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Measurement of fat content in potatochips
by near-infrared spectroscopy
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A" AlgY A9, AFAA FE5HR Ae HANEFE EHOE
3, A DS T3k A9 AR ol&sATt FUF AlRE A
APUFe o] g-3le] B E9, 600xm Z7]9] A(Endecotts Ltd, England) 8mm
£ ol§3le HelM, HFT Aoz wEF YA =A7]= 600 xmolstrt
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W) dide Yilrl A8 F5AE o83t 7IEE AAEY 1
AT ‘;%%‘Riﬂ AEA FAE FHUtstd AW FF2 =0T X
W gtEe] ool HEA AEE Eetad &7 @, Jie ‘QE%
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Table 1. Frying condition

Frying oil com oil
2t Frying fime 60 ~ 90 sec
AR 7ZAAHL 58 AX A o83t &5 | Frying temperature 175 ~ 185 C

oA, AEdA B 7L AANAT 4=
A exE Ay 259 20C~25CTE FAHA

22 249eQ 2 AW FF A4

2A9A el AFEHo| 2R/ 23ME 2 ¥ EWE(UV-3101PC, SHIMADZU Co)E ©l&
5], 700~2400nme] G A A 10mme] HAo 2 171718 FFo|A HAIER : reflectance)S &
st

Bag Ame AHED 4 Ade §719 FAFAE AETY Fo DHAY Fo S}
@1, B4R g Algg AHEY ZAANdE, BT P Alg 148 TUE A
ANgs HBF Fo TAAZ Fo, 2H9EHFL FP3}AUH

2 g Asd daNE 5 U XA MIEE &
A 2P 206A9 gol BEF WAF L2F ABS 4% sotatochip
z4stq o -~
A ggel A PRoz sadeohlenFEYe olgsyct B A
o] HpY e djg-dE|Z(ethyl ethenE §vi2 o] A2l A2
Dol AW FFE AR wgoR AE 4R BAdA EFo
2 PFEHGEETF, 1994). 35 AL 6X1eI AT Top view
23 A FF A5 299 A Fig. 2. Measuring position in
g=9 AHEPL 42 =¥l siwd o] 837 93, FFE non-crushed potatochips.
(og(/R)E BEAIZ T WA dlolEle) hal, dlF 23 MNLs
golE s AZE HolHe T Agoz WrEd, B2+ doly Morel A gFe) RE¥oink

Table 2. Simple statistics of fat content in materials

Crushed material Non-crushed material

Calibration Prediction Calibration Prediction
Number 23 18 50 35

Range (%) 33 ~ 45 33 ~ 42 3430 ~ 60.68| 35 ~ 57.22
Average (%) 38.44 38.29 46.06 45.86
Standard deviation (%) 2.87 2.48 6.12 5.99
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Y = BotBixi+8xa+ 48X,
y : dependent variable (1)

Xy, Xp,°**, X, : independent variables

5y d42e F959 v, F3=9 AL, 22 vEake ol &S, A srFIe 4d £
FastHaL, Ad £ FAAE v o R o stepwiseR S A Y oA A P WSE
el 3laeh As BEAa w4 Mele SAS A9 7] X|(SAS version 6.04, SAS Institute Inc.)E o]-8-3}
et

w3, dF 2¥ ARg dolde dis), 43 2 7]

rx rulo

ot
HE o] &3l AW e dF m¥L JEsYth 1Y ?‘f""w/ e
331 e t}E QA A (Multi-Layer Perceptron, MLP)-2 o] & / Hidden
S, #& PHesE  oRANR YRIZEmr W -
Back-Propagation algorithm, BP)g o] &3I4t E & 3 TN ot

A BYe o]lgd 5§ HFE o8I
Aeg & Ry i AR HAMdE, FBASF

(correlation coefficient, 1) W+ ZAA Al4(determination
coefficient, r’), SEC(Standard Error of Calibration)?} 32 o)
g9 24 A%t 29 AYES ABEs STold, SECE 239 A8 A ¥F3 A%
mgol A A28 Ay Pl il REAUAE Uehd

Adre m3e] HFE FiAAM, 1 2¥9 8IS HUIEiAoh AMdE dF 2 P oA =
g ol ol g & diolee AW F§FS dFdAUh AFH Sl dE IY=E el
71 9)3hA dd ol8xE= ¢3 aAx 2 SEP(Standard Error of Prediction)”} 1t} SEPE gwtA o
2 SECHT & gk 7HAA, mA 9 Algd dig CF 2FPe g g AT 65%04
LA oviFt
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Fig. 3. Multi-layer perceptron model
with back-propagation .
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Fig. 4. Log(1/R) spectrum of crushed materials ,
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=g dgojHo QM AL AEIAL W, SEPE= 129 %Yt} o] dF 2y s, dF =
o) ol ol gH Azt HES AEY AY FF AF Aates 1WS5 9 ATk

Fat content (%) = -547.06 X (log

1 1
-1 +30.75
Risgo o8 R 200 ) @

Table 3. Variables having high correlation coefficient for crushed materials

Crushed potatochips
Variable Correlation coefficient (r)
log(1/R1210) 0.203
log(1/R1720) 0.337
Log(1/R)
10g(1/R2120) 0.294
10g(1/R2330) 0.233
log(1 og(1 0.900
Ratio of log(1/R) og(1/Rss0)/1og(1/R1620)
log(1/R13s0)/1og(1/R1210) -0.919
log(1/R2010)-10g(1/R1740) -0.906
Difference of log(1/R) log(1/R 1630)-log(1/R1500) 0.896
log(1/R1380)-log(1/R1200) -0.962
d’log(1/R1300) 0.511
dlog(1/R1as0) -0.525
2nd order derivati f log(1
order derivative of log(1/R) dzlog(llngo) 0434
d*log(1/Rz170) 0.626
a4 - - ; T H T ; : .
S IREE ¥ Tom ;zc-o.w; ST A / e TR ER) ...
e an : " N2 AT N
3 % S é Y IR S i L S
E 3 / g 34 o
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Fig. 5. Regression model using difference of log(1/R) for crushed materials .

AN 2w e o4 Wl dF =3 /s dolHd did Ay FFe] A5 ax
g #2 ¢ dolgd Hig o1& A ¥ 6 Aok gHFS I 2P K¢ AFE U=
AFEERLL, olgd AZ AmRe TE= Table 4. Structure of neural network used
R a9t gt dF 239 AR A g

0920]3, SECE 0.81 %, SEPE 1.17 %t Nm;s::tofv ::Eeno - log(1/Ry3e0) 1 log(1/Riz0)
SEPE nws] 2o ANAI %] 2]§ o [ Number of hidden node 3
2 3o v £ AWNE Uehth Number of output node 1
Learning rate 0.05
Learning mode batch type
Sweep 20,000
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Fig. 6. Neural-network model for crushed materials.
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A% w3 e dele el F3x9 st Table 5. Ratio of wavelength having high correlation

Ay FEFTe] gd #A EH Bds S coefficient for non-crushed materials
9} fh A% AFEe] odF 2 L AL S—— Correlati fficient ()

) ariables orrelation coefficient (r

Zlele ¥ #HES Yehda leon, A T 5480

- . _ - _ og 1860)/108 1530, -0,
RHo olg A el A= 2HL L
B ooﬂ L-“]j_;( _]i} i?A ] ° H 10g(1/R1630)/10g(1/R1570) —0465
shrlels 2 dt] X s log(1/R 1160)/10g(1/R 250) 0.460

B E A g2 Algd g AW g
Fagsote] A #A7E @A e Qe RE, AAEYS FA4Y W, Alg FHe AR A
7 g9 Holgel Ak Alg Fule AR AR S AdAITI, Ane FHe folge
2 Qlall, g4t wialg W FRe o] AEFR HEo 7HA Rk B Algdlel A
o] #YFA B3}, 2HERo] FHE F9lo] AW FFR L5 Y A ZHE AW
gaFu zolk & 4 Ak ol Ao r EHEA 2 Alge A FFe AL oy &
Aoz wae i
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