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Abstract Pashmina fiber is one of major specialty animal fiber in India. The quality of Pashmina
obtained fromChangthangi andChegu goats in India is very good. Due to restricted availability and
high prices, adulteration of natural prized fibers is becoming a common practice by the manufac-
turers. Sheep wool is a cheap substitute, which is usually used for adulteration and false declaration
of Pashmina-based products. Presently, there is lack of cost-effective and readily available meth-
odology to identify the adulteration of Pashmina products from other similar looking substitutes like
sheepwool. Polymerase chain reaction (PCR)-based detectionmethod can be used to identify origin
of animal fiber. Extraction of quality DNA from dyed and processed animal fiber and textile
materials is a limiting factor in the development of such detection methods. In the present study,
quality DNAwas extracted from textile materials, and PCR-based technique using mitochondrial
gene (12S rRNA) specific primers was developed for detection of the Pashmina in textile blends.
This technique has been used for detection of the adulteration of the Pashmina products with sheep
wool. The technique can detect adulteration level up to 10 % of sheep/goat fibers in textile blends.
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Introduction

Specialty hair enjoys a unique place in shawl manufacturing cottage-based industry in India.
These specialty animal fibers include Pashmina obtained from Changthangi and Chegu goats,
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angora fiber from Angora rabbits, and some others like down hair fibers from Yak. India
produces about 40–50 tonnes of Pashmina fiber annually [1]. Due to restricted availability and
high prices, adulteration of natural prized fibers is becoming a common practice by manufac-
turers. Sheep wool is one of the cheaper substitutes for adulteration with specialty animal fiber
primarily because of its low cost and adequate availability and secondarily as scaly surface
appearance and chemical composition of wool matches with specialty animal fibers. More-
over, Australia has developed ultrafine Merino wool of 14–16 μm diameter which is quite
similar to Pashmina (cashmere) and easily admixture with cashmere for production of high-
quality value added products [1]. Furthermore, OPTIM fiber processing technology has been
developed by Commonwealth Scientific and Industrial Research Organization (CSIRO),
Australia which provides an opportunity to extend the wool up to 30 % of its original length
which reduces the fiber diameter to 15–16 nm, hence appears quite similar to cashmere.
Angora rabbit fibers could be readily identified visually on microscope from Pashmina due to
ladder type medulatory structure of rabbit hair. Scanning electron microscopy (SEM) is a gold
standard method available for exact identification of fibers of animal and plant origin but its
high cost, requirement of technical expertise, and problem of uniform random sampling make
it practically unsuitable for fiber identification [2]. Numerous efforts have been made in the
previous years by using different imaging techniques for accurate analysis of sheep and goat
origin fibers from blends [3–6]. Most of these techniques are based on the differences in
surface structure of the natural fibers like scale heights, scale patterns, wavelet texture, etc.
Emergence of modern technologies can modify the surface texture of the blends, and identi-
fication of fiber origin could be more difficult by conventional methods. Thus, difficulty
associated with SEM imaging to identify sheep wool and Pashmina fibers warrant other
readily available, sensitive techniques for identification of animal fibers.

Recent advances in isolation of quality DNA and availability of huge amount of nucleotide
database of different organisms made PCR-based diagnostics easy, rapid, and species-specific.
Since the woolen sector in India plays an important role by linking the rural economy with the
manufacturing industry, hence, reliable methods are required to determine the composition of
distinct animal fiber in yarns, fabrics, and woolen garments. By using PCR-based methods, it
is now possible to identify species-specific animal fibers from raw and processed fiber
samples. DNA amplification strategy was used to identify cashmere/cashgora, fine wool,
yak and camel hair in treated and untreated fiber samples along with fiber blends [2]. Recently,
real-time PCR has shown the applicability of fiber identification and quantitative estimation of
cashmere and sheep wool in blends [7]. For developing a molecular test, quality of DNA
extracted from treated textile is the limiting factor. Furthermore, wool and hair is a highly
keratinized tissue, and the process of keratinization initiate vicious cycle of apoptotic changes
in hair cells and nuclear DNA fragmentation occur [8]. Additionally, DNA deterioration occurs
during textile manufacturing process which involves acid/alkali washes and dying process. In
the present study, DNA from chemically finished woven clothes was extracted, and PCR-
based detection of sheep and goat fibers was successfully done.

Materials and Methods

Natural animal fibers and silk were collected from authentic sources from different parts of the
country. Briefly, sheep wool and Pashmina fiber were collected from crossbred sheep namely
Bharat Merino developed at Central Sheep and Wool Research Institute (CSWRI) and
Changthangi goat from Leh region (India), respectively. Angora rabbit hair, Camel hair, Yak
down hair, Silk, and processed textile materials of known origin were procured from Division
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of Textile Manufacturing and Textile Chemistry (TMTC), CSWRI, Avikanagar. DNA from raw
fibers was isolated using previously published protocols [9] with modification. Briefly, wool and
fiber materials (0.5 g) were washed with 2 % sodium dodecyl sulphate (SDS) and water. Then
5.0 ml of lysis solution containing 10 mM Tris HCl, 1 % Triton X-100, 100 mM NaCl, 40 mM
CaCl2, 10 mM EDTA, and 40 mM DTT was added and incubated overnight at 37 °C in shaker
incubator. Furthermore, 100 μl (20 mg/ml) of proteinase K was added and further incubated at
56 °C for 4–6 h. Tris-saturated phenol (5.0 ml) was added to each tube and it was centrifuged at
5000g for 30 min. Supernatant was collected in a fresh tube and equal volume of chloroform:
isoamyl alcohol was added and mixed thoroughly. It was centrifuged at 5000g for 30 min.
Supernatant was collected and three volume of molecular biology grade absolute ethanol was
added and tubes were kept in −20 °C for overnight. Precipitated DNAwas collected by centrifu-
gation at 10,000g for 10 min and washed with 70% ethanol. Samples were air-dried and dissolved
in 100 μl of TE buffer. Chemically finished textile materials were processed for DNA extraction
using modified method. Briefly, textile materials were given prewashes with benzene and nitro-
benzene to remove excess of dye materials. DNA precipitation was done following standard
phenol-chloroformmethod. Precipitated DNAwas further purified through commercially available
silica gel column and washed thrice with washing buffer before being eluted. The quality and
quantity of DNAwas ascertained through 1.5 % agarose gel electrophoresis and spectrophotomet-
ric analysis, respectively. PCR amplification was performed in a 20 μl reaction volume containing
1X PCR buffer, 200 μMdNTPmix, 20 picomol each forward and reverse primer, 2.5 units of Taq
DNApolymerase, and 5μl (100–300 ng) of template DNA.Gene (12S rRNA)-specific primers for
sheep: forward 5′-atatcaaccacacgagaggagac-3′; reverse 5′-taaactggagagtgggagat-3′ (reverse primer
is specific for 16S rRNA) and goat: forward 5′-cgccctccaaatcaataag-3′; reverse 5′-
agtgtatcagctgcagtagggtt-3′ were used [10]. PCR products were resolved and analyzed in agarose
gel electrophoresis using ethidium bromide. Specificity of ampliconswas ascertained by nucleotide
sequencing. Species specificity of developed PCR technique was further confirmed with DNA
isolated from Angora rabbit hair, Camel hair, Yak fibers, and Silk fibers. Additionally, PCR
amplification from sheep and goat origin textile materials was also performed. PCR additives
viz. BSA, DMSO, and Betaine in various concentrations were used in PCR reactions having
template DNA from dyed textile materials. Where required, water was replaced with required
amount of PCR additives. To check the sensitivity of PCR amplification, tenfold dilutions of sheep
and goat DNA were used. Furthermore, PCR reactions were run with different combinations of
DNA from sheep and goat fiber, i.e., 1 (up to 9) part of DNA from sheep wool admixed with 9
(down to 1) parts of DNA from goat Pashmina fiber.

Results

DNA Quality and Quantity DNA isolated from raw and chemically finished textile materials
was resolved on 1.5 % agarose gel. Both intact and smeared bands are observed as evident
from Fig. 1a, b. Spectrophotometric analysis of extracted DNAwas carried out to measure the
yield and purity. The total yield and its quality (Table 1) indicated that the DNAwas pure and
free from protein contamination. Total amount of DNA (per 0.5 g sample) was sufficient for
10–15 PCR reactions.

Sensitivity and Specificity of Developed PCR Method PCR amplification was done with raw
and processed textile materials using sheep- and goat-specific primers. Single amplicon was
obtained by both sheep- and goat-specific primers (Fig. 2). Nucleotide sequence of Pashmina-
specific PCR product was submitted to the NCBI GenBank with accession number JF514286.
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Additionally, different ratio of sheep- and goat-specific fiber DNA was used to analyze its
detection limit. With raw fiber DNA, the detection limit was up to 5 %; however, with
processed textile fiber DNA material, it was up to 10 % level, i.e., it can detect an adulteration
level up to 90 % (Fig. 3). Additionally, PCR amplifications were further checked with purified
DNA samples extracted from Angora rabbit hair, Camel hair, Yak Down hair, and Silk. The
absence of PCR bands in these samples clearly indicated that there is no cross reactivity with
these species.

Fig. 1 a DNA from raw animal fibers resolved on 1.5 % agarose gel electrophoresis: lane 1 Pashmina fiber, lane
2 sheep wool, lane 3 Angora rabbit hair, lane 4 Yak down fiber, lane 5 camel hair, lane 6 silk fiber, and lane 7
double digest DNA marker (Fermentas; Cat#SM0192). b:DNA from chemically finished textile materials
resolved on 1.5 % agarose gel electrophoresis: lane 1 Pashmina dyed with natural dye, lane 2 Pashmina dyed
with synthetic dye, lane 3 Pashmina dyed with natural dye and iron sulphate (FeSO4), lane 4 acid-treated
Pashmina, lane 6 Pashmina treated with polyvinyl alcohol (PVA), lane 7 sheep wool dyed with natural dye, lane
8 sheep wool dyed with synthetic dye, lane 9 sheep wool bleached, lane 11 sheep wool dyed with natural dye and
iron sulphate (FeSO4), lane 12 solvent-treated textile, lane 13 formic acid-treated textile, and lane 14 textile of
unknown origin collected from local market; lanes 5 and 10 double digest DNA marker (Fermentas;
Cat#SM0192)

Table 1 Spectrophotometric analysis of extracted DNA from raw animal fibers and chemically finished textile
materials for its quantity and purity estimation

Animal fiber DNA (μg/ml)a Ratio A260/280
a

Raw sheep wool 523.50 1.863

Raw Pashmina 429.50 1.864

Pashmina treated with polyvinyl alcohol (PVA) 413.00 1.826

Pashmina dyed with natural dye 407.50 1.882

Pashmina dyed with synthetic dye 430.50 1.876

Pashmina dyed with natural dye and iron sulphate (FeSO4) 419.80 1.886

Acid (HCl)-treated Pashmina 483.80 1.793

Sheep wool dyed with natural dye 463.00 1.828

Sheep wool dyed with synthetic dye 411.00 1.845

Sheep wool dyed with natural dye and iron sulphate (FeSO4) 451.00 1.812

a Values are from one independent experiment only
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Discussion

Extraction of quality DNA from textile materials is one of the limiting steps in the develop-
ment of DNA-based techniques for detection of origin of natural fibers from textile materials.
However, with certain modification in standard phenol-chloroform method, DNA extracted

Fig. 2 PCR products resolved on 2 % agarose gel electrophoresis: lane 1 non template PCR control, lane 2–7
Pashmina-specific PCR band (326 bp), i.e., template DNA used from raw Pashmina, Pashmina dyed with natural
dye, Pashmina dyed with synthetic dye, Pashmina dyed with natural dye and FeSO4, acid-treated Pashmina,
Pashmina treated with PVA, and fiber of unknown origin, respectively; lane 9–12 wool-specific PCR band
(172 bp), i. e., template DNA used from raw sheep wool, sheep wool dyed with synthetic dye, sheep wool dyed
with natural dye, and solvent treated textile, respectively; lane 8 100 bp plus DNA ladder (Fermentas;
cat#SM0323)

Fig. 3 PCR products resolved on 2 % agarose gel electrophoresis: identification of textile fabrics blended from
sheep and goat origin fibers (9:1 ratio): lane 1 100 bp DNA ladder (Fermentas; cat#SM0243), lane 2 PCR with
sheep specific primers, and lane 3 PCR with goat-specific primers
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from chemically finished textiles are able to react with PCR. Wool and hair is highly
keratinized in tissue where cell death initiated just after formation of anagen [11]. Apoptosis
(cell death) leads to disintegration of nuclear genetic materials; however, the mitochondria of
animal cells carry certain amount of genetic material. Mitochondrial DNA can be used for
species-specific detection as shown by several workers [10, 12]. Additionally, mitochondrial
DNA is easier to extract from hair and wool samples because of its presence in high copy
numbers [13]. In the present study, 12S rRNA gene-specific primers were used for detection of
sheep wool and Pashmina from textile blends. The exact identification of wool fibers is an
important measure in the textile trade and manufacturing. Diagnostic PCR may prove highly
successful and rapid method for detection of species specificity of natural fibers. However, its
usefulness is limited partially due to presence of inhibitory substances like dye components,
melanin pigment, phenols, etc. in template DNA. In the present study, PCR from iron sulphate-
dyed textiles encountered inconsistent amplifications. Thus, we used certain PCR facilitators
like BSA (0.2 μg/μl) (cat#AM2616, Ambion), DMSO (1 %) (Cat#D9170-1VL, Sigma), and
Betaine (1–2 M) (cat#B0300-1VL, Sigma) for reproducible PCR amplification from mordant
and synthetic dye-finished fabrics. The real hurdle in such diagnostic technique would be
species-specific amplification of gene fragments from treated fibers which have highly
disintegrated nucleic acids. The study would be highly applicable in development of a reliable
method to determine the origin of distinct animal fiber used in textile industry. PCR-based
technique would be a method of choice to discriminate Pashmina from sheep wool. The
absence of cross reactivity with other common natural fibers further establishes its ability as
diagnostic test for checking purity of Pashmina products. In the long run, a real-time PCR-
based enumeration method could be developed for exact quantification of animal fibers in
woolen garments as shown in a similar study [7].

Pashmina is one of the finest natural fibers obtained from domesticated goats and also is a
mainstay of livelihood of certain pastoral community in arid rangeland of northern India. Thus,
PCR-based method for identification of adulteration in Pashmina products with sheep wool
would be an important tool to check false declaration in textile industries. Additionally, by
using real-time chemistries, sensitivity limits can be further enhanced.
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