ISSN 1726-5479

SENSORS 81

TRANSDUCERS

Y .|_|_l-"-'

anéduc

International Frequency Sensor Association Publishing dﬁ



AR

g—"
Sensors & Transducers

Volume 107, Issue 8
August 2009

Www.sensorsportal.com

ISSN 1726-5479

Editors-in-Chief: professor Sergey Y. Yurish,
Phone: +34 696067716, fax: +34 93 4011989, e-mail: editor@sensorsportal.com

Editors for Western Europe
Meijer, Gerard C.M., Delft University of Technology, The Netherlands
Ferrari, Vittorio, Universita di Brescia, Italy

Editor South America
Costa-Felix, Rodrigo, Inmetro, Brazil

Editor for Eastern Europe
Sachenko, Anatoly, Ternopil State Economic University, Ukraine

Editors for North America

Datskos, Panos G., Oak Ridge National Laboratory, USA
Fabien, J. Josse, Marquette University, USA

Katz, Evgeny, Clarkson University, USA

Editor for Asia
Ohyama, Shinji, Tokyo Institute of Technology, Japan

Editor for Asia-Pacific
Mukhopadhyay, Subhas, Massey University, New Zealand

Editorial Advisory Board

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia

Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia

Annamalai, Karthigeyan, National Institute of Advanced Industrial Science
and Technology, Japan

Arcega, Francisco, University of Zaragoza, Spain

Arguel, Philippe, CNRS, France

Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea

Arndt, Michael, Robert Bosch GmbH, Germany

Ascoli, Giorgio, George Mason University, USA

Atalay, Selcuk, Inonu University, Turkey

Atghiaee, Ahmad, University of Tehran, Iran

Augutis, Vygantas, Kaunas University of Technology, Lithuania

Avachit, Patil Lalchand, North Maharashtra University, India

Ayesh, Aladdin, De Montfort University, UK

Bahreyni, Behraad, University of Manitoba, Canada

Baliga, Shankar, B., General Monitors Transnational, USA

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, RF Arrays Systems, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia

Benachaiba, Chellali, Universitaire de Bechar, Algeria

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

Chakravorty, Dipankar, Association for the Cultivation of Science, India

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chavali, Murthy, VIT University, Tamil Nadu, India

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan

Chiang, Jeffrey (Cheng-Ta), Industrial Technol. Research Institute, Taiwan

Chiriac, Horia, National Institute of Research and Development, Romania

Chowdhuri, Arijit, University of Delhi, India

Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan

Corres, Jesus, Universidad Publica de Navarra, Spain

Cortes, Camilo A., Universidad Nacional de Colombia, Colombia

Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, Universita di Tor Vergata, Italy

De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy

Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dimitropoulos, Panos, University of Thessaly, Greece

Ding, Jianning, Jiangsu Polytechnic University, China

Djordjevich, Alexandar, City University of Hong Kong, Hong Kong

Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina

Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany

Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey

Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and
Microsystems, Italy

Francis, Laurent, University Catholique de Louvain, Belgium

Fu, Weiling, South-Western Hospital, Chongging, China

Gaura, Elena, Coventry University, UK

Geng, Yanfeng, China University of Petroleum, China

Gole, James, Georgia Institute of Technology, USA

Gong, Hao, National University of Singapore, Singapore

Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain

Granel, Annette, Goteborg University, Sweden

Graff, Mason, The University of Texas at Arlington, USA

Guan, Shan, Eastman Kodak, USA

Guillet, Bruno, University of Caen, France

Guo, Zhen, New Jersey Institute of Technology, USA

Gupta, Narendra Kumar, Napier University, UK

Hadjiloucas, Sillas, The University of Reading, UK

Haider, Mohammad R., Sonoma State University, USA

Hashsham, Syed, Michigan State University, USA

Hasni, Abdelhafid, Bechar University, Algeria

Hernandez, Alvaro, University of Alcala, Spain

Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain

Homentcovschi, Dorel, SUNY Binghamton, USA

Horstman, Tom, U.S. Automation Group, LLC, USA

Hsiai, Tzung (John), University of Southern California, USA

Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan

Huang, Star, National Tsing Hua University, Taiwan

Huang, Wei, PSG Design Center, USA

Hui, David, University of New Orleans, USA

Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France

Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain

James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia

Kang, Moonho, Sunmoon University, Korea South

Kaniusas, Eugenijus, Vienna University of Technology, Austria

Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria

Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khan, Asif, Aligarh Muslim University, Aligarh, India

Sapozhnikova, Ksenia, D.l.Mendeleyev Institute for Metrology, Russia



Kim, Min Young, Kyungpook National University, Korea South

Ko, Sang Choon, Electronics and Telecommunications Research Institute,

Korea South

Kockar, Hakan, Balikesir University, Turkey

Kotulska, Malgorzata, Wroclaw University of Technology, Poland

Kratz, Henrik, Uppsala University, Sweden

Kumar, Arun, University of South Florida, USA

Kumar, Subodh, National Physical Laboratory, India

Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan

Lacnjevac, Caslav, University of Belgrade, Serbia

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

Lee, Jun Su, Amkor Technology, Inc. South Korea

Lei, Hua, National Starch and Chemical Company, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, Xian-Fang, Central South University, China

Liang, Yuanchang, University of Washington, USA

Liawruangrath, Saisunee, Chiang Mai University, Thailand

Liew, Kim Meow, City University of Hong Kong, Hong Kong

Lin, Hermann, National Kaohsiung University, Taiwan

Lin, Paul, Cleveland State University, USA

Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland

Liu, Aihua, University of Oklahoma, USA

Liu Changgeng, Louisiana State University, USA

Liu, Cheng-Hsien, National Tsing Hua University, Taiwan

Liu, Songqin, Southeast University, China

Lodeiro, Carlos, Universidade NOVA de Lisboa, Portugal

Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain

Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland

Ma, Zhanfang, Northeast Normal University, China

Majstorovic, Vidosav, University of Belgrade, Serbia

Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados,

Mexico

Matay, Ladislav, Slovak Academy of Sciences, Slovakia

Mathur, Prafull, National Physical Laboratory, India

Maurya, D.K., Institute of Materials Research and Engineering, Singapore

Mekid, Samir, University of Manchester, UK

Melnyk, lvan, Photon Control Inc., Canada

Mendes, Paulo, University of Minho, Portugal

Mennell, Julie, Northumbria University, UK

Mi, Bin, Boston Scientific Corporation, USA

Minas, Graca, University of Minho, Portugal

Moghavvemi, Mahmoud, University of Malaya, Malaysia

Mohammadi, Mohammad-Reza, University of Cambridge, UK

Molina Flores, Esteban, Benemérita Universidad Auténoma de Puebla,
Mexico

Moradi, Majid, University of Kerman, Iran

Morello, Rosario, University "Mediterranea™ of Reggio Calabria, Italy

Mounir, Ben Ali, University of Sousse, Tunisia

Mulla, Imtiaz Sirajuddin, National Chemical Laboratory, Pune, India

Neelamegam, Periasamy, Sastra Deemed University, India

Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria

Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucine, Cherif, University of Guelma, Algeria

Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India

Pan, Jisheng, Institute of Materials Research & Engineering, Singapore

Park, Joon-Shik, Korea Electronics Technology Institute, Korea South

Penza, Michele, ENEA C.R., Italy

Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal

Petsev, Dimiter, University of New Mexico, USA

Pogacnik, Lea, University of Ljubljana, Slovenia

Post, Michael, National Research Council, Canada

Prance, Robert, University of Sussex, UK

Prasad, Ambika, Gulbarga University, India

Prateepasen, Asa, Kingmoungut's University of Technology, Thailand

Pullini, Daniele, Centro Ricerche FIAT, Italy

Pumera, Martin, National Institute for Materials Science, Japan

Radhakrishnan, S. National Chemical Laboratory, Pune, India

Rajanna, K., Indian Institute of Science, India

Ramadan, Qasem, Institute of Microelectronics, Singapore

Rao, Basuthkar, Tata Inst. of Fundamental Research, India

Raoof, Kosai, Joseph Fourier University of Grenoble, France

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Robert, Michel, University Henri Poincare, France

Rezazadeh, Ghader, Urmia University, Iran

Royo, Santiago, Universitat Politecnica de Catalunya, Spain

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA

Sadeghian Marnani, Hamed, TU Delft, The Netherlands

Sandacci, Serghei, Sensor Technology Ltd., UK

Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India

Schneider, John K., Ultra-Scan Corporation, USA

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Sengupta, Deepak, Advance Bio-Photonics, India

Shearwood, Christopher, Nanyang Technological University, Singapore

Shin, Kyuho, Samsung Advanced Institute of Technology, Korea

Shmaliy, Yuriy, Kharkiv National Univ. of Radio Electronics, Ukraine

Silva Girao, Pedro, Technical University of Lisbon, Portugal

Singh, V. R., National Physical Laboratory, India

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

Somani, Prakash R., Centre for Materials for Electronics Technol., India

Srinivas, Talabattula, Indian Institute of Science, Bangalore, India

Srivastava, Arvind K., Northwestern University, USA

Stefan-van Staden, Raluca-loana, University of Pretoria, South Africa

Sumriddetchka, Sarun, National Electronics and Computer Technology
Center, Thailand

Sun, Chengliang, Polytechnic University, Hong-Kong

Sun, Dongming, Jilin University, China

Sun, Junhua, Beijing University of Aeronautics and Astronautics, China

Sun, Zhigiang, Central South University, China

Suri, C. Raman, Institute of Microbial Technology, India

Sysoev, Victor, Saratov State Technical University, Russia

Szewczyk, Roman, Industrial Research Inst. for Automation and
Measurement, Poland

Tan, Ooi Kiang, Nanyang Technological University, Singapore,

Tang, Dianping, Southwest University, China

Tang, Jaw-Luen, National Chung Cheng University, Taiwan

Teker, Kasif, Frostburg State University, USA

Thumbavanam Pad, Kartik, Carnegie Mellon University, USA

Tian, Gui Yun, University of Newcastle, UK

Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece

Tsigara, Anna, National Hellenic Research Foundation, Greece

Twomey, Karen, University College Cork, Ireland

Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal

Vaseashta, Ashok, Marshall University, USA

Vazquez, Carmen, Carlos 11 University in Madrid, Spain

Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal

Vigna, Benedetto, STMicroelectronics, Italy

Vrba, Radimir, Brno University of Technology, Czech Republic

Wandelt, Barbara, Technical University of Lodz, Poland

Wang, Jiangping, Xi‘an Shiyou University, China

Wang, Kedong, Beihang University, China

Wang, Liang, Advanced Micro Devices, USA

Wang, Mi, University of Leeds, UK

Wang, Shinn-Fwu, Ching Yun University, Taiwan

Wang, Wei-Chih, University of Washington, USA

Wang, Wensheng, University of Pennsylvania, USA

Watson, Steven, Center for NanoSpace Technologies Inc., USA

Weiping, Yan, Dalian University of Technology, China

Wells, Stephen, Southern Company Services, USA

Wolkenberg, Andrzej, Institute of Electron Technology, Poland

Woods, R. Clive, Louisiana State University, USA

Wau, DerHo, National Pingtung Univ. of Science and Technology, Taiwan

Wu, Zhaoyang, Hunan University, China

Xiu Tao, Ge, Chuzhou University, China

Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong

Xu, Tao, University of California, Irvine, USA

Yang, Dongfang, National Research Council, Canada

Yang, Wugiang, The University of Manchester, UK

Yang, Xiaoling, University of Georgia, Athens, GA, USA

Yaping Dan, Harvard University, USA

Ymeti, Aurel, University of Twente, Netherland

Yong Zhao, Northeastern University, China

Yu, Haihu, Wuhan University of Technology, China

Yuan, Yong, Massey University, New Zealand

Yufera Garcia, Alberto, Seville University, Spain

Zagnoni, Michele, University of Southampton, UK

Zamani, Cyrus, Universitat de Barcelona, Spain

Zeni, Luigi, Second University of Naples, Italy

Zhang, Minglong, Shanghai University, China

Zhang, Qintao, University of California at Berkeley, USA

Zhang, Weiping, Shanghai Jiao Tong University, China

Zhang, Wenming, Shanghai Jiao Tong University, China

Zhang, Xueji, World Precision Instruments, Inc., USA

Zhong, Haoxiang, Henan Normal University, China

Zhu, Qing, Fujifilm Dimatix, Inc., USA

Zorzano, Luis, Universidad de La Rioja, Spain

Zourob, Mohammed, University of Cambridge, UK

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA).
Auvailable in electronic and on CD. Copyright © 2009 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

Contents

Volume 107 Www_sensorsportaLcom ISSN 1726-5479

Issue 8
August 2009

Research Articles

Precise Frequency and Period Measurements for Slow Slew Rate Signhals Based on the
Modified Method of the Dependent Count
SIGEY Y. YU Lo e e e e e e e e e e e

Electronic Nose Technology and its Applications
ESMAEI MBNMOUTI ....cooiiiiiie ettt ettt e e s et e e e e b b e e snbbeee e aneee

Electronic Nose Study of Powdered Garlic
Rosa E. Baby, Maria M. Sance, Monica Bauz4, Valeria M. Messina, Alvaro R. Gomez,
José L. Burba, Noemi E. WalSOE € RECA............cooooviiiiiiiiiieieeeeeeeeeeeeeeee ettt

Effects of Radiation on Silicon Pressure Sensor
Jaspreet Singh, M. M. Nayak, K. Nagachenchaiah, K. Rajanna ...........cccccooiiiics

Design of a PC Based Pressure Indicator Using Inductive Pick-up type Transducer and
Bourdon Tube Sensor
S. C. Bera, N. Mandal, R. Sarkar and S. Mality .........ccccuuriieeiiiiiiiiicce e

Problem of Piezoelectric Sensitivity of 1-3-type Composites
Vitaly Yu. Topolov and Anatoly E. PaniCh. ............ueeeiiiiii e

Development of a Surface Micromachined On-Chip Flat Disk Micropump )
M. I. Kilani, A. T. Al-Halhouli, P. C. Galambos, Y. S. Haik, A. Al-Salaymeh and S. Uttgenbach........

Humidity Sensing Behavior of Polyaniline / Strontium Arsenate Composites
Machappa T., M. Sasikala, Koppalkar R. Anilkumar, M. V. N. Ambika Prasad ..................ccccvvvvenen.n.

Oxygen Sensing Properties of the WO3; Thick Films
R. S. Khadayate, S. K. Disawal and P. P. Patil...........ccccceeiiiiiiiiiie e

Optimization of Firing Temperature of PbO-doped SnO2 Sensor for Detection of Acetone,
Methanol, Propanol
J. K. Srivastava, Preeti Pandey, V. N. Mishra and R. DWIVedi..........ccccccoeiiiiiiiiiiiiie e

Sol gel Synthesis of Tungsten Oxide Thin Film in Presence of Surfactant for NO2 Detection
Vibha Srivastava, A. K. Srivastava, K. N. So0d, Kiran Jain ...........ccccoivereiniiiieiine e

Epinephrine Biosensor Using Tyrosinase Immobilized Eggshell Membrane
Sanket Tembe, Sudha Kulkarni, Meena Karve, S. F. D'SOUZA. .........cccevivieieiiiiiie i siiee e

Finite Element Analyses of a Flat Spring for use in an Electromagnetic Microgenerator
Nibras Awaja, Dinesh S00d, ThUrai VINAY ........ccccviiiiiiee i e e e e s e e e e e e nnrnreneee s

Design and Development of a Step Climbing Wheeled Robot
Srijan Bhattacharya, Sagarika Pal, Subrata Chattopadhyay............cccccceriiiiiiiiiiiiiii e,

17

26

35

42

52

64

77

86

92



Enhancement of Heat Exchanger Control using Improved PID Controller
Gopalakrishna G., Sivakumaran N. and *Sivashanmugam P. .........cccccoiiiiiiiiiiniiee e, 144

Speech Disability Threshold Determination by Graphical and DSP Techniques
Anandthirtha. B. Gudi and H. C. NAQAra] .........ccccuuriiieeiiiiiiiiieice e s st e e e e e e s s stnree e e e e e s e s snnraneeeeeeeans 157

Smart Wireless Sensors Integrated in Clothing: an Electrocardiography System in a Shirt

Powered Using Human Body Heat
Vladimir Leonov, Tom Torfs, Chris Van Hoof and Ruud J. M. VUHIEIS .......coovviiiiiieeiiieeeeeee e 165

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm

International Frequency Sensor Association (IFSA).



Sensors & Transducers Journal, Vol. 107, Issue 8, August 2009, pp. 26-34

T Sensors & Transducers
e ISSN 1726-5479

www.sensorsportal.com © 2009 by IFS A
http://www.sensorsportal.com

Electronic Nose Study of Powdered Garlic

'Rosa E. Baby, “Maria M. Sance, “Mo6nica Bauza, *Valeria M. Messina,

*Alvaro R. Gémez, *José L. Burba, ‘Noemi E. Walsée de Reca
'CINSO (Centro de Investigaciones en Sélidos) CONICET-CITEFA,

Juan Bautista de La Salle 4397, Villa Martelli (B1603ALO) Buenos Aires, Argentina
2UNCuyo, Departamento de Ciencias Enologicas y Agroalimentarias, Facultad de Ciencias Agrarias,
Almirante Brown 500, Chacras de Coria, Mendoza, Argentina
*Facultad de Ciencias Exactas y Naturales — Universidad Nacional de Buenos Aires
“Instituto Nacional de Tecnologia Agropecuaria (INTA)- Ruta 40 s/n- La Consulta- Mendoza,
Argentina
"Tel.: +54 11 4709 8158, fax: +54 11 4709 8241
E-mail: walsoe@citefa.gov.ar

Received: 7 May 2009 /Accepted: 15 August 2009 /Published: 25 August 2009

Abstract: An electronic nose was used to study the odour profile of garlic, separating the powered
samples of eight cultivars and proving to be useful to discriminate garlic specimen dried by
lyophilization and oven-dried and humidified specimen (before dried by both techniques) for each
cultivar. Pattern recognition and multivariate analysis of the electronic nose data has enabled to easily
separate the garlic cultivars, to clearly discriminate the lyophilized or oven-dried specimen and the non
humidified samples from the humidified powders maintaining, in every case, the cultivars
identification. The humidification of lyophilized powders has shown a sharp separation of cultivars,
otherwise, in the humidified oven-dried powders, their identification resulted less precise. This fact
enabled to infer that lyophilized powders (either dry or humidified) better retained their odour profile
than oven-dried powders, maintaining the properties of each cultivar. Copyright © 2009 IFSA.

Keywords: Electronic nose, Garlic, Odour, Lyophilization, Oven-drying

1. Introduction

Garlic has been playing one of the most important dietary and medicinal roles in human being for
centuries. It has been cultivated since ancient times, used as a spice and flavouring and, due to its
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potential benefits in preventive and curative medicine, has been used in many cultures [1, 2, 3]. Garlic
bulbs are stored for several months after harvest to ensure year-round supplies for customers, the
storage conditions are important to prevent loss of shelf life and quality [4, 5]. Characteristic flavour
compounds of freshly cut garlic are enzymatically produced from flavour precursors of
S-alk(en)yl-L-cysteine  sulfoxides. Another group of nonvolatile flavour precursors is
glutamyl-S-alk(en)-cysteines [6]. During storage of garlic cloves glutamyl-S-alk(en)ylcysteines could
be converted to alk(en)ylcysteine sulfoxides [7, 8].When the garlic tissues are damaged,
alk(en)yl thiosulfinates, the primary flavour compounds of fresh garlic, could be released
enzymatically from related alk(en)ylcysteine sulfoxides. Thiosulfinates are thermally unstable and
converted to successive compounds of alk(en)yl polysulfides, dithiins, or ajoenes, thus contributing to
the flavour of garlic products [9].

Alternative methods (lyophilization and oven-drying) have been studied to preserve in time the
original odour of garlic. To export garlic’s with fine particular flavour to be used for demanding
“gourmet” kitchen, it is required the knowledge of garlic’s odour profile and the consideration of
parameters affecting it. The electronic nose has proved to be a suitable tool to satisfy these
expectations since an important criterion for customers choice is smelling.

These methods not only enable to prolong garlic’s useful life, it also conserves the organoleptic and
bioactive compounds present in this vegetable. In the garlic powder (obtained by dehydrations
methods), the aromatic precursors and the enzyme responsible of its hydrolysis, the alliinase, are
preserved and in the presence of humidity the hydrolysis reaction is produced with the consequently
formation of tiosulphinates generating the characteristic garlic odour as it has been stated [10, 11, 12].

Odours are produced by the specific combination of many different volatile molecules, each one in
different concentration. The real odour perception depends on the mutual interaction of all compounds.
Consequently, to analyze small quantities of compounds by conventional techniques sometimes it,
results impossible due to their cost and required time. Modern analysis and tools like the electronic
nose (EN) can perceive odour in a similar way to that of the human nose. This equipment has shown to
be useful for other applications such as medicinal plants [13, 14], thermophilic periods of compostage
maturity [15], monitoring of degradation products in olive oil [16], environmental contamination [17],
among others. In a previous work, the authors have successfully separate fresh garlic cultivars with an
electronic nose [18].

The aim of this work was to differentiate odour in different cultivars of garlic obtained by two
dehydratated methods (lyophilized or dried (with and without humidification)) to evaluate which
method enabled us to retain better the odour of garlic powders.

2. Experimental Method

The experiment was divided in two steps: I) garlic powders obtained by two different dehydration
methods were evaluated by an electronic nose ; II) specimen were humidified pouring two water drops
in each vial of the first experience and electronic nose measurements were performed under the same
conditions.

2.1. Samples

Garlic cloves of eight different cultivars (Fuego, Surefo, Perla, Castafio, Gostoso, Nieve, Nortefio and
Union, (being the original Spanish names given at INTA preserved) cultivated at INTA-La Consulta,
Mendoza (Argentina) were peeled, weighted, cut into slices and dehydrated by two different methods:
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I) Oven-drying and II) lyophilization. In the first case, samples were dried in oven at 50 °C for 24 h.
The second process consisted in lyophilization in a Virtis-Freeze mobile (12 L). Freezing in liquid
nitrogen was performed in order to produce an immediate cooling and to avoid the enzymatic
hydrolysis of precursor compounds to preserve the flavour. Samples remained in the lyophilizing
equipment for 24 h and then, they were placed in sealed vials to preserve them from humidity until
EN measurements were performed.

2.2. Electronic Nose

An electronic nose MOSES II (Modular Sensor System) was used to discriminate odours of garlic
powders. MOSES II contains two modules of gas sensors, one of them composed of eight quartz
microbalance sensors (QMS). This type of sensors consists of vibrating quartz crystals covered with
polymeric selective coatings, on which gases are adsorbed. The initial vibration frequency (vo) of
crystals decreases according to the mass increase due to the gases adsorption and the difference
between vy and the final frequency (v) results proportional to the adsorbed gas concentration [19]. The
other module of sensors (SnO,) is composed by eight pure and doped semiconductive SnO, sensors.
Doping with different elements increases SnO; selectivity for different gases. The SnO, surface
conductivity changes as the semiconductor adsorbs oxidizing or reductive gases [20, 21, 22]. The
adopted configuration results very flexible for general purposes and convenient for a wide range of
applications.

2.2.1. Samples Measured with Electronic Nose

Samples of the eight garlic powdered cultivars (0.150 g) were placed in four vials each one. Vials were
hermetically sealed with teflon caps and aluminium seals. Samples were stabilized at 50 °C for 15 min
(incubation time) with an interval of 20 min between vials in an 86.50 Dani headspace sampler and
introduced into the MOSES II. Synthetic air was employed as carrier gas with a flow of 30 mL/min
and a voltage of 275 mV was applied to the SnO, sensors.

2.3. Statistical Analysis

The 16 signals of sensors were processed statistically by Stepwise Linear Discriminant Analysis (Step-
LDA) using Mahalanobis distance or unexplained variance for entering or removing new variables was
applied on the following four sets of data values corresponding to sensor response curve relevant
properties: original values reported by the electronic nose; normalized values; main Principal
Components and main normalized Principal Components.

All built predictive models of group membership were evaluated by cross validation, selecting the best
classifier for each data subset. First two discriminant functions of each selected model were plotted in
2-dimensional graphs to visualize between-group separations.

In the plots representing the selected models, the “TXY” notation was used, where: X = 0 for the dried
powders and X = 1 for the lyophilized specimen and Y = 0 for non humidified and Y = 1 for the
humidified specimen. In such cases, “T00” means “dried and non humidified”, “T01”: “dried and
humidified”, “T10: “lyophilized non humidified” and “T11”: “lyophilized and humidified”.
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3. Results and Discussion
3.1. Oven-dried and Lyophilized Garlic’s (Step I)

Applying the stepwise linear discriminant analysis to the principal components of the 16 signals
properties, a 95 % successful classification was reached with cross validation. Fig. 1 shows values of
the two first discriminant functions of each specimen, accounting 95.7 % of the system variability
(77.3 % for the first and 18.4 % for the second one). It is easy to observe that data of the dried garlic
powders appear on the upper right zone of the plot, while the data of lyophilized powders are on the
lower left zone, being possible to draw a line separating both data sets. On the same way, this model
enabled to completely identify the dehydration method of powders. Inside each zone, the correct
discrimination of cultivars could be easily separated.
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Fig. 1. Stepwise linear discriminant analysis applied to the principal components of the 16 signals properties of
the electronic nose for oven-dried (T00: A) and lyophilized (T10: ») cultivars, non humidified with distilled
water.

Appling the stepwise LDA on the normalized properties of sensors signals data of EN, it was possible
to generate a model using cross validation, results accounted 100 % successful for all the cases to
separate the cultivars of dried specimen. On the other hand, applying the same stepwise LDA stated for
dried samples, using data of principal components of properties not normalized signals of EN, results
showed a 100 % of success for all cases to separate the cultivars of lyophilized samples.

3.2. Oven-dried and Lyophilized Garlic (Humidified with Distilled Water) (Step 11)

Applying the stepwise LDA to the set of properties of the sensors signals of EN a model was applied
obtaining a 92.3 % successful classification by cross validation for dried and lyophilized garlic.

In Fig. 2, the two most important discriminant function of the model explained the 98.8 % and 0.6 %
of the variance, respectively. A considerable separation between cases corresponding to dried and
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lyophilized garlic powders was obtained. Using the model with the original properties of signals
without normalization, it could be concluded that, by the humidification of specimen, the lyophilized
powders exhibited higher signal intensity in comparison to dried powders, even belonging both to the
same cultivar. It was also observed that lyophilized powders exhibited a better separation among
cultivars in comparison with that of dried powders. Applying again the stepwise LDA on the
normalized properties of sensors signals, it was possible to generate a model, which classification by
cross validation resulted 88.2 % successful for all cases to separate the cultivars of humidified dried
specimen.

For humidified lyophilized samples a model was generated, similar to that above described, using the
properties of the non normalized signals, obtains a 100 % of success.
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Fig. 2. Stepwise linear discriminant analysis of the 16 signals properties of the electronic nose for oven-dried
(TO1: @) and lyophilized (T11: m) cultivars, humidified with distilled water.

3.3. Comparison between Oven-dried Specimen (with and without Humidification)

Analyzing the set dried specimens (with and without humidification) the stepwise LDA method was
applied on the principal components of sensor curves properties, enabling to build a model able to
correctly classify by cross validation the 100 % of cases. In Fig. 3, the plot of the two principal
discriminant functions, representing the 99.2 % and the 0.2 % of the variance, showed that,
humidifying the dried powders, an important change in the sensors behaviour was produced. The third
discriminant function not represented in Fig. 3 exhibits the same weight than the second one, since it
explained an additional 0.2 % of the variability. This fact clarified why the Surefio and Gostoso
cultivars (non humidified) had been correctly classified by the model, even than in the two-
dimensional plot, both cultivars did not appear enough separated.

3.4. Comparison between Lyophilized Specimens (with and without Humidification)

Analyzing samples of lyophilized powders (with and without humidification) the stepwise LDA
applied on the principal components of the sensor curves properties, enabled to build a model correctly
classifying by cross validation the 97.7 % of cases.
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dried- humidified with distilled water (T01: @) cultivars.

The plot of Fig. 4 shows the two discriminant principal functions, representing the 87.6 % and the

114

% of the variance (99 %) and enabling to observe a clear separation among cultivars; it is

possible to observe the changes caused by the effect of humidification of the lyophilized garlic
powders and the correct cultivars separation.
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Fig. 4. Stepwise linear discriminant analysis applied on the principal components of the properties of the
sensors curves of the electronic nose for lyophilized- non humidified with distilled water (T10: ») and

lyophilized- humidified with distilled water (T11: m) cultivars.
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3.5. Unified Model

Including all the samples (dried and lyophilized, with and without humidification) a model could be
built reaching a correct 87.3 % classification, by cross validation (69 success and 10 errors) applying
the stepwise LDA on the principal components of the sensor curves properties (data of EN). The three
discriminant principal functions explained 95.6 %, 3.3 % and 0.5 % of the variance, respectively.
Fig. 5 represents the bidimensional plot of the two first functions (summarizing 98.9 %). It enabled to
observe that every non humidified specimen exhibited a similar behaviour, clustering in the inferior
left zone of the plot. It is also observed that by humidification, the behaviour of oven-dried powders
resulted different from that of lyophilized powders exhibiting a clearer separation among cultivars.
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Fig. 5. Stepwise linear discriminant analysis applied on the principal components of the properties of the
sensors curves of the electronic nose (using all the cases) for oven-dried-non humidified with distilled water
(TOO: A); oven-dried- humidified with distilled water (TO1: ®); lyophilized-non humidified with distilled water
(T10: ») and lyophilized- humidified with distilled water (T11: m) cultivars.

4. Conclusions

o The electronic nose enabled to separate the different garlic cultivars, either for lyophilized or oven-
dried powders (with and without humidification) attaining in many cases, a classification with 100 %
of success. Oven-dried powders were clearly differentiated by the electronic nose from lyophilized
powders, and the cultivars identification in both cases was maintained;

e Non humidified powders were clearly differentiated from humidified powders. Differences among
cultivars were maintained after humidification, either for dried or lyophilized powders.

e Cultivars could be successfully classified (100 %) for the following groups: a) oven-dried non
humidified powders; b) lyophilized powders; c) lyophilized humidified powders. The classification
was not so successful (88%) for garlic oven-dried humidified powders;

o As models were applied on the signals of non normalized specimen, major signals were obtained
from humidified lyophilized powders in comparison with those of humidified dried powders. This
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fact enabled to infer that lyophilized powders better retained the odour profile than oven-dried
powders, maintaining the properties of each cultivar, since the cultivars separation for humidified
lyophilized powders was considerably more significant.
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