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Prediction of Freshness for Milk by the Portable Electronic Nose
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Abstract

The aim of study is to predict the freshness of milk by a portable electronic nose that has six metal oxide
sensors. Milk was stored at 4, 15 and 30°C for 14 days. The ratio of the measured resistance of gas to that of
air by electronic nose was expressed as sensitivity. The sensitivity for the freshness of milk was measured by
the portable electronic nose during storage and was compared to pH and acidity. The sensitivity was little
changed at 4°C and 15°C but was rapidly decreased at 30°C. The determination coefficient between sensitivity
and storage time was fairly high (r’=0.903~0.989) under the specific range of pH and acidity. The proportion
of principal component first score in principal component analysis was very high in milk. However the
principal component first score was reduced from positive score to negative score as the storage time
increased. It was possible to predict the freshness of milk by the portable electronic nose.
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Fig. 1. Block diagram of the portable electronic nose
system. 1: Solenoid valve, 2: Teflon tube, 3: Sensor cell
4: Pressure buffer valve, 5: Suction pump, 6: Flowmeter.
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Fig. 2. Changes in pH and acidity of milk during
storage at various temperatures. @—@: 4°C, ({1
15°C, A—A: 30°C.
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Table 1. Effect of operating voltage and sample amount on the sensitivity of the portable electronic nose for the

freshness analysis of milk

Sensitivity” of sensor

Condition
#1 #2 #3 #4 #5 #6
Operating voltage (V) 3 0.9994 0.8173 0.4094 0.3659 0.8210 0.8914
4 0.9953 0.6896 0.1325 0.1007 0.7420 0.8306
Sample amount (mL) 1 1.0000 0.8279 0.7706 0.7217 0.8642 0.9194
5 1.0000 0.8372 0.6810 0.6090 0.8708 0.9258

I)Sensitivity is expressed by R, ./R.;.
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Table 2. Effect of storage temperature of milk on the sensitivity of 3rd and the 4th sensors of the portable electronic nose

Sensor #3 #4
Temperature AY B” A B
4°C -0.0031 0.4023 -0.0306 0.3298
15°C -0.0086 0.4529 -0.0403 0.4515
30°C -0.0941 0.7348 -0.1000 0.7383

YA: Changes of sensitivity=A(R,,/R,;,)/storage time.
?B: Correlation coefficient (r°).
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Fig. 3. Sensitivity of the portable electronic nose to milk stored at various temperatures. ®—@: sensor #1, T sensor #2,
A—A: sensor #3, V—<7: sensor #4, O—: sensor #5, 0—Q: sensor #6, A: 4°C, B: 15°C, C: 30°C.
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Fig. 4. Correlation of sensitivity by the portable elec-
tronic nose to pH and acidity in milk.
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Fig. 5. Principal component analysis of sensitivity by the portable electronic nose, pH and acidity in milk at various
temperature. Storage time(day) of sample was indicated with symbol. A: 4°C, B: 15°C, C: 30°C (O; 2 day V; 4 day A\;

6 day O; 8 day, O; 10 day).
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