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LEATHER BY NUMBERS:

FACTS AND FIGURES FROM THE US LEATHER INDUSTRY AND BEYOND

Note: All figures as of January 2021 or latest available.

LEROD cattle are killed to make US leather. US hides
have been valued at JUST 1-2% of a cow’s total value for
the last two years, which is why they are considered
a by-product and often end up as waste. The average
price per head of US cattle is $2,000-2.200, while
hides vary in price from $39T0 $35 PER PIECE,

if sold at all.

330M hides come from the meat and dairy industries around the world. Approximately 34M
were processed the US. 2) AS MANYAS 2.4M US HIDES ended up as landfill in 2019, this is 7% of

the national total.

Worldwide the waste figure is approximately 40% or 132M hides. With the average hide
weighing 25Kg this means that 3M TONNES are thrown away ever year.

Leather production turns more than 4.5M TONNES OF potential waste, every year, into usable,
durable goods. This saves 2.IM TONS OF GREENHOUSE GAS EMISSIONS from landfill sites. (3)

Production, processing and distribution of hides and leather products directly employs an
estimated 9,486 individuals, who collectively earn more than $384M. US exports of hides
and leather was over $1.5BILLION in 2021. (4

The US exports approximately 95% of all cattle hide and wet blue leather products it

produces, worth $2.85BILLION. )

Around 45% of global leather production is used to make footwear, 22% for clothing, bags
and accessories, 18% for car upholstery, and about 15% for furniture. (¢

Water consumption for the production of leather from cattle hides has fallen by more
than 39% in the past 25 years, down from 60 CUBIC-METERS per ton of hides to 38 CUBIC-METERS
per ton. US tanneries are required, by law, to connect to effluent treatment plants to

prevent pollution. (7)

Leather will biodegrade in LESS THAN 50 YEARS. In contrast, it can take 500 YEARS or more
for synthetics, made from petrochemicals, to degrade. (g)

ReFed’s conversion rate for food waste is for EACH METRIC TON OF WASTEDISPOSAL there is
9.8 TMT of CO2 EQUIVALENT emitted. In this case, mostly as methane. (9)

This factsheet is produced
by the Leather and Hide
Council of America
(L&HCA), established

to promote the US

leather industry which
isresponsible for a
significant proportion of
the international trade in
hides. The L&HCA works
to establish best practice
in US leather production
and to share this
worldwide. Figures quoted
refer to the USA unless
otherwise stated.

(1) https://downloads.usda.library.cornell.edu/usda-esmis/files/rx913p88g/
w0893q25p/5d86qb66f/Istk0223.pdf

(2) https://downloads.usda.library.cornell.edu/usda-esmis/files/r207tp32d/
pg15c¢j852/hd76t4662z/Isan0422.pdf

(3) 2020 LHCA Infographic

(4) John Dunham & Associates, Economic Impact of the Meat Industry (2016)

(5) https://thesustainabilityalliance.us/wp-content/uploads/2020/04/US-
Hide-Skin-and-Leather-Factsheet-0420.pdf

(6) TBC

biodegrades%20slowly%E2%80%94taking %2025,0r%20more %20
years%20to%20decompose

(9) https://insights-engine.refed.org/impact-calculator?inputs=%7B%22
sector%22%3A%22manufacturing%22%2C %22type %22%
3A%22fresh-meat-seafood%22%2C %22unit%22%3A%22to
ns%22%2C%22alternative %22%3Afalse%2C %22destinations %22%3A
%5B%7B%22key%22%3A%22refuse-discards %22%2C%22current%22
%3A1%7D%5D%7D
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A Method and Principle of
Soft and Transparent Leather Manufacturing

X1u He ** and Jinwe1 Zhang**
'Key Laboratory of Leather Chemistry and Engineering of Ministry of Education, Sichuan University,
Chengdu 610065, P. R. China.
*College of Biomass Science and Engineering, Sichuan University,
Chengdu 610065, P. R. China.

Abstract

For preparing a new kind of leather with transmittance and
softness at the same time, glycerol was used to treat delimed and
bleached split pelt. The softness, transmittance and mechanical
properties were tested to evaluate the performance of soft and
transparent leather (STL). FT-IR, SEM, XRD, DSC and TG were
used to character the structure of STL and reveal the basic principle
of STL manufacturing. The results showed that 25% glycerol based
on limed pelt weight could make leather soft and transparent
simultaneously. Pig pelt was more suitable for thin and transparent
leather while cattle split was better for uniform and clear leather.
Glycerol combined with collagen through multipoint hydrogen
bonds, and the combination had slight positive effect on improving
STL thermal stability. Fiber bundles of STL trended to disperse
and collagen hierarchical structure including triple helix remained
during transparent treatment. The soft and transparent leather
could be a new choice for leather goods designers and might be a
selectable substrate for high-performance electronic skin.

Introduction

Leather is a kind of natural polymer network mainly consisting of
collagen matrix.! Generally, beamhouse, tanning, post tanning and
finishing are chief sections for converting raw hides and skins into
leather. In leather manufacturing, the raw hides and skins or leather
are almost opaque at times, but it is translucent under certain
processes such as liming and acid swelling. Leather is usually
opaque no matter what kind of tanning method is used. However,
some special kinds of skin or leather products are transparent, for
example parchment,” drum skin and traditional Chinese shadow
puppet.® Greasy skins (sheep skin, pig skin, monk skin and so
on) with improper preservation would become semitransparent.
Gelatin or collagen hydrolysate is transparent more or less after
drying.*¢

Up to now, it has been impossible for leather to be transparent and
soft at same time. Soft leather is opaque, and transparent leather

or skin is nearly rigid and brittle. If leather could be soft and
transparent simultaneously, it could be a new choice for designing
new fashion leather goods, the transparent parts which are usually
plastic now. Meanwhile, soft and transparent leather could be used
for preparing electronic skins.”

As is well known, dried raw hides or skins look transparent but
feel hard and the reason could be summarized as collagen fibers
bond with each other when water is evaporated. In order to solve
this problem, a lubricant material could be used to prevent collagen
fibers bonding after drying, thus soft and transparent leather (STL)
could be prepared. Polyol materials were used for solving the
problems of water dehydration and crystallization in hydrogels.®*°
Based on the properties of polyol materials, it could be inferred that
they might be used as lubricants for STL manufacturing.

Up to now, there has been little research about transparent leather
and the manufacturing method was missing. In this work, fully
washed deliming pelt was treated with glycerol to prepare STL
and the softness, transparency and mechanical properties were
measured. In addition, FT-IR, SEM, XRD, DSC and TG were used
for deducing the principle of STL manufacturing.

Experimental

Materials

Limed bovine hide split with thickness 2.0 mm and pig skin split
with thickness 1.5 mm were bought from local tannery in Chengdu,
Sichuan province, China. Glycerol and formic acid were provided
by Chengdu Kelong Chemical Co. LTD. All chemicals used for
preparing deliming pelt were industrial reagents, and the chemicals
utilized for testing were commercially available of analytical grade.

Sample preparation

Soft and transparent leather preparation

Limed bovine hide split and pig skin split were trimmed and weighed
at first, and then subjected to deliming, bleaching and transparent
treatment to prepare STL in drum.'>'? The detail process of STL

*Corresponding author email: scutanner@163.com
Manuscript received April 21, 2023, accepted for publication May 28, 2023.
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456 Transparent Leather Manufacturing

manufacturing is shown in Table I. The dosage of chemicals used in
each process was based on the weight of limed pelt.

TM was an ammonium free deliming agent and DW was a nonionic
degreasing agent from Sichuan Decision New Material Technology
Co., Ltd. China.

The pelt without transparent treatment and toggling until dried
directly was regard as Control Sample.

Testing methods

Transmittance measurement

The transmittance of both STL and Control Sample was measured by
a WGT-S transmittance and haze tester (Jinan Saicheng Electronic
Technology Co., Ltd, China) following the manufacturer’s direction
according to standard method."”

Mechanical properties measurement

Both STL and Control Sample were conditioned as the standard
method before mechanical properties testing. The mechanical
properties like tensile strength, elongation at break and tear
strength were tested by AI-7000S tensile machine (GOTECH testing
Machines Inc. China), and the softness was tested by measuring
GJ9EI1 apparatus for leather softness (GOTECH testing Machines
Inc. China) following standard .**

FT-IR measurement

STL and Control Sample were tested by a Nicolet 10 FT-IR (Thermo
Scientific Corporation, American) in the wavelength range from 500
to 4000cm™ for 32 times.

Scanning electron microscope (SEM) observation
A JSM-7500F scanning electron microscope (Japan Electronic
Co., Ltd., Japan) was used for producing leather cross section

Table I
STL manufacturing process
Process Material Dosage (%) | Temperature (°C) | Time (min) Remark
Pre-deliming water 150 30
™ 1 float pH about 9.5, drain
DW 0.1 30
Deliming water 70 33
DwW 0.2
ammonium 2.5 80 float pH 7.5-8.0, cross
sulphate section colorless checked
with phenolphthalein
indicator, drain
Washing water 300 25 10 twice
Bleaching water 70 35
Sodium carbonate 0.5 10 float pH about 9.5
hydrogen peroxide 2 20 float pH higher than 9.0
hydrogen peroxide 2 60 drain
Washing water 300 25 10 twice
Transparent water 60 25
treatment
glycerol 25 300 O/N
formic acid 0.3 30
formic acid 0.3 60
formic acid X 60 float pH 4.0-4.2

Toggling under 30-35°C until dried completely.

JALCA, VOL. 118, 2023



Transparent Leather Manufacturing 457

images by operating the SEM at low vacuum with an accelerating
voltage of 15 kV.

X-ray diffraction scanning (XRD) determination

The 20mmx20mm samples were tested by EMPYREANX-ray
diffraction scanning meter (PANalytical B.V., Netherlands) with
diffraction angle 26 from 5° to 60° with a scanning rate of 2°/min at
ambient temperature and humidity.

Thermal properties determination

The dried leathers were put into Aluminum crucibles and heated
by a NETZSCH DSC 200 PC differential scanning calorimeter
(Germany) with heating rate 5°C/min in a N, atmosphere (flow
N,: 100 mL/min). The range of temperature was from 25° to
250°C.

(VLR

jan  University

The dried samples were put into ceramic crucibles and heated by
a NETZSCH TG 209 F1 thermal gravimetric analyzer (Germany)
with heating rate 10°C/min in a N, atmosphere (flow N,: 100 mL/
min). The range of temperature was range from 40° to 800°C.

Results and Discussion

Performance of soft and transparent leather

After a huge number of trials, the dosage of glycerol in STL
manufacturing process was optimized and 25% glycerol based on
weight of liming pelt was selected. Less glycerol resulted in poor
softness and transmittance, and more glycerol would make STL
feel moist. The performance and images of pig STL are shown in
Figure 1. The left two photos illustrate the STL is transparent and
the right two photos show the STL is soft. It was clear that the

Cattle STL

Figure 1. Performance and images of soft and transparent leather

JALCA, VOL. 118, 2023
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Table II

mechanical properties of soft and transparent leather

Parameters Cattle STL Pig STL
Transmittance (%) 78.4 86.5
Softness (mm) 3.88 4.34
Thickness (mm) 0.885 0.442
Tensile strength (MPa) 33.62 2591
Elongation at break (%) 22.17 23.86
Tear load (N) 20.58 17.57

leather was soft and transparent when glycerol was used to treat
pig split pelt. The application of glycerol not only made leather
soft but also improved the transmittance of leather. The STL was
soft compared with dried pelt and transparent compared with
conventional leather.

The mechanical properties of both cattle and pig STL were tested
and the results are listed in Table II. As shown in Table II, the
softness and transmittance of pig STL were better than cattle
STL, but its tensile strength and tear load were slightly lower. As
the fiber weaving of pig skin was tighter and denser than cattle
hide, much thinner pig split could be obtained. Consequently, the
thinner pig pelt might be more suitable for manufacturing soft and
transparent leather. On the other hand, since cattle splits almost
consist of pure collagen fiber and there was no hair follicles in
cattle hides which prevent light scattering and refringence inner
leather, the appearance of cattle STL had better uniformity and
clarity. In short, the mechanical properties of pig and cattle STL
were comparable, and pig pelt was more suitable for thin and
transparent leather while cattle split was better for uniform and
clear leather.

Structure of soft and transparent leather

Interaction between collagen and glycerol

The FT-IR images of pig STL and Control Sample were shown
in Figure 2. It was obvious the absorption peak intensity around
3300 cm™ was enhanced after glycerol treatment, indicating more
hydrogen bonds formed between collagen and OH-groups of
glycerol. In other words, the interaction between pelt and glycerol
was mainly hydrogen bonds.

Figure 2 also illustrates that the collagen structure remained during
transparent treatment. The absorption bands at around 1650 cm
!, 1550 cm™® and 1150 cm™ were characteristic of collagen amide I
band (stretching vibration of C=0 coupled with hydrogen bonding),
amide II band (bending vibration of N-H and stretching vibration
of C-N) and amide ITI band (stretching vibration of C-O or C-N-C)
respectively,” and they were the evidence of a collagen backbone.
Moreover, no significant shift of the amide I band was observed,
showing the triple helix structure of collagen was not impacted after
transparent treatment.

—=Control Sample

4000 3500 3000

2500

!
2000 1500 1000

Wavenumber (cm™)

Figure 2. FT-IR images of pig STL and Control Sample

JALCA, VOL. 118, 2023
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Figure 3. SEM images of pig STL and Control Sample

Histological structure of soft and transparent leather

In Figure 3, collagen fibers of STL appeared to be dispersed and
while in the Control Sample they were adhesive. As glycerol was
combined with collagen through multipoint hydrogen bonds, it
could prevent fibers from adhering during the drying process and
lubricate collagen fibers as water was removed. Thus, STL was soft
macroscopically. The Control Sample was hard and brittle because
there was no lubricant distribution between collagen fibers after
evaporation of water during drying. However, the dispersion degree
of fiber bundles and porosity of STL were poorer than any leather
tanned by any representative tanning agent (chromium, vegetable
tanning or aldehyde, etc) as tanning agents could open up the
microfibrils, fibrils, elementary fibers and fiber bundles.'® It could
be inferred that the multipoint hydrogen bonds between collagen
and glycerol were too weak to generate cross-linking effect.

Crystal structure of soft and transparent leather
Figure 4 indicated there were two peaks in both STL and Control
Sample. The one was about 7°, representing the distance between

Intensity (a.u.)

0

——=Control Sample

molecular chains, and the other was around 21°, corresponding
to diffuse scatter of collagen.” According to Bragg equation
2dsinB=n), larger 20 meant the distance between collagen was
shorter under same testing condition. A value of 20 for the Control
Sample about 7° was obviously higher than STL, indicating the
collagen fibers adhere to each other without glycerol. Hence, the
Control Sample was hard and brittle macroscopically. On the
contrary, 20 of Control Sample around 21° was obviously lower
than STL, indicating the amorphous area of collagen fibers in STL
was enlarged due to glycerol preventing the leather fibers shrink
during drying.

Thermal stability of soft and transparent leather

According to DSC results illustrated in Figure 5, the thermal
denaturation temperature of STL was much higher than Control
Sample, which could match chrome tanned leather. Although
glycerol had positive effect on improving thermal stability collagen
to some extent,'”® this excellent denaturation temperature could
not be attributed to tanning effect because the cross-linking

STL

0 10 20

30 40 50 60

20 ()

Figure 4. XRD images of pig STL and Control Sample

JALCA, VOL. 118, 2023



460 Transparent Leather Manufacturing

DSC (mW/mg)
f=1
co
1

T, 80.65 °C
Control Sample

T, 11829 °C

STL

T T
50 100

T T T
150 200

Temperature (°C)

Figure 5. DSC results of pig STL and Control Sample

between collagen molecules could not be generated by glycerol.
The reasonable interpretation might be that glycerol absorbed heat
before collagen and then resulted in thermal denaturation delay. For
Control Sample, collagen absorbed heat directly and the thermal
denaturation occurred immediately.

The Thermogravimetric analysis results of pig STL and Control
Sample are shown in Figure 6. It is obvious there are two peaks
during STL thermal decomposition process; the first one is 237.28°C
which is the thermal decomposition of glycerol according to prior
study,” and the second one is 314.70°C. Only one maximum
decomposition temperature (Ty,,) of Control Sample (310.07°C)
was observed during TG test. Ty« near 310°C was the temperature
of collagen decomposition,* and the higher T,,., STL might be the
reason that the existence of glycerol could promote thermal stability
of biomass.”’ Thermogravimetric analysis also proved that glycerol
interacted with collagen successfully.

0.0

Control Sample

40

Weightlessness (%)

0.7

T T T T T T T
100 00 300 400 500 [EL1] 700 00

Temperature (°C)

Mechanism of soft and transparent leather manufacturing

The mechanism of soft and transparent leather manufacturing
could be summarized as follows. Glycerol combined with collagen
through multipoint hydrogen bonds in the role of lubricant. Glycerol
prevented collagen fiber bundles from adhering when water was
almost comnletely removed after drying and resulted in soft and
transparent leather. However, two questions about the relationship
between leather structure and transmittance are still essentially
unknown. First, why could glycerol make leather become transparent
while the leather was opaque without glycerol? One possible reason
could be inferred as: glycerol filled the air voids of leather and reduces
the index of refraction; therefore the visible light could pass through
easily with less scattering. Second, why was the leather tanned by any
tanning agent opaque? One possible hypothesis was that collagen
crystal structure was changed due to new chemical bonds generated
during tanning. It would benefit the production of transparent leather
with better performance and improved understanding of the tanning
mechanism after answering the two questions and confirming the
two preliminary speculations above.

0.1
100
- 0.0
g0 0.1
2 _
‘: k02 O
£ o0 g
Z STL F03 o
k3
= 5
=
) =
£ a0 0.4
=
F-0.5
20 4
0.6
0 T T T T T T T 0.7
100 200 300 400 500 600 700 800

Temperature (°C)

Figure 6. TG results of pig STL and Control Sample
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Conclusions

Both cattle hide split and pig skin split could be used to prepare
soft and transparent leather when 25% glycerol based on limed pelt
weight was used for treating delimed and bleached split pelt. The
leather was soft and transparent when compared with traditional
leather which had incompatible softness and transmittance. Pig
pelt was more suitable for thin and transparent leather while cattle
split was beneficial to create uniform and clear leather. Glycerol
combined with collagen through multipoint hydrogen bonds and the
combination had slight positive effect on improving leather thermal
stability. Fiber bundles of soft and transparent leather tended to
be dispersed and the collagen hierarchical structure including
triple helix preserved during transparent treatment. The soft and
transparent leather could be a brand-new choice for leather goods
designers and might be an optional strategy for high-performance
electronic skin.
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Abstract

Ethiopia has one of the world’s largest livestock resources. However,
the effects of disease, inadequate nutrition and management constrain
the potential of this resource. Ectoparasites are one of the primary
contributing factors in the tanneries for sheep and goat skin rejection.
The aim of this study is to assess the impact of medicinal herbal plant
extracts on ectoparasites (ticks) on small ruminants in Ethiopia.
According to scientific and ethnomedical data gathered from
respondents (farmers), the plant species P. dodecandra, E. globulus,
C. macrostachyus, J. schimperiana, and C. aurea were used (by
farmers) for the study. Phytochemical screening of extracts revealed
the presence of flavonoids, alkaloids, phenols and saponins, tannins.

Ticks from small ruminants (i.e goat and sheep) were collected
and an in vitro adult tick immersion test was carried out using
concentrations of 6.25, 12.5, 25, 50, and 100 mg/ml of all medicinal
plant extracts. The temporal tick mortality was observed within
24-hours. In order to compare the results, distilled water and 12.5%
amitraz was used as positive and negative controls, respectively.
After 24 hours of exposure, P. dodecandra, J. schimperiana, and
C. macrostachyus extracts had a moderate (60%) effect on tick
mortality; however, C. aurea extract at 100 mg/ml and E. globulus
extract at 50 mg/ml and 100 mg/ml had the highest mortality rate
(80%). The study found that following in vitro treatment for the
studied plants, the mean tick mortality increased considerably with
increasing concentration and exposure duration. The existence
of phytochemicals (active ingredients) in several plants, such as
phenols, flavonoids, alkaloids, tannin, saponin, etc., may be the cause
of their anti-ectoparasite effects. The study’s findings suggested that
these plants might be crucial in reducing the need for chemical based
medicines as well as managing the population of resistant ticks in an
environmentally friendly manner.

Introduction

In Ethiopia, the agricultural sector has been prioritized by the
government for encouraging overall economic growth and reducing

poverty.! Within agriculture, the livestock subsector provides an
opportunity for further growth. The Ethiopian Leather industry
depends on its livestock resources, which include 54 million cattle,
25.5 million sheep, and 24 million goats, making it one of the world’s
largest livestock populations.?

The agricultural sector relies heavily on cattle, sheep, and goats as
vital sources of revenue. Live animal exports as well as meat, hide,
and skin are among Ethiopia’s top sources of foreign exchange
earnings."”’ Ethiopian sheep and goat skins have a good reputation
for quality in the international leather market due to their fine grain
and compact structure.**

However, due to the deterioration in skin quality brought on by
an increase in ectoparasite infestations, the enormous resource
potential of sheep and goat skins has been declining.>** Parasitic
skin infections brought on by ectoparasites including lice, ticks and
mange are becoming a serious threat to the tanning industry.>>*"!
A few years ago, tanneries in the country tended to make 70% of
processed skins with grades 1-3, while 10% to 20% of the skins
were considered to be of low quality.>'® However, over the past ten
years, only 10-15% of processed skins have been deemed good, with
the remainder being either rejected or downgraded as a result of
an increase in ectoparasite infestations.*’? Consequently, Abunna

Figure 1. Tick on small ruminants
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et al.” reported ectoparasite prevalence in sheep (87.5%) and goat
(89.9%) in Oromia region, Seyoum' reported prevalence in sheep
(22.7%) and goat (11.5%) in Amhara region whereas Dawit et al.**
reported prevalence in sheep (34.1%) and goat (12.2%) in Amhara
region, Ethiopia.

The use of synthetic insecticides in the treatment of ectoparasites
has become a serious global problem due to the emergence of
ectoparasite resistance, the production of non-specific residual
products, and environmental pollution. Herbal remedies are being
utilized more frequently to treat a variety of ailments due to the
perception that green medicine is non-hazardous, accessible, and
has fewer negative impacts. The main aim of this research is to assess
the effect of medicinal herbal plant extracts on ectoparasites in small
ruminants in Ethiopia.

Data collection

A purposive sampling technique was carried out using group focus
discussions with sheep and goat producers and field observations
to collect indigenous knowledge on traditional healers. Secondary

data were collected through a review of the literature published in
scientific journals. Descriptive statistics were used to analyze and
summarize ethno-botanical data.

Two hundred seventy (270) livestock keepers found in West Gojjam,
Amhara Regional state, Ethiopia was consulted to corroborate
some of the information related to ectoparasite infestation and
treatment. Among these groups, semi-structured questionnaires
and informal interviews were undertaken within a period of 10
days. The interviewees were shown pictures of ticks, lice and mange
and requested to give the main ectoparasite species that attack
their animals, the seasonal occurrence of infestation, ectoparasite
species specific attachment sites and details on possible treatment
methods. The information gathered shows that farmers are still
relying on plant extracts as a source of ectoparasite medication
for their livestock. Around 18 plants, which have medicinal
value against ectoparasite were reported by farmers and that tick
infestation was higher than the other ectoparasites. Cattle, followed
by sheep and goats were predominantly treated by plants for worm
and ectoparasite infestations. Table I indicates a list of plants used
for the treatment of tick infestations in the area.

Table I
List of medicinal plants used for the treatment of ectoparasite in the area
Plant Name Plants Parts used
Calpurnia aurea Leaves
Phytolacca Dodecandra Leaves
Eucalyptus globulus Labill Leaves
Croton macrostachyus Leaves
Azadirachta indica A. Juss Leaves
Justicia schimperiana Leaves
Kleinia Leaves
Solanum incanum L. Leaves
Aloe vera Leaves
Acokanthera schimperi Leaves
Clematis hirsuta Leaves
Rumex nervosus Leaves
Datura stramonium Leaves
Lupinus albus Leaves
Sida rhombifolia Leaves
Millettia ferruginea Leaves
Garlic Leaves
Ginger Leaves
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Experimental

Plant Collection and drying

For the study, five (5) potential plants were chosen based on the
ethnomedical information in the literature supplemented with a
preliminary ethnobotanical survey during data collection from
the respondents. The potential plants used for the experiment were
Calpurnia aurea, Phytolacca dodecandra, Eucalyptus globulus,
Croton macrostachyus and Justicia schimperiana. Fresh leaves of the
plants were collected, shade dried for two weeks then crushed using
an electric grinder into a fine powder.

Extract Preparation

Each plant powdered material was subjected to separate extraction
using methanol solvent. A 100g powder was separately soaked in
each extraction solvent (900 ml of solvent). As shown in Figure
2, the resulting solution was then stirred for 72 hrs. using shaker
to produce the required mixtures. The mixture was filtered using
Whatman No. 1 filter paper, and the extracts were kept in sealed
bottles in the refrigerator (4°C) until they were required for further
application."”

Phytochemical Analysis
Phytochemical analysis was done to determine the presence of
secondary metabolites in the plants.”®

Test for Flavonoids: A small amount of extract was treated with
aqueous NaOH and HCI and observed for formation of yellow
orange color.'®

Test for Alkaloids: Mayer’s reagent was used to process the extracts
(1.36 g of mercuric chloride and 5 g of potassium iodide in 100 ml
of water). A few ml of plant sample extract, two drops of Mayer’s
reagent are added along the sides of test tube. The presence of
alkaloids is indicated by the formation of a yellow or white creamy
precipitate.”®

Test for phenols: 3 to 4 drops of 5% ferric chloride solution were
added to the extracts. The presence of phenols is indicated by the
formation of a bluish black or dark green color.”®

Test for Tannin: In a test tube, a 2 ml portion of the extract was
placed, and the extracts were treated with a few drops of 10% ferric
chloride solution and observed for the formation of a blue or dark

greenish color.””*

Test for saponins: A 0.5 gm of extracts was mixed with 2 ml of water
and shaken for 15 minutes in a graduated cylinder. The presence of
saponins is shown by the formation of a 1cm layer of foam.”*

Adult Immersion Test

The outcomes of an in vitro susceptibility test on the antiparasitic
activity of plant-based materials are influenced by a variety of
factors including plant type, method of extraction, test method
and environment.” Ectoparasites (i.e ticks) attached to small
ruminants were collected manually using thumb forceps at district
level. Ticks were collected and placed in bottles covered with cotton
net gauze. Within an hour of the ticks being collected, the in vitro
tests were started. The effectiveness of all medicinal plant extracts
as ectoparasiticides was tested in vitro (at the laboratory level) at
concentrations of 100, 50, 25, and 12.5 mg/ml. In order to compare
the experimental results, Amitraz 12.5% (1:1000) and distilled water
were used as positive and negative controls. Five adult ticks were
immersed to each extract concentration and incubated at room
temperature 26° + 2°C under a natural photoperiod. Following
immersion, each tick was carefully examined for indications of
death at intervals of 30 minutes, an hour, two hours, three hours,
six hours, twelve hours, and twenty-four hours.!>*" A needle was
used to regularly check the condition of ticks, and if no reaction was
observed, the tick was recorded as dead. Then the ecoparasiticidal
efficacy of each medicinal plant extract was analyzed. The data were
filled in statistical software program (SPSS) and descriptive statistics
were used to summarize the ethno-botanical data in terms of tables
and graphs.

Figure 2. Extract shaking and filtration
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Table I1
Phytochemical analysis
Methanolic extract
Compound Test Method
C. aurea | P.dodecandra | E.globulus | J.schimperiana | C.macrostachyus
Flavonoids Alkaline reagent'® + + ++ ++ ++
Alkaloids Wagner’s test" + + + ++ ++
Phenols Ferric chloride"” + ++ - ++ +
Tannins Ferric chloride"” + ++ ++ ++ ++
Saponins Frothing" + + ++ + +

Key: (+): Weak positive test and (++), Strong positive test, (-) Not detected

Result and Discussion

Preliminary Qualitative Analysis

Asshown in TableII, phytochemical screening of methanolic extracts
have significant indication about the presence of secondary plant
metabolites such as, phenolic compounds, alkaloids, flavonoids,
tannins, saponin, and steroids.

Flavonoids Detection: The phytochemical analysis of methanolic
extracts using the alkaline reagent test revealed a strong positive
(++) presence of flavonoids in E. globulus, J. schimperiana, C.
macrostachyus and a weak positive (+) presence of flavonoids in
C. aurea extracts as shown in Table II. Correspondingly, different
studies revealed the presence of flavonoids in the extract of C. aurea,”
E. globulus,” ). schimperiana® and C. macrostachyus extracts.”!

Alkaloids detection: According to Table II, the Mayer’s and
Wagner’s tests showed that the extracts of J. schimperiana and C.
macrostachyus had strong positive (++) alkaloids, whereas the
extracts of C. aurea, P. dodecandra, and E. globulus had weak
positive (+) alkaloids. Correspondingly, different studies revealed
the presence of alkaloids in the extract of C. aurea,” P. dodecandra,
2 E. globulus,?]. schimperiana®*and C. macrostachyus.”

C-H

2848 Bem-1,0 DO337E4A

Phenols detection: According to Table II, the ferric chloride test
indicated that the extracts of P. dodecandra and J. schimperiana had
strong positive (++) phenols, while the extracts of C. aurea and C.
macrostachyus contained weak positive (+) flavonoids. Accordingly,
several studies have demonstrated the presence of phenols in the
extracts of C. aurea, P. dodecandra,? J. schimperiana® and C.
macrostachyus.”

Tannin detection: According to the results of the ferric chloride
test, strongly positive (++) tannin were detected in the extracts of P.
dodecandra, E. globulus, J. schimperiana, and C. macrostachyus and
weakly positive (++) tannins were detected in C. aurea, which were
shown in Table II. Consequently, various studies have demonstrated
the presence of tannin in the extracts of C. aurea,*® P. dodecandra,”
E. globulus,* J. schimperiana® and C. macrostachyus.”

Saponins Detection:

Following Froth test approach, the extracts of E. globulus showed
a strong positive (++) saponins, while the extracts of C. aurea, P.
dodecandra, ]. schimperiana, and C. macrostachyus indicated the
presence of weak positive (+) flavonoids, which were indicated in
Table II. Consequently, several studies have confirmed the existence
of saponinsin the extracts of C. aurea,'® P. dodecandra,** E. globulus,”
J schimperiana® and Croton macrostachyus.””

Figure 3. FT-IR absorbance spectrum of Calpurnia aurea
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Figure 4. FT-IR absorbance spectrum of Phytolacca Dodecandra
FTIR Analysis cm? attributed to S=O stretching due to sulfoxide functional
Fourier Transform Infrared Spectroscopy (FTIR) was used to identify groups.

different characteristics and functional groups that were present in
various materials.** The FTIR data spectrum was recorded with a
scan speed of 2 mm/s and the powdered plant samples were added

as a powder with a wavelength spectral range of 4000cm™-500 cm™.*

The above Figure 3 shows the functional groups present in the C.
aurea leaves. In the FT-IR spectrum of C. aurea, the region from
2950cm™-2800cm™
C-H of alkane functional groups.’® The presence of carboxylic acid

indicate the presence of stretching vibration of

(O-H stretch) was revealed by the peak 3750 cm™. The region from
1700cm™-1500cm™
stretching vibration of C=0 functional groups.?” A strong absorption

indicates the presence of asymmetric carboxyl

broad peak at 1030 indicate the presence S=O stretching due to
sulfoxide functional groups.*

As shown in Figure 4, the FT-IR spectrum of Phytolacca D. revealed
the presence of carboxylic acid (O-H stretch) at a weak peak at 3750
cm-1 and the medium peak appeared in the range of 2900-2850
cm-1 mainly attributed to the stretching vibration of C-H of
alkane. The medium peak appeared at 1606 cm-1 and 1310 cm-1
mainly attributed to C=C stretching vibration and C-O stretching
vibration, respectively. The medium stronger peak appears at 1034
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As shown in Figure 5, the FT-IR spectrum of Eucalyptus globulus
provided a weak peak at 3748 cm™ which indicated the presence of
O-H stretching due to alcohols.* It showed peaks at about 1622cm
! attributed to C=C stretching due to alkenes. The broad peak at
1034 cm™ attributed to S=O stretching due to sulfoxide functional
groups of compound. FT-IR spectrum confirmed the presence of
secondary plant metabolites, which are alcohols, phenols, alkenes
and sulfoxides in plant extracts.*

As shown in Figure 6, the IR spectrum of Justicia schimperiana
peaks near 3748 cm-1 showed absorption bands assigned to an O-H
stretching of alcohol. Two sharp peaks near to 2917 cm-1 and 2849
cm-1 are indicative of C-H stretching of Alkane. It also revealed
the presence of a weak anhydride CO-O-CO stretching at 1040
cm-1. Therefore, the IR spectrum depicts the presence of alcohol,
alkane and anhydride groups attached to a quaternary carbon in the
compound.

As shown in Figure 7, the FT-IR spectrum of Croton macrostachyus,
the absorption band at 3745 cm-1 indicated the presence of O-H
stretching of alcohol whereas the absorption bands at 2917 cm-1 and
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Figure 5. FT-IR absorbance spectrum of Eucalyptus globulus
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Figure 7. FT-IR absorbance spectrum of Croton macrostachyus

2849 cm-1 indicated the presence of C-H stretching of alkane. The
peak at 1602 cm™ attributed to C=C stretching of alkene and 1241
cm™ attributed to C-N Stretching due to amaine functional groups.
The broad peak at 1032 cm™ is attributed to S=O stretching due to
sulfoxide functional groups.

Adult Immersion Test

Adult immersion tests were conducted in order to identify anti-
ectoparasite activity of medicinal herbal plants. As shown in Figure
8, after exposure to Amitraz 12.5% for 1 hour and P. dodecandra at

concentrations of 50 mg/ml and 100 mg/ml for 6 hours, there was
a substantial increase in tick mortality (40%). Less tick mortality
(20%) was observed 6 hr post exposure with 12.5mg/ml and 25 mg/
ml concentrations of P. dodecandra extract.

Figure 8 shows that after exposure to Amitraz 12.5% for 1 hour and
P. dodecandra at concentrations of 50 mg/ml and 100 mg/ml for 6
hours, there was a substantial increase in tick mortality (40%). Less
tick mortality (20%) was observed 6 hr post exposure with 12.5mg/
ml and 25 mg/ml concentrations of P. dodecandra extract. At 24 hr
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Figure 8. Mortalities of ticks at different time intervals in Phytolacca.Dodecandra extract.
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Figure 9. Mortalities of ticks at different time intervals in Eucalyptus globulus extract.

post exposure period Amitraz 12.5% (80%) and 100mg/ml (20%) P.
dodecandra had the highest tick killing effect compared with the rest
of the extract concentrations.

A substantial increase in tick mortality (60%) was observed
after 3 hr post exposure with Amitraz 12.5% and 100 mg/ml
concentration of E. globulus extract, and 6 hr exposure with
50mg/ml and 25 mg/ml concentrations of E. globulus extract
(Figure 9). Moderate tick mortality (40%) was observed 6 hr post
exposure with 12.5mg/ml, 25 mg/ml and 50mg/ml concentrations
of E. globulus extract. Subsequently, after 24 hr post exposure,
Amitraz 12.5%, 50mg/ml and 100mg/ml of E. globulus extract
had the highest tick mortality (80%) effect than the rest of the
extract concentrations.

As shown in Figure 10, a substantial rise in tick mortality (40%)
began 3 hours after exposure to Amitraz 12.5% and at 6 hours
after exposure with 50 mg/ml and 100 mg/ml concentration of J.
schimperiana extract. At 24 hr post exposure, 50 and 100 mg/ml
concentrations of the extract have caused significantly higher tick
mortality (60%) than the rest of extract concentrations. At 24hr
exposure, the 12.5mg/ml and 25 mg/ml has caused significant tick
mortality (40%) than negative control (distilled water).

According to Figure 11, a substantial increase in tick mortality
(40%) began 2 hours after exposure with Amitraz 12.5% and 6
hours after exposure with 50 mg/ml and 100 mg/ml concentrations
of C. macrostachyus extract. After 24 hours exposure, 50 and 100
mg/ml concentrations of Croton macrostachyus extract caused
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Figure 10. Mortalities of ticks at different time intervals in Justica schimperiana extract.
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Figure 11. Mortalities of ticks at different time intervals in Croton macrostachyus extract.
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Figure 12. Mortalities of ticks at different time intervals in Croton aurea extract.

a substantial increase in tick mortality (to 60%) compared to the
other concentrations. After 24hr exposure, 12.5mg/ml and 25 mg/
ml concentrations of Croton macrostachyus extract has caused
significant tick mortality (20%) than negative control (distilled
water).

A significant increase (40%) in tick mortality started 1 hr post
exposure with Amitraz 12.5% and 6 hr exposure with 50mg/ml
and 100 mg/ml concentrations of C. aurea extract (Figure 12).
When compared to 25 mg/ml and 12.5 mg/ml concentrations C.
aurea extract, tick mortality was significantly higher at 24 hours
post-exposure with 50 mg/ml and 100 mg/ml concentrations of C.
aurea extract and Amitraz 12.5%. After 24 hours of exposure, the

lowest concentration (12.5 mg/ml) of C. aura showed a substantial
increase in tick mortality compared to the negative control (distilled
water). The study finding revealed that Calpurinia aurea extract has
a significant antiparasitic activity against small ruminant ticks. The
current findings are similar with Gebrezgabiher etal,*? Zorloni et al.*’
and Teklay et al.** who reported water extracts of Calpurinia aurea
has insecticidal activity against ticks. Similarly, studies reported
that, application of water-based extract of Melia azedarach L.,*
Solanum incanum L,* Aloe excelsa A. Berger,"” Nicotiana tabacum
L.,* Azadirachta indica A. Juss,*® Otostegia integrifolia Benth,*
Aloe megalacantha Bark,* Guizotia scabra,” Citrus aurantifolia,”
Cassia nigicans®® and Commiphora erythraea®™ have insecticidal
activity against ticks.
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Justicia schimperiana » 50mg/ml
Eucalyptus globulus = 25mg/ml
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Figure 13. Mean mortalities of ticks at different concentration intervals in different medicinal
plant extracts.
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Figure 14. Mean mortalities of ticks at different time intervals in different medicinal plant extracts.
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Table III
Two-way analysis of variance (ANOVA)

OF Sum Sq Mean Sq F value Pr(>F)
plantonlySPlant_extract 4 3589 897.1 2.24 0.0672 .

Residuals

135 53886 399.2

Signif. codes: 0 "**" 0,001 “**' 0,01 "' 0.05 .7 0.1 " "1

As shown in Figure 13, Amitraz 12.5% had the highest tick mortality
and followed by Eucalyptus globulus. Phytolacca Dodecandara
showed the lowest tick mortality than the other extracts. The present
study revealed that the mean mortality of ticks was increased
significantly with increased dosage (concentration) in vitro
treatment for the tested botanicals.

The results of the current investigation showed that using higher
dosages (concentrations) of the investigated botanicals in vitro
considerably increased the mean tick mortality, which were shown
in Figure 14. This outcome is consistent with that of Adenubi,** who
found that the dosages (concentration) and exposure duration had
an impact on the mortality effect of plants.

As indicated in Table III and IV, the plant extracts have similar
effects on morality rate of ticks and the mean mortality of ticks was
increased significantly with increased concentration and exposure
time after in vitro treatment for the tested plants.

Mode of Action

Few studies have been carried out to fully understand how these
naturally occurring compounds act as anti-ectoparasites, and the
mode of action of many compounds derived from plants used for
ectoparasite control is not well studied.® Several studies report that,

presence of phytochemicals (secondary plant metabolites) possess
various biological activities including anti-parasitic, antioxidant,
anti-bacterial, and antifungal.**** In line with this, the presence of
phytochemicals (active components) including phenols, flavonoids,
alkaloids, tannin, saponin etc. in different plants, may be responsible
candidates for the anti-ectoparasite properties (growth inhibition).?”
061 According to de Souza Chagas,® phytochemicals may act to
counter growth of regulatory hormones, limiting egg growth,
causing dehydration, inhibition of breathing (clog airways) and
prevent chitin formation. In general, the biology of how the plant
essential oils affect ectoparasite remains unexplored and warrants
an ideal opportunity to work further on the plant metabolites
involved in the process.

Conclusion

The leather sector has a huge potential for employment, and export
revenue generation in the world economy. Ethiopia has one of
the largest livestock populations in the world. However, this huge
resource potential is constrained and threatened by compound
effects of ectoparasites, poor management and malnutrition. Using
synthetic pesticides to treat ectoparasites has become a critical
global issue due to the increasing resistance to pesticides of the
ectoparasites and environmental pollution. This study revealed that
P. dodecandra, E. globulus, C. macrostachyus, J. schimperiana and C.

Table IV

Mean and SD number of ticks mortality at of different time interval and concentration

Extract Mean and SD tick mortality at different concentration and exposure time
Concentration

(mg/ml) 30min 1hr 2hr 3hr 6hr 12hr 24hr
100mg/ml 8 (10.9) 12 (10.9) 28 (10.9) 32 (17.8) 44 (8.9) 52 (10.9) 68 (10.9)
50mg/ml 4(8.9) 12 (10.9) 20(0) 28 (10.9) 40 (0) 48 (10.9) 60 (14.1)
25mg/ml 0(0) 4(8.9) 8(10.9) 20 (14) 24 (8.9) 40 (14.1) 40 (14.1)
12.5mg/ml 2.86 (7.5) 8.58(15.7) 17.15(13.8) 22.85(18) 28.57 (25.4) | 28.5(25.4) 34.3 (25)
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aurea plants extract have shown good result in tick mortality after

24 h of exposure. Research on plant extracts for use in ectoparasite

control has grown in recent years and the plants used in the study

are a viable alternative to commercial acaricides.
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Abstract

The 2nd largest export-oriented leather industry of Pakistan fulfills
its 40% annual raw material demand during the eve of Eid-ul-Adha
on which 6.0-8.0 million best-quality animals are being slaughtered
within three days. However, a major portion of raw skins and
hides (RSH) gets putrefied due to delayed preservation. The aim
of this study was to explore the knowledge, attitude, and practices
about RSH quality and its preservation in the general public
from Punjab, Pakistan. A cross-sectional survey was conducted
from February to May 2022 in which 948 individuals from 12
districts participated. Out of six, the overall mean knowledge
score of the respondents about RSH preservation was 3.69+1.6
(61.5%). More than half (52.3%) of the respondents answered that
salt could be an appropriate option to preserve RSH. However,
contrary to their knowledge, only 4.2% (40/948) of respondents
applied it correctly. About 56.6% of respondents donated RSH to
religious institutes. The mean knowledge and practice scores of the
respondents from rural areas were significantly higher (p<0.001)
than those from urban areas (knowledge: 4.03 vs. 3.13; practice:
4.9 vs. 3.9). The knowledge and practice of preserving RSH using
common salt application significantly increased (p<0.001) with
the level of education (ORs: never attended school =0.08; school-
level education=0.22 & College/University education=1.0). In
conclusion, almost half of the respondents had knowledge about
RSH preservation; however, only a few (4%) practiced it correctly.
These findings will be helpful to design effective and targeted
interventions to improve the knowledge and practices of the public
for better RSH preservation.

Introduction

The leather industry is the 2" largest export-oriented industry of
Pakistan, providing livelihood to more than half a million people
and contributing 5.4% to the export earnings of the country' with
an overall export value of US$ 0.833 billion in 2021.> Raw material
for the leather industry is well supplied through one of the largest

livestock populations in the world comprising nearly 213 million
heads. Pakistan is the sixth-largest producer of skins and hides
in the world and it is one of the biggest competitive advantages of
Pakistan’s leather industry.’

The raw skins and hides (RSH) supply chain consists of two
components. One is the routine slaughtering in which animals are
being slaughtered in slaughterhouses/slaughtering slabs; RSH is sold
to the RSH collectors; they collect and preserve them and then sell
them to big RSH collectors or directly to the tanneries.* The second
and most important is the eve of Eid-ul-Adha when the bulk of RSH
is produced in two to three days. Eid-ul-Adha/Qurbani/Greater Eid
is the biggest pious event celebrated by the Muslim community all
around the globe on the 10th day of the 12th month (Dhu-al-Hijjah)
of the Islamic Lunar Calendar. The skin or hide of the sacrificial
animal is directly donated to the welfare/religious organizations®
or sold to the skin/hide (SH) collector and that money must be
donated.® About 6.0-8.0 million best quality animals including
sheep, goats, cattle, buffalo, and camels are slaughtered annually on
this festival and the leather industry fulfills 30-40% of its annual raw
material demand from this event.>”

Since the Eid-ul-Adha started to be celebrated during the summer
season within the last few years, RSH losses have been increasing
year by year, e.g. on Eid-ul-Adha 2020, about 70% of skins/hides (4.2
to 5.4 million) were wasted.® This loss is also evident from the leather
and leather goods export which dropped from $1.27 to $0.833
billion from 2014 to 2021, respectively.? There are multiple factors
behind higher RSH loss starting from animal transportation to the
slaughtering procedures and storage of skins and hides. Similarly,
due to the increasing burden, most of the slaughtering is performed
by non-professional butchers leading to more cuts and damage
to the RSH.” Another malpractice is packing the flayed hides in a
plastic bag which is extremely harmful to their quality. For common
men, the value of RSH is negligible (less than 1% of an animal value
which too must be donated according to religious obligation) and,
therefore, there is a lack of interest to preserve the quality. However,
from the tanner’s point of view, if sacrificial animal hides are not

*Corresponding author: pengbiyu@suc.edu.cn; Tel. +86-28-85401208.
Manuscript received April 25, 2023, accepted for publication June 25, 2023.
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preserved within an hour, the hot and humid weather can spoil them
to such an extent that no valuable leather article can be produced
from them.*'

RSH is composed of 60-70% water and 25-30% protein which is
prone to putrefaction within a few hours after its removal from a
carcass." This autolytic degradation is believed to be caused by the
combined action of tissue enzymes and bacteria however the latter
requires moisture for its activity.!” Bacteria are naturally occupant
on the RSH surface as well as in soil/environment and their main
roles are to putrefy the RSH collagen protein.”® The season in which
qurbani is being performed in recent years in Pakistan is quite
humid (monsoon/rainy) and hot. Therefore, both of these factors
add up and cause the start of putrefaction much earlier than the
expected time.

The best way to protect skins and hides from bacterial putrefaction
is to process them immediately after the slaughtering of animalst."
However, this practice is not feasible even in routine slaughtering due
to multiple reasons, i.e., busy schedule of tanneries; time required
for transportation from the place of slaughtering to a tannery, etc.”®
This option is particularly not feasible on the eve of Eid-ul-Adha
where millions of animals are being slaughtered in just three days.
The other way which only seems feasible is to preserve or cure RSH
with some curing agent. Curing/preservation is a process of creating
an environment in which bacteria can’t survive."! In the literature,
several curing agents have been reported e.g., boric acid,' potassium
chloride,"” herbal-based products®® and silica gel.”** However,
common salt (sodium chloride, NaCl) is the most practiced and least
expensive material used worldwide to cure/preserve RSH, commonly
known as wet-salting."! In this method, 40-50% NaCl of the green
weight of skin/hide is applied immediately after flaying on the flesh
side of RSH.? It brings about preservation through dehydration and
bacteriostatic properties.?

Pakistani leather and leather products sector have tremendous
potential and growth scope.”® The skins of Pakistani animals
are considered one of the best skins in the world.** However, to
become more attractive globally, the raw material supply chain
especially on the eve of Eid-ul-Adha should be studied more
comprehensively. The big fraction of skins and hides which get
wasted every year worth of billions of Pakistani rupees (PKR)
can be saved through proper management and vision. Therefore,
this study was conducted to assess the knowledge, attitudes, and
practices of the common man regarding RSH preservation through
common salt application and to identify the important loopholes
in the preservation process. To the best of our knowledge, this
is the first study in Pakistan, and we are very optimistic that
the findings of this study will help to formulate more targeted
interventions to better preserve RSH on the eve of Eid-ul-Adha
leading to better economic growth.

Methodology

Study area and data collection

The study focused on the Punjab province which holds more than
50% of the total human and animal population of the country.
Out of 36 districts of the Punjab, 12 districts were selected
randomly. To assess the knowledge, attitude, and practices (KAP)
of the general public about RSH preservation, a questionnaire
was developed in consultation with the relevant experts,
reviewing published literature and after multiple discussions
with the stakeholders/collectors. The data was collected from 948
respondents who were involved in slaughtering at the eve of Eid-
ul-Adha between February and May 2022. The survey comprised
of three sections: 1) Demographic information of the participants
(6 questions), 2) Knowledge about RSH preservation (6 questions),
3) Attitude towards correct practices regarding RSH preservation
and Practices of participants about RSH preservation on the eve
of Edi-ul-Adha (12 questions). Including the demographic data,
the final questionnaire comprised 24 questions of which four were
open-ended and 20 close-ended questions. The English version
of the questionnaire was translated into Urdu (local language).
Formal testing of the questionnaire was performed with 40
respondents in urban and rural areas prior to launching the final
survey. An information sheet containing the details of the study
was presented to the participants before obtaining consent from
them and the data was kept strictly confidential by removing the
personal identifier. The average time per interview was about 25
minutes.

Data analysis

The data were analyzed using R software 4.0.4 and RStudio version
1.4.1106 as an interface (R Core Team, 2021; RStudio Team, 2021).
KAP scores were calculated by combining scores of respondents in
each category, i.e. correct answers in knowledge questions, attitude
questions, and practice questions. Each correct answer was given 1
and the incorrect answer was given 0. For continuous variables, i.e.
knowledge, attitude, and practice scores, means were presented,
and data related to demographic variables were presented as
proportions and frequencies. Linear regression models were
built to find out the association of demographic factors with
mean knowledge, attitude, and practice scores using Im function.
We identified three important practices that could affect RSH
preservation; 1) putting the hair side of the skin inwards and the
meat side outwards after flaying, 2) putting RSH in a plastic bag,
and 3) application of common salt. The effect of demographic
factors on identified practices was assessed using univariable
analysis followed by a multivariable logistic regression model using
glm function separately for each identified practice. Univariable
analysis was performed using Pearson Chi-squared test and only
those variables which yielded p<0.2 were further considered for
the multivariable logistic regression model. The non-significant
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Table I

Description of questions included in KAP survey along with correct and incorrect answers

Question Correct options Incorrect options
Putting under shade.
Putting in direct sunlight.
Putting in a plastic bag.
Methods to keep the quality of sacrificial RSH good Salt application gimap &

Putting in a plastic bag + putting under shade.

Putting in a plastic bag + putting in direct

sunlight.
How the skin of the SaCl‘lﬁC.l al ammafl should be kept after Inner side outwards and hair side inwards | Hair side outwards and inner side inwards
slaughtering& flaying?
How does leftover meat affect the quality of RSH Reduces Quality Improves quality
Putting RSH in a plastic bag is good or bad Bad Good
. . Within 8 hours
How many hours‘after flaying salt should be applied Immediately
in summer season Within 24 hours
Professional butcher Untrained butcher
Who did slaughtering & flaying
Slaughterhouse Own self
Under direct sun light
After flaying, where RSH was kept Under shade
In a water tub full of chilled water
02-03 hrs
How many hours after flaying, RSH was handed over 0.5-01 hr 04-05 hrs
to collector ’ 06-07 hrs
More than 08 hrs

Which method was adopted to keep RSH quality good
before handing it over to collector

Application of common salt.

Sprinkling of chilled water.

Application of common slat & boric acid

Skin was handed over as it is

02-03 hrs
04-05 hrs
After how many hours of flaying, common salt was applied 0.5-01 hr 06-07 hrs
More than 08 hrs
Not applicable/Didn’t apply salt
01-02 kg
Quantity of salt used to preserve sheep & goat skin 03-04 kg
Not Applicable
03-05 kg
Quantity of salt used to preserve cow & buffalo hides 06-08 kg
Not Applicable
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variables and/or confounders (assessed at 20% change in the
estimates of the remaining variables) were stepwise removed using
a backward selection approach. The sjPlot package was used to take
the final output of the model containing odds ratio, p-value and R
Odds ratios along with 95% confidence intervals (CI) are presented
only for the significant variables in the multivariable model. The R?
values were used to assess the model fit.

Ethical Approval

The study was approved by the Ethical Review Committee of the
University of Veterinary and Animal Sciences, Lahore (No. DR/687).

Results

Demographic characteristics of the respondents

Out of 948 respondents, 40.1% performed slaughtering in
urban areas, while 59.9%in rural settings. The majority of the
respondents either got school level (47.5%) or college/university
level (46.6%) education, while a small proportion (5.9%) had not
received any formal education. Similarly, general data about the
source of getting information concerning the importance of RSH
and its preservation process; the type of an animal slaughtered
on the eve of Eid-ul-Adha; to whom RSH was donated/sold, and
the willingness of participants to slaughter their animals if the
government makes some arrangement for a combined slaughtering
of animals in their area on nominal rates, has been presented in
Table II.

Respondents’ Knowledge

The majority of the respondents (66.9%) were well aware that any
cut (flaying cut) during the skin removal (flaying) could influence its
quality; however, 33.1% believed that flaying cuts had no influence
on the quality of skin (Table II). Similarly, 79.6% were well cognisant
that the leftover meat reduces the quality of RSH. The correct
preservation method of RSH was correctly identified by 52.3% of
respondents. Responding to the question of when salt should be
applied after flaying, particularly in the summer season, less than
half of the respondents (46.1%) were able to answer it correctly.
Similarly, when they were asked whether it is good or bad to keep/put
the skins in a plastic bag after slaughtering, 63.2% and 36.8% picked
the “bad” and “good” options, respectively. One very important
parameter that how the skin of the sacrificial animal should be kept
after slaughtering; only 39.1% of the respondents were able to answer
correctly.

Respondents’ Attitudes and Practices

Only 58.9% of the respondents performed the antemortem
examination. Almost half (49.8%) of the respondents strictly
instructed butchers to do flaying with care. The majority of
the respondents (55%) slaughtered their animals themselves or
obtained services from untrained butchers, while 45% respondents
hired professional butchers for slaughtering. After flaying, the
majority (63.1%) of the respondents kept skins incorrectly (hair side
outwards and meat side inwards) while 36.9% of them, correctly.
Similarly, majority of the respondents (66.8%) kept the skins under
shade and the rest of the respondents kept RSH either in direct
sunlight (31.1%) or in a water tub full of chilled water (2.1%). About
40.1% of the respondents reported that they placed the skins in
plastic bags. About 43% of the respondents applied common salt or
common salt + boric acid to preserve RSH before handing it over to
the collector and the rest of the respondents either handed it over
as it is (52.8%) or sprinkled chilled water (4.1%) to keep its quality
good. Of those who applied salt or salt + boric acid (n=408) for
RSH preservation before handing it over to the receiver (collector,
religious/welfare organizations, etc.), the majority either delayed
the salt application (54.7%), applied salt on the wrong side of RSH
(77.5%), did not remove leftover meat before salt application (86%),
applied inappropriate quantity of salt (86.8%) or placed RSH in a
plastic bag or in direct sunlight after salt application (90.2%). Thus,
only a small proportion of the respondents 4.2% (40/948) applied
salt appropriately (Table II).

Association of demographic factors with knowledge and
preservation practices

Out of six, the overall mean knowledge score of the respondents was
3.69£1.6. The mean knowledge score of the respondents from the
rural area was significantly higher than those from the urban area
(4.03 vs. 3.13, p<0.001). The mean knowledge score of respondents
who never went to school (3.29+1.39) or received school-level
education (3.5£1.61) was found significantly lower (p<0.001) than
those who attended college/university (3.94+1.58).

Out of total practice score (12), the overall mean score of the
respondents was 4.53. The mean practice score of the respondents
from the rural area was significantly (p<0.001) higher than those
from the urban areas (4.9 vs. 3.9). Similarly, the mean practice score
of respondents who never attended school or received primary
education was found significantly (p<0.001) lower (3.03 & 3.94,
respectively) than those with college/university education status
(5.32).

JALCA, VOL. 118, 2023



478 Knowledge and Practices Affecting the Quality of Skins/Hides

Table II

Demographic characteristics of respondents, general questions, and responses to questions

related to knowledge, attitude, and practices about raw skins/hides preservation

Variable Level Responses %
Demographic
Area Rural 568 59.9
Urban 380 40.1
Never went to school 56 5.9
Education level School 450 475
University/college 442 46.6
General Questions
Social media 301 31.8
Religious/welfare organizations campaigns 154 16.3
Source of getting information about the importance of RSH Announcement from nearby mosque 95 10.0
and its preservation process Electronic media 60 6.3
Newspaper 24 2.5
Did not receive any information from any source 314 33.1
Cow 347 36.6
Buffalo 128 13.5
Type of animal slaughtered on Eid-ul-Adha Camel 11 1.2
Goat 357 37.6
Sheep 105 11.1
Religious institutes 537 56.6
Welfare organizations 141 14.9
Poor men 93 9.8
To whom RSH was donated Butchers 51 5.3
Sold to RSH collectors 63 6.7
Buried into the earth 15 1.6
Don’t know 48 5.1
If the government makes some arrangements for a combined Yes 301 317
slaughtering of animals in your area at nominal rates, would you No 268 28.3
prefer to use this facility? Depends upon the distance from home 379 40
Knowledge
Yes 634 66.9
Flaying cuts affect the price of the RSH
No 314 33.1
Salt application 496 52.3
Putting under shade 203 214
Putting in direct sunlight 66 7.0
Methods to keep the quality of sacrificial RSH good T ;
Putting in a plastic bag 71 7.5
Putting in a plastic bag + putting under shade 34 3.6
Putting in a plastic bag + putting in direct sunlight 78 82
. . o Good 349 36.8
Putting RSH in a plastic bag is good or bad Bud 99 P
How the skin of the sacrificial animal should be kept after Inner side outwards and hair side inwards 371 39.1
slaughtering flaying? Hair side outwards and inner side inwards 577 60.9
Improves quality 193 20.4
How does leftover meat affect the quality of RSH? ;
Reduces Quality 755 79.6
Immediately 437 46.1
How many hours after flaying salt s?hould be applied in summer Within 8.0 hours 277 292
e Within 24.0 hours 234 247
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Variable Level Responses %
Attitude & Practices
Did you observe the physical appearance of the skin before Yes 558 58.9
slaughtering? No 390 411
Professional butcher 414 43.7
Untrained butcher 112 11.8
Who did slaughtering & flaying?
Slaughterhouse 12 1.3
Own self 410 432
Yes 472 49.8
Had butcher/own self been instructed/reminded to avoid flay cuts?
No 476 50.2
Meat side outwards and hair side inwards 350 36.9
After flaying, how RSH was kept e —
Hair side outwards and meat side inwards 598 63.1
Under direct sun light 295 31.1
After flaying, where RSH was kept Under shade 633 66.8
In a water tub full of chilled water 20 21
Did you put the RSH in a plastic bag after flaying? yes %0 101
No 568 599
0.5-1.0 hr 136 14.3
2.0-3.0 hrs 304 32.1
How many hours after flaying, RSH was handed over to the collector? 4.0-5.0 hrs 202 21.3
6.0-7.0 hrs 177 18.7
More than 8.0 hrs 129 13.6
Application of common salt 389 41.0
Which method was adopted to keep RSH quality good before handing Application of common slat & boric acid 19 20
it over to the collector? Sprinkling of chilled water 39 4.1
RSH was handed over as it is 501 52.9
0.5-01 hr 185 19.5
02-03 hrs 117 12.3
04-05 hrs 39 4.1
After how many hours of flaying, common salt was applied
06-07 hrs 44 4.6
More than 08 hrs 23 24
Not applicable/Didn’t apply salt 540 57.1
01-02 kg 158/462 34.2
Quantity of salt used to preserve sheep & goat skin 03-04 kg 42/462 9.1
Not applicable 262/462 56.7
03-05kg 151/486 31.1
Quantity of salt used to preserve cow & buffalo hides 06-08 kg 57/486 11.7
Not applicable 278/486 57.2
Yes 196/408 48.0
Did the leftover meat remove before salt application
No 212/408 52.0
Number of respondents who applied salt within an appropriate time limit, location, technique, quantity, and method
No. of respondents practiced RSH preservation through the salt application (common salt or common salt+boric acid). 408 43.0
No. of respondents applied salt within an appropriate time limit (0.5-01 hr). 185 19.5
No. of respondents applied salt in the appropriate location (on the meat side of the RSH). 92 9.70
No. of respondents applied salt through an appropriate technique (removed leftover meat before salt application). 57 6.0
No. of respondents applied the appropriate quantity of salt (1-2 kg for goat/sheep; 3-5 kg for cow/buftalo). 54 5.7
No. of respondents who kept RSH in an appropriate way 40 42

(did not place RSH in a plastic bag or in direct sunlight after salt application).
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Table III

Linear regression model to find out the association of education and locality with knowledge
and practice about RSH preservation

Variable Predictor Estimates CI P-value
Intercept 3.39 3.20-3.57 <0.001
Area (Rural) 091 0.71 - 1.11 <0.001
KSUM
Education level (Never went to school) -0.71 -1.13--0.28 0.001
Education level (School) -0.47 -0.67 - -0.27 <0.001
Intercept 4.67 4.39-4.96 <0.001
Area (Rural) 1.06 0.75-1.37 <0.001
PSUM
Education level (Never went to school) -2.34 -2.99 - -1.69 <0.001
Education level (School) -1.41 -1.72 - -1.10 <0.001

Association of demographic characteristics with identified
practices

The practice of putting the hair side of the skin inwards and the meat
side outwards after flaying was significantly less (p<0.001, OR = 0.73)
in rural areas than those in urban areas (Table IV). Similarly, this
practice was found five times less (p<0.001; OR = 0.21 & 0.65) among
respondents who never went to school and two times less among
those who received school-level education compared to those who
attended college/university. The other important practice of putting

RSH in a plastic bag was three times higher (p<0.001; OR = 2.76)
among respondents from rural areas compared to urban areas.
Another important practice of common salt application was found
significantly more common (OR = 2.31, p<0.001) in the respondents
from rural areas compared to the urban areas. Similarly, this
practice was significantly (p<0.001) less in respondents who never
went to school (OR = 0.08) or had school-level (primary) education
(OR = 0.22) as compared to those who received college/university-
level education.

Table IV

Summary of multivariable logistic regression model to find out the association of education
and locality with identified practices

Variable Predictor Odds ratio 95% CI P-value
Urban 1.00 - -
Rural 0.73 0.56 - 0.96 0.026
Skin inwards College/University-level education 1.00 - -
Never went to school 0.21 0.09 - 0.43 <0.001
School-level education 0.65 0.49 - 0.85 0.002
Plastic bag Urban 1.00 0.67 - 1.02 0.080
utilization Rural 2.76 2.11-3.64 <0.001
Urban 1.00 - -
Rural 2.31 1.72-3.12 <0.001
Application of College/University-level education 1.00 - -
common salt
Never went to school 0.08 0.03-0.17 <0.001
School-level education 0.22 0.17 - 0.30 <0.001
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Discussion

Knowledge related to RSH preservation

This is the first study to identify the knowledge, attitude and practices
ofthe Pakistanipopulationregarding RSH handling and preservation
on the eve of Eid-ul-Adha. This result may reflect the situation that
there is a lack of systemic interventions in respondent’s knowledge of
RSH preservation. Overall, the knowledge of the respondents from
urban areas was found to be lower than that of rural areas. It could
be due to the fact that in Pakistan; most of the people living in cities
go to their native rural areas to celebrate this eve with their loved
ones.”” So, this urban population does not truly mean it. The least
knowledge about RSH preservation and its quality safeguarding was
found in the respondents with never went to school education status
and highest among those with college/university education status.
However no significant difference of knowledge was found between
the never went to school and school education status. This could be
due to the access to print, electronic and particularly social media to
the participants with higher education status.

Attitude and practices related to RSH preservation
A comprehensive review of the slaughtering procedure on the eve
of Eid-ul-Adha is mandatory for a better understanding of the

mega wastage of RSH during this event. Basically, the slaughtering
of animals at Eid-ul-Adha is performed in two ways, individual
slaughtering and combined slaughtering (Figure 1). In both types
of slaughtering, the animal is purchased either directly from a
farmer, temporary livestock market (especially established by a local
government for two to three weeks before Eid-ul-Adha around the
cities to facilitate the public) or permanent livestock markets (exists
throughout the year around the cities).”***

In both types of slaughtering systems, one commonality is that flaying
is almost always done by hand, therefore, RSH contains a greater
number of flaying cuts. Even in combined slaughtering (10-20 animals
are slaughtered at a single and open place) slaughtering is performed
by professional and amateur butchers,” flaying cuts also prevail here
too, because these butchers are always in a hurry to slaughter more
animals per day to make more money. After flaying, most of the time
people focus on getting meat as soon as possible because they have to
cook it for a family lunch or distribute it among friends/needy people,
so they intentionally ignore preserving it with salt.

Overall, 43% (408/948) of respondents preserved RSH through
common salt or common salt+boric acid application. However, out
of this, the percentage of respondents who applied salt correctly
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Figure 1. Livestock sale pattern; types of slaughtering; butchery types; flaying types and RSH flow on the eve of
Eid-ul-Adha in Pakistan. Source: Own illustration based (RI= Religious institutes; WI= Welfare institutes)
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was incredibly low. Only 4.2% (40/948) respondents had applied
salt correctly i.e. within an appropriate time limit (0.5- 1.0 hr), on
correct side of the RSH, after removing the leftover meat, sufficient
salt quantity and placing RSH under a shade. There could be
multiple reasons behind this fact but the major one is evident from
the comments of the respondents. They reported that a few years
ago, the price of small and large skins was quite high which has been
much reduced now. Then why should they apply salt and waste their
money? Why shouldn’t they donate it as such or dump it into the
earth? They also emphasized that the government should increase
the price of RSH. Therefore, due to the lower price of RSH, common
men are not well interested to apply salt because for them the RSH is
nothing except a liability. A few years ago; the price of Eid-ul-Adha
skins and hides was really good because at that time this festival was
celebrated in the winter season and overall temperature in those
months was not quite high and RSH did not putrefy so quickly.
However, the temperature and humidity in the current as well in an
upcoming couple of years would be quite high and the proportional
risk of RSH putrefaction would be very high without salt application.
Secondly, people are not well aware of the importance of timely
salt application, and only 19.5% (185/948) applied salt within an
appropriate time limit (0.5-1.0 hr). Similar findings have also been
reported from Bangladesh on the eve of Eid-ul-Adha where the
public is also not aware of applying salt timely rather it is considered
as the duty of tanneries and RSH collectors.?

Thirdly, it is very important to know how to keep the skin after
flaying. The meat side of RSH should always be kept outwards and
the hair side inwards and salt is always applied on the meat side,
however, only 9.7% (92/948) of respondents applied salt on the
correct side. Fourthly, removing leftover meat and fat from RSH
before salt application is also important for its proper preservation
but only 6% (57/948) did this practice in the correct way. Five, the
correct quantity of salt application is also very important to preserve
RSH from putrefaction but only 5.70% (54/948) did it in the correct
way. Similarly, after salt application, it’s important to keep RSH
under shade and in a well-ventilated place without putting it in a
plastic bag. Keeping/putting RSH in a plastic bag increases the
temperature which in turn facilitates bacterial growth and thus
speeds up the putrefaction process. It is a very bad practice prevailing
in the public and more than one-third (40.08%) of respondents put
RSH in a plastic bag (either at the home level or used as a means of
transportation from home to a collection/donation center). All the
aforementioned factors contributed significantly to producing an
overall score of 4.2%.

We also have identified some very important individual practices
which are being practiced differently by rural and urban
populations and education status. The practice of putting the hair
side of the skin inwards and the meat side outwards after flaying in
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the respondents from rural areas was observed significantly lower
than those from urban areas. Similarly, this practice was found
significantly less in the respondents with never went to school and
school education statusascompared to those with college/university
education status (Table IV). It means the urban population with
higher education status is more adapted in this practice. The major
reason could be the higher awareness (through social/electronic/
print media) or due to higher income and affordability, most of
the urban respondents could have hired professional butchers for
slaughtering and flaying. The other important practice of putting
RSH in plastic bags was found significantly less in the respondents
from rural areas as compared to urban area respondents. If three
respondents from the urban side were putting RSH in plastic bags,
then only one respondent from the rural area was doing the same
practice. Education status did not affect this practice significantly.
The possible reason could be less availability of plastic bags in the
rural areas as fertilizer empty bags are excessively available in the
rural areas so they might have placed RSH in those bags instead
of plastic bags while handing over RSH to the collector. The next
very important practice, salt application, was found significantly
more in the respondents from the rural areas as compared to the
urban area. However, this practice was significantly found less in
the respondents with never went to school and school education
as compared to college/university education status. Both types of
respondents, never went to school and school education status,
had also a significant difference with each other in this practice.
The possible reason could be the rural background of most of the
respondents from urban areas who, although residing in urban
areas, have performed slaughtering in their native rural areas.
The education level had a significant effect on the said practice
which implies that by improving the education/knowledge of the
population their practice of salt application could be improved.

Based on the results of this study, we have made some calculations
to know the economic impact of RSH wastage. According to the
available literature, about 6.0-8.0 million animals are slaughtered
on this eve. In this calculation, we have assumed an average price
of a well-preserved and well-flayed RSH according to the available
market rate. As is evident from Table V, every year Pakistan is
bearing a loss worth of PKR 17,211.9 million. To save all these RSH,
Pakistan needs to spend 952.9 million PKR/annum (Table VI) and
as a result can save PKR 16,258.7 million per annum.

Conclusion

About half of the respondents knew about the skin/hide preservation
method, however, the majority did not practice it correctly. The
incorrect practices include delayed salt application (54.7%), applying
salton the wrongside (77.5%), did not remove leftover meat before salt
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Table V
Per annum loss (million PKR) due to RSH wastage on the eve of Eid-ul-Adha
RSH type & percentage Production RSH lost (95%) Avg. price/RSH Total Loss
(Million PKR)
Cow hides (36.6%) 2,562,700 2,434,565 3,000 7,303.7
Buffalo hides (13.5%) 942,200 895,090 4,000 3,580.4
Camel (1.2%) 84,000 79,800 1,500 119.7
Goat (37.6%) 2,630,600 2,499,070 400 999.6
Sheep (11.1%) 780,500 741,475 200 148.3
Annual import of RSH 0.00 0.00 5,060
Total 17,211.7

Table VI

Per annum estimated expense (million PKR) to save RSH on the eve of Eid-ul-Adha

RSH type No. of RSH Saltreq. to save | Avg. priceofsalt | saltcost | Total cost of salt
one RSH (kg) (PKR/kg) (PKR) (million PKR)
Cow 2,434,565 5 15 75 182.6
Buftalo 895,090 5 15 75 67.1
Camel 79,800 5 15 75 6
Goat 2,499,070 2 15 30 75
Sheep 741,475 2 15 30 22.2
Awareness campaign cost N/A N/A N/A N/A 600
Total 952.9
application (86%), applying inappropriate quantity of salt (86.8%), or Acknowledgements

placed skin/hide(s) in a plastic bag or under direct sunlight (90.2%).
Thus, only a small proportion of the respondents, 4.22% (40 out of
948), preserved skins/hides using the correct method. Hence, the
government, Pakistan Tanners” Association (PTA) and related non-
government organizations need to pay more focus on mobilizing
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Abstract

Mass transfer of chemicals greatly affects leather production
efficiency and product quality. Leather shows different motions in a
rotating drum during processing, which is strongly associated with
chemicals’ mass transfer. However, how leather motions affect mass
transfer remains unclear, which disfavors highly efficient leather
manufacturing process. Here, different leather motion states were
obtained by adjusting the drum rotation speed. Experimental
results showed that the duration of leather rolling motion greatly
increased by 41% when the rotation speed increased from 5 r/min
to 20 r/min, and the uptake of the tanning agent was consequently
improved, which indicated that the rolling motion is beneficial to
mass transfer. Computational fluid dynamics simulation results
showed that the mass transfer rate under rolling motion was higher
than those under slipping, elevating and hanging motions, because
the flow velocity and concentration gradient near the leather surface
were higher under rolling motion. Accordingly, increasing the
rolling motion enhanced the mass transfer in leather processing.
This work identifies the leather motion beneficial for mass transfer
and provides guidance on operating condition optimization and
drum design for high-efliciency leather production.

Introduction

Leather manufacturing converts animal hides/skins, the by-
products of the meat industry, into valuable leather products,
which offers important economic benefits and reduces the waste
of natural resources.! The leather making process is divided into
four stages: beamhouse, tanning, post-tanning and finishing.? In
the first three stages, hides/skins are processed in a rotating drum
with various chemicals, involving surfactant, sodium sulfide, lime,
ammonium sulphate, enzyme, acid, basic chromium sulphate,
acrylic resin, vegetable tannin, and dyestuff [Figure 1(a)].> These
chemicals react with hide collagen fibers which are the vital
components of leather and endow the leather with satisfactory
properties (i.e. hydrothermal stability, resistance to bacteria/
enzymes, flexibility, comfortable feel, beautiful colors).* However,

the transfer of chemicals into hides/skins is greatly resisted by the
complicated porous fiber network of hides/skins.>® Further, the
chemicals are prone to combine with collagen fibers on the hide
surface through covalent bonding, coordination, electrostatic
interaction, hydrogen bonding, van der Waals interaction or
hydrophobic interaction, which negatively affects the transfer of
chemicals to the inner hide [Figure 1(a)].” Rapid penetration and
uniform distribution of chemicals in leather play an important role
in the quality and production efficiency of leather. For example,
tanning agents that can make hides resistant to thermal shrinkage
and bacteria/enzymes are considered the most important chemicals
for leather making. However, they are easily deposited on the hide
surface through chemical interactions, which leads to the rough
surface and low hydrothermal stability of leather. Therefore, the
mass transfer enhancement of chemicals has received much
attention for producing high-quality leather.

Extensive research has shown that the most important factors
influencing the solid-liquid mass transfer process are interfacial
turbulence,®'® two-phase contact area,’" the diffusion rate of
components'? and the properties of solids and liquids.”** In the
leather industry, many attempts have been made to enhance the
mass transfer of chemicals in hides/skins, such as adjusting the
surface charge of hides/skins,*"” the properties of chemicals
(charge, functional groups and molecular weights)’*?' and the
amount or properties of liquid (dielectric constant, density and
chemical bond)*** in the drum. These attempts show promising
potential for the rapid penetration and high uptake of chemicals.
Notably, the mechanical actions of the drum (rolling, collision,
extrusion and pulling) also greatly affect the mass transfer of
chemicals in leather. In fact, tanners have found that optimizing
the operating conditions (rotation speed, loading quantity, the
ratio of leather to float) and drum structure is an efficient way to
improve the mass transfer of chemicals and is even superior to the
above methods.**** However, the operating drum conditions are
often determined by the experience of tanners rather than scientific
theory. In the rotating drum, the leather shows various motion
characteristics, including velocities and motion states [Figure
1(b)], which bring about the variation of interfacial turbulence and

*Corresponding authors email: zengyunhang@scu.edu.cn (Y . H. Zeng), 2008xieguo@scu.edu.cn (G. Xie)
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the contact area between leather and float. Previous studies have
focused on the chemical reactions between leather and chemicals,
but little attention has been paid to how to optimize the drum
mechanical actions and the motion characteristics of leather. Hence,
the quantitative relationship between leather motion characteristics
and the mass transfer of chemicals remains unclear. Undoubtedly,
this knowledge gap hinders scientific guidance in the adjustment
of drum mechanical actions and the mass transfer enhancement of
leather chemicals.

Computational fluid dynamics (CFD) simulation is a powerful
method for investigating the mass transfer process in a rotating
flow field. Santos et al. studied the particle dynamic behavior in
a rotating drum by CFD method and obtained the different solid
flows and velocity distributions of the particulate phase.” Shi et
al. performed a CFD method to analyze the liquid-phase flow
within rotating packed bed (RPB) reactors and obtained the
velocity and distribution of the liquid in RPB and the interface
between gas-liquid phases.?® Tang et al. used the CFD method to
investigate a mixing process in a solid-liquid rotary drum and
determine the effect of rotation speed on particle behaviors and
flow characteristics.?

Therefore, in the present work, an attempt was made to quantitatively
clarify the influence of typical leather motions on chemicals’ mass
transfer in leather by experimental and CFD simulation methods.
Different leather motions were prepared by adjusting the drum

a R ¢
B x’.\Sj’ ﬂag
—t

Cattle Hides

@ Chemicals

SEEEE Collagen
fibers

rotation speed, as described in a previous work.*® Pickled cattle hides
were tanned with an environmentally friendly zirconium tanning
agent under the different leather motions. Then, the adsorption
kinetics of the tanning agent and the tanning performance of
leather were analyzed to determine the relationship between leather
motions and chemicals’ transfer and reaction. Moreover, the velocity
distributions of flow field and the mass transfer rates of the zirconium
tanning agent under each typical motion state were investigated by
CFD simulation based on the experimental data [Figure 1(c)] to
further explain how leather motion states affect the mass transfer
rate of chemicals. Here, it is worth noting that although the chrome
tanning method is the most common tannage used in the leather
industry, it generates chromium-containing wastewaters and solid
wastes.»*? Therefore, chrome-free tannages have received much
attention in recent years.”® Zirconium tanning is a typical chrome-
free tannage, and zirconium is easily detected by energy-dispersive
X-ray spectroscopy (EDS) and inductively coupled plasma optical
emission spectrometry (ICP-OES).** Moreover, the transfer rate and
distribution uniformity of the zirconium tanning agent in the hide
are inferior to those of the chrome tanning agent,” and thus the
difference in the tanning performance under various rotation speeds
can be observed more easily during zirconium tanning. For these
reasons, zirconium tanning was chosen to investigate the tanning
process in this work. This study is expected to identify the leather
motion state that is more beneficial for chemicals’ mass transfer and
provide basic guidance on the optimization of operating conditions

and the design of novel drum.

Throwing

Elevating

Figure 1. (a) Schematic of leather manufacturing. (b) Five typical motion states of leather in a rotating drum.
(c) CFD modeling.
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Experimental

Materials

Pickled cattle hides (pH 3.0, 1.5 mm thickness) and zirconium
tanning agent of technical grade were provided by Sichuan
Tingjiang New Material Co., Ltd. (Shifang, China). Analytical-
grade magnesium oxide, nitric acid (65%-68% w/v aqueous
solution) and hydrogen peroxide (30% w/v aqueous solution) were
purchased from Chron Chemicals Co., Ltd. (Chengdu, China).
The other chemicals used for leather processing were of technical
grade.

Tanning experiments

Four pickled cattle hides were tanned with zirconium tanning
agent to obtain leathers, as shown in Table I. Each pickled hide
of approximately 10 kg was divided into four pieces (cut along
directions parallel and perpendicular to the backbone) and used
for a tanning trial. The drum rotation speed was individually set
to 5, 10, 15, and 20 r/min. The motion characteristics of leather
during tanning were analyzed by a visualization experiment
system. The mass transfer behaviors of zirconium in leather were
studied by measuring the change in the zirconium concentration
of the tanning float and the zirconium content of leather.
Tanning performance was evaluated by measuring the shrinkage
temperatures and fiber dispersion of zirconium-tanned leathers.

Visualization of leather motions
The motion characteristics of leather were investigated by a
visualization experiment system as shown in Figure 2. The drum

rotation speed is in the range of 0-25 r/min, and the internal
diameter and width of the drum were 800 and 400 mm, respectively.
The front-end plate of the drum is transparent for easy observation
of leather motions. Two baftles (90 mm width) and six cylindrical
columns (30 mm diameter) are symmetrically arranged inside
the drum. Three light sources were placed to reduce the negative
impacts caused by uneven light distribution. A camera with 25
frames per second (fps) and a resolution of 1920x1080 pixels was
placed 1200 mm away from the drum to capture the real-time
position of the leather [Figure 2(c)]. The horizontal and vertical
directions of the camera were calibrated by a laser leveler, where
the lens was perpendicular to the image before shooting. A laptop
was used to process the videos immediately to facilitate further data
analysis. Adobe Premiere was used to edit the video [Figures 2(d)
and 2(e)]. Image analysis was conducted using MATLAB to convert
the original image into a binary image [Figure 2(f)], assigning 0 for
drum areas (black) and 1 for the leather (white). The occurrence
frequency and time percentage of each motion state of leather were
counted.

As for the calculation of leather velocity, the shape center of leather
was regarded as the centroid of leather, assuming a uniform density
of leather. The instantaneous centroid coordinates of leather
were extracted according to the binary image of each frame, the
centroid displacement between two frames was measured, and the
change of leather velocity within one frame (1/25 s) was ignored.
The average velocity of leather in this frame was calculated and
considered the instantaneous velocity of leather motion in this
study.

Table I

Zirconium tanning process

Process Material Dosage (%)* T (°C) t(min) Remarks
Pickling Water 200 20
Sodium chloride 14 10
Pickled hide 20 Drain 40% float.
Tanning Zirconium tanning agent 14 20 240
Basifying Magnesium oxide 2.2 180
Water 200 40 120 Still overnight.

Next day, run 30 min.

*The percentages of materials were based on the weight of pickled cattle hide.
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Figure 2. Visualization experiment: (a) Schematic of experiment system. (b) Photograph of the experimental system.
(c-f) Processing of leather motion images: (c) shooting; (d) cutting; (e) gray processing; (f) binarizing.

Analysis of mass transfer of zirconium tanning agent in leather
Float samples were collected after tanning for 5, 10, 20, 30, 40, 60, 90,
120, 180 and 240 min. One mL of float sample was digested with 5
mL of nitric acid aqueous solution (65% w/v) and 1 mL of hydrogen
peroxide aqueous solution (30% w/v) at 4 MPa and 200°C for 55 min
in a microwave digestion instrument (Multiwave PRO, Anton Paar,
Austria). The zirconium concentration of the digestion solution was
determined by ICP-OES (Optima 2100DV, PerkinElmer, USA). The
uptake of zirconium tanning agent by the leather was calculated
with Equation (1):

Zirconium uptake = (Cy-C,) / Cy x 100% (1)

where C, (mg/L) is the initial zirconium concentration of the tanning
float, and C, (mg/L) is the zirconium concentration of the float after
tanning for ¢ min.

Moreover, the leathers were sampled after tanning for 5, 30, 60, 90,
120, 180 and 240 min. The zirconium distribution in the leather
was detected by EDS (INCA X-MAX 50, Oxford, UK). The leather
samples were further split into three uniform layers, and each layer
was dried to a constant weight at 102°C. Dried sample (0.5 g) was
digested with 5 mL of nitric acid and 1 mL of hydrogen peroxide. The
zirconium concentration of the digestion solution was measured by
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ICP-OES. The zirconium content of each layer was calculated using
Equation (2):

Zirconium content = (cx V) /w x 100% )

where c¢ is the zirconium concentration of the digestion solution
(mg/L), Vis the volume of the digestion solution (L), and w is the dry
weight of the leather sample (mg).

Here, the total weight of the leather samples used for measuring the
zirconium concentration was less than 50 g, viz. 0.5% of the total
hide weight. Therefore, the hide weight loss affected the calculation
of zirconium concentration slightly and was negligible.

The measurements were repeated thrice to obtain the average values
and standard deviations.

Analysis of leather tanning performance

The leathers were horsed up for 24 h after tanning and sampled to
determine the shrinkage temperature and porosity of zirconium-
tanned leather. The shrinkage temperature was measured according
to the standard method.*® The porosity and morphology of the leather
were analyzed by mercury intrusion porosimetry (MIP; AutoPore IV
9500, Micromeritics, USA) and scanning electron microscopy (SEM;
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JSM-7500F, JEOL, Japan), respectively, using the leather samples
lyophilized in a freeze dryer (LGJ-30F, XinYi, China).

CFD validation of leather motion states

Assumptions and governing equations
The following assumptions were performed to make the simulation
results close to the actual situations and save computing time:

() The tanning float was assumed as an incompressible
Newtonian fluid and the mixture of zirconium and water.

(ii) The tanning float was assumed as a turbulent and two-
dimensional (2D) fluid and filled the whole computing
region.

(iii) The physical properties of the fluid were the same with
those of water.

(iv) The leather was considered as a 2D porous model with
fluid inside.

The error resulting from the assumption for 2D modeling was
caused by ignoring the leather deformation in the vertical direction
of drum, and the error margin was +27.4%.

Considering these assumptions, the governing equations for fluid
flow are as follows.”

Continuity equation:
ou ov
—_—t—=
ox Ody

where 1 and v are velocity components in x, y directions, m/s; x and

0 (3

y are coordinate directions, m.

Momentum equations:

[ua—u+va—u]——a—p+ [%+v82—u] “)
P ox dy) ox Hlox 9y’
[ ﬂﬁ_vi]—_a_pﬁ. [@4.1/@] (5)
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where p is the density of fluid, kg/m?; p is the operating pressure in
the drum, Pa; p is the dynamic viscosity of the fluid, kg/s.

Energy equation:

oT T _ [aT aT] ©

ug +‘Va—y a W-‘—a_yz

where T is the temperature of fluid, K; a is the thermal diffusion
coefficient, m*/s

Concentration equation:

JdC  oC 0°C 0°C
Ew = AB[ ] @)

U—tv—= —t—
ox  dy ox’ oy

where Cis the zirconium concentration in the fluid, kg/m?; D, is the
diffusion coeflicient of zirconium in the fluid, m?%/s.

Boundary conditions
The boundary conditions are as follows:*

Fluid inlet: u = u(t), c = ¢,
Fluid outlet: u = u(f)

Leather surface: u=0,c=0

where u(t) is the velocity of the fluid and set as a value based on the
calculated results of the visualisation experiment, m/s. ¢, is the initial
zirconium concentration in the fluid and calculated with equation
(8), 3.4 mg/g.

_ Py xP, xM(Zr)

B b ><M(ZI‘02) (8)

Co
where P; and P; are the mass percentages of the zirconium tanning
agent and the float used in the tanning experiment, respectively;
P, is the mass percentage of zirconium dioxide in the zirconium
tanning agent; M(Zr) and M(ZrO,) are the relative molecular masses
of zirconium and zirconium dioxide, respectively.

Figure 3 shows the 2D geometric modelling for the tanning process.
Based on the binarization image, the geometric feature of the leather

\ ' Leather boundary

\

Figure 3. CFD modeling for tanning process (15 r/min).
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was presented in the model. Auto CAD software was used to draw
the outline of leather, and then the Ansys ICEM software was used
to generate a quadrilateral mesh.

The velocity values of rolling, slipping, throwing, elevating
and hanging motions were 0.23, 0.31, 0.35, 0.36 and 0.25 m/s,
respectively. The mass transfer diffusion coefficient of zirconium was
set as 2.88x10”° m?/s based on the evaluation method performed by
Sathish.” Leather was defined as a porous medium whose porosity
was set as 0.50 according to the MIP measurement results. The
viscosity resistance coeflicient and inertia resistance coefficient of
leather were defined as the default values corresponding to 2.11x10%
and 4.39, respectively.

Results and Discussion

Leather motion characteristics under different rotation speeds
During the tanning process, leathers shrink into ball shapes in
the drum [Figure 2(c)] and represent motions with consecutive
deformation [Figure 1(b)]. These irregular motions will lead to the
ever-changing mass transfer behaviors of tanning agents. The aim of
this work was to reveal the quantitative relationship between typical
leather motions and the mass transfer of chemicals. Therefore,
different leather motions were prepared by adjusting the drum
rotating speed from 5 r/min to 20 r/min.

We previously found that five typical motion states of leather occur
in the tanning process, where the rolling, slipping and throwing
states were classified into downward motions, and the elevating and
hanging states were classified into upward motions [Figure 1(b)].*
In this study, the tanning images in one minute were captured
using the visualization experiment system after the drum rotated
stably, and the occurrence frequency and time percentage of each
motion state of leather were counted. As shown in Figure 4(a), the
duration of each motion state differs with increasing drum rotation
speed. The rolling, slipping and elevating states of leather were the
motion states that occurred most frequently in the tanning process,

whose total duration was more than 80% of the tanning time. As the
rotating speed increased from 5 r/min to 20 r/min, the durations of
the rolling, slipping, throwing, and hanging states increased by 9.8%,
20.8%, 23.9%, and 59.7%, respectively; the duration of the elevating
state decreased by 67.5%. No obvious differences in the height of
elevating and throwing were observed under different rotation
speeds of the drum. Figure 4(b) presents that the durations of upward
and downward motions showed a logarithmic relationship with the
drum rotation speed. In summary, leathers with different motion
characteristics were obtained using different drum rotation speeds.

Mass transfer of zirconium tanning agent

Mass transfer of tanning agents is of great importance for tanning
performance and leather properties.® In this section, the mass
transfer of the zirconium tanning agent was evaluated by analyzing
the adsorption kinetics of zirconium to leather and the distribution
of zirconium in leather. The adsorption amounts of the zirconium
tanning agent by leather increased over time and with increasing
rotation speed [Figures 5(a)] and 5(b)]. The time for the adsorption
equilibrium of zirconium under 15 and 20 r/min was approximately
120 min, whereas that under 5 and 10 r/min was approximately
180 min. The results suggested that the penetration process can be
shorten by increasing drum rotation speed. The adsorption kinetics
data were further fitted to pseudo-first-order (PFO) and pseudo-
second-order (PSO) kinetic models. The PFO and PSO kinetic
equations are as follows:*"*?

In(qe-q¢) = Inq. -kt ©)
o1, 1 (10)
qr qe kyqé

where g; and g, are the amounts of zirconium adsorbed (mg/g)
at t min and equilibrium, respectively, and k; and k, are the PFO
rate constants (min”) and the PSO rate constants (g/[mg-min]),
respectively.

The PFO and PSO kinetic parameters for zirconium adsorption
during the tanning process are listed in Table II. The correlation
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Figure 4. Motion characteristics of leather in the tanning process under different drum rotation speeds: (a) Percentage
of duration of each motion state of leather during tanning process. (b) Fitting curves showing the relationship between
the durations of upward and downward motions of leather and the drum rotation speed during tanning process.
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Table II

PSO and PFO kinetic parameters for zirconium adsorption

PFO kinetic model PSO kinetic model
Group (?ﬂ:/cg ) " s k, (g/ 2
k, (min™) R q,cal (mg/g) Error (%) (mg-zmin)") R q,cal (mg/g) Error (%)
5 r/min 30.76 5.03x1072 0.6925 28.83 6.27 3.15x10* 0.9963 31.50 -2.41
10 r/min 42.36 3.64x10 0.7738 40.07 5.41 2.59x107 0.9962 43.18 -1.94
15 r/min 48.71 5.62x107? 0.7984 47.29 2.92 2.90x10°* 0.9994 49.95 -2.55
20 r/min 48.15 5.80x107 0.6252 45.79 1.79 2.75x107 0.9983 49.65 -3.11

q, exp: determined by experiments.
q, cal: calculated by the PFO or PSO kinetic models.
Error (%) = (q, exp - q, cal)/q, exp x 100.

R correlation coefficient.

coefficients (R?) obtained by the PSO kinetic model were all higher
than 0.99, whereas those obtained by the PFO kinetic model were
lower than 0.80. The results indicated that the zirconium adsorption
processes followed the PSO kinetics [Figure 5(c)]. Moreover, the
higher k, values for tanning under 15 and 20 r/min than those
under 5 and 10 r/min indicated that high rotation speed resulted in
the rapid adsorption of zirconium. The data in Figure 5(d) shows
the amounts of zirconium absorbed by each layer of leather under
different rotation speeds. The amounts of zirconium absorbed by
the middle layer were lower than those absorbed by the grain and
flesh layers under 5 and 10 r/min, and the amounts of zirconium
absorbed by the middle layer were close to those absorbed by grain
and flesh layers under 15 and 20 r/min. The results indicated that the
zirconium was distributed more evenly in the tanned leather under
higher rotation speed. In summary, tanning under high rotation
speed achieved better mass transfer than tanning under low rotation
speed. In addition, no apparent differences in the adsorption
amounts and rates of zirconium were observed between 15 and 20
r/min, which suggested that the transfer and uptake of zirconium
could not be further improved by increasing the rotation speed
above 15 r/min.

The tanning performance of leather was evaluated by analyzing the
shrinkage temperature (for characterizing hydrothermal stability)
and fiber dispersion of leather. The high shrinkage temperature
and fiber dispersion degree of leather represent excellent tanning
performance. As shown in Figure 5(e), the shrinkage temperature
of leather gradually increases as the rotating speed increased from
5/min to 15 r/min. SEM images of the leather cross-sections showed

that the leather collagen fibers tanned under high rotation speed
were highly dispersed [Figure 5(f)]. Overall, leather tanned under
high rotation speed exhibited excellent tanning performance,
because high rotation speed resulted in rapid zirconium penetration,
uniform zirconium distribution and high zirconium uptake. The
tanning performance under 15 and 20 r/min were similar, which
may be explained by the fact that the penetration, distribution and
uptake of zirconium under 15 r/min were close to those under 20 r/
min.

Effect of leather motion states on mass transfer analyzed by CFD
Leather is a fibrous material that has multiple hierarchical
structures and unevenly distributed pores [Figure 5(f)]. Pores in
the leather matrix always deform during the tanning process,
which makes a connection between the leather and float in the
drum. The connection presents diverse and transient features,
resulting in the varying mass transfer of zirconium at different
moments. The data in Figures 4 and 5 demonstrate that different
rotation speeds lead to different leather motions and mass transfer
rates of zirconium. As the rotation speed increased, the durations
of the rolling and slipping states increased, and the mass transfer
of zirconium and leather tanning performance were improved. The
results implied that leather motion has a strong connection with
the mass transfer of tanning agent, and the rolling and slipping
states should be conducive to the mass transfer. In this section, the
CFD method was therefore used to further analyze the flow field of
the float and the mass transfer of zirconium under typical leather
motion states to clarify the effects of leather motion states on the
mass transfer.
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Figure 5. Adsorption kinetics and tanning performance of tanning agent under different rotation speeds.
(a) Adsorption amount of zirconium by leather over time. (b) Uptake rate of zirconium tanning agent.
(c) Fitting of zirconium adsorption data to the PSO kinetic model. (d) Zirconium distribution in grain, middle
and flesh layers of leather. () Shrinkage temperature of leather. (f) SEM images of the cross-sections of leathers.

Velocity distribution

Figure 6 shows the instantaneous flow field of the float under five
typical leather motion states. The maximum velocity of the float
was 1.92 m/s during leather throwing, which was 2.56 times of that
during leather hanging. This result indicates that the motion states
of leather have a great influence on the flow field. The maximum
velocity of the float was higher than 1.5 m/s when the leather
was under slipping, throwing and rolling motions (downward
motions), whereas the maximum velocity of the float was less than
1 m/s when the leather is elevating and hanging (upward motions).
This outcome may be due to the downward motions of leather
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propelling the flow of the float. The float velocity near the rolling
leather surface was the highest, which may be attributed to the
strong scouring action of the float on the rolling leather surface.
The rolling motion contributed the most to rapid float flow, which
implies that the rolling motion should be most beneficial to the
mass transfer of tanning agent.

Mass transfer of zirconium

Mass transfer analysis was conducted based on the data in steady-
state, where the amounts of zirconium in the leather and float were
at equilibrium and the mass transfer was suspended. The mass
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Figure 6. Flow field under five typical leather motion states.

fractions of zirconium in the float when the leather was under
five typical motion states are shown in Figure 7. The zirconium
concentration gradients near the leather surface were higher during
leather throwing and rolling, compared with during leather slipping
and hanging. The results means that the rolling and throwing of
leather are more conducive to the mass transfer of zirconium than
the other three motion states.

The simulated mass transfer rates of zirconium under the different
leather motion states were calculated by Fick’s law:

Dy [Lv oC

M, = o
Ly Jo 0Y

odl (11)

where M, is the simulated mass transfer rate of zirconium,
mg/(m?s); Dup is the diffusion coefficient of zirconium in
the float, m?/s; Ly is the length of the leather boundary, m; C
is the zirconium concentration in the float, kg/m?® dI is the
microelement of leather boundary, m; Y is the penetration depth
of zirconium in leather, m.

Rolling

Elevating

Slipping

Hanging

Considering that the zirconium mass transfer rate at a specific
moment in the experiment is difficult to obtain, the given data are
the averaged values calculated using Eq. (12):
My,e Pue Ly

M, = 12)

Myly
where M, is the average value of the mass transfer rate of zirconium
in the experiment, mg/(m?*-s); M, is the mass of zirconium absorbed
by the leather at the end of the tanning process, mg; py is the density
of the pickled hide, 1.432 kg/m? Ly is the thickness of the pickled
hide, m; my is the mass of the pickled hide, kg; fy is the time for the
adsorption equilibrium of zirconium, s.

The simulated zirconium mass transfer rates were compared with the
experimental data (Figure 8). The mass transfer rates of zirconium
during leather throwing and rolling were obviously higher than
those during the other three motions. This result indicates that
leather’s throwing and rolling motions play important roles in the
mass transfer. Increasing the duration of the throwing and rolling

Throwing

Zr Mass Fraction (mg/L)

3282
2813

2110
1406
703
0.00

Figure 7. Mass fractions of zirconium under five typical leather motion states.
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Figure 8. Comparison between experimental and simulated results (15 r/min).

states in leather production is beneficial to enhancing mass transfer
and shortening tanning time. The average values of zirconium
mass transfer rates in the experiment were nearly 1.5 times of the
simulated values (15 r/min), which may be caused by the rapid
suction and ejection of the float within leather pores. Future work
will further elucidate how the porous structure of leather affects the
mass transfer of chemicals. Notably, the loading rate of drum greatly
affects the motions of leather and the mass transfer of chemicals. The
applicability of this model at a high loading rate of drum needs to be
further verified.

Conclusion

Leather motion states were closely related to the mass transfer
and distribution of tanning agent in leather and the tanning
performance of leather. Rolling motion was beneficial for the rapid
penetration and uniform distribution of tanning agent, whereas
hanging motion had the opposite effect. Rapid penetration leads
to high-efficiency production and uniform distribution of tanning
agent leads to excellent tanning performance. The results indicate
that greater tanning performance can be achieved by increasing
rolling motion and decreasing hanging motion. This work proposes
a clear direction to regulate mechanical actions, which is useful for
designing operating conditions or novel equipment for high-quality
leather production.
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