ResearchGate

See discussions, stats, and author profiles for this publication at:

DNA Barcoding to Detect Chilli
Adulteration in Traded Black Pepper
Powder

Article /1 Food Biotechnology - January 2014

DOI: 10.1080/08905436.2013.870078

CITATIONS READS
14 99

6 authors, including:

5 PUBLICATIONS 21 CITATIONS

SEE PROFILE

Indian Institute of Spices Research

13 PUBLICATIONS 114 CITATIONS

SEE PROFILE

Allin-text references are linked to publications on ResearchGate, Available from: VA Parvathy
letting you access and read them immediately. Retrieved on: 20 September 2016


https://www.researchgate.net/publication/263267571_DNA_Barcoding_to_Detect_Chilli_Adulteration_in_Traded_Black_Pepper_Powder?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_2
https://www.researchgate.net/publication/263267571_DNA_Barcoding_to_Detect_Chilli_Adulteration_in_Traded_Black_Pepper_Powder?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Va_Parvathy?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Va_Parvathy?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_5
https://www.researchgate.net/profile/Va_Parvathy?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Chempakam_Bhageerathy2?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Chempakam_Bhageerathy2?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Indian_Institute_of_Spices_Research?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Chempakam_Bhageerathy2?enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw%3D%3D&el=1_x_7

This article was downloaded by: [Indian Institute of Spices Research]

On: 24 March 2014, At: 23:59

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Food Biotechnology

Publication details, including instructions for authors and
subscription information:

Fm] http://www.tandfonline.com/loi/Ifbt20

Biotechnology DNA Barcoding to Detect Chilli
Adulteration in Traded Black Pepper
Powder

V. A. Parvathy 2, V. P. Swetha ?, T. E. Sheeja ®, N. K. Leela ® , B.
Chempakam ° & B. Sasikumar 2

& Crop Improvement & Biotechnology Division , Indian Institute of
Spices Research , Kerala , India

b Crop Production & Post-Harvest Technology Division , Indian
Institute of Spices Research , Kerala , India
Published online: 27 Jan 2014.

To cite this article: V. A. Parvathy , V. P. Swetha , T. E. Sheeja , N. K. Leela , B. Chempakam & B.
Sasikumar (2014) DNA Barcoding to Detect Chilli Adulteration in Traded Black Pepper Powder, Food
Biotechnology, 28:1, 25-40, DOI: 10.1080/08905436.2013.870078

To link to this article: http://dx.doi.org/10.1080/08905436.2013.870078

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/lfbt20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/08905436.2013.870078
http://dx.doi.org/10.1080/08905436.2013.870078
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Indian Institute of Spices Research] at 23:59 24 March 2014

Taylor & Francis

Copyright © Taylor & Francis Group, LLC Taylor &Francis Group

ISSN: 0890-5436 print / 1532-4249 online
DOI: 10.1080/08905436.2013.870078

DNA Barcoding to Detect Chilli
Adulteration in Traded Black
Pepper Powder

Food Biotechnology, 28:25-40, 2014 e

V.A. Parvathy!, V.P Swethad', T.E. Sheeja’, N.K. Leela?
B. Chempakam? and B. Sasikumar’

1Crop Improvement & Biotechnology Division, Indian Institute of Spices Research,
Kerala, India

2Crop Production & Post-Harvest Technology Division, Indian Institute of Spices
Research, Kerala, India

Value-added forms of black pepper (Piper nigrum L.) are an important item of trade
globally. Adulteration by default or design of the commodity not only leads to economic
loss and public health issues but also to self-respect of a nation. DNA barcoding is
assuming significance as a quality assurance technique in many agri-food commodi-
ties. Three barcoding loci viz., psbA-trnH, rbcL, rpoC1 were used in the study to detect
bio adulteration of traded black pepper powder. PCR amplification of P. nigrum and
traded black pepper powder was performed for all the three loci. Sequence analysis and
BLAST results revealed chilli adulteration in two out of nine market samples, origi-
nating probably from exhausted black pepper powder fortified with chilli. Of the three
loci, psbA-trnH proved to be the best and ideal for detection of chilli adulteration in
black pepper yielding amplicons of size 600 bp and 350 bp, respectively. Cloning and
sequencing of the adulterant specific band of both market samples were done to confirm
the results. It was further validated using simulated samples of chilli and black pepper
powders in various proportions. The method proved efficient to detect adulteration even
at very low levels (0.5% adulteration). HPLC analysis also supported the chilli adulter-
ation of black pepper powder. The method is easy, reliable and efficient, and can be used
by the regulatory agencies for quality assurance of black pepper powder.

Key Words: adulteration; psbA-trnH; rbcL; rpoC1; Piper species; market samples

INTRODUCTION

Black pepper (Piper nigrum L., Family Piperaceae) is known as King of Spices
or Black Gold and is an important spice and medicine besides its cosmetic uses.

Address correspondence to B. Sasikumar, Crop Improvement & Biotechnology Division,
Indian Institute of Spices Research, P.O. Marikunnu, Kozhikode-673012, Kerala, India;
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Apart from its use as a spice and flavoring agent, it has antimicrobial, antiox-
idant, anti-inflammatory, and antitoxic properties (Vijayan and Thampuran,
2000). Black pepper is traded as whole dried corns, white pepper, powder,
extracts, spice blends, and mixtures. Quality of the commodity is the first
requirement to sustain and boost the trade besides ensuring public health.

Adulteration has been reported in whole black pepper and its products such
as white pepper, ground pepper, essential oil, and oleoresins (Madan et al.,
1996; Archer, 1987) affecting the quality of the product. Among the reported
plant based adulterants, papaya seed (Carica papaya L.) is one of the most
common adulterants (Dhanya et al., 2009; Paramita et al., 2003; Paradhakar
et al., 2001; Pruthi and Kulkarni, 1969), besides wild Piper species viz, P.
attenuatum. P. galeatum (Dhanya and Sasikumar, 2010). Though ginger pow-
der (Zingiber officinale) is reported to be adulterated with chilli (Capsicum
annuum) (Dhanya and Sasikumar), there is no report of adulteration of black
pepper with chilli. However, exhausted black pepper fortified with other plant
based pungent principles is an adulteration option.

Numerous conventional analytical methods which rely on physical, histo-
chemical, or standard biochemical methods have been reported for detection
of plant based adulterant in black pepper (Paramita et al., 2003; Paradhakar
et al., 2001; Tremlova, 2001; Madan et al., 1996; Curl and Fenwick., 1983).
However, these are of little consequence in detecting the bio-adulterants in
black pepper (Dhanya and Sasikumar, 2010).

Nucleic acid analysis is more reliable, quick and easy when compared to
conventional analytical methods like microscopy, spectrometry and Thin Layer
Chromatography for the detection of plant based adulterants and food authen-
tication (Aida et al., 2007; Lum and Hirsch., 2006; Chang-chai et al., 2005;
Sasikumar et al., 2004). DNA based methods such as RAPD, Real-Time PCR,
PCR-RFLP-ARMS, SSR and SCAR markers have been used in detecting adul-
teration of medicinal plants (Hussain and Bedi., 2012; Li et al., 2007) and
traded spices like turmeric (Sasikumar et al., 2004), black pepper (Dhanya
et al., 2009), chilli (Dhanya et al., 2008, 2011), and oregano (Marieschi et al.,
2009). Here we report a robust DNA barcoding based molecular technique for
detecting chilli adulteration in traded black pepper powder. DNA barcoding
uses sequences of DNA to discriminate species since genetic variation among
the species exceeds that within species (Hebert et al., 2003). DNA barcoding
is now being used in detecting plant based adulteration in many commodi-
ties such as medicinal plants, commercial tea packets, olive oils, etc. (Yuan
et al., 2011; Stoeckle et al., 2011; Kumar et al., 2011; Vijayan and Tsou, 2010;
Srirama et al., 2010). In spices, there are not many reports barring the ones in
Lamiaceae (Mattia et al., 2010; Guo et al., 2011) and saffron (Crocus sativus L.)
(Gismondi et al., 2013). The technique was also proved to be effective in identi-
fication of ancient Olea europaea L. and Cornus mas L. seeds (Gismondi et al.,
2012).
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MATERIALS AND METHODS

Sample Preparation

Nine popular powdered branded market samples (MS 1-9) of black pepper
procured from the local market at Kozhikode, Kerala, India, were used in the
study. Of these, five were tested initially to identify the best loci discriminating
the adulterant, and the rest of the samples were used for further validation
of the result. Authenticated specimens of black pepper (Accession Nos. 6834,
6857, 6833, 6835, and 6849) obtained from the germplasm repository, Indian
Institute of Spices Research (IISR) Experimental Farm, Peruvannamuzhi,
Kozhikode, Kerala, India, were used as reference. Model blends were prepared
by mixing dried berries of Piper nigrum (var. Thevam) and genuine chilli sam-
ples procured from the local market in the proportions 1:9, 1:24, 1:49, 1:99, and
1:199 (weight basis). These samples were powdered using a Cyclotec 1093 sam-
ple mill. All the samples were preserved in sealed covers and stored at —20°C.
Sequences of chilli were retrieved from GenBank (www.ncbi.nlm.nih.gov).

DNA Isolation

Total genomic DNA was isolated from the reference Piper accessions, chilli
powder, market samples, and model blends using DNA easy plant mini kit
(QIAGEN) and stored at —20°C.

PCR Amplification and Sequencing

Three popular barcoding loci viz., psbA-trnH, rbeL and rpoCl were selected
for PCR amplification using Universal primers (Table 1). The reaction mix
contained 10-50 ng of DNA, 1X assay buffer with 1.5 mM MgCls, 1 mM
dNTP, 1 picomol pl~! each of forward and reverse primers and 1 U Tag DNA
polymerase (Banglore, Genei, India). The PCR was performed in an Eppendorf
vapo protect thermal cycler as per conditions optimized for each loci (Table 2).

Table 1: Primers used for PCR amplification.
. ________________________________________________________________________________________________________________|

Primer name Sequence Reference
rocl a-f 5" ATG TCA CCA CAA ACA GAG ACT AAA GC3’" Kress and

rocl a-r 5 GTA AAATCA AGTCCACCG CG & Erickson, 2007
rooCl-2 5" GGC AAA GAG GGA AGA TIT CG3’ Ford et al., 2009
moCl-4 5 CCATAA GCATAT CIT GAG TG G 3

trnH-2 5 CGC GCATGG TGG ATT CAC AAT CC 3’ Tate and Simpson,
PSbA-F 5" GTT ATG CAT GAA CGT AAT GCT C 3’ 2003; Yang

etal, 2011

27
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Table 2: PCR reaction conditions for different barcoding loci.
. ________________________________________________________________________________________________________________|

Locus
Reaction condition rbel psbA-trnH rpoCl1
Initial denaturation 95°C-4 min 92°C -4 min Q4°C -4 min
Denaturation Q4°C -30 sec Q4°C -1 min 94°C -30 sec
Annealing 55°C -1 min 52°C -1 min 50°C -40 sec
Extension 72°C -1 min 64°C -1 min 72°C -40 sec
Final extension 72°C -10 min 64°C -8 min 72°C -5 min
Total cycles 35 35 40

The PCR amplified products were resolved using 1% agarose gel (contain-
ing 0.5 pg ml~! Ethidium bromide) in 1X Tris-Borate-Ethylene diamine tetra
acetic acid buffer (TBE) along with 100 bp ladder (Fermentas) as a size marker
and documented (Syngene). The PCR products of expected size were extracted
using QIA quick PCR purification kit (QIAGEN). The products were custom
sequenced at Scigenom Labs, Pvt, Ltd (Kerala, India).

Cloning

PCR products corresponding to the adulterant bands were extracted using
QIA quick PCR amplification kit (QIAGEN) and cloned using TOPO-TA cloning
kit (Invitrogen, Carlsbad, CA, USA). Blue-white selection as well as colony
PCR were done for the screening of recombinants. Colony PCR reaction mix
contained 1X assay buffer, 0.2 mM dNTPs, 1.5 mM MgCl,, 5 pmol each of
M13 forward and reverse primer (IDT, San Jose, CA, USA) with 1U Taq poly-
merase in a total reaction volume of 25 pl. Thermal cycling conditions were
94°C for 3 min followed by 30 cycles of denaturation at 94°C for 1 min, primer
annealing at 48°C for 1 min, primer extension at 72°C for 1 min, and final
extension at 72°C for 5 min. Amplified products were resolved on a 1.5%
agarose gel. Positive transformants were identified based on the insert size
and plasmid DNA was isolated using QIA prep spin miniprep kit (QIAGEN).
The recombinant plasmids were bidirectionally sequenced at Scigenom Labs.

Contig generation was accomplished by DNA baser software. Sequences
were screened using BLAST algorithm (Atschul et al., 1997) to identify the clos-
est matching sequences in the nucleotide database of GenBank. The sequences
were aligned using Clustal W (Larkin et al., 2007) and edited by BioEdit
software. Data analysis was done using MEGA 5 software (Tamura et al., 2011).

High Performance Liquid Chromatography (HPLC) Analysis

Samples (25g) were accurately weighed (three market samples—two puta-
tive adulterated samples [MS3 & 9] and negative control [MS4]) plus one
simulated sample (1:100) in duplicates into 500 ml boiling flask. Added 200 ml
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95% ethanol and refluxed gently for 5 h. Cooled and filtered 3 to 4 ml using
0.45 wm syringe filter into stoppered test tubes and injected 10 pl in to HPLC
apparatus.

HPLC analysis was performed using Shimadzu LC10A, with photo diode
array detector and RP-C-18 column. Acetonitrile: 1% acetic acid (60:40) was
used as mobile phase with detector wavelength at 280 nm. Piperine and
capsaicin (Sigma Aldrich) were used as authentic standards. 10 pl of sample

was injected at a flow rate of 0.8 ml min~1.

RESULTS

DNA Isolation

High molecular weight DNA could be isolated from all the samples. The
absorbance ratio (Aggg/Aszsp) of 1.7-1.8 indicated insignificant levels of contam-
inating RNA, proteins and polysaccharides in the isolated DNA. The quality of
DNA was confirmed on 0.8% Agarose gel.

PCR Amplification and Sequencing

Amplification efficiency of all the three loci was found to be 100%. PCR
amplification of rbcL and rpoC1 loci yielded 600 bp and 500 bp sized frag-
ments (Figs. 1 and 2), respectively, in all samples. The locus psbA-trnH yielded
a 350 bp size fragment in all the Piper samples including the market samples
and 600 bp fragment in the samples adulterated with chilli (Fig. 3).

BLAST searches revealed that except in case of one market sample, all the
others showed maximum (100%) similarity to Piper nigrum sequences avail-
able in NCBI for all the three loci tested. The two distinct market samples
showed maximum similarity to Capsicum annuum sequences implying the
probable adulteration of the sample with chilli. The Neighbour-Joining tree

Figure 1: Amplification of rbcL locus (Lane 1 - P nigrum Acc. No. 6834, lane 2 - P nigrum Acc.
No. 6857, lane 3 - P nigrum Acc. No. 6833, lane 4 - P nigrum Acc. No. 6853, lane 5 - C. annuum,
lane 6 - MS-1, lane 7 - MS-2, lane 8 - MS-3, lane 9 - MS-4, lane 10 - MS-5, and lane 11 - 100 bp
ladder).

29
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Figure 2: Amplification of rooCT locus (Lane 1 - P nigrum Acc. No. 6834, lane 2 -P nigrum Acc.
No. 6857, lane 3 - P nigrum Acc. No. 6833, lane 4 - P nigrum Acc. No. 6835, lane 5 - C. annuum,
lane 6 - MS-1, lane 7 - MS-2, lane 8 - MS-3, lane 9 - MS-4, lane 10 - MS-5, and lane 11 - 100 bp
ladder).

<+—— 600bp
<+—— 350bp

Figure 3: Ampilification of psbA-frnH locus (Lane 1 - Piper nigrum Acc.No.6834, lane 2 - Piper
nigrum Acc.No.6857, lane 3 - Piper nigrum Acc. No. 6833, lane 4 - Capsicum annum, lane 5 -
MS- 1, lane 6 - MS-2, lane 7 - MS-3, lane 8 - MS-4, lane 9 - MS-5, and lane 10 - 100bp ladder).

6834
gg | Marketsample1

100 Marketsample2

Marketsampled
Marketsample5
4i387865758

_| Marketsample3
83 | 9257196340

—
0.m

Figure 4: The N-J free constructed from rpoC1 sequences based on the K-2-P distance.

constructed on the basis of Kimura-2-Parameter revealed the close similarity
of adulterated marketed samples with Capsicum annuum for all the three loci,
thereby confirming the adulteration of the samples with chilli (Figs. 4-6).

The sequences generated for Piper nigrum in the present study are
submitted to GenBank (Accession Numbers: KF278650-KF27865).
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Figure 5: The N-J free constructed from rbcL sequences based on the K-2-P distance.
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Figure 6: The N-J free constructed from psbA-frnH sequences based on the K-2-P distance.

Figure 7: Amplification of adulterant specific bands in simulated samples and controls with
psbA-trnH locus. (Lane 1 - Piper nigrum (negative control), lane 2 - Capsicum annum (pos-
itive control) lane 3 - simulated sample (10% adulteration), lane 4 - simulated sample (4%
adulterafion), lane 5 - simulated sample (2% adulteration), lane 6 - simulated sample (1%
adulteration), lane 7 - simulated sample (0.5% adulteration), and lane 8 - 100bp ladder.

Locus psbA-trnH proved to be best in adulteration detection in market sam-
ples of black pepper. Band level detection of adulteration in the market samples
was also possible with this locus as pepper yielded a band of 350 bp and chilli
yielded a fragment of 600 bp size. This difference in the fragment size was
further verified using model blends and clear bands distinguishing black pep-
per from chilli were observed. Adulteration even at very low level (0.5%, i.e.,
1:200) could be detected with this method (Fig. 7).

The efficacy of psbA-trnH locus was also validated in the remaining four
branded market samples (Fig. 8) along with three different batches of each
adulterated brand. The adulterant specific bands from both MS revealed 100%
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600bp
350bp

Figure 8: Validation of psbA-frnH locus. lane 1 - MS-3 (another batch of first lot), lane 2 - MS-6,
lane 3 - MS-7, lane 4 - MS-8, lane 5 - MS-9, and lane 6 - 100bp ladder).

similarity with Capsicum annuum (Accession. Numbers JX270811) sequences
of GenBank and 99% similarity between them (Fig. 9).

HPLC Analysis

HPLC data supported the adulteration of the samples with chilli. (Table 3).
HPLC profile of these samples and standards are given in Figs. 10-15.
Adulterated market samples 3 and 9 gave two characteristic peaks correspond-
ing to piperine and capsaicin. No adulteration was detected in the negative
control (sample 1) as is evident from Fig. 12. Chromatographic profile of the
simulated sample (sample 4) was also consistent with those reported for adul-
terated samples (Fig. 15). This further confirms the adulteration of the two
market samples of black pepper with chilli.

DISCUSSION

Among the different barcoding loci psbA-trnH and rbcL are reported to have
high amplification success with universal primers (Gregory et al., 2005; Kress
et al., 2005; Newmaster et al., 2006). Barcoding as a tool to detect adulteration
in traded commodities such as commercial tea packets, olive oil, medicinal
plants, saffron, etc., is now gaining momentum. (Gismondi et al., 2013; Kool
et al., 2012; Kumar et al., 2011; Stoeckle et al., 2011; Yuan et al., 2011; Srirama
et al., 2010). Molecular authentication (species identification) studies using
DNA barcoding loci such as psbA-trnH, rbcL, matK, rpoC1, ITS, trnT-trnL,
trnF-trnL have also been getting the attention of the researchers. (Ali et al.,
2012; Sun et al., 2012; Rai et al., 2012; Deng et al., 2011; Hollingsworth et al.,
2011; Li et al., 2010; Pettengill and Neel, 2010; Ford et al., 2009; Jarret, 2008;
Kress and Erickson, 2007; Zuo et al., 2011). Mislabelling/substitution of traded
fishery products (Cline, 2011; Cawthorn et al., 2012) as well as ancient DNA
plant samples were also identified by barcoding technique (Gismondi et al.,
2012).


https://www.researchgate.net/publication/257422843_DNA_barcoding_reveals_a_high_incidence_of_fish_species_misrepresentation_and_substitution_on_the_South_African_market?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/257422835_Marketplace_substitution_of_Atlantic_salmon_for_Pacific_salmon_in_Washington_State_detected_by_DNA_barcoding?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/267689645_Authentication_of_three_related_herbal_species_Curcuma_by_DNA_barcoding?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/46395781_Selection_of_candidate_DNA_barcoding_regions_for_use_on_land_plants?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/230588722_Identification_of_ancient_Olea_europaea_L_and_Cornus_mas_L_seeds_by_DNA_barcoding?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/230588722_Identification_of_ancient_Olea_europaea_L_and_Cornus_mas_L_seeds_by_DNA_barcoding?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/51187725_Choosing_and_using_a_Plant_DNA_Barcode?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/51187725_Choosing_and_using_a_Plant_DNA_Barcode?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/228375272_DNA_Barcoding_in_a_Crop_Genebank_The_Capsicum_annuum_Species_Complex?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/228116538_Molecular_Identification_of_Commercialized_Medicinal_Plants_in_Southern_Morocco?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/228116538_Molecular_Identification_of_Commercialized_Medicinal_Plants_in_Southern_Morocco?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/6284312_A_Two-Locus_Global_DNA_Barcode_for_Land_Plants_The_Coding_rbcL_Gene_Complements_the_Non-Coding_trnH-psbA_Spacer_Region?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/7814208_Use_of_DNA_barcodes_to_identify_flowering_plants?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/7814208_Use_of_DNA_barcodes_to_identify_flowering_plants?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/267220125_Authentication_of_Taxillus_chinensis_using_DNA_barcoding_technique?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/233816893_Assessing_nrDNA_ITS2_sequence_based_molecular_signature_of_ginseng_for_potential_use_in_quality_control_of_drug?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/233816893_Assessing_nrDNA_ITS2_sequence_based_molecular_signature_of_ginseng_for_potential_use_in_quality_control_of_drug?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/232814051_DNA_barcoding_of_authentic_and_substitute_samples_of_herb_of_the_family_Asparagaceae_and_Asclepiadaceae_based_on_the_ITS2_region?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/253304729_DNA_barcoding_in_land_plants_Evaluation_of_rbcL_in_a_multigene_tiered_approach?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/264254826_Identification_of_species_within_Tetrastigma_Miq_Planch_Vitaceae_based_on_DNA_barcoding_techniques?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/46037712_DNA_barcoding_of_Panax_species?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/51169304_An_evaluation_of_candidate_plant_DNA_barcodes_and_assignment_methods_in_diagnosing_29_species_in_the_genus_Agalinis_Orobanchaceae?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/221852347_Commercial_Teas_Highlight_Plant_DNA_Barcode_Identification_Successes_and_Obstacles?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==
https://www.researchgate.net/publication/285857265_Molecular_identification_of_Cistanches_Herba_and_its_adulterants_based_on_nrITS2_sequence?el=1_x_8&enrichId=rgreq-e72d4b8140eee75c407725d15cd16ed1-XXX&enrichSource=Y292ZXJQYWdlOzI2MzI2NzU3MTtBUzoyMTE0NzUwMjYxOTAzMzZAMTQyNzQzMDk4MzA2Mw==

Downloaded by [Indian Institute of Spices Research] at 23:59 24 March 2014

DNA Barcoding to Detect Chilli Adulteration 33

a)

I CGCGCATGGTGGATTCACAATCCACTGCCTTGATCCACTTGGCTACATCCGCCCCCTCGC 60
61 CTACTTACATTCCATTTTTACATTATTTAAATTAGAAAACAAAAGATTCAAGTTCGAATA 120
121 TTTCTCTTCTTTCTTATTTGAATGATATTATTATTTCAAAGATGAGAATATGAATCAAAG 180
181 ATCAGAATCTGAAGTAAAAATTAATTTTTTTTTTGAAATGAAATAAAAAAGATATAGTA 240
241 ACATTAGCAAGAAGAGGAACAAGTTATATTTCTATAATTTTCAATAAATACATACAAAA 300
301 TGAAAATAGAATACTCAATCCTGAATAAATGATAAATGCATGCAAATATCCTCTCTTTCTT 360
361 TTTCTATAATGTAAACAAAAAAGTATATGTAAGTAAAATACTAGTAAATTACTAAATAAA 420
421 ATAAAAAGAAAAAAAGAAAGGAGCAATAGCACCCTCTTGATAAAACAAGAAAATGATTA 480

481 TTGCTCCTTTCTTTTCAAAACCTCCTATAGACTAGACTGGGATCTTATCCATTTGTAGATGG 540

541 AGCTTCGATAGCAGCTAAGTCTAGAGGGAAGTTATGAGCATTACGTTCATGCATAAC 597

b)

1 CGCGCATGGTGGATTCACAATCCACTGCCTTGATCCACTTGGCTACATCCGCCCCCTCGC 60

61 CTACTTACATTCCATTTTTACATTATTTAAATTAGAAAACAAAAGATTCAAGTTCGAATA 120

121 TTTCTCTTCTTTCTTATTTGAATGATATTATTATTTCAAAGATAAGAATATGAATCAAAGA 180

181 TCAGAATCTGAAGTAAAAATTAATTTTTTTTTTGAAATGAAATAAAAAAGATATAGTAAC 240

241 ATTAGCAAGAAGAGGAACAAGTTATATTTCTATAATTTTCAATAAATACATACAAAATG 300

301" AAAATAGAATACTCAATCCTGAATAAATGATAAATGCATGCAAATATCCTCTCTTTCTTT 360

361 TTCTATAATGTAAACAAAAAAGTATATGTAAGTAAAATACTAGTAAATTACTAAATAAAA 420

421 TAAAAAGAAAAAAAGAAAGGAGCAATAGCACCCTCTTGATAAAACAAGAAAATGATTAT 480

481 TGCTCCTTTCTTTTCAAAACCTCCTATAGACTAGACTGGGATCTTATCCATTTGTAGATGG 540

541 AGCTTCGATAGCAGCTAAGTCTAGAGGGAAGTTATGAGCATTACGTTCATGCATAAC 597

c)
1 GCGAATCTCTCTCACTGGCTGCTGTCGATCTACTCTGGGTTTGCAGAATGCTTCACCTTA 60

61AGATACGTACCTAAACGATTAAAAAAAATT ATGCCCGCGTCGATTAAATGTAAATAAAACI20
12IACTAGGAAATTCGGGGGAGCAATACCAAAACCTTGAAAAACAAGAAATTGGGTATTGCTCI80
181 CTTCAACAACTCCTATACATTAACATAAGG AGGAAGCATTATCCATTTGTAGATGGAGCT240
241 TCAACAGCAGCCAAGTCTAGAGGGAAGTTG TGAGCATTACGTTCATGCATAACCAGA 297

d)
IGGTATCGATCGCTCATGGCTGCTGTCGAGCTCCTCGGGTTTGGAGAATGCTTCTACTAATATG60

61ATACTATACCTAAACGATTAAAAAAAATTATGCCCGCGTCGATTAAATGTAAATAAAACA 120
12ICTAGGAAATTCGGGGGAGCAATACCAAAACCTTGAAAAACAAGAAATTGGGTATTGCTCCI180
18I TTCAACAACTCCTATACATTAACATAAGGA30GGAAGCATTATCCATTTGTAGATGGAGCTT240

241CAACAGCAGCCAAGTCTAGAGGGAAGTTGT30GAGCATTACGTTCATGCATAACAAAA 296

Figure 9: Nucleofide sequences of psbA-frnH adulterant specific amplicon of C. annuum
cloned from (@)MS-3 and (b) MS-9 (c) nucleotide sequence of psbA-frnH gene of Piper from
MS-3 (d) nucleotide sequence of psbA-frnH gene of Piper from MS-9.
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Table 3: Retention time and area of piperine and capsaicin in black
pepper powders vis-&-vis standards.
. ___________________________________________________________________________________________________|]

Sample Retention time Area %
Piperine (standard) 11.680 100
Capsaicin (standard) 11.136 100
Sample 1-Market(negative control) 11.563 68.77
Sample 2-(Market sampled) 11.296 33.92
11.712 33.16
Sample 3-(Market sample 9) 11.179 1.60
11.499 39.10
Sample 4-Simulated sample(1:100) 11.179 1.02
11.648 46.17
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Figure 10: Chromatogram of piperine standard (60 ppm).
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Figure 11: Chromatogram of capsaicin standard (100 ppm).

Authentication of black pepper powder could be done using all three loci,
in the present study. Amplicons of psbA-trnH yielded an adulterant specific
band (600 bp) enabling easy detection thereby reducing the cost of sequencing.
Thus psbA-trnH proved to be the most promising locus for detection of chilli
adulteration in black pepper. Out of the nine market samples analyzed, two
were found positive for chilli adulteration, which was supplemented with the
HPLC data. HPLC has been used as an analytical tool in quality control and
authentication of many agri-food commodities (E1 Hamdi and El Figza, 1995;
di Anibal et al., 2009, 2011).
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Figure 12: Chromatogram of negative control.
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Figure 13: Chromatogram of adulterated sample (MS-3).

Figure 14: Chromatogram of adulterated sample (MS-9).
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Figure 15: Chromatogram of the simulated sample (1:100).

Traded forms of spice and spice powder are highly subjected to admixing or
substitution with inferior substances (Singhal and Kulkarni, 2003). Compared
to whole spices, spice powders and paste are more vulnerable to adulteration
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because foreign matters go into it visually undetected. Though acceptable lev-
els of many contaminants such as pesticide residues, heavy metals, artificial
dyes, synthetic adulterants, natural toxins, etc., and their detection techniques
are available, there is a paucity of methods for the detection of plant based
adulterants and their acceptable levels in powder forms of traded spices.
This assumes significance in view of the Sanitary and Phytosanitary (SPS)
regulations of WTO.

As per the latest data available in print, the global trade in black pepper
powder is estimated to be 32.4 thousand metric tons worth 99.5 million U.S. dol-
lars, that is about 12% of the total global pepper exports (ITC UNCTAD/WTO,
2006) and India’s contribution is 3381 tons. The high cost coupled with low vol-
ume of the commodity is an inductive to adulteration (Singhal et al., 1997).
Though traded black pepper and its value added forms are reported to be
adulterated with papaya seeds (Carica papaya L.), wild Piper species viz., P.
attenuatum, and P. galeatum (Dhanya and Sasikumar, 2010; Dhanya et al.,
2009; Paramita et al., 2003; Paradhakar et al., 2001; Pruthi and Kulkarni,
1969), this is the first report on adulteration of black pepper powder with chilli.
Ginger powder, probably from spent ginger, adulteration with chilli is already
known (Dhanya and Sasikumar, 2010).

With globalization, there is liberalization of import and many countries
are importing black pepper and re-exporting it as whole commodity or value-
added products. Unscrupulous elements may find it lucrative to recycle the
exhausted black pepper (the black pepper left after the extraction of the pun-
gent principles) as value added black pepper (powder), probably fortified with
other pungent substances such as chilli.

The already available DNA based techniques such as RAPD, ISSR, and
SCAR to detect adulteration in traded spices and other agri-food commodities
are handicapped with limitations such as poor reproducibility, less abundance,
low level of polymorphism, genotypic specificity, prior sequence knowledge, and
so forth (Kumar et al., 2009; Schierwater and Ender, 1993). DNA barcoding
technique has a definite advantage in these circumstances.

Quality of the commodity is the first requirement to sustain and boost the
trade besides ensuring public health. In the present study, we could detect the
presence of chilli as low as 1g in 200 g of black pepper powder. The technol-
ogy developed in the study can be utilized by approved authorities/agencies
for adulteration detection/authentication of spice powders. DNA barcoding can
be used for routine screening of batches, allowing the immediate rejection of
suspected samples or even in case of disputes arising from the quality of a lot.
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