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Determination of Degree of Retrogradation of Cooked Rice
by Near-Infrared Reflectance Spectroscopy

Seung-Yong Cho, Sung-Gil Choi and Chul Rhee
Department of Food Technology, Korea University, Seoul

Abstract

Near infrared reflectance(NIR) spectroscopy was used to determine the degree of retrogradation
of cooked rice. Cooked rice samples were stored at 4C for 120 hours, and the degree of retrogradation
was measured at every 6 hour during the storage time. Stored cooked rices were freeze-dried, milled
and passed through a 100 mesh sieve. Enzymatic method using glucoamylase was used as reference
method for the determination of the degree of retrogradation. Spectral differences due to retrogradation
of cooked rice were observed at 1434, 1700, 1928, 2100, 2284 and 2320 nm. 32 samples of which
moisture content were below 5% were used for calibration set, and 16 samples were used for validation
set. High correlations were achieved between degree of retrogradation determined by conventional
enzymatic method and by NIR with multiple correlation coefficient of 0.9753, and a standard error
of calibration(SEC) of 3.64%. Comparable results were obtained with 3.91% of standard error of predic-
tion(SEP), when the calibration equation was applied to independent group of samples of which mois-
ture contents were in the range of calibration set. But when the calibration equation was applied
to samples of which moisture contents were outer range of calibration set, SEP and bias were increased
and correlation coefficient was decreased. The determination of degree of retrogradation was affected

by sample moisture content.

To determine degree of retrogradation of cooked rice by NIR using

this calibration equation, it was suggested that sample moisture content should be controlled to below

5%.
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FEFeE 105C HZHE ARgste SAsid
3wl Huk 23 T35 glucoamylase-§-94-8 o]
23 Ao uge] o3 HAl o] 7|FR 4T
o A A A gtel] whE 3ol J3F B3 E 9 HaE AR
SRR BASAD, w8 ARS B3HEE T e
50 m/ AAE-2) o) 27} 20 mie} A RE Y 3 Hell=
5T S5miE st FARA7IA ot & Belle
4 3mlol 1N NaOH 1m/-g wol 537 uh$-4]7) 2
1IN HCl 1mi& H7HRAA 24220 F, 22 25 ml9]
glucoamylase£-24(2.6 unit)& Q@3 40T o4 30% %ot
4hg-A]7) ohe 25% TCA 2mi& 93 16000Xgol A 5
27 AARYE stodch AHEd 1miol y-toluidine rea-
gent 45miS 7letn & EolM 1087 A1 ¥
y7ste] of 7)o WxAb bmig ¥r)e F, 630 nmell A
FA2E A5t ofd Al# Po] 33n 5 AETh
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X100

T2 FEEM

32l B337)= NIRS 4500(NIRSytzm, Inc. U.S.A)
& o]&3}ait) o] 7174 4= monochromators] 2}s)
1300~2400 nm 4o o of g o] vhEo] 4] A R.e
FAE S o] 2 8E] whAlE W& 3FEHPbS)o® whE
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Fig. 1. Near infrared reflectance spectra of cooked rice

with different moisture content and degree of retrogra-
dation
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Fig. 2. Second derivative of NIR spectra of cooked rice

with the same degree of retrogradation and the different
moisture content
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Fig. 3. Second derivative of NIR spectra of cooked rice
with the same moisture content and the different degree
of retrogradation
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Fig. 4. Second derivative of NIR spectra of cooked rice

with different moisture content and degree of retrogra-
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nl RS g AS 1688, 1902, 2206, 2284, 2292 = 2ol 2lgt A ge| wslr el o] 7eEr]e o]&slo]

2340 nm 39} IApo] AlL-=|gir) NIRZ 23 282 3% F Fig 5ol %A8te] vl
Table 29] AFZAT(r), SEC 2 SEP3. 483 g stsirt.

ol wh2 Ziekale) ebdAl S duin 2x)v| RS A Ee] ek NIRe| o3k w3te &4 34e

&g of 7P e SECS M Fo rzke uehy HAL odolrr] el pEFHeke] 7H2t 4.0%, 7.0% %

o, 7749 5}7‘} & *15—‘13}95{% wf7h o & 4 114%9) Al 5ol 2x}o] -3k 7JkA] S 2 83ted 1 A&
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(39 Hell& AHSF Aol 2 AL e 45 Alge) FEIteke) 5% ¥y} v & FHEEe
SECE EAqE 4 )Y %97} ‘31 e SEPE W NEoir o] AuAlE AA e 710 K25,
A (3)8] Hulol 283 FH=FA]e] r=0.9753, SEC=3.64 biasg HA3to] o] efale| A galedol & Hog A}
U SEP=391°% Xx3lx&A | 7}2L % 3hgk ekl o 25t} Fig. 6& bias® A3 F NIRE =33g A7
Z Zsbxglc). Calibration setd} validaticn set®] & 4 # w3l A4 = 2% 2|89 _z_i}if‘- v 2§k
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Table 1. Degree of retrogradation of ccoked rice ana- o] aprh a2A vhepstel

lyzed by enzymatic method olAbe)l #Axlg Fe], NIRe| 2Ig wie] kslxo &
No. of Mean S.D¥ Range 4w grpgya 2o AiaA s Rela sloh
sample (%) (%) (%) thab Al g o] FRgeko] NIRe| 2% 3lx o] &H o)

Calibration set 32 266 1595 0.00-47.10 ddgh dae PlARR Ame pRdwE AP

Validation set 16 269 1622 0.00- 7.10 iAol AL8El 5% olstE zAste] HAsk= o] v}

» Standard deviation A Ao Yok

Table 2. Wavelength selected, statistical summary and calibration equations for degree of retrogradation

Type No. of AP A N A K K" Ks il SEC SEP
of Eq. terms (nm) (mm) (rm) (nm) (%)

log(1/R)

Eq. (V) 1 2128 -74.92 440.87 0.8828 7.62 7.49
2 2128 2254 —174.42 7779.64 - 8462.80 0.9442 544 6.43

Eq. 2) 1 2128 2346 147649  —1272.92 -0.9410 549 7.64
2 2128 2346 2074 2092 59.35 - 147544 1569.88 0.9497 5.17 9.31

Eq. (3) 1 2128 2346 —70.03 —1418.81 1646.20 0.9399 5.54 7.65
2 2128 2346 2074 2092 58.85 1921.31 — 1804 57 0.9491 5.19 9.40

1st derivative of log(1/R)

Eq. () 1 2084 -121.73 20310.43 0.9261 6.12 8.85
2 2084 2296 -28.96 3151251 —34902.41 0.9598 4,63 5.69

Eq. 2 1 2084 2296 277.29 --364.14 —0.9375 5.64 4.36
2 2084 2296 2084 1490 463.89 418.56 138.34 0.9696 4.04 3.65

Eq. (3) 1 2084 2296 -238.29 181.75 0.9491 5.11 4.50
2 2084 2296 1 188 2296 —267.54 111.39 99 920 0.9752 3.65 3.16

2nd derivative of log(1/R)

Eq. (1) 1 1688 —62.69 4610941 0.9612 447 4.77
2 1688 1902 —55.26 47471.60 —3343.85 0.9685 4.11 3.22

Eq. 2) 1 1688 2342 103.41 31.38 0.9513 5.00 4.71
2 1688 2342 2284 2344 147.10 -5.93 —911.775 0.9791 3.36 4.66

Eq. (3) 1 1688 2340 70.03 - 280.35 —0.9655 422 3.90
2 1688 2340 2292 2206 - 174.16 —277.67 —53.970 0.9753 3.64 391

3Selected wavelength

YIntercept of calibration equation
9Coefficient of calibration equation
¥Correlation coefficient
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Table 3. Influence of sample moisture content on accuracy of analysis of degree of retrogradation
Type No. of 4.0+ 04% 7.0t 0.6% 114+ 0.6%
of Eq. terms SEP Bias ™ SEP Bias r SEP Bias r
Eq. (1) 1 4.77 —2.27 0.956 4.54 2.64 0.960 540 0.928 0.943
2 322 8.54 0.980 451 20.1 0.961 7.29 189 0.893
Eq. @) 1 4.71 7.36 0.957 534 14.9 0.944 3.33 18.0 0.979
2 4.66 10.3 0.958 484 25.7 0.959 3.08 34.1 0.982
Eq. 3) 1 3.90 8.92 0971 4.13 19.2 0.967 4.28 23.1 0.964
2 3.90 5.66 0.971 4.19 16.5 0.966 461 19.9 0.959
aSample moisture content
YCorrelation coefficient
60 —— — — i BO -
g i 9 a
< ® - Calibration set ; < Moisture content
8 50 & validation set j S50 - o . 40% u
kS ! s o 7.0% o
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g g -
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Fig. 5. Plot of linear correlation between enzymatically
determined and NIR spectroscopically determined deg-
ree of retrogradation of cooked rice
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Fig. 6. Effect of sample moisture content on prediction
of degree of retrogradation by NIR
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