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Abstract 
 

The method of electronic nose to evaluate quality of shallot 
was developed. The response signals of sensor array to shallot 
odor were measured. Six plots of shallot were cultivated with 
different chemical substances. The patterns of sensor responses 
to shallot odor of each plot were clustered by two-dimensional 
principal component analysis (PCA). The result shown that six 
shallot plots were clearly classified into 2 groups. The same 
observation was also seen in the PCA scores based on the 
optimized set of sensors without any significant performance 
changes. These results suggest that the shallot cultivated by 
additional nutrient can be possibly evaluated in the simple and 
fast way using low-cost electronic nose system.   

 
1. Introduction 

 
Shallot (Allium cepa L. var. aggregatum) is known since 

ancient times.  It has been cultivated as vegetables and for its 
medicinal properties. Recently, shallot has been reported to 
show antioxidative, antibacterial, and free radical scavenging 
abilities, since it has high concentration of quercetin [1-4]. Since 
the economically important part of shallot is bulb, many 
chemical substances, such as plant nutrient and nutrient, are 
used in order to accelerate the growth of shallot bulb [5, 6].  

Recently, the increasing of demand for organic products 
including shallot has resulted in the use of organic substances 
instead of chemical substances in plant cultivate. Therefore, we 
can find shallot bulb, which labeled as organic product in the 
market. However, verification of organic products by consumer 
is not an easy task.  Although, chemical composition of shallot 
odor can be analyzed using high performance liquid 
chromatography [7] or gas chromatography-mass spectrometry 
[8]. However, these methods are complicated, require 
specialized skills, and also time consuming. Therefore, a simple 
method for qualitification of shallot is needed to confirm its 
organic certification. 

An electronic nose system is the simple and fast method, 
which has been successfully used to evaluate the odor of Allium 
[9]. It uses a group of non-specific gas sensors to detect and 
discriminate among complex odors. The identification of odor is 
based on a response pattern from all sensors rather than that 
from a particular one [10]. Recently, the ready-to-use gas sensor 
modules, especially metal oxide semiconductor type, are 
commercially available and have been widely used to form 
sensor array for odor measurement [11]. Moreover, the odor 

measurement system with portable size can also be simply 
developed at a low cost. 

In this study, we applied the method of electronic nose to 
classify shallot harvested from 6 plots, which were cultivated 
with different chemical substances. The performance of this 
devloped electronic nose system in classifying the shallot 
cultivated by additional nutrients was confirmed in the 
experiment. 

 
2. Electronic nose system 

 
The electronic nose system was developed in order to 

measure and classify the shallot odor. Eight commercially 
available gas sensors were used. The sensing materials of all 
sensors were semiconductors of metal oxide. Their commercial 
product codes and selectivity's were shown in Table 1. The 
sensor array was  arranged at the lid of the 2.4 L chamber. These 
all sensors were connected to the measurement circuits as shown 
in Fig. 1. A 5 V power supply was used for both heater voltage 
(VH) and circuit voltage (VC) of all sensors. The sensor response 
was obtained from the voltage across a load resistor RL (VRL) as 
Eq. (1), which is connected in series with the sensor resistance 
(RS).  

 
Table 1. Selectivity of sensors 
 

Sensor Code Selectivity 

S1 MQ-2 H2, LPG, Methane, CO, Alcohol, 
Propane 

S2 MQ-135 CO2, Ammonia, NOx, Alcohol, 
Benzene 

S3 TGS822 Acetone, Ethanol, Benzene, 
Carbon monoxide 

S4 TGS826 Ammonia 

S5 TGS2600 Hydrogen, Carbon monoxide 

S6 TGS2602 Hydrogen sulphide, Ammonia 

S7 TGS2611 Methane, Iso-butane, Hydrogen, 
Ethanol 

S8 TGS2620 Ethanol, Hydrogen, Iso-butane, 
CO, Methane 
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    The output voltage responses of the sensor array were 
digitized by A/D transfer device (USB6009, National Instrument 
inc., USA) with 14 bits resolution and then were sent to PC for 
later signal processing. After finishing each measurement 
process, the odor inside the measurement chamber were purged 
using the pump and solenoid valves, so that the sensor baselines 
were generated.  

 

 
 

Fig. 1. Circuit diagram of a semiconductor gas sensor. 
 

  3. Experiment 
 

3.1. Shallot sample 
 

In this work, six shallot plots were cultivated with different 
conditions in the area of Ubon Ratchathani University, 
Thailand. Chemical fertilizer, insecticide, plant growth nutrient 
and root growth nutrient were applied to each shallot plot as 
shown in Table 2. Plot#1 was a controlled plot without any 
additional chemical substances. Three formulae of Nitrogen-
Phosphorous-Potassium (NPK) fertilizer were used. Ammonium 
sulfate 21-0-0 fertilizer was applied after day 14th of cultivation, 
15-15-15 fertilizer was applied after day 35th of cultivation, and 
13-13-21 fertilizer was applied when shallot bulbs formed. Plant 
growth nutrient, which composed of Potassium, Calcium, 
Magnesium, Sulfur, Manganese, Zinc and Iron was applied 
every 2 weeks. Bulb induced nutrient, contained mainly 
Phosphorous, Potassium, Calcium, and Boron, was applied 
every 2 weeks after day 35th of cultivation.  

 
 Table 2. Chemical substances for each shallot sample plot 
    (� means applied when growing) 
 

Sample 
plot 

Chemical 
fertilizer Insecticide 

Plant 
growth 
nutrient 

Bulb 
induced 
nutrient 

1 - - - - 
2 � - - - 
3 � � - - 
4 � � � - 
5 � � - � 
6 � � � � 
 

3.2. Odor measurement 
 

In the experiment, a fresh shallot bulb was cut and placed on 
petri dish and kept inside the chamber at room temperature. The 
volatile odor from the cut shallot sample was statically measured 

by the sensor array for 600 s. The measurement data from the 
sensors array were collected for every second. This measurement 
process was automatically manipulated by our developed 
program using LabView (National Instrument inc., USA). Each 
shallot plot was repeatedly prepared and measured for 5 times. 
After that, obtained sensor responses were used as the input data 
for principal component analysis (PCA) in order to investigate 
the pattern separation among the shallot plots. 

 
4. Results and Discussion 

 
The obtained output voltage of each sensor was subtracted by 

its baseline voltage and then used as the response signal for 
simplicity. The response signals at 600 s after measurement start 
were used as the representative data for shallot qualification. In 
order to disregard the effect of circumstance, the response 
signals of all sensors were compared relatively.  

Since each sensor in the sensor array has low selectivity and 
not all shallot plots can be clearly classified, PCA was applied to 
improve the classification capability. The normalized output 
responses of 8 sensors were mapped on the two-dimensional 
PCA feature space as shown in Fig. 2. The obtained PC1 and 
PC2 were 76.41% and 15.21% of the variance in the input 
variables, respectively. Based on PCA, classifying the mapped 
output responses according to sample plot in Table 2 seems not 
possible. The response of organic shallot sample of Plot#1 is not 
distinguishable from other plots. Moreover, the effect of 
insecticide could not be observed in the PCA result. However, it 
was found that 6 plots of shallot samples could be classified into 
2 major groups; a group of shallot plots that were not applied 
any plant nutrients (G1) and a group of shallot plots, which 
plant growth nutrient or bulb induced nutrient was applied (G2). 
Plot#1, #2 and #3 were categorized into G1 group, while plot#4, 
#5, and #6 were in G2 group as indicated by the circles in Fig. 
2.  

 

 
  

Fig. 2. Two-dimensional PCA plot for the responses of all eight 
sensors. 

 
In order to investigate the different feature between the 

responses obtained from G1 group and G2 group, the baseline 
subtracted response signals of 8 sensors at the last second of 
measurement were shown by the radar graph in Fig. 3. The thick 
line and dash line are the average response obtained from shallot 
samples in G1 group and G2 group, respectively. 
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As shown in Fig. 3, S3 sensor had the highest sensitivity 
while small difference in the response levels of S5, S7 and S8 
sensors among shallot plots were observed. Although S1 and S2 
sensors also have high sensitivity to several gases, but both of 
them have overlapping response due to their low selectivity. By 
comparison, the differences among the response levels obtained 
from 3 sensors (S3, S4 and S6) to each shallot group were 
noticable. 
 

 
Fig. 3. Average of baseline subtracted responses of 8 gas 

sensors to the odor of shallot samples 
 
Then, the set of sensor array used in this system was 

empirically optimized so that redundant information could be 
reduced. The S1 and S2 sensors were excluded from the sensor 
array due to their relatively low selectivities. The S5, S7, and S8 
sensors were also excluded due to their low sensitivities. Fig. 4 
shows the two-dimensional PCA scores of the measured shallot 
samples based on the optimized set of sensor array. The 
obtained PC1 and PC2 were 76.99% and 18.58% respectively, 
which over 99% of the total variance. The same observation in 
Fig. 2 was also seen in Fig. 4. Thus, the number of sensors used 
in this developed electronic nose system could be minimized to 
only 3 sensors (S3, S4 and S6) without any significant 
performance changes.   

In order to confirm the classified result, nine shallot samples 
of each group were selected and measured by the developed 
electronic nose system. Fig. 5 shows the two-dimensional PCA 
scores of the measured shallot samples based on the optimized 
set of sensor array. The obtained PC1 and PC2 were 84.39% 
and 14.33% respectively. Although, a few samples has scored 
differed from the major group, the same observation in Fig. 4 
was also seen in Fig. 5. The dash line was drawn as a border 
line.  

In the experiment, it was not possible to differentiate the 
effect of each chemical substance using obtained sensor 
responses. However, the effect of additional nutrients, which 
resulting in the induction of growth and development, could be 
classified. In bulb vegetables, the major odor compounds are 
thiosulfinate [6, 7], which readily oxidized into several volatile 
compounds, including hydrogen sulphide (H2S) [12], therefore 
the amount of hydrogen sulphide is possibly considered as a 
cause of the response of S6 sensor. Thus, it could be considered 

that applying nutrients related to the amount of thiosulfinates in 
shallot bulb. However, the further experiment is required to 
evaluate the chemical compositions inside shallot bulb. 

    

 
  

Fig. 4. Two-dimensional PCA plot for the responses of the 
optimized  sensor set. 

  

 
 

Fig. 5. Two dimensional PCA plot for the responses of the three 
sensors chosen to verify the system.  

 
5. Conclusions 

 
We have developed the method to evaluate odor of shallot 

cultivated by different chemical substances using electronic nose 
system. The odors of each shallot plots were measured using 
optimized sensor set and were categorized into the two major 
groups using PCA. In the experiment, it was found that applying 
additional nutrients related to the difference in amount of 
volatile compound, resulted in the effective distinguishing 
between shallot groups. It was confirmed the possibility of using  
the electronic nose system for shallot odor evaluation. In future 
work, the chemical analysis will be performed for confirmation.  

 
6.Acknowledgements 

 
This study was financially supported by Ubon Ratchathani 

University and the National Research Council of Thailand. The 

137



authors would like to thank Faculty of Agriculture, Ubon 
Ratchathani University for facilities. 

 
7. References 

 
[1] a Ismail, Z. Marjan, and C. Foong, “Total antioxidant 

activity and phenolic content in selected vegetables,” Food 
Chem., vol. 87, no. 4, pp. 581–586, Oct. 2004. 

[2] E. R. F. Attorusso, M. A. I. Orizzi, V. I. L. Anzotti, O. R. 
T. A. Cafati, S. Naturali, and F. Ii, “Chemical Composition 
of Shallot ( Allium ascalonicum Hort .) †,” pp. 5686–5690, 
2002. 

[3] O. Wongmekiat, N. Leelarugrayub, and K. Thamprasert, 
“Beneficial effect of shallot (Allium ascalonicum L.) extract 
on cyclosporine nephrotoxicity in rats.,” Food Chem. 
Toxicol., vol. 46, no. 5, pp. 1844–50, May 2008. 

[4] N. Leelarungrayub, V. Rattanapanone, N. Chanarat, and J. 
M. Gebicki, “Quantitative evaluation of the antioxidant 
properties of garlic and shallot preparations.,” Nutrition, 
vol. 22, no. 3, pp. 266–74, Mar. 2006. 

[5] F. A. Rizk, A. M. Shaheen, E. H. A. El-samad, and O. M. 
Sawan, “Effect of Different Nitrogen Plus Phosphorus and 
Sulphur Fertilizer Levels on Growth ,” vol. 8, no. 7, pp. 
3353–3361, 2012. 

[6] E. L. Sengin and A. Rosmana, “Screening Of Free-Living 
Indole Acetic Acid Producing Rhizobacteria From Shallot 
Rhizospheres In The Island Of Sulawesi,” Int. J. Sci. 
Technol. Res., vol. 3, no. 2, pp. 118–121, 2014. 

[7] E. Block, S. Naganathan, D. Putman, and S. H. Zhao, 
“Allium chemistry: HPLC analysis of thiosulfinates from 
onion, garlic, wild garlic (ramsoms), leek, scallion, shallot, 
elephant (great-headed) garlic, chive, and Chinese chive. 
Uniquely high allyl to methyl ratios in some garlic 
samples,” J. Agric. Food Chem., vol. 40, no. 12, pp. 2418–
2430, Dec. 1992. 

[8] E. Block, D. Putman, and S. Zhao, “Allium Chemistry : 
GC-MS Analysis of Thiosulfinates and Related Compounds 
from Onion , Leek , Scallion , Shallot , Chive , and Chinese 
Chive,” pp. 2431–2436, 1992. 

[9] L. Abbey, J. Aked, and D. C. Joyce, “Discrimination 
amongst Alliums using an electronic nose,” Ann. Appl. 
Biol., vol. 139, pp. 337–342, 2001. 

[10] S. Li, “Overview of odor detection instrumentation and the 
potential for human odor detection in air matrices,” MITRE 
Innov. Progr. US Gov. Nano …, no. March, 2009. 

[11] M. Brattoli, G. de Gennaro, V. de Pinto, A. D. Loiotile, S. 
Lovascio, and M. Penza, “Odour detection methods: 
Olfactometry and chemical sensors,” Sensors, vol. 11, pp. 
5290–5322, 2011. 

[12] V. Lanzotti, “The analysis of onion and garlic,” J. 
Chromatogr. A, vol. 1112, pp. 3–22, 2006.  

 

138



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


