process, leather samples were removed
from extract and allowed to dry. Effectiveness of this fin-
ishing against fungus was demonstrated by inoculating
the samples with culture of the fungus strain isolated and
identified as describe above. For that, inoculated pieces of
the plant extract-treated hide and plasma followed by the
plant extract-treated hide were incubated in sterilized potato
dextrose agar media poured in Petri-dishes and incubated
for 48 h at 27+ 1 °C in aseptic condition. Also, antibacte-
rial property of this finish confirmed by zone of inhibition
against a Gram-positive bacteria Staphylococcus aureus
(MTCC9542) by agar diffusion test. Sterile Petri plates with
20 ml of nutrient agar medium were prepared, subsequently
solidified media swabbed uniformly with test culture of
Staphylococcus aureus and allowed to dry. Specimens of
plasma plus plant extract-treated hide along with untreated
and the plasma-treated hide were placed on the swabbed
agar plates. The plates were incubated at 37+ 1 °C for 24 h,
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and zone of inhibition recorded in millimeter after comple-
tion of incubation.

3 Result and discussion

3.1 Air DBD—suitable configuration for hide/
leather treatment

Among atmospheric pressure non-thermal plasma sources,
atmospheric pressure air DBD is found useful for hide/
leather treatment because of various advantages such as no
need for vacuum, continuous processing, use of flat elec-
trodes providing large area for plasma generation and one
can change configuration as per the requirement. The config-
uration of atmospheric pressure air DBD plasma generator is
a very suitable for industrial usage (Nema et al. 2008; Chan-
dwani et al. 2014; Rani et al.2018; Dave et al. 2014). As
reported in various scientific studies, current—voltage char-
acteristics and emission spectra of the air DBD obtained by
optical emission spectroscopy indicate filamentary behav-
ior of the discharge, i.e. the air DBD consists of numbers
micro discharge formed across the electrodes during each
half cycle of the applied voltage (Dave et al. 2012; Chand-
wani et al. 2014). These micro-discharges being in the range
of few nanometers in diameter, the discharge appears to be
uniform, as seen from naked eye. Determination of elec-
tron, vibrational and rotational temperatures of the air DBD
indicate characteristics of non-thermal, non-equilibrium dis-
charge. The obtained value for electron kinetic temperature
(T.) of 2.2 eV, vibrational temperature (7.) of 3000-4000 K
along with the low gas temperature (7T,,) of around 400 K
indicate classic in-equality i.e. T,>T,>T,~T, and such
discharge is very much suitable for energy-efficient and
low-temperature material processing applications (Chand-
wani et al. 2014). When hide/leather surface exposed to the
air DBD, chemical composition and physical properties of
grain surface changes due to reactions of active chemical
species present in air DBD as well as etching due to ener-
getic species. As reported in previous study, air DBD treat-
ment of grain surface of the hide results in incorporation of
functional groups particularly oxygen containing functional
groups, make surface more uniform by removal of asperities
while bulk properties of the hide remain unaffected (Dave
et al. 2016).

3.2 X-ray diffraction

Hide is matrix of three-dimensional collagen bundle weaves
while leather is of tanned collagen fiber bundle weaves.
Triple helix structure of collagen with different degrees of
arrangement to form micro-fibril, fibril and fiber bundle and
its different degree of weaving impart unique nature to hide/

leather having variation within matrix imposing constraint in
uptake and diffusion of chemicals during processing and fin-
ishing (Dave et al. 2016). Therefore, XRD patterns obtained
for grain surface of the goat hide used in this study to under-
stand structural properties of composing material. Figure 2
represents XRD patterns for grain surface of the hide, which
reveals the amorphous nature of hide composing materials.
Pure crystalline collagen exhibits main diffraction peaks
distinctly at 20 values of 14.1, 16.9 and 25.5°; such peaks
generally observed for collagen-based materials, even in
vegetable tanned leather (Cucos et al. 2011) but these peaks
are not observed in XRD pattern obtained for grain surface
of goat hide used in this study. Furthermore, it is reported in
the literature that semi-crystalline collagen exhibits charac-
teristic peaks around 26 values of 7.5° due to intermolecular
packing distance between collagen molecular chain; 21.8°
due to diffuse scattering by amorphous collagen, unorder
component of fibers; and 31° attributed to the unit height
that was representative of the typical triple-helix structure
(Xu et al. 2017; Tian et al. 2020). Of these peaks, peak due
to diffuse scattering at 21.76° is mainly observed in XRD
pattern of the goat hide used in this study. During various
processing stages, the hide gone through, crystalline struc-
ture of collagen gets affected and therefore, peaks related to
triple helix structure are not observed for the pre-tanning
stage pickled goat hide used in this study (Yao et al. 2018).

The observed peak around 20.67° can be ascribed to dif-
fuse peaks caused by the reflection of the weave of collagen
fibers, intensity of which represents the regularity of the
dimensional structure of collagen and cross-linking (Yao
et al. 2018). Considerable intensity of the peak indicates
compact and constrict weaving of collagen fibrils at grain
surface and no cross-linking observed, as cross linking due
to tanning results in disappearing of the peak. Also, negligi-
ble diffraction peaks at 31.76° further indicate collagen bun-
dles are less dispersed and tightly weaved (Yao et al. 2018).

3.3 ATR-FTIR spectrum of plant extracts

Figure 3 represents ATR-FTIR spectrum of ethanolic extract
obtained from bark of both the species which has ample sim-
ilarities to the commercially available antimicrobial extracts
of different flavonoids and phenols rich plant species such as
Croton lechleri, Punica granatum, Salvia officinalis as well
as Propolis (Oliveira et al. 2016). As seen from the figure,
two major peaks observed at 1637 cm™' and 3345 cm™!;
these peaks are common peaks in all the commercially avail-
able antimicrobial extract mentioned above. The peak at
1637 cm ™! assigned to stretching vibration of C=C and C=0
vibration, aromatic ring deformation, due to flavonoids and
polyphenols (Trifunschi et al. 2015; Oliveira et al. 2016).
The broad peak at 3345 cm™! assigned to —OH stretch-
ing vibration of alcohols, hydroxyl groups, -OH wagging
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Experimental pattern: Untreated goat hide - Copy (Untreated goat hide - Copy)

28=31.76

T T
10.00 20.00 25.00

Cu-Ka (1.541874 A)

Fig.2 XRD patterns of grain surface of the goat hide
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Fig.3 ATR-FTIR spectrum of ethanolic extract obtained from bark
of both the species

of phenolic (Trifunschi et al. 2015; Oliveira et al. 2016). A
broad peak observed at 2105 cm™! in spectrum of both the
extracts as well as all the commercially available extracts
but not identified (Oliveira et al. 2016). Few minor peaks
observed in case of bark extract of C. fistula, such as
1283 cm™! due to C-O stretching vibration due to alcohol,
carboxylic acid and ester, 1387 cm™! assigned to phenolic
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—OH group (Trifunschi et al. 2015), 1474 cm™! assigned
to CH and CH,, CHj; vibration/aromatic vibration of fla-
vonoids, should at 1519 cm™! may be assigned to aromatic
ring deformation and to flavonoids (Oliveira et al. 2016).
Symmetric, asymmetric stretching of aliphatic methyl group
observed at 2926 and 2882 cm™!, may be due to ethanol
(Oliveira et al. 2016).

3.4 Sterilization capacity of the air DBD treatment

Non-thermal plasmas being a highly reactive in nature, are
well studied for its antimicrobial actions and sterilization
capacity; in fact, non-thermal plasma emerging as very
effectual alternative sterilization technique (Moisan et al.
2001; Moreau et al. 2008; De and Morent 2012; Scholtz
et al. 2015). Despite well documented for sterilization capac-
ity in food industries (Pignata et al. 2017; Hertwig et al.
2018), medical and biomedical applications (Laroussi 2005),
textile sterilization (Senthilkumar et al. 2015), etc. applica-
tion of non-thermal plasma for sterilization of leather/hide is
not reported in scientific literature. In this study, sterilization
capacity of the DBD treatment demonstrated by incubating
in sterilized agar medium a piece of untreated goat hide and
a piece of the hide treated with the atmospheric pressure air
DBD for 15 min.
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As seen from Fig. 4, upon incubation in sterilized agar
media fungal growth observed on piece of untreated hide
within a day while the piece of hide treated with air DBD
for 15 min remain unaffected even after 2 days. The fun-
gus grown identified as Curvularia caricae-papayaeas
described in subsequent section. The hide sample was
purchased from local market and already exposed to dust
and air. The fungus growth on untreated hide piece can be
attributed to fact that in ambient air fugal spore are more
in number than viable bacterial cell/spore. Fungus have
ability to release reproductive and propagative structures
called “spores” directly to the air from aerial branches,
also fungal spores have protective coat that shields them
from harsh environmental conditions (for example, drying
out, high temperatures) in ambient air (Misra et al. 2019).
The surface modification treatment of goat hide by expo-
sure of grain surface of goat hide to the air DBD resulted
in complete sterilization of the hide sample, even killing of
spores (Puligundla and Mok 2018; Liao et al. 2018). Thus,
the plasma-treated hide sample remain unaffected upon
incubation in agar media. The sterilization by non-thermal
plasma linked to various factors such as heat, ultraviolet
radiation, reactive chemical species such as reactive oxy-
gen species (ROS) (O*, O;, OH*) and reactive nitrogen
species (RNS) (NO, NO,), charged particles, electrons,
etc. directly affecting microbes and high electrical field
pulse indirectly being microbicidal (De and Morent 2012;
Guo et al. 2015; Bourke et al. 2017; Liao et al. 2017). For
inactivation of spore, spore coat damage by etching and
resultant spore leakage, diffusion of reactive species in
spore and functional damage to macromolecules, oxidation
by ROS, effect of UV radiation, damage to DNA, dam-
age to metabolic proteins such as germination receptor
are the chief causes for sporicidal effect of non-thermal
plasma (Puligundla and Mok, 2018; Liao et al. 2018). It is
reported that due to difference in composition of cell wall
and spore coat, fungi are generally more resistant to non-
thermal plasma sterilization, however, the reactive species
of non-thermal plasma play key role for killing of fungi as

Fig.4 Demonstration of steri-
lization of goat hide by the air
DBD treatment; UT: untreated,
PT: treated with the air DBD for
15 min

well as fungal spore by morphological alteration of fungal
spore (Misra et al. 2019).

The reactive species of plasma discharge can be studied
by optical emission spectroscopy (OES). The OES study
of air DBD used in surface modification of the goat hide
samples indicate the presence of reactive nitrogen spe-
cies and oxygen species. The generation of ozone takes
place by a well-studied three-body reaction (Chandwani
et al. 2014; Dave et al. 2016). In the air DBD, atomic
oxygen produces by dissociation of oxygen molecule by
high-energy electrons, which further collide with O, and
a third particle, either O, or N, which do not react chemi-
cally but takes part in energy absorption process. This
ozone generation process in the air DBD results in quench-
ing of atomic oxygen species. Quenching is two orders of
magnitude faster than radiative process for emission of
atomic oxygen (°S,—>P at 777 nm and *S_—P at 844 nm)
and thus with OES study, ozone generation in the air DBD
was confirmed (Chandwani et al. 2014; Dave et al. 2016).
Hide/leather being porous, three dimensional weaves of
collagen fibers, role of ozone for sterilization cannot be
ignored (Mastanaiah et al. 2013). In fact, application of
ozone has been reported as antifungal and sporicidal for
fungal spores (Hudson and Sharma 2009; Freitas-Silva and
Venancio 2010; Kang et al. 2015). Though non-thermal
plasma not reported so far for sterilization/preservation
of hide, application of ozone already been reported for
preservation of raw hides in leather making (Sivakumar
et al. 2010; Vaduganathan 2017), sanitization of shoe, fin-
ished leather products to prevent fungal infection of feet
(Gupta and Versteeg 2019). In this context, result obtained
in this study point out towards suitability of the air dielec-
tric barrier discharge at atmospheric pressure for sterili-
zation/preservation of hides offering advantages such as
possibility to sterilize large area, continuous processing,
effective sterilization by action of reactive species as well
as by ozone, and importantly surface functionalization
which can be beneficial for subsequent treatment/finishing.
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3.5 Identification of fungus species

To identify strain of the fungus grown on the untreated hide
upon incubation in agar media, the fungus-specific ITS
rRNA gene amplified and sequenced from culture of the fun-
gus. Species level identification done by use of Basic Local
Alignment Search Tool (BLAST) to find similarity between
sequences in the NCBI GenBank (Jeon et al. 2015; Krizsan
et al. 2015). The BLAST analysis of ITS r RNA sequences
primer [ITS1_ITS4 (561 bp)] indicated that the fungus strain
grown on the untreated hide sample highly resembled with
Curvularia caricae-papayae (Accession No. NR_147458.1)
the most, displaying 100% (556/556 base pair) similarity
(Madrid et al. 2014); and to Curvularia pseudobrachyspora
(Accession No. MF490819.1) with 99% similarity (588/562
base pair) (Marin et al. 2017). Hence, the fungal species
was confirmed to be a strain of Curvularia sp. (Closer to
caricae-papayae). Curvularia is a species-rich genus, which
includes numerous grass pathogens and saprobes occurring
on plant material, dung and soil, and hence contamination
of the goat hide sample by Curvularia sp. presumed due to
contact with ambient air and dust (Madrid et al. 2014).

3.6 Antimicrobial finishing of hide with aid
of the plasma treatment

Treatment of grain surface of the goat hide with air DBD
for 15 min results in functionalization of surface by genera-
tion of oxygen containing functional groups. As reported in
our previous study, the plasma treatment induced oxidation
resulted in increase in O/C atomic ratio of hide grain surface
from 0.53 to 0.68, N/C atomic ratio from 0.27 to 0.31 when
compared to the untreated hide; and significant increase
in relative concentration of amine, alcohol and acid func-
tional groups as reveled by XPS study and also ATR-FTIR

Fig.5 Antifungal finishing

to the air DBD-treated goat
hide by bark extract of Cassia
renigera and Cassia fistula.
UT Untreated, PT treated with
air DBD for 15 min, Extract 1
Cassia renigera bark, Extract 2
Cassia fistula bark

@ Springer

spectroscopy. The plasma treatment also resulted swelling,
loosening of surface and overgrowing of pores; consequen-
tial more uniform surface (Dave et al. 2016). These chemical
and morphological changes resulted in better uptake of the
extracts from bark of Cassia species and provided percepti-
ble antifungal finish.

Figure 5 represents the effectiveness of antifungal finish
imparted to hide samples by surface modification with the
air DBD and subsequent treatment with ethanolic extract
obtained from Cassia renigera bark and Cassia fistula bark.
Hide pieces treated with air DBD plus the bark extracts and
inoculated with culture of the fungus strain of Curvularia
species, shown clear antifungal effect. At the other side,
untreated hide pieces treated with the extracts did not pro-
vide effective resistance against the fungus strain of Curvu-
laria species. Upon incubation in agar media after inocula-
tion, on untreated hide pieces treated with the bark extracts,
deferred but evident growth of the fungus observed after
incubation for a day, while the hide pieces treated with air
DBD and the bark extracts remain unaffected by the fungus
even after four days of incubation. The results indicate that
surface functionalization on by air DBD resulted in better
uptake of the phyto-constituents from the plant extracts and
thus effective antifungal finishing. The hide pieces treated
with the air DBD and the plants extracts further tested for
antibacterial effects against Gram-positive bacteria Staphy-
lococcus aureus. As seen from Fig. 6, untreated hide pieces
and the air DBD-treated piece of hide, treated with bark
extract of C. renigera were placed on nutrient agar media
swabbed uniformly with the test organism and incubated for
at 37° for 24 h. The untreated hide piece which treated with
bark extract of C. renigera did not provide zone of inhibition
against Staphylococcus aureus, whereas clear zone of inhibi-
tion obtained in case of the hide piece treated with air DBD
and subsequently treated with bark extract of C. renigera.
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Fig.6 Antibacterial finishing to the air DBD-treated goat hide by
bark extract of Cassia reningera. UT Untreated, PT treated with air
DBD for 15 min, Extract 1 Cassia reningera bark

Fig.7 Antibacterial finishing to the air DBD-treated goat hide by
bark extract of Cassia renigera and Cassia Fistula, UT Untreated,
PT treated with air DBD for 15 min, Extract 1 Cassia renigera bark,
Extract 2 Cassia fistula bark

The obtained bacteriostatic activity inferred to better uptake
of active compounds from the bark extract due to surface
functionalization by the air DBD treatment. E. coli strains
were also used to investigate antibacterial activity, however,
no zone of inhibition was observed against the same.
Further as seen from Fig. 7, zone of inhibition obtained
against Staphylococcus aureus when hide piece treated
with air DBD and the bark extracts put along with air DBD
treated (treated and incubated immediately) and untreated
hide piece. Zone of inhibition did not obtain for untreated
hide piece, while hide specimen treated with air DBD plus

bark extract of Cassia renigera showed 4.4 cm zone of
inhibition and hide specimen treated with air DBD plus
bark extract of Cassia fistula show 4.2 cm zone of inhibi-
tion. Interestingly, slight zone of inhibition obtained for
air DBD-treated hide piece which was placed immediately
after the plasma treatment. The obtained zone may be due
to ozone produced in air DBD which diffused and trapped
inside the matrix of hide sample. The obtained result indi-
cates the applicability of the air DBD treatment for short-
term preservation of hide against bacterial deterioration
(Sivakumar et al. 2010; Vaduganathan 2017).

4 Conclusion

In this study, pre-tanning stage goat hide sample was
treated with atmospheric pressure air dielectric barrier dis-
charge (DBD) to modify its surface. The treatment proved
to be beneficial for subsequent processing and reducing
environmental impacts. Treatment of hide with the air
DBD for 15 min results in complete sterilization of hide
by killing all microorganisms including fungal spore pre-
sent in the hide. Thus, the air DBD treatment can be used
for preservation of hide/prevention of bio-degradation
and thus it can reduce the use of chemical microbicidal
agent. The antimicrobial property of samples was investi-
gated after dipping the untreated and the air DBD-treated
goat hide samples into the bark extract of Cassia renig-
era and Cassia fistula, respectively. Effectiveness of this
antimicrobial finishing was demonstrated against culture
of fungi Curvularia caricae-papayae and Gram-positive
bacteria Staphylococcus aureus. The experiments showed
that air DBD treatment for 15 min has substantially modi-
fied the chemical and physical properties of leather hide,
which leads to an effective bonding between substrate and
active constituents of extract of Cassia renigera and Cas-
sia fistula.
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