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Development of Prediction Model for Total Dietary Fiber Content in
Brown Rice by Fourier Transform-Near Infrared Spectroscopy
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Abstract Fourier transform-near infrared spectroscopy (FT-NIRS) was evaluated for determination of total dietary fiber
(TDF) content of brown rice. Enzymatic-gravimetric method was suitable to obtain reference values for calibration of NIR
at 1,000-2,500 nm range. Standard error of laboratory procedure ranged 0.17 to 0.72%. Partial least square (PLS) regression
was used to develop the calibration equations. Regression was performed automatically using NIRCal chemometric software.
Accuracy of prediction model for TDF content was certified for regression coefficient (r), standard error of estimation
(SEE) and standard error of prediction (SEP), showing 0.9780, 0.0636, and 0.0642, respectively. This prediction model can
be used for determination of TDF in brown rice and would be useful for real-time analysis in food industry.
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AAsTE Azd Arle 0.05mm AZFELZANY/PE laminated
film)E ¥ E7F(Vacuum packing machine, SW-600, Leetech-
System, Seoul, Korea)d}] —85°C deep freezeMDF US0V, Sanyo,
Tokyo, Japan)ell B8l HAM AE2 ARET. 2~HE] 242
o) AFEjollA], Holdf B4 2% samplingE $131 blender
(51BL31, Waring Commercial, Torrington, USA)E PRHeH & &
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@) 4770 FFol g 2~ EYL FINIR(Fourier Transform-
Near Infrared, NIRLab N-200, Buchi, Postfach, Switzerland)
spectroscopyE ©]&-3te] 73 tH(Table 1). 2 EHL & &
% T 3ESE 113 AN, AEe A, ¢8R & A
7t AL AR} &2 ER-S NIRLabWare 3.0(Buchi, Post-
fach, Switzerlandy® AM-31] A M 99 1,000-2,500 nm
oA o] 2nm 7HHC 2 BRALE(reflectance, RYE 4% 5, 4
2 hge 94 FREE SHY okEd] W@ 959 o
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& 2 ES NIRCal Chemometric Software(Ver. 4.21, Buchi,
Postfach, Switzerland)E ©]&3te] EA3E] dia] A=At
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Table 1. FI-NIR condition of scanning parameters for total
dietary fiber content in brown rice

Fourier Transform-Near Infrared Spectroscopy

Instrument (Buchi NIRLab System, model NIRLab N-200/
MCS 100, Switzerland)

Spectrum Range ~ 1,000-2,500 nm (10,000-4,000 cm™)

Interferometer Cube Corner Michelson Interferometer

Detection mode Diffuse Reflectance

Sample cell Glass petri dish

Scanning interval 2 nm

H dolele] 238 ATAE e A% HE R (calibration F-3)
2 ARHAT, YR 13L& ol& RISk 5 (validation
B2 AMEHYrH15). T3 AREHold AEte] Wee AEA
HYE TR U, ATHe HAFH 95% o F&E
F7 BTG, o5 2 AEg 93 AR
A ue g g e stk AYss 7|E] Wh2o] opd
274 9 AAGY spectrad] THElA, 7PF Qb oR ARG
Y FEHLAFHUELS)E o431 AHAS AAFSIATHIT).
Aol Aol Aw ASXY A &, AT AKSEE:
Standard error of estimation), FIAIA B theh <& QAR AF
B9o) 9XNSEP: Standard error of prediction), F8A () B B2t
(biasyZ B3 EISIATHIY).

+
&
o

i

i

ool g
Aojdf &

ZH A EFEAN A FEL A% 7 F5E A
Z o) HH(TDF) TS 84 FYHeE 4 23 Table 2
s} 7}, dnle] TDF kS 2.89-4.02%, Ft 3.42+0.30%= 7]
F9] BY(3,1920)9 FAM B @S eI

30| & &4ojMdes P ol =Y JHw
o) 9449 A9 FENIR 29 EZE Fig, 13 72th Aoz

Table 2, Total dietary fiber content in Korean brown rice as different varieties by an enzymatic-gravimetric method

Variety Dietary igt%r content Variety Dietary f(i;;r content Varicty Dietary i(igf)r content
Goamibyeo 341+047Y Saegyehwabyeo 3.55+0.38 Ilpoombyeo 3441047
Gumnambyeo 3.20+0.39 Saesangjubyeo 3.69+0.62 Jongnambyeo 2.89+0.37
Namgangbyeo 3.19+0.19 Saechucheongbyeo 3411038 Junambyeo 334+0.27
Nampyeongbyeo 3.58+0.54 Seoganbyeo 3.38+0.27 Joonghwabyeo 322+0.21
Nonghobyeo 3.50+0.53 Seokjeongbyeo 340+0.28 Chucheongbyeo 328+023
Damagum 371 +£0.59 Seolgaeng 3.16+0.21 Taebongbyeo 3.21+0.18
Daepyeongbyeo 3.24+0.38 Sobibyeo 3.06+0.17 Haepyeongbyeo 2.98+0.33
Donganbyeo 3.90+ 0.66 Soorabyeo 2.93+£0.57 Hyangnambyeo 3.31+£0.39
Dongjinlho 334+0.33 Soojinbyeo 3.04+0.17 Hoanbyeo 355£042
Mangumbyeo 3.06+0.18 Sindongjinbyeo 299+ 045 Hojinbyeo 3.59+0.49
Manweolbyeo 3.33%0.29 Yangjobyeo 3.15+£0.16 Hwabongbyeo 3.02+0.35
Manpoongbyeo 3.61+£0.39 Younganbyeo 3.51+042 Hwaseongbyeo 3.64+062
Mihyangbyeo 3.87+£0.52 Younghaebyeo 3.52+041 Hwashinbyeo 3.83£0.66
Bakjinju 3.19+0.18 Odaebyeo 3.69+0.28 Hwaanbyeo 3.98+0.72
Samcheonbyeo 3.19+0.19 Inweolbyeo 3.36+0.29 Hwayoungbyeo 4.02+0.52
Sangmibyeo 377£0.72 Ilmibyeo 337£0.52 "

"Mean + SD (n=4).
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Fig. 1. Fourier transform-near infrared reflectance spectra* of
brown rice (n=517, 47 varieties). *measured on 3 times and
expressed as a mean spectrum.
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Fig. 2. Pre-treated* spectra of total dietary fiber content in
brown rice (n = 512). *Ist derivative, normalization and smoothing
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Table 3. Calibration and validation results of partial least square regression analysis for total dietary fiber content in brown rice

Parameter Calibration Validation Qvalue?
Item n" s SEEY n r SEPY Bias”
Total dietary fiber 352 0.9780 0.0636 160 0.9692 0.0642 -0.0095 0.9484

UNumber of calibration or validation spectra.

ARegression coefficient.

IStandard error of estimation.

YStandard error of prediction.

“Difference between reference and NIR values (predicted values).
Quality value.



168 ‘ Sh2 A Eek3]R) A 38 A A 2 E (2006)
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Validation(T3): (x)=0.9587x+0.1504, r=0.9692
Calibration(): f(x)=0.9565x+0.1484, r=0.9780

NIR predicted values (%)
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Fig. 3. Linear correlation between NIR predicted and enzymatic-
gravimetric method for determining the content of total dietary
fiber in brown rice. n=512 (calibration set=352, validation
set=160), SEP = 0.0642, bias = —0.0095 (r = regression coefTicient).
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