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Abstract Animal skin, a proteinaceous material con-
taining about 60—65 % moisture, is an ideal substrate for
the growth of microorganisms, if not preserved properly.
Conventionally, large quantities of sodium chloride are
used for skin preservation. De-salting and soaking carried
out during processing of the skin generates serious envi-
ronmental constraints. In view of this, low-salt skin
preservation with de-oiled neem cake is attempted. To
ensure the antimicrobial properties of de-oiled neem cake,
aqueous and solvent extracts of the cake were studied
against bacteria and fungi which were isolated from raw
skin. The antimicrobial assay was performed using the well
diffusion method for aqueous, methanol and hexane extract
of de-oiled neem cake, which showed maximum zone of
clearance for aqueous and methanolic extract against the
isolated bacteria and fungi, respectively, present in raw
skin. The percentage of inhibition study reveals that the
methanolic extract showed 100 % inhibition against many
organisms and the water extract against some organisms.
The raw skin was cured using de-oiled neem cake with
reduced amount of salt and left for a period of 21 days. The
skins were checked periodically for microbial growth as
per the conventional methods. Finally, the low-salt pre-
served skins were processed into chrome-tanned leathers
and their strength properties were compared with leathers
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which were preserved by the conventional method. The
results suggest that de-oiled neem cake along with minimal
salt has adequate curing efficiency on raw skin and if this
system is implemented, pollution caused due to sodium
chloride would be significantly minimized.
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Introduction

Neem products such as neem oil, de-oiled neem cake, neem
based biochemicals such as azadirachtins, neem coated
urea are of industrial importance. Neem seed is collected in
large quantities, mainly for production of neem oil. The
water-washed neem seed kernel cake (Verma et al. 1995),
urea-ammoniated neem seed kernel (Anandan et al. 1996)
and processed neem kernel (Anandan et al. 1999; Kesava
Rao et al. 2003) have been reported as a good food source
for goats. De-oiled neem cake is a by-product of the oil
industry, and it is relatively low in price and mainly used in
agriculture as bio-fertilizer. This is available in large
quantities in tropical countries.

Animal skin is a fibrous proteinaceous sheet containing
hair, sweat glands, fat and blood vessels, moisture as well
as its basic constituent—collagen fibres (Kanagaraj et al.
2005). It is more susceptible for bacterial attack derived
from sources like air, water, soil, manure and extraneous
filth (Birbir and Ilgaz 1995) leading to disintegration of
skin matrix because of their collagenolytic, lipolytic and
proteolytic enzymes (Tyagi et al. 2012). So it is important
to preserve the skin protein as the leather quality depends
upon this protein collagen. The traditional process followed
for skin preservation before processing into leather is by
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adding 30-70 % of salt (sodium chloride) based on the skin
weight. Even though salt preservation technique is effec-
tive, because of its cost competitive and easy availability, it
is one of the main sources of the total dissolved solids
(TDS) in the effluent discharged from tanneries. This alone
contributes 340—450 kg of salt as TDS per ton of leather
processed (Kanagaraj 1999). Chemical-based preservation
of skin and hides using sodium sulphate (Vankar and
Dwivedi 2009), potassium chloride, boric acid, soda ash,
benzalkonium chloride and antibiotics such as aureomycin
and terramycin (Kanagaraj and Chandra Babu 2002),
bacteriocin (Kanagaraj et al. 2014) were studied to reduce
the use of salt for short-term preservation. However,
chemical-based preservative is likely to produce secondary
pollutants that need to be treated. Hence, they may not be a
suitable alternate for this problem. Phyto-based preserva-
tion were attempted earlier using the plants such as Wed-
dilia Chininsis, Cassia alatta, Clenodentro phlomider,
Salanum trilobotum, Calotropis procera (Sivabalan and
Jayanthi 2009), Acalypha indica (Vijayalakshmi et al.
2009) Abutilon glaucum, Agave vera cruz Mill. Alpinia
speciosa L., Argyreia speciosa Sweet., Aristolochia
bracteolata L., Aristolochia indica L., Asphodelus tenui-
folius Cav., Baliospermum montanum, Carissa carandas
L., Cassia occidentalis L., Clerodendrum phlomides L.,
Leptadenia reticulata (Retz.), Murraya paniculata (L.) and
Jack, Vitex negundo L. (Vaghasiya and Chanda 2007),
Semecarpus anacardium. L.nut extract (Iyappan et al.
2013) for skin preservation, to minimize salinity in tannery
effluents.

We reported our earlier studies on use of de-oiled neem
cake and Jatropha curas L. cake along with reduced
amount of salt as an eco-friendly method for raw skin
preservation (Vedaraman et al. 2009) as a proof of concept.
In this manuscript, details of microorganisms isolated and
identified from putrifacted skin and the antimicrobial
properties of de-oiled neem cake extract against the iso-
lated microbes and the effect of preservation of de-oiled
neem cake was studied during the first quarter of the year
2015 and were reported.

Materials and methods
Animal skin
Freshly flayed goat skins of average weight 1 kg per

piece with an average area of 4%z sq. ft were used for the
study.

’r @ Springer

Chemicals

Sodium chloride (Commercial Grade), de-oiled neem cake
from large-scale manufacturer in Chennai, India, was used.
Lime, sodium sulphide, ammonium chloride, formic acid,
sulphuric acid, sodium bicarbonate, sodium formate and
formic acid all are laboratory grade reagents purchased
from S. D. Fine chemicals, Chennai, India. Speciality
chemicals such as fatliquors and syntans obtained from
leading manufacturers, Chennai, India.

Method

Three freshly flayed goat skins obtained from local
slaughterhouse were cut into halves (left and right) along
the backbone to avoid skin to skin variation. They were
further cut into 2 pieces, i.e., 2 left and corresponding 2
right and considered as experimental and control samples,
respectively. Initial experiments were conducted with 10,
15, 20 % salt only to know minimum quantity of salt
required for skin preservation. After establishing the min-
imum amount of salt required, different quantity of de-
oiled neem cake was used as alternative antimicrobial
agent for skin preservation. Further experiments were
conducted as per the following procedure: First 10 % of
salt was applied on the flesh side of the skin and left in a
sliding table for 1 h to allow the water to ooze out. After
1 h, various quantities of de-oiled neem cake viz., 0, 2, 5,
8 % along with 5 % of salt (all percentages based upon the
weight of the skin) were applied on the flesh side. For
control experiments, 40 % salt was applied on the flesh
side. The skins were folded and stored at the ambient
temperature of 32-35 °C. The skins were monitored peri-
odically for a period of 21 days for physical changes like
smell and hair slip, which are indicators for putrefaction.
Skins which were preserved well were only further pro-
cessed into chrome-tanned leather and finally taken for
analysis. The efficacy of the preservation system was
assessed based on microbial count. The shrinkage tem-
perature of the tanned leather and physical properties of
these leather processed from the skins preserved by the
new systems were also determined and compared with the
results of conventional salt preserved skins.

Analysis of bioactive compounds present in de-oiled
neem cake

The bioactive compound present in the de-oiled neem
cake was analysed using HPLC in a certified testing
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laboratory (M/s Asthagiri Research Foundation, Chennai).
The outline of this method is as follows: The methanol
extract of de-oiled neem cake was subjected to HPLC
analysis using Phenomenex Luna, CI18 column
(4.6 x 250 mm (5 micron) using UV Detector (Shimadzu
SPD 20A) at 215 nm. The mobile phase used was HPLC
grade acetonitrile and water (60:40) at a flow rate of
1.0 ml/min.

Microbiological analyses
Microorganisms isolation and counts

Samples from raw and preserved goat skins weighing 1 g were
collected periodically at different time intervals and soaked in
10 ml sterile distilled water. The skin extract was prepared by
shaking in a shaker at 3040 rpm for 30 min. Then, this ali-
quot measuring 1 ml was serial diluted to 107>. A volume of
0.1 ml of the respective dilute solution was taken in sterile
petri dish and molten nutrient agar (3.9 g/100 ml) at 40 °C
was poured and shaken gently to get uniform distribution of
the bacteria. The plates were incubated at 37 °C for 24 h. The
numbers of colonies on the agar medium were counted as per
the standard method (Cruickshank 1965).

Identification of isolated bacteria

Bacterial isolates were identified by morphological and
biochemical analysis according to Bergey’s Manual of
Systematic Bacteriology (Boone et al. 2001). Morpholog-
ical and biochemical characterization of different bacterial
isolates were carried out by microscopical observations of
gram stained cells under oil immersion. And various bio-
chemical studies like indole, methyl red, vogues proskauer,
urease, catalase, nitrate reduction etc. were done for the
identification of bacteria.

Determination of fungal load

Samples from raw and preserved goat skins weighing 1 g
were collected periodically at different time intervals and
soaked in 10 ml sterile distilled water. The skin extract was
prepared by shaking in a shaker at 3040 rpm for 30 min.
Then this aliquot measuring 1 ml was serial diluted to
107>, A volume of 0.1 ml of the respective dilute solution
was taken in sterile petri plates with 20 ml of molten potato
dextrose agar (3.9 g/100 ml distilled water) at 40 °C and
shaken gently to get uniform distribution of the fungi and
incubated for 72 h at room temperature.

Identification of isolated fungi

The fungi colonies were stained with lactophenol cotton
blue and observed under electron microscope, using its
hyphae and spore morphology to identify them.

Antibacterial activity
Extraction of de-oiled neem cake

De-oiled neem cake weighing 25 g was suspended in
100 ml of solvent (water, methanol and hexane) and kept in
orbital shaker for 48 h at room temperature. The extract
was collected by filtering it with Whatman No. 1 filter
paper and concentrated by using rotary evaporator. The
extracts thus obtained were taken for further analysis.

Minimal inhibitory concentration (MIC) of de-oiled neem
cake against bacteria

MIC was determined by using broth dilution method
(Sharief and UmaMaheswara Rao 2011). MIC was anal-
ysed for the extracts (water, methanol and hexane extracts)
prepared using de-oiled neem cake against the isolated
bacterial strains. The different volume taken for study was
1.5, 2.0 and 2.5 ml (extract of 1 mg were dissolved in
10 ml of respective solvents). The results were expressed
in percentage of inhibition.

MIC of de-oiled neem cake against fungi

MIC of de-oiled neem cake extracts (water, methanol and
hexane) against fungi isolated from goat skin was studied.
The results were expressed in percentage of inhibition.
Leather processing and testing

Leather processing details

After the minimum storage period of 21 days, the cured
skins were processed as per the process details given in

“Appendix”.

Determination of hydrothermal stability of chrome-
tanned leather

The thermal stability of collagen is an important property
for the assessment of the skin quality, because it indicates
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indirectly any structural destabilization of the skin protein.
The thermal stability of the skin is normally assessed by
shrinkage temperature. A shrinkage metre was used to
determine the shrinkage temperature of the chrome-tanned
leathers from preserved skin. The main aim of this com-
ponent of the study was to understand whether the new
curing system had any effect on the destabilization of
collagen matrix. The shrinkage temperature of the samples
was determined according to the standard method (Stan-
dard ISO 2002).

Physical strength of leather

The preserved skins were converted to crust leather and
tested for physical strength properties. After conditioning
the crust leather at 20 & 2 °C and 65 & 2 % of relative
humidity over a period of 48 h, the properties such as
tensile strength and tear strength were assessed (Bureau of
Indian Standards-5914 1970) in comparison with conven-
tional salted cured leathers.

Pollution load generated in leather processing

The control and experimental skins were taken for leather
processing, the effluent liquor from the soaking operation I
and IT was mixed together, and a sample from this was
quantitatively collected and analysed for TDS, BOD, COD,

TSS and CI™ using standard analytical procedure (Eaton
et al. 1995).

Results and discussion

The goat skins were used for this study. This is mainly
because the grain pattern and structure of goat skin allows
for identification of even minute changes or variations
among experiments. Hence, it is always preferred as sub-
strate for new process development studies. The bacterial
colonies were identified by biochemical test as per the
standard test methods (Cowan 1985). Table 1 shows that
the bacterial colonies isolated from the raw skin were
identified using colony morphology, Gram’s and bio-
chemical tests, and the bacteria were identified to be Sta-
phylococcus aureus, Pseudomonas aueroginosa, Bacillus
Klebsiella pneumonia, Proteus vulgaris, Sal-
monella sps., Staphylococcus epidermis and E. coli. Earlier
researchers identified both gram-positive and gram-nega-
tive bacteria (Ganesh Babu et al. 2009) and different bac-
terial flora in the raw goat skin (Vijayalakshmi et al. 2009).
Research work on antibacterial activity of de-oiled neem
cake was tested against Campylobacter jejuni, Carnobac-
terium sps., Lactobacillus curvvatus, Lactobacillus sakei
and Leuconostoc sps. which showed promising results (Del
Serrone and Nicoletti 2013). From our study, the colony

cereus,

Table 1 Microorganisms (bacteria) identified in raw goat skin and their biochemical test results

S.  Bacteria Gram Indole MR-VP VP Citrate Catalyse  H,S
no. staining activity production
Experimental conditions
Medium- Medium-Simmons ~ Medium-Voges- Medium- Temp. Temp.
Tryptone citrate medium Proskauer broth Christensen’s urea ~ —37 °C —-37 °C
broth pH-4, Temp. Temp. —37 °C Agar
Temp. —35°C Temp. —37 °C
—37°C
1 Staphylococcus ~ Gram™"¢,  — + + + - -
aureus cocci
2 Pseudomonas Gram™"¢, — - - + + -
aueroginosa rod
3 Bacillus cereus  Gram™®, — - + - + -
rod
4 Klebsiella Gram *¢, -— + + + + -
pneumonia rod
5  Proteus Gram™", + + - t + +
vulgaris rod
6 Salmonella sps. Gram™*°, — + - + + +
rod
7 Staphylococcus ~ Gram™*°, — - + + + -
epidermis cocci
8 E. coli Gram™*, + + - - + -
rod

Experiments were repeated thrice for confirmation
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Table 2 Identification of fungi based on colony morphology by lactophenol cotton blue method
S.no. Fungal Colony morphology (SDA plate) Stained morphology (lactophenol cotton blue)
organism
1 Aspergillus Dense black colour colonies Round dense conidia
niger
2 Rhizopus sps. White cottony appearances with greyish black dense Septate broad hyphae and usually unbranched
colonies
3 Fuserium sps. Cottony dense growth Cottony aerial mycelium with micro and macro
conidia
Experiments were repeated thrice for confirmation
Table 3 Minimal inhibitory concentration of de-oiled neem cake extracts
S. no. Bacteria Percentage of inhibition (%)
Water extract Methanol extract Hexane extract
1.5 ml 2 ml 2.5 ml 1.5 ml 2 ml 2.5 ml 1.5 ml 2 ml 2.5 ml
1 Bacillus cereus 84.51 90.32 95.48 90.76 96.15 100 69.66 82.02 89.88
2 E. coli 77.33 89.33 97.33 80.68 90.90 97.72 74.69 87.34 90.36
3 Klebsiella pneumonia 88.42 95.04 100 81.66 95 99 81.3 86.20 92.41
4 Proteus vulgaris 88.09 97.61 100 61.33 82.6 92 75.32 77.92 84.41
5 Pseudomonas aueroginosa 87.36 90.52 97.89 86.15 100 100 62.96 66.66 81.8
6 Salmonella sps. 100 100 100 100 100 100 63.76 73.91 89.85
7 Staphylococcus aureus 95.71 100 100 100 100 100 92.42 96.21 100
8 Staphylococcus epidermis 100 100 100 96.15 98.07 100 60.46 65.11 79.06
Average value of three experiments
Table 4 Minimal inhibitory S. no. Fungal organism Percentage of inhibition (%)
concentration of de-oiled neem
cake extracts against fungi Water extract Methanol extract Hexane extract
I15ml 2ml 25ml 15ml 2ml 25ml 15ml 2ml 25ml
1 Aspergillus niger 8451 9032 97 90.76  96.15 90 69.66 82.02 89.88
2 Rhizopus sps. 7733 89.33 83 80.68 909 60 74.69  87.34 90.36
3. Fuserium sps. 12 125 132 13.9 144 151 8.9 9.5 10.1

Average value of three experiments

morphology and hyphae morphology by lactophenol cotton  extract of de-oiled neem cake showed better inhibition

blue test of the fungi were identified to be Aspergillus
niger, Rhizopus sps., and Fuserium sps. and the results are
given in Table 2.

The minimal inhibitory concentration of de-oiled neem
cake extracts (water, methanol and hexane extracts) for
the isolated bacteria and fungi is given in Tables 3 and 4,
respectively. Among three extracts, it was observed that
the methanolic extract of de-oiled neem cake had 100 %
inhibition against six bacterial species. The methanolic

against the isolated fungi compared with the water and
hexane extract. The antifungal properties of neem were
reported in earlier studies against Fusarium sps. (Obon-
goya et al. 2010). Table 5 shows the effect of cake along
with salt for skin preservation in comparison with con-
ventional method of salting. Skins preserved with 10,
15 % salt alone showed hair loosening and generated
odour which indicated the commencement of degradation
of skin protein. However, skin treated with 15 % salt

’r @ Springer
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Table 5 De-oiled cake optimization in the preservation of goat skins

% of salt used

First instalment

Second instalment

% of de-oiled neem cake used

Raw skin curing characteristics

Hair loosening

Putrefaction odour

10 30 - Nil Absent
10 0 - Yes Present
10 5 - Yes Present
10 5 2 Yes Present
10 5 5 Nil Absent
10 5 8 Nil Absent
Experiments were repeated thrice for confirmation
Fig. 1 a Chromatogram— (a)
HPLC analysis of methanolic Sample Info:
extract of de-oiled neem cake. Sample ID : E:Asthagini-HPLC-20AUWS47\JWg47-DE OILED EXTRACT(MEOH)05-12-13-1 Amount :0

ISTD Amount : 0

b Chromatogram—HPLC

Sample
Inj. Volume [ml]

analysis of standard of neem

bioactive compounds

* @ Springer

: ACETONITRIL:WATER 60:40, 215nm, 1ml/min

:0

Dilution

g

0.154

- 1.787

Voltage

0.051

5 5.870

— E:\Asthagiri-HPLC-20A\JW947\JW947DE OILED EXTRACT(MeOH)-05-12-13{1

ADD

NIMBIN

SALANIN

16.463

{ 23.807

i 25.087

(b)

Sample Info:
Sample ID
Sample
Inj. Volume [ml]

o

Time

: E)\Asthagin-HPLC-20A\JW847\JW047-MIXTUR-100-02-12-13-1
: ACETONITRIL:WATER 680:40, 230nm, 1ml/min

:0

Amount :0
ISTD Amount  : 0
Dilution sl

30
[min.]

n_
o

g

0.154

0.05

0.00

AZAA
AZA-B

44% 133

ADD

13.467

NIMBIN

©
2
-

— E:\Asthagiri-HPLC-20A\JWS947\JW947-MIXTUR-02-12-13{1

16693 gaAlANIN

EADD

24.423
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Table 6 Bioactive compounds present in de-oiled neem cake by
HPLC

Name Retention time (min) De-oiled neem cake
Azadirachtin B (mg/g)  4.733 0.49 £ 0.01
Nimbin (mg/g) 14.663 422 £ 0.05
Salannin (mg/g) 16.693 6.28 £ 0.05

Average value of three experiments

along with de-oiled neem cake of 5 and 8 % did not show
signs of degradation. Different bioactive compounds
present in de-oiled neem cake analysed by HPLC method
and their standards are shown in Fig. la, b, respectively.
Table 6 shows the amount of different bioactive com-
pounds—nimbin, azadirachtin B and salannin in de-oiled
neem cake. De-oiled neem cake used in this study con-
tains higher amount of salannin compare to azadirachtin B
and nimbin. Neem seed kernel was used as a source from
extraction of azadirachtin by HPLC method (Dubhashi
et al. 2013). Because of the presence of bitter and toxic
triterpenoids, namely nimbin, nimbidin, azadirachtin and
salannin, the de-oiled neem cake was not advised as feed
stuff (Paul et al. 1996). Studies showed that neem pre-
dominantly contains salannin by HPLC method (Del
Serrone and Nicoletti 2013). Neem oil cake is given as
feed, energy source, protein hydrolysate, biochemical

source and used for the production of antibiotics, enzymes
and mushroom in industries (Sumitra et al. 2007). Neem
cake was found to be a biocontrol agent against nematode
(Jothi et al. 2004), and its toxic effect against Aedes
albopictus was studied (Nicoletti et al. 2010). Azadir-
achtin A was extracted from neem seed and studied for its
acaricidal activity (Giglioti et al. 2011). All the above
studies clearly show neem seed contains different bioac-
tive compounds, and they possess antimicrobial
properties.

Tables 7 and 8 show bacterial count and fungal count,
respectively, of preserved skin for 1st, 7th and 21st day,
with in the storage period of 21 days. The conventional
method of salting has slightly more bacterial count com-
pared to low salt with de-oiled cake cured skins. This
reveals that phyto-based preservation shows marginally
better results when compared with conventional method of
preservation. This may be due to antimicrobial properties
of salannin, azadirachtin B and nimbin present in de-oiled
neem cake. The antibacterial activities of de-oiled neem
cake have been proved by other research work also (Del
Serrone 2013). The antifungal activity of neem leaves and
nimonol has been reported (Mahmoud et al. 2011), thereby
proving the antimicrobial activity of de-oiled neem cake
used in low-salt skin preservation is due to the presence of
nimbin.

Table 7 Bacterial counts on 1st, 7th and 21st day of preserved goat skins

% of salt used

% of de-oiled neem cake

Bacterial count of skins (CFU/ml) 1073

First instalment Second instalment 1st Tth 21st
10 30 - 180 87 66
10 2 258 198 108
10 5 178 90 65
10 8 128 74 50

Average value of three experiments

Table 8 Fungal count on 1st, % of salt used

7th and 21st day of preserved

% of de-oiled neem cake Fungi count of skins (CFU/ml) 1073

goat skins First instalment ~ Second instalment Ist 7th 21st
10 30 - 10 7 4
10 2 4 Nill Nill
10 5 2 Nill Nill
10 8 Nill Nill Nill

Average value of three experiments
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Table 9 Shrinkage temperature and TDS of preserved goat skins

% of salt used % of de-oiled neem Shrinkage BOD COD (mg/ TDS (g/l) ClI” (mg/l) TSS (mg/l)
- cake temperature °C (mg/l) )

First Second

instalment instalment

10 30 - 8712 8.7+ 12 28.7+£08 50.01 £0.81 2004 £+ 0.8 280.0+£9.0
10 5 2 75+ 1.3 75+13 258+£09 1352+022 98.1+12 1023 +14
10 5 5 7.6 £ 0.9 7.6 £09 261 +£1.1 1449+0.19 978+ 1.5 1275+ 15
10 5 8 7.5 +08 75+£08 263 +£12 1502025 969+ 1.3 143.1£1.2

Average value of three experiments

Table 10 Physical properties of leather

% of salt used % of de-oiled Tensile Tear

- neem cake used strength (kg/ strength
First Second 2
. . cm©) (N)
instalment instalment
10 30 - 205 £ 5 20+ 2
10 2 195+ 5 25 £2
10 5 5 204 + 5 28 £2
10 8 204 + 5 29 £2

Average value of three experiments

Hydrothermal stability (Shrinkage temperature) of all
the leathers processed from conventional and low salt with
de-oiled neem cake cured skins exhibited comparable
results. Importantly, a substantial TDS decrease (>70 %),
BOD, COD, TSS and CI~ was observed in soak liquor of
bioadditive-aided low-salt preserved skin. The results are
shown in Table 9. Thus, showing de-oiled neem cake with
less salt preservation of the goat skin has not affected the
skin matrix and this method of preservation is comparable
with the conventional method. Similar bio-based preser-
vations such as Acalypha indica was studied for their
curing properties suggested them to an alternative to salt
curing for raw hide and skin (Vijayalakshmi et al. 2009).
Bacteriocin was also examined to be an effective curing
agent for raw hide and skin (Kanagaraj et al. 2014). The
leathers obtained from the skins preserved with low
amount of salt (15 %) with de-oiled neem cake (5 %)
possessed similar strength properties as that of the leather

’r @ Springer

obtained from the skins preserved with conventional
method (Table 10) which substantiates that the new
method of skin preservation has not affected adversely the
skin matrix.

Conclusion

Although the research on law salt preservation of hides and
skins has remained topic of intense study, viable tech-
nologies have not emerged sofar. The major reasons being
lack of cost effectivity, no availability of alternate mate-
rials in unorganized and decentralized locations were fresh
hides and skins are available in large quantities. The pre-
sent study obviates both the limitations and may emerge as
an agent of change in this domain. Versatility of de-oiled
neem cake has been advantageously utilized for minimiz-
ing the salinity concerns of tannery effluents. Because of
ease of application, the method developed is envisaged to
be employed in large scale while ensuring substantial
environmental benefits to leather making.
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Appendix

See Table 11.
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