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Effects of Storage Form and Period of
Refrigerated Rice on Sensory Properties of Cooked Rice and
on Physicochemical Properties of Milled and Cooked Rice

Ju Hyun Lee, Sang Sook Kim*, Dong Soon Suh and Kwang Ok Kim

Department of Foods and Nutrition, Ewha Womans University
*Rice Research Group, Korea Food Research Institute

The effects of storage form (paddy and milled rice) and storage period (1, 2, and 3 years) of rice at low tem-
perature (4°C) on physicochemical properties of milled and cooked rice and sensory characteristics of cooked rice
were investigated. The proximate compositions except moisture content of rice decreased as the storage period
increased. Water binding capacity, solubility and swelling power of rice flour decreased with the extended storage
period. In the amylogram, the initial pasting temperature, paste viscosity and breakdown of paddy rice flour
slurry decreased after 2 years of storage. Moisture content of cooked rice increased while the amount of water
evaporated during cooking decreased. These trends were obvious with the longer storage period. Lightness and
yellowness of cooked rice were greatly changed after 3 years of storage, regardless of storage form. Texture pro-
file analysis of cooked rice by Texture Analyzer revealed that hardness, fracturability, gumminess were gradually
increased while adhesiveness decreased as the storage period of rice increased. A trained panel found that color
intensity, intactness of grains, rancid flavor, rice bran flavor, wet cardboard flavor, hardness and chewiness of
cooked rice increased with the longer storage period. However, glossiness, transparency, plumpness, puffed corn
flavor, dairy flavor, boiled egg white flavor, sweet taste, adhesiveness to lips, smoothness and inner moisture
decreased with the extended storage period up to 3 years. Instrumental hardness was highly correlated with sen-

sory hardness.
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Table 1. Texture Analyzer conditions for texture profiles o
cooked rice

Test type Two bite compression test
Distance format 60% strain

Test speed 1.7 mm/sec

Plunger diameter 25.0 mm

Pre-test speed 5.0 mm/sec

Post-test speed 10.0 mm/sec
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Table 2. The definitions of the descriptive attributes for cooked
rice

Sensory attributes Definition
Appearance
Yellowness Degree of yellowish color
Glossiness Amount of shine on the surface of cooked
rice
Translucency Degree of translucency
Intactness of grains ~ Degree to which the grains remain intact
Plumpness Degree of plumpness of the rice kernels
Flavor
Puffed corn Aromatics associated with puffed corn
Rancid Degree of rancid flavor

Dairy A general term associated with aromatics of
pasteurized cow's milk

Boiled egg white Aromatics associated with sulfur compounds
evolved from boiled egg white

Wet cardborard Aromatics associated with wet cardboard

Rice bran Aromatics associated with rice bran

Sweet taste Fundamental taste sensation of which sucrose
s typical

Texture
Degree of Degree to which the sample holds together
agglomeration when separated into individual pieces with

chopsticks
Adhesiveness of lips  Degree to which kernels adhere to the lips

Smoothness Degree to which surface is devoid of
roughness

Hardness Force required to compress cooked rice using
the molar teeth

Cohesiveness of mass Degree to which the mass holds together
during mastication

Inner moisture Amount of moisture inside the kernel
released upon chewing
Chewiness Number of chews required to masticate

cooked rice to be suitable for swallowing
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Table 3. Reference samples for each sensory attribute of cooked rice

Reference samples

Sensory attributes

Weakest Strongest

Appearance
Yellowness White paper” Slight yellow paper
Glossiness Cooked brown rice Cooked waxy rice

Flavor
Puffed corn Rice flour + brown rice tea
Rancid Rice flour + bran of stored rice
Dairy Rice flour + milk, boiled
Boiled egg white Rice flour + boiled egg white + water, boiled
Wet cardboard Wet cardboard
Rice bran Rice flour + rice bran
Sweet taste Sucrose solution 2%

Texture
Degree of agglomeration Cooked brown rice Cooked waxy rice’
Adhesiveness to lips Cooked brown rice Cooked waxy rice
Smoothness Stick cheese, cheddar Cooked brown rice
Hardness Soybean curd, hard Frankfruter sausage, fresh

Cohesiveness of mass Acom starch gel
Inner moisture Bread, white
Chewiness Ham

Cooked waxy rice cake
Soybean curd
Frankfruter sausage, fresh

*White paper with 94.19 L value, 1.03 a value, and -1.72 b value
brice: water = 1 : 1.7
‘rice: water = 1 : 1.1
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Table 4. Proximate composition® of rice (%, dry weight basis)

Storage

Storage . . Crude Crude Crude
form gir;;)g) Moisture protein®  lipid ash
1 16.00° 6.97¢ 0.36° 0.22*
Pddy 2 6P 633 03® 019"
3 14.47% 9.19* 0.49* 0.36*
. 1 15.90° 6.84° 0.45% 0.21%
Nglcl:d 2 14.87° 7.37° 0.51* 0.28*
3 13.97° 8.65° 0.61* 0.26*®

YMeans of 3 replicates. Values not sharing a superscript letter in the
same column are significantly different (Duncan's multiple range test,
p<0.05)
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Table 5. Water binding capacity” of rice flour

Water binding

Storage Storage

form period (years) capacity (%)

1 214.84°

Paddy 2 218.48°

riee 3 202.28°

. 1 208.18°

Milled 2 208.61°

niee 3 205.68"

DUMeans of 3 replicates. Values not sharing a superscript letter are
significantly different (Duncan's multiple range test, p<0.05)
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Fig. 1. Solubility patterns of rice flour

The numbers are the years of storage. P and M are paddy and
milled rice, respectively
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Table 6. Pasting properties' ? of rice flour slurry
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Fig. 2. Swelling power of rice flour
The numbers are the years of storage. P and M are paddy and
milled rice, respectively
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Initial Viscosity (Brabender unit, B.U.)
Storage .
Storage . pasting At 95°C
form (penod) temperature Peak At after 15 At50°C  Consistency Breakdown Setback
years o o . _ §

€C) ®) FC i ©) (CH) ®-H) )

Paddy rice 1 71.00® 420.0° 33350 250.0° 464.0% 214.0¢ 170.0° 44.0¢
2 67.25° 458.0° 344.07 246.0° 477.5% 231.5° 212.0° 19.5*

3 68.20™ 373.0° 283.0° 211.0° 412.0° 201.0° 162.0° 39.0°

Milled rice 1 72.00° 419.0° 320.5° 242.0¢ 474.5° 232.5° 177.0" 55.5°
2 68.00™ 420.5° 32107 2225 460.0" 232.5° 198.0 39.5°

3 67.85° 429.5% 310.5° 230.0° 460.0" 230.0° 199.5® 30.5°

V8% (wiw, dry weight basis)

PMeans of duplicates. Values not sharing a superscript letter in the same column are significantly different (Duncan's muitiple range test, p<0.05)
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Table 7. Hunter color values? of cooked rice

Storage Sgg;izgde Color
form (years) L a b
Paddy 1 7151 228 0.88
rice 2 71.90° 217 0.59¢
3 7327 2.39° 1.92%
Milled 1 72.52% 2,20 097
rice 2 72.54% 219 1.72b
3 73.15% 229 2.12¢

DMeans of 3 replicates. Values not sharing a superscript letter in the
same column are significantly different (Duncan's multiple range test,
p<0.05)
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Table 8. Texture profile” of cooked rice measured with a Texture Analyzer
Storage Storage period Atributes”
form (years) HD (g) AD (g) Sp co GU(g) RE
Paddy 1 1828.4° -352.8* 0.76* 0.19* 328.9¢ 0.10°
tice 2 1899.5° -380.6* 0.75% 0.18 348.4 0.10*
3 2187.6* -443 9° 0.77° 0.20°* 423.5* 0.09*
Milled 1 2020.9® -379.6 0.74* 0.18* 358.6™ 0.10°
rice 2 2077.6™ -405.5% 0.76* 0.19* 396.17 0.11?
3 2167.5° -385.0 0.76* 0.18 398.6™ 0.10*

YMeans of 3 replicates. Values not sharing a superscript letter in the same cloumn are significantly different (Duncan's multiple range test, p<0.05)
2HD, hardness; AD, adhesiveness; SP, springiness; CO, cohesiveness; GU, gumminess; RE, resilience
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Table 9. Sensory characteristics” of cooked rice

Storage period (years)

Attributes Paddy rice Milled rice
1 2 3 1 2 3
Appearance
Yellowness 5.59° 3.85¢ 10.15° 4.60° 10.20°¢ 9.73%
Glossiness 9.61* 9.36" 6.26° 9.90* 4.28° 5.74°
Transparency ( 8.72¢ 9.442 6.41° 8.37° 4.80° 6.43°
Intactness of grains 6.83¢ 8.03* 8.71° 7.53® 7.98® 8.00
Plumpness 9.80° 8.43° 5.84% 9.70° 6.79° 5.39¢
Flavor
Puffed corn 10.46° 8.38° 4.29¢ 9.94* 7.05¢ 474
Rancidity 3.77¢ 4.89° 10.04% 4.03¢ 7.33° 9917
Dairy 9.11° 8.23° 4.41¢ 9.19° 6.99° 4.49°
Boiled egg white 8.87" 7.10° 6.73° 7.35° 6.88° 6.53°
Rice bran 4.38¢ 5.23¢ 9.69* 4.26¢ 6.82° 9.64*
‘Wet cardboard 4.26¢ 5.42¢ 10.02* 4.85% 7.50° 9.51°
Sweet taste 8.69% 7.49° 3914 8.33¢ 6.24° 3.81¢
Texture
Degree of agglomeration 9.19* 8.07° 5.33° 7.56° 6.02° 6.31°
Adhesiveness to lips 8.41° 8.08* 6.38° 8.85° 7.69% 7.03™
Smoothness 9.13° 8.22° 4.68¢ 8.62% 5.85¢ 5.29%
Hardness 5.02¢ 6.15¢ 9.62a 4.61¢ 7.31° 8.92°
Cohesiveness of mass 8.72¢ 7.91% 5.76° 8.88¢ 6.99 6.43
Inner moisture 9.01® 8.19° 5.05¢ 9.19¢ 6.30° 5.53
Chewiness 18.25° 18.56° 20.92° 16.83¢ 19.94° 20.19*

(number of chews)

PMeans of 4 replicates. Values not sharing a superscript letter in the same row are significantly different (Duncan's multiple range test, p<0.05)

5 7S &), 8 ), &2 g S84 &) 9 gl A3Ae| Z7retdetl, 53] Wrlz= Ak Alge] A¢ W
Fastdon, 53] ¥ Az AR A5 Bs] Wo) 4 2 Ags Agel v A 2dAEE ojg Aol Kk
B2 A3 Ase AF 2dATE 9of 2 S50 B A Vel B3 $2e A%, 4 524, g
o F438] asivk. 2o, A, AR g 9 e SHA B UF 53] 542 A7|Tke] Fostel uhet
uHEA] gmle) A g7 Zke] FUNESE SN AY gk ¥ Uz A A5 A9 A7 1, 2del H
& e olHd EAE 9A ¥ AHE A Al & 3dA] ol st EgEC] AA Fhste AIFE BHUA
Hlg] Wr] Y= A7k Al Sl A 2dAREH B oh o wu] FEE AT Alge] A9 AR 2dAFE BEo
o 3R] Frbshe Fde UElth AR e F4ol b A phche @42 2tk A AR, e YA %
2 9FE VX 4R 59 shie Ao, A4 ¢ YR 253 52 o] Hed 9 B A%5EH Awe] 3
sjod Ao} Ak slpRs] Al AsAlsl 9 2% g = EAER, A7 Ut uE Ao WE&Ea B 4
FiE 2 skl Frieiy, A AdEt= #8 A Fsdo] ks o 7)dditial Brh. Moritaka 52 A
o] Wsyt Ao} Yok AFHPGD, =3 A4S T3l ol A" 8 Ak opd R0 EFAE I
FHutolol A Tu])F(staled rice flavor)e] EAF Q) gkn] A& 3oL, X 2ksle) 93] AAdE hydroperoxides:s WA 9
¢l FlErd 3ghEe] &3ty 4eld 9lom, E34) hexanal A8l doz & glom ojst AAEe] AR YAEY A
2 el oAl rFHe] FHESZA AL 30°CA 75Y FEHE 7HEAA b Al BAS dAE, e HAEE S
7H A A} 400CelM 609 AAEE Aol AR ol ZMNZIT B st ARk o g Awte] Ao JEkg
Hla] 2 oFo] B ZrEtAuly RAIETI4® B o7 Ul QlRkEA o] g HE A &5 & AEe] 3
AMe A Fe gL vHER] Furh 25 A os) Z7b lemgl olz o~ whld gl Anighekol weEnh. B
sk AR velg=d, ole oA A3 viel 7ol A ok, Aol obal = o~ ke 27 (stickiness)E AA S 7t
A F 7kt AEe] ksl 9 slzrd SIgHEEd 7] 2 FE e, Ae] H FEEEH 5 Fof
bz Zlog Azt WMo gk Feole E¥ol ¥ AZF e AL LA U B AN 4oClA H=
71l =& EHo] ArE dojvked HEl, HE AFS F4 A3 Agoll= 2d7kA & Walt gller 3dsjde o
el A7t A Fo] =4S FE 2W 297 Al Hitol EXo 9loja] fojAQl Zpol7b vepwtth. HF AR
ATt whEba] wiu] 94 AlZ7F W2 AAe A5 vl AEE Agolli= Ao 2%, 4k AT A Fn] W ¢
v g e ofsla olFE o # ZeE AZE. Zd BE AEE A9 BEE B4 2dAel] A% 1d
Bl2x 544 oire, A7l SUtErE x4 A2} FolFl xpol7F USITt.
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Fig. 3. Sensory charateristics of cooked rice on the 1st (x) and
the 2nd (y) principal components

CL, color; GL, glossiness; TR, translucency; IT, intactness of
grains; PL, plumpness; PU, puffed corn flavor; RA, rancid flavor;
DA, dairy flavor; EG, boiled egg white flavor; BR, rice bran flavor;
WE, wet cardboard flavor; SW, sweet taste; AG, degree of
agglomeration; AD, adhesiveness to lips; SM, smoothness; CO,
cohesiveness of mass; IN, inner moisture; HD, hardness; CH,
chewiness
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Fig. 4. Cooked rice with different storage form and storage
period of rice on the Ist (x) and the 2nd (y) principal
components

a, b and c, paddy rices stored for 1, 2 and 3 years, respectively; d, e
and f, milled rice stored for 1, 2 and 3 years, respectively
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Table 10. Pearson correlation coefficients (r) between textural characteristics by sensory panelists and by aTexture Analyzer

. Texture Analyzer

Sensory evaluation

Hardness Adhesiveness Springiness Cohesiveness Gumminess
Degree of agglomeration -0.74%** 0.86%** -0.21 -0.26 -0.76%**
Adhesiveness to lips -0.31 0.39 -0.04 -0.32 -040
Smoothness -0.52%* 0.60%* -0.07 -0.34 -0.65%**
Hardness 0.69%** -0.64%#* 0.27 0.27 0.74%%*
Cohesiveness of mass -0.62%* 0.72%#* -0.32 -0.31 -0.70%%*
Inner moisture -0.65%** 0.67+*%* -0.25 -0.36 -0.74%%*
Chewiness 0.48* -0.45* 0.19 0.44* 0.63**

* %% and ***Significant at p<0.05, p<0.01 and p<0.001, respectively
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