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Abstract 

Neural network a뼈yS1S progr없n for prediction of shelf life of soymilk by using electronic nose was 
developed. Known data of soymilk were used as database to learn the neural network system. Input pat
tems and target pattems were progr없nmed for back propaga“on of Jeaming aJgorithm. The input data
base was constructed from the determinations of volatile compounds in soymilk by using six sensors of 
the electronic nose at 5, 20, 35 and 500C during storage. After leaming the input database by neural 
network system, the measured data of unknown sampJe by electronic nose were analyzed by the Jeamed 
neural network an며ysis progr:없n for prediction of shelf life of soymilk. The correct probabi1ity which 
predicted shelf life of unknown soymilk samples were 97, 87, 97 and 67 percentages at 5, 20, 35 and 
50oC, respectively. 
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Introduction 

An electr'Onic n'Ose is a digitalized system which func

ti 'Ons as a human n'Ose (Persaud and Dodd, 1982). πle 

multi-sens'Or array 'Of the electr'Onic n'Ose is c'Omp'Osed 'Of 

metal 'Oxide sens'Ors 'Or c 'Onducting polymers and reacts 

with flav 'Or c'Omponents (H'Ong et al., 1995). Resistance 

'Of each sens 'Or depends upon flav'Or c'Omponent and its 

c'Oncentrati'On. 까le electr'Onic n'Ose has been used t'O ana

lyze flav 'Ors 'Of food (0따띠lerandB았tlett， 1994; Persaud 

and Dodd, 1982; H'Ong et al. , 1995; Bartlett et al. , 1997; 

Th'Ornlins'On, 1995; Scha11er et al. , 1998). The flav'Or 

c'Omponents 'Of a st'Ored food are changed in propo떠'On 

t'O shelf life and can be detected by elecσ'Onic n'Ose sys

tem (Schaller et al., 1998). The sensor signals 'Of elec

σ'Onic n'Ose are, h 'Owever, S'O c'Omplex that a pattem 

rec'Ogniti'On analysis is inevitable. 끼le signals fr'Om multi 

없rny sens'Or 'Of the electr'Onic n'Ose 없'e pr'Ocessed and rec

'Ognized as pattems. Pattem 'Of the sens'Or signals is a 
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peculiar c뼈racter in food and plays a p때 as fingerp때1t 

'Offood(B았tlett et al., 1997). A neural netw'Ork has been 

used t'O perf'Orm pattem rec 'Ogniti'On (B따tlett et al. , 1997; 

Oardner and Hines, 1997). πle neural netw'Ork is an 따디

fici외 mathematical model 'On the basis 'Of crani떠 nerve 

system (Kim and Lee, 2α)()). Because artificial neural 

cells are connected parallel among them, the rate 'Of 

inf'Ormation process is fast and self-associati'On learning 

is possible. The neural network builds up inner kn'Owl

edge by v없ying inner status acc'Ording to simple rule it 

i8 8'0 called, “ leaming". After learning the 'Obtained 

inf'Offi1ation, the neural netw'Ork system analyzes c'Orre

sp'Ondence 'Of unknown input pattem (Lee. 1995). 

The neural netw'Ork has been reported t'O 때alyze and 

discriminate flav 'Ors of food. The adulterati'On 'Of 'Olive 

'Oils was analyzed by the neural netw'Ork which was 

learned with GCIMS analysis data (Ooodacre et al., 

1993). πle electronic n'Ose and neural netw'Ork pattem 

rec'Ognition were applied t'O identification 'Of gases such 

as CH3SH, (CH3)3H, C2HpH and CO (H'Ong et al., 
1996). The ripeness 'Of ban없ta was deterrnined using a 

neural network-based electr'Onic n'Ose (Ll'Obet et al. , 
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1999). πle fl∞d quality was predicted using the neural 

network (Ni and Gunase없ran， 1998). 까le shelf life of 

milk was predicted on the basis of 앙tificial ne따al net

works and headspace gas chromatography (Vall밍o-cor-

doba et al., 1995). 

In this study, neural network analysis software to pre

dict shelf life of soymilk was develo야d and applied to 

unknown s없nples. 

Materials and Methods 

Soymilk sampling 

Soymilks (Maeil 따띠， indusσy) of the same expira

tion date were purchased from a wholesaler and stored at 

5, 25, 35 and 50oC, respec디vely. The volatile compo

nents of soymilk (10g) were extracted at 400C for 5 min 

using the head space analysis method. πle analysis by 

the electronic nose was carried out during storage 

I빌.ble 1. Me뼈I oxide sensors in the electronic nose 
(odormeter ver 2.1) 

SensorNo. Sensor model Specification 
l TGS825 Hydrogen sulfide 
2 TGS824 Ammonia 
3 TGS880 Hydrocarbon vol뼈le vapors 

4 TGS822 Alcohol & organic solvent 
vapors 

5 TGS800 Aπ contamination 
6 TGS813 Combustible gas 

Wat.rbath 

period. 

Electronic nose 

까le electronic nose (Han비t Instrument Co., K뼈a) 

with sÌX metal-oxide sensors was used to measure 

soymilk samples (Noh et al., 1998). πle ch따acteris디cs 

of sensors are shown in Table 1. Response outputs of the 

sensors were acquired by a computer. 

Measurement 01 soymilk sample 

πle electronic nose system for dynarnic headspace 

analysis of soymilk was constructed as shown in Fig. 1 

(Hong et al., 1996). Fresh air was used as input gas and 

supplied by way of a micro pump. To prevent from 

hurnidity effect, dried fresh 따r was supplied into a glass 

bottle through a silica gel-fill뼈 없r filte끼ng pipe. The 

soymilk sample was analyzed under the condition listed 

in Table 2. 

Table 2. COI삐젠뼈tion of electronic nose to 없빼lyze 
soymilk sample 

11me variables 
S없nplíng time 
Heater c1eaning time 
Purging time 
Tuning time limit 
R.;, measuring time 
Rg심neasuring time 
Tuning cheεk interval 

Time (sec) 
0.1 

10.0 
10.0 

RS232C 

600.0 
10.0 
10.0 
2.0 

Flg. 1. The electronic nose system for dynamic headspace ana1ysis of soymllk. 
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Programmìng tool 

Lab Windows/CVI (Nation떠 Instrument Co., USA) 

was used to develop neural network analysis program. 

The programming tool is a software development sys

tem on the basis of C language. πle graphic user inter

face built to c따ry out neural network analysis is shown 

in Fig. 2. 

Results and Discussion 

Neural network analysìs mechanìsm 

The neural network mechanism was developed to pre

dict the shelf life of food on the basis of SNC_680311 

simulated neural chip program (Lee, 1995). Known data 

offood s없nples were used as database to learn the neu

ral network. on the basis of the database, input pattems 

and target pattems were built up for back propagation 

le따ning algorithm. After supervised le없피ng， unknown 

f∞ds없nple data were inputted into the learned neural 

network system and analyzed to pJ1잉ict the shelf life. 

πle analyzed results were monitored on the screen of 

person외 computer and stored in the form of text file. 

πle neur떠 network analysis mech없ùsm fcπ prediction 

다과팩램l펴듀륙i학꾀사팩빼mples J 
Construction 。，fd없a뼈se using measured variables I ----r----- _- -----___. 
Leaming of neural r배뻐IOrk b빼ed on the datab빼e 

-.------_ .. _._----• 

년뺀뻔뺏빼b삐뼈mun뼈nwn.amp뻐~-l 

Analysil 야 unknc뻐n ‘빼빼 using 뻐am빼 n톨lural ne뻐ork 

E8timation of the re뼈It 

Fig. 3. Neural network 없뻐IYI빼 mechani뼈1 for pr빼icting 
shelf llfe of fO(찌. 
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Determination 여 leami째 number 

Leaming 

•---_ .. _--펄느二〕 
{ ←T풍뽑 ‘ 

앤g. 4. Ove뼈n procedure or neural network anaJy혀S. 

Construction of the soymilk database to learn neu

ral network (input pattern) 

Six-arrayed response ouφuts of the known soymilk 

samples measured by using six sensors of the electronic 

nose at interval of 2 day were used to construct the data

base of the neural network. 까le soymilk samples stored 

at each temperature were measured repeatedly and the 

mean values of response outputs were applied to the 

database. Six-arrayed m않n values of the database were 

recognized as input pattems and were offered to the neu

r와 network. The neural network carried on leaming by 

experiencing the input pattems successively. 

The supervised learning using back propagation 

algorithm (target pattern) 

To acquire the desired output P따tem by neural net

work, target pattem was assigned to the neural network. 

The input pattem was processed in thε artificial neural 

cells systematically and the processed results were out

put pattem. When the input pattems were leamed, the 

neural network classified output pattems according to 

the target pattem. The target pattem was consσucted in 

the form of n-order unit matrix depending on the desired 

number of output pattem. 

Learning of the neural network 

깐le neural network experienced the input patterns 

with constructing inner intelligence during a leaming 
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T빌ble 3. Prediction of 51뼈fl야 for 5α'ymilk stored at 5‘C 
R뼈icted day C'Orrect 

29 αubab피ty 
(%) 
% 

Storage마ne 
(day) 0 15 

0 9 
10 때

 
m-% 15 

29 10 
Average c'Orrect probability (%) 

Tab뱉 4. Pr빼iction of shelf Ilfe for soym피k 야아'ed at 200C 

Redicted day C'Orrect 
probability 

9 20 30 41 (%) 

Storage time 
(day) 

9 10 
mw 
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%
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 Table 5. pre빼ction ofsh어f Ufe for soYI피lk 앙ored at 35"C 

Redicted day C'Orrect 
probability 

5 10 15 29 35 (%) 

Storagetime 
(day) 

5 10 
m 
m %-” 15 100 

35 1 
Average c'Orrect pro뼈bility (%) 

9 

1àble 6. predi엄on of5b밍f Ufe for SOYI삐lkst야'ed at SOOC 

Storage time 
Predicted day C'Orrect 

(day) 3 12 15 18 24 
probability 

(%) 

3 10 100 
9 2 5 2 0 

24 10 100 
Average c'Orrect probabílity (%) 67 

time and repeated the leaming schedule with reducing 

the extent O'f error accO'rding tO' learning rule. πle 1，얹m

ing degree O'f neural netwO'rk was determined by errO'r 

value α.ee， 1995) 

Neural network analysis of unknown soymilk sam

ples 

The data measured frO'm the unknO'wn sO'ymilk 잃m

ples by 6-arrayed sensO'rs O'f the electronic nO'se were 

O'ffi얹ed to the leamed neural netwO'rk in the fO'rm O'f pat

tem. The data analyzed by the leamed neural netwO'rk 

were stO'red in the fO'rm O'f text file. The input pattems O'f 

unkno째lSOymilkS없nples were analyzed by the cO'mpe

디tiO'n mechanism through the inner intelligence. AmO'ng 

inner infO'rmatiO'n recall벼 by the input pattems, the mO'st 

adequate infO'rmatiO'n suppoπed by the cO'mpeti디O'n 

mech없ùsm was selected finally. Overall procedure O'f 

neural network analysis is shO'wn in Fig. 4. 

PredictiO'n O'f the sh허f life O'f unknO'wn sO'ymilk 

samples 

πle O'Utput 뼈ttems analyzed by the neural netwO'rk 

an외ysis system indicated the shelf life O'f unknO'wn 

sO'ymilk s없nples. πle cO'rrect probability which pre

이C않d shelf life O'f unknO'wn soy때Ik samples were 97, 
87, 97 and 67 percents at 5, 20, 35 and 50oC, res야c

tively. At each temperature, the predictiO'n probabilities 

O'f unknO'wn sO'ymilk samples are listed in Table 3, 4, 5 

and 6, respectively. Except fO'r sO'ymilk samples O'n the 

ninth day at 50oC, the shelf life O'f ur뼈lO'wn soymilk 

잃mples was predicted successfully. 
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