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Characteristics of Shelf-life of Soybean Curd by Electronic

Noses
Using PCA and cluster analysis —
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ABSTRACT

An electronic noses system including six metal oxide sensors was used to predict the characteristics of
shelf-life of soybean curd. Soybean curd was stored at two different temperatures defined as low
temperature(5C) and high temperature(25C). Resistance changes of the sensors were measured 13 times for
19 days at low temperature and 19 times for 120 hours at high temperature. Three different analytical
methods such as graphical analysis(GA), principal component analysis(PCA), and cluster analysis(CA) were
used to analyze sensors outputs. The ratio of resistance was decreased according to increasement of shelf-life.
Using PCA it was possible to predict freshness and shelf-life time of soybean curds. Also, using CA it was
possible to simplify an electronic nose system. Electronic nose system could be an efficient method to predict
shelf-life and to evaluate quality in foods.

Keywords : Electronic nose, Soybean curd, Metal oxide sensor, Principal component analysis, Cluster

analysis.
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Table 1 Metal oxide sensors used in the electronic nose system

Sensor no. Sensor model Target chemicals
S TGS825 Hydrogen sulfide
Sz TGS824 Ammonia
S3 TGS880 Hydrocarbon volatile vapors
Sy TGS822 Alcohol & organic solvent vapors
Ss TGS800 Air contamination
Se TGS813 Combustible gas

Ambient
i Three way valve I

S~

Rubber cap

SUS tube

Glass
bottle

Ambient
air

Sample

{ MicrocontrolleT]——

Computer

Detecting chamber

Fig. 1 Schematic diagram of electronic noses system.
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Fig. 2 Changes in Rgas/Rar of soybean curd stored at different temperatures of 5C

(left) and 25T (right).
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Table 2 PCA of soybean curd data acquired at 5C from array of 6 MOS

Prir}cipal Vector Eigen-Value Variance (%) Cufnulative
(Eigen-Vector) (auto-scaled) Variance (%)
1 5.73e + 000 95.43 95.43
2 1.66e — 001 2.77 98.20
3 6.76e — 002 1.13 99.32
4 3.54e — 002 0.59 99.91
5 3.32¢ — 003 0.06 99.97
6 1.90e — 003 0.03 100.00
Table 3 PCA of soybean curd data acquired at 25 from array of 6 MOS
Principal Vector Eigen-Value Cumulative

(Eigen-Vector) (auto-scaled)

Variance (%) Variance (%)

1 5.83¢ + 000 97.23 97.23
2 9.93e — 002 1.65 98.89
3 5.72¢ — 002 0.95 99.84
4 7.43e — 003 0.12 99.97
5 1.22¢ — 003 0.02 99.99
6 8.17¢ — 004 0.01 100.00
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Fig. 3 Principal components plots of soybean curd stored at different temperatures of 5C
(left) and 25T (right). Plots of PC1 vs. PC2. Marker C#: # indicates days at 5¢C

and hours at 25¢C.
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Fig. 4 Principal components plots of soybean
5°C (left) and 25°C (right). Plots of PC1

5°C and hours at 25°¢C.
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Fig. 5 Load plots of principal component analysis of MOS using PC1 and PC2. Plots in
case of stored at 5C(left) and 25°C(right).
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Fig. 6 Load plots of principal component analysis of MOS using PC1 and PC3. Plots in
case of stored at 5C(left) and 25°C(right).
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Fig. 7 Dendograms of MOS using autoscaling responding to 5<C(left) and 257 (right)

storage temperatures.
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