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Abstract. An evaluation has been done on the properties of lambskin leather. The lambskin leather was originated from
lambs fed with feedstuff contained a combination of Napier grass (Pennisetum purpurewm) and agricultural wastes, as the
main ingredient. The study evaluated 24 wet-salted lamb skins derived from lambs which fed by a combination of feedstuffs
as the treatment. Experimental design was applied in this research with a completely randomized design. Treatments in the
study involved the feeding of lambs with Napier grass (P0), Napier grass and corn cobs (P1), Napier grass and bagasse
(P2), and Napier grass and peanut shells (P3), while the replication for each treatment were six. The raw lamb skins, flayed
from the carcass and salt-preserved, were processed into crust leather with chrome tanning method. The evaluation of
lambskin leather emphasized on the sofiness, tensile strength, elongation at break, tear strength, shrinkage percentage, and
water vapor permeability. The result showed that the resulted leather had sofiness value in the range of 5.79+0.47 mm to
5.96+0.31 mm. All treatments resulted the leather in a good thermal stability with shrinkage percentage 16.44+1.32%, at
maximum. Further, water vapor permeability of the lambskin leather was 14.21+0.85 — 17.29+1.47 mg/en” jam. In term
of mechanical properties, the leather with treatment P2 promoted higher tensile strength (1661.19+116.34 N/cm?) than
other treatments. Meanwhile, treatment P3 resulted leather with the highest value of elongation at break (104.42+6.69%)
and tear strength (189.87+4.98 N/cm). Overall evaluation proposes a conclusion that most of treatments support the resulted
lambskin leather to meet the requirement of leather for jacket in SNI 4593:2011.

INTRODUCTION

Livestock management involves many activities, from breeding to harvesting. From industry’s point of view,
livestock production covers all activities from upstream to downstream. Upstream activity consists of all activities
related to raise animal until they are ready to be harvested, for their milk, egg, carcass, and non-carcass. Meanwhile,
downstream activity relates to all activities in processing animal products, including animal by-products. The influence
of upstream activities on the quality of downstream product has been drawn researchers’ attention for years. Previous
study has covered the investigation on how feeding, as one of upstream activities, affects the quality of animal
products [1] [2] [3]. Hide or skin, which is converted into leather, is also an animal product that could have different
characteristics depend on the upstream activity. Leather could be manufactured from big ruminant animal’s hides or
small, ruminant and non-ruminant, animal’s skins.

Indonesia has wide biodiversity, including livestock animal. That advantage supports the development of leather
tannery industry in Indonesia. Leather tanneries utilize hides and skins which are categorized as waste for meat
industry. Commonly, tanneries in Indonesia use hides of big ruminant animals, such as cattle and buffalo, and skins
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of small ruminant animals, such as goat, sheep, and lamb. The use of those raw materials depends on the desired
leather article which will be manufactured. Each article has its own specification, where one of the considerations is
hides/skins characteristics. Bovine hides are mainly used for producing heavy leather, such as shoe upper, working
glove, and upholstery. Meanwhile, ovine skins are mainly used for producing light leather, such as golf gloves, purse,
accessories, and jacket. In order to obtain good quality leather, leather tanning industry pay attention to the quality of
hides/skins, which could determine the quality of the resulted leather at the end of tanning process.

Ina decade, studies that discussed the factors which influence the quality of skins/hides or leather has encompassed
several aspects, such as genotype [4], sex, age [5], breed [6], seasonal change [7], production system [8], and feeding
system [9][10] [11] [12]. Among all studies regarding the influence of feeding systems on the quality of leather, none
of them used lamb as the object of investigation, as well as the utilization agricultural waste as feedstuff to combine
with Napier grass. Hence, the study aimed to evaluate the properties of lambskin leather taken from lambs fed by a
combination of Napier grass and agricultural wastes, as the main ingredient, in feedstuft.

MATERIALS AND METHOD

Materials

Wet-salted lambskins were collected from the experiment conducted by Purbowati ef al. [13]. Chemicals for beam
house operation were supplied by UD. Karyanti, included Teepol, Na,S, CaOH, ammonium chloride, ammonium
sulfate, Feliderm bate PB-1 (Stahl), Dephan B, NaCl, formic acid, sulfuric acid, Chromosal B (Stahl), Novaltan PF
(Zschimmer & Schwarz), sodium formate, sodium bicarbonate, Tanit LSW (Dr. Bohme), PSE, R40, dyestuff, Garboil
SBH (Galic Bina Mada), Pellan 802 (Pulcra Chemicals), and Busan (Buckman Lab.). The study was equipped with
stainless-steel rotating drum, digital scale, mechanical scale, 2 L measuring cup, wooden stirrer, fleshing machine,
shaving machine, toggle drying unit, and stacking vibration machine.

Experimental Design

The study involved different treatment which proposed a combination of Napier grass with agricultural wastes
(corn cobs, bagasse, and peanut shells), as main ingredient, in feed formulation. The main ingredients were mixed
with rice bran (34.05%), soybean meal (12.95%), molasses (6%), cassava waste product (5%), and mineral mix (2%).
Meanwhile, the proportion of the main ingredient, in whole feedstuff composition (100% basis), were 20% Napier
grass and 20% corn cobs (P1), 20% Napier grass and 20% bagasse (P2), 20% Napier grass and 20% peanut shells
(P3), while 40% Napier grass (P0), without agricultural waste substitution, were used as the control. Prior to feeding
treatment, the feedstuffs were determined for its nutritional composition (Table 1). The experiment was performed in
a completely randomized design.

TABLE 1. Nutrition content of feedstuff ingredients.

Substance PO P1 P2 P3
........... %
Dry matter 76.23 85.52 82.35 81.99
Crude protein 15.00 12.32 12.08 12.93
Crude fat 5.64 5.96 6.06 577
Crude fiber 22.69 28.00 27.36 30.04
Total digestible nutrients 66.55 66.62 65.82 67.36

Lamb Skins Tanning

Wet-salted lamb skins were processed into crust leather through beam house operation with chrome tanning
method. The operation consisted of soaking, unhairing, liming, fleshing, deliming, bating, degreasing, pickling,
tanning, shaving, neutralization, retanning, dyeing, fatliquoring, toggling, and staking. Table 2 provides the formula
for the beam house operation.
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TABLE 2. Formula of beam house operation.

. Amount Run Remarks
Process Chemical (%) (min.)
Soaking Water 100
Teepol 0.5 30
Unhairing Water 100
NaxS 1.5 20
Liming CaOH 2 20
NaxS 1
CaOH 3 20 Hair-loss checking
60 Intermittent, run 20" and stop 30’
Water 100 20 Left O/N
30 Drain, wash, drain and fleshing
Deliming Water 100
NH4Cl 0.5
Ammonium sulfate 1 45 Cross-section checking w/ PP indicator,
drain, wash, drain
Bating Water 100
Feliderm bate PB-1 2 60 Thumb-test checking
Degreasing Dephan B 0.5 30 Drain, wash, drain
Pickling Water 100
NaCl 10 10 7 °Be
Formic acid (diluted 2 40 2x insertion
1:10)
Sulfuric acid (diluted 1.5 90 3% insertion
1:20)
60 pH2.5-28, Left O/N
30
Tanning Novaltan PF 2 30
Chromosal B 8 180 Cross-section checking (even blue)
Sodium formate 1 30
Sodium bicarbonate 2 40 2x insertion, pH 3.8 - 4.0
180 Shrinkage temperature checking, drain
Aging Left O/N
Shaving Thickness 0.75 mm
Neutralization Water 150
Sodium format 2 30
Sodium bicarbonate 2 60 3x insertion, pH 5.8
Retanning Water 40°C 100
Tanit LSW 1
PSE 3
R40 3 45 Drain
Dyeing Water 50°C 50
Sincal MS 1 10
Dyestuff 2 60 Cross-section checking (even color)
Fatliquoring Water 60°C 50
Garbiol SBH 4
Pellan 802 6
Formic acid 1.5 40 2x insertion, float color checking
Busan 0.02 15 Drain

Toggling, staking
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Evaluation Parameter

Lambskin leathers were evaluated for its quality, emphasizing on physical properties, i.e., softness, tensile strength,
elongation at break, tear strength, water vapor permeability, and shrinkage percentage. Leather softness evaluation
were conducted referring to the method of leather softness determination in ISO 17235:2015 [14]. Indonesian national
standard SNI 06-1795-1990 [15] was used to test the tensile strength and elongation testing of the sample. For tear
strength parameter, the method released by the Indonesian standard [16] was followed in the study. Meanwhile, the
evaluation on water vapor permeability and shrinkage temperature followed the Indonesian standards [17] and [18],
respectively.

RESULTS AND DISCUSSION
The Shrinkage and Softness of Lambskin Leather

Shrinkage percentage indicates the stability of leather against deformation as well as the degree of tannage. This
parameter is an initial evaluation that determines the success of leather tanning process. Morera ef al. [19] explained
that the deformation of leather caused by the break of collagen bonds which resulted up to 35% of shrinkage. Figure
1 shows that the treatments resulted lambskin leather which shrank 12.59+1.01 — 16.44+1.32%. In addition, the fed
with Napier grass and corn cobs resulted the highest shrinkage of lambskin leather (16.44+1.32%), while the lowest
shrinkage of lambskin leather was obtained from sample code P2 (12.5941.01%). From Fig. 1, it can be denoted that
the use of bagasse combined with Napier grass, in feedstuft, improved the stability of the resulted lambskin leather.
This result conforms with the finding of Ariram and Madhan [20] that bagasse has a tanning effect and, further,
improves the collagen fiber stability as well as avoids the shrinkage.
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FIGURE 1. Shrinkage percentage (a) and softness (b) of lambskin leather.

Softness is one of important properties for evaluation purpose of leather and leather products [21]. The evaluation
result (Fig. 1) revealed that the lambskin leather derived from lambs fed by the diet with Napier grass, without addition
of agricultural waste, was the softest leather (5.96+£0.31 mm). It was also shown that the feeding of lambs with the
diet, composed by Napier grass and bagasse, resulted the lowest softness value (5.79+£0.47 mm). The study found that
different feedstuff composition proposed different softness condition of lambskin leather. The difference could be
caused by nutritional content of feedstuft. A determination on nutritional content prior to feeding experiment provided
information that the feedstuff contained 12.08% to 15.00% of crude protein. It can be indicated that the level of protein
in lamb feedstuffs has influence on the softness of lambskin leather. The protein content of feedstuffs had similar trend
with softness value of lambskin leather. Even though, Merkel ef al. [10] found that feedstutf composition did not have
much impact on the softness property of ovine leather. In general, the lambskin leather fulfilled the requirement of
SNI 4593 [22] for softness parameter, except for the percentage of shrinkage.
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Mechanical Properties

Mechanical property of leather associates with tensile strength, elongation at break, and tear
strength [23] [24] [25]. The evaluation on this property is essential in leather manufacturing and trading. Most of
parameters in leather article consider this property as a must-have requirement to assess the fulfillment of leather
quality standard. Table 3 exhibits the mechanical properties of lambskin leather derived from lambs fed by Napier
grass, with and without agricultural wastes as the substitution, in feedstuft formulation. The highest value of for each
mechanical properties were resulted from the use of Napier grass and bagasse (tensile strength), as well as Napier
grass and peanut shells (elongation at break and tear strength), with the value of 1,661.19+116.34 N/cm?,
104.4246.69%, and 189.87+4.98 N/cm, respectively. On the contrary, feedstuffs with Napier grass, as single main
ingredient, gave the lowest mechanical properties of the resulted lambskin leather (1,311.31+82.58 N/cm?,
96.59+0.34%, 179.27+£10.80 N/cm).

TABLE 3. Mechanical properties of lambskin leather

Sample Code Tensile Strength (N/em?)  Elongation at Break (%)  Tear Strength (N/cm)
PO (Napier grass) 1,311.314£82.58* 96.59+0.34* 179.27+£10.80*
P1 (Napier grass + corn cobs) 1,515.68+68.44" 98.57+0.37* 189.39+12.00®
P2 (Napier grass + bagasse) 1,661.19+116.34" 99.05+0.42* 187.14+15.86"
P3 (Napier grass + peanut shells) 1,357.22+67.45" 104.42+6.69" 189.87+4.98"

Note: Means with different superscripts differ (P < 0.05)

Previous research have been done to evaluate the correlation between feed consumption and leather quality,
especially for small animal. Most of studies were focused on mechanical properties, such as tensile strength,
elongation, and tear strength. According to Dahlman et al. [26], low level of protein content in feedstuff could
attenuate the mechanical properties of blue fox leather. Meanwhile, the study exhibited that the increase of protein
content could decrease the tensile strength. Thus, this provides new insight on how the level protein in feedstuft could
improve the tensile strength of lambskin leather. In the meantime, the trend of lambskin leather elongation was linear
with the sample coding, where the control sample (P0) had the lowest elongation and the trend of elongation value
rose up for sample P1, P2, and P3, respectively. Compared to tensile strength and elongation at break, tear strength of
lambskin leather displayed a dynamic condition, where the situation was similar with the situation found by Cloete et
al. [27]. This situation might be caused by the effect of crude fibre content in the feedstuff, although there are limited
references in support the argument. Overall, the quality of lambskin leather has met the requirement of the Indonesian
standard SNI 4593 [22].

Water Vapor Permeability

The permeability of leather against water vapor were evaluated based on the requirement of Indonesian standard
for sheep/goat jacket leather [22]. Pozza [28] described the water vapor permeability as an evaluation on transpiration
capacity, quantitatively. Laboratory results of water vapor permeability testing indicated the water vapour
permeability value of lambskin leather varied from 14.21£0.85 mg/em®h (sample P3) to 17.29£1.47 mg/cm*h
(sample P2). It can be seen in Fig. 2 that water vapor permeability was inverse with sofiness value. Figure 2 expresses
a disagreement with the finding of Smiechowski ef al. [29], where the water vapor permeability increased as softness
improvement. It can be indicated that leather article affects the water vapor permeability value, between garment
leather and upper leather. The values of water vapor permeability were more than 14.21+0.85 mg/cm®h. Therefore, it
can be set that the treatment could provide lambskin leather which fulfilled the requirement for sheep/goat jacket
leather [22].
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FIGURE 2. Water vapor permeability of lambskin leather

CONCLUSION

As indicated by all graphs and tables, the treatment of feeding with Napier grass and agricultural wastes (corn

cobs, bagasse, and peanut shells), as main ingredients, promoted new insight on the quality evaluation of lambskin
leather. Lambskin leather derived from lambs fed by feed combination, between Napier grass and agricultural wastes,
met the requirement of Indonesian standard for sheep/goat jacket leather (SNI 4593:2011). Further investigation
should be conducted in order to support the implementation of an integrated livestock farming, from upstream to
downstream. Thus, the sustainability of livestock industry could be achieved.
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