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Table 1. Milling characteristics and correlation coefficient between harvesting times (unit: %)
H . Brown rice Milled rice
arvesting RMRE®
Time? RBRY Perfect Lmmature RMRB® Head rice Broken rice”
brown rice brown rice
35 82.90°" 96.92° 0.94% 91.18° 92.86" 1.54#8 75.59F
45 83.16° 97.32* 0.83° 91.36* 93.33% 1.04% 75.97*
55 83.21* 96.79° 041° 91.28° 90.67° 2.13 75.95b
62 83.15° 96.25¢ 0.39¢ 91.15¢ 90.67° 2.55¢ 75.79°
69 83.14% 95.68° 0.37° 91.10° 89.144 2.64¢ 75.74¢
76 83.13 95.53f 0.36¢ 90.95¢ 88.21F 2.87° 75.61°
83 83.13« 95.42¢ 0.36¢ 90.87¢ 87.78¢ 3.02° 75.54#8
90 83.13¢ 95.40¢8 0.35° 90.34" 88.59° 3.25° 75.09
Correlation 0.4447 -0.9204%+ 0.8504%* 0.8184* -0.9332%+ 0.9306** 0.6489
Coefficient
LSD (5%) . 0.0221 0.0158 0.0194 0.018 0.0226
“Days after heading time

PRecovery of Brown Rice

“Recovery of Milled Rice from Brown Rice

®Small broken rice passed through the 1.40 mm opening of sieve
“Recovery of Milled Rice from Paddy Rice

T Means in each column with the same letter are not significantly different at 5% level by DMRT
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Table 2. Physicochemical properties and correlation coefficient of milled rice between harvesting time

Harvesting Crude Fat Crude Portein Amylose AD.VY M.P® Gel-Consistency
Time” (%d.b.) (%d.b.) (%d.b.) "' o (mm)

35 0.70b" 6.38° 16.1° 3 67.4° 73
45 0.71* 5.09" 16.0° 4 78.1* 63°
55 0.70° 6.20° 15.9¢ 4 64.9" 56°
62 0.70° 5.99¢ 16.1° 5 66.6" 54¢f
69 0.70° 645 16.0° 5% 66.1¢ 54¢
76 0.71* 597° 16.0° 5 70.1° 55¢
83 0.70° 532" 16.0° 5 69.1¢ 66°
90 0.69° 5.258 15.9° 5 70.4° 62°

Correlation -0.556%* -0.231 -0.723%* 0.652%* 0.171 -0.421%

Coefficient

LSD(5%) 0.01 0.1224 0.7066 1.1173

“Days after heading time

PA.D.V: Alkali digestion value
Score 3: Kernel swollen and chalky, Collar in complete or narrow
Score 4: Kernel swollen and center cottony, Collar complete wide

Score 5: Kernel split or segmented and center cottony, Collar complete wide

“Mechanical Palatability

T Means in each column with the same letter are not significantly different at 5% level by DMRT
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Table 3. Cooking characteristics and correlation coefficient of milled rice between harvesting times

Harvesting Time® W.UR” (%) Expanded volume (%)  T.S.R.L? (g/10 mi) pH B.V?
35 352.83*" 348.27¢ 0.193° 6.00° 0.10°
45 346.69° 334.11# 0.171° 6.11f 0.07
55 317.46" 363.17° 0.239° 6.25¢ 0.06°
62 31591° 363.54° 0226 6.27° 0.06f
69 296.02¢ 355.91° 0.185¢ 6.39* 0.08°
76 311.15F 353.44¢ 0.1508 6.36" 0.06°
83 318.06° 354.31¢ 0.184° 6.16° 0.43*
90 289.66" 344.70°F 0.119" 6.39° 0.11°
Correlation Coefficient -0.830%* 0.280 -0.447* 0.710%* ‘ 0.023
LSD(5%) 0.0132 0.0011 0.01
“Days after heading time
YWater Uptake Ratio

“Total Solid in Residual Liquid

Mntensity of Starch Iodine Blue Value of Residual Liquid Measuring Iodine Blue Value: Spectrophotometer at 600 nm
T Means in each column with the same letter are not significantly different at 5% level by DMRT

Table 4. Texture characteristics and correlation coefficient of cooked rice between harvesting times

Harvesting Time” Springeness Cohesiveness Adhesivness Hardness Chewiness
35 0.421"" 0.164" -5.196* 43.088" 3.348"
45 0518 0.192 -9.005" 66.394* 11.980°
55 0.542¢ 0.210° —7.199° 60.057° 9.071°
62 0.551° 0.215° —8.651° 65.363* 8.77¢°
69 0.629° 0232 -10.381# 63.213° 8.599¢
76 0.547¢ 0.227° —11.186" 56.644° 8.136°
83 0.499¢ 0.186° ~7.213¢ 50.688° 6.707¢
90 0.557° 0.206° -6.332° 61.238° 7.871°
Correlation Coefficient 0.568** —0.383. -0.358 0.196 ~ 0010
LSD(5%) 0.0039
“Days after heading time

T Means in each column with the same letter are not significantly different at 5% level by DMRT
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Table 5. Amylogram characteristics and correlation coefficient between harvesting times (unit: R.V.U.)

Harvesting b o 9 O o Set-back Breakdown Consistency
Tt G.T”(C) PVO(P) M.V (H) EV2(0) s 1) 1
35 7140 28 1074 2000 28 121° 93¢
45 70.4' 37 123 26" Are 114 103*
55 717 203" 103' 1948 9! 100¢ 91f
62 717 215° 11° 209° 6 104° o8
69 70.9¢ 20T 119° 219° -8 108° 100°
76 72.6° 1962 998 192" 4 97" 93¢
83 70.7° 217 106° 203 141 1 974
90 70.0¢ 265 119° 220° 45" 146° 101°
>
Eggfggf::t‘ -0.056 0.081 -0.037 0055 ~0.059 0.109 0275
“Days after heading time

"G.T.: Initial Gelatinization Temperature
9P.V.: Peak Viscosity

M. V.: Minimum Viscosity

®F.V.: Final Viscosity

T Means in each column with the same letter are not significantly different at 5% level by DMRT

o] AHLrE volxle oIt
Amylogram S4%¥4, <38 ]7]‘*’ He] opd 2 g 542
Table 59} 72t} T3PRA] L5+ 70.0~-72.6°C HH=] &

Z 90do] 70.0°CE 7P 2k, &4 3 760 7P &9
on HP AXE &5 F 76U0] 7P B 196 RVU°|IAL
7 F 904e] 7P =odt A Hdoe 25 F 76%0] 7t
& & 99 RVUCIO &4

RVUSS. 28 Y2 HE3ee &5 £ 7
< 192 RVUR! W &% 4592 226 RVUi 7V ;—9&
ot Ae d gke] w5ie) AHo] H2 RoZ AT setback
2 &5 ¥ 760l 7MY AN, E &

W breakdown E & 90¥o] 7P =2 146 RVUML =
& Z 76Y0] 97 RVUE 7P w@ekom,
T 45Ye] 7} ¥ 103 RVURL %"F
< 91 RVURHE. s8A[7|9} opd 23] B4
[o3]

55o] 7 %
7ol Aol

O_L: '{0['

B M

A7)} SoldSE ARET
o] Siopn ol Wek AL StopHos, S
A el A, RIS el A8

o > gk

BTEAA FRE AYY
Hap/1eqe) Avolnl oo A=)

1. Agriculture & Forestry Statistical Yearbook 2000. (2000) Crop
Production. Ministry of Agriculture & Forestry. pp. 96-97.

2. Webb, B. D. (1985) Criteria of rice quality in the United States.
In Rice; Chemistry and Technology. AACC. pp. 403-442,

3.Choi, H. O., Bae, S. H, Park, R. K., Lee, J. H. and Choi, S.

J. (1974) Studies on rice quality-relationship between amylose
content and palatability in Rice-RDA. J. Crop Sci. 16, 41-45.

4. Yanase, H., Ohtsubo, K., Hashimoto, K. Sato, H. and
Teranishi, T. (1984) Correlation between protein contents of
brown rice and textural parameters of cooked rice and cooking
quality of rice. Natl. Food Res. Inst. 45, 118-122.

S.Kwon, Y. W., Lee, E. W. and Lee, B. W. (1990) Climate, soil
and cultural technology of the areas producing high quality rice
in Korea-With emphasis on the difference between Ichon and
other regions-RDA. J. Crop Sci. 33, 291-303:

6. Kang, W. S., Lee, J. H. and Chung, C. J. (1977) Determination
of optimum timing of paddy harvesting based on grain loss and
milling quality. J. Korean Soc. Agric. Machinery 2, 55-80.

7.1ee, I. H., Kang, W. S. and Chung, C. J. (1978) Study on the
optimum harvesting timing for different operational systems of
rice. J. Korean Soc. Agric. Machinery 3, 88-99.

8.Choi, H. C., Ji, J. H. and Lee, J. S. (1990) Research of rice
quality improvement. Annual report of N.C.E.S. 365-393.

9.Lee, B. Y., Yoon, I H., Tetsuya, L, Ikuji, K. and Tetsujiro, O.
(1989) Cooking quality and texture of japonica-indica breeding
type and japonica type. Korean rice. Korean J. Food Sci.
Technol. 21, 613-618.

10. Juliano, B. O. (1985) Criteria and tests for rice grain qualities.
In Rice: Chemistry and Technology. AACC. pp. 443-524.

11. AO.A.C. (1995) In Official methods of analysis of A.O.A.C.
International. (16th ed.) Ch. 32, 17.

12. Chagampang, G. B., Peres, C. M. and Juliano, B. O. (1973) A
gel consistency test for eating quality of rice. J. Sci. Food
Agric. 24, 1589-1594.

13. Chikubu, S. (1975) Quality of rice in Southeast Asia. In Asia
Assoc. Jpn. Agric. Sci. Univ. Tokyo press. Tokyo. 537

14. Ebata, M. (1978) Studies on diagnosis of rice grains by
photometric method. VI. Estimation of milling degree and
quality evaluation of milled rice. Nippon Sakumotsu Gamkkai
kigi 47, 400.

15. Govindaswami, S. and Ghohh, A. K. (1968) Assessment of
losses of paddy and rice during harvesting, drying, threshing,



184 W - WY - 5 2 - £55 - 3BT AR - AokE - HEE - UeT
cleaning, storage and processing. IRC/AE/WP 29, FAQ, Rome. University.

16. Mitsuo, K. and Yanatori, S. (1968) Studies on the influence of 20.Moon, H. P and Hur, M. H. (1975) Basic studies for the
culture conditions to rice quality, especially amount of protein breeding of high protein rice. V. Effect of planting and
content in rice kernel. Jap. J. Crop Sci. 37, 32-36. harvesting date on the amylose and protein content in rice

17.Han, C. Y., Won, J. L. and Choi, K. T. (1972) Variation of grain. J. Korean Soc. Crop. Sci. 19, 14-20.
protein content of rice mutants cultivated under different 21. Suzuki, H. (1979) Amylography and alkali viscography of rice.
nitrogen fertilization levels. Korean J. Breeding 4, 23-28. In Chemical aspects of rice grain quality. IRRI, pp. 261-282,

18. Juliano, B. O. (1979) The chemical basis of rice grain quality. 327-342
In Chemical aspects of rice grain quality. IRRI, pp. 69-90. 22. Okabe, M. (1979) Texture measurement of cooked rice and its

19. Choi, Y. G. (1996) Varietal and ehvironmental variation of grain relationship to the eating quality, J. Texture Studies 10, 131-

- density and quality characteristics of rice grain differed in grain 152

density. A thesis for the degree of Doctor. Chonbuk National

Physicochemical and Milling Characteristics of Paddy Rice with the Harvesting Times

Ki-Jong Kim*, Sun-Lim Kim, Jin Song, Jong-Rok Son, Hung-Goo Hwang, Jin-Chul Shin, Hae-Choon Choi, Young-
Keun Choi' and Young-Koo Min> (National Crop Experiment Station, Suwon 441-857, Korea; 'Jeollabuk-do
Agricultural-Research & Extension Services, Iksan 570-140, Korea; *Department of Food Science and Technology,
Chungbuk National University, Cheongju 361-763, Korea)

Abstract: To investigate the effects of harvesting times on physicochemical and milling properties of rice, milling
tests were performed applying laboratory milling systems. Milling and head rice yields were highest in rice harvested
at the 45 days after heading at 76.49 and 94.43%, respectively. Milled rice grain harvested 45 days after heading
showed the highest minimum viscosity, as shown in the amylogram curves, as well as the lowest consistency
viscosity. Protein and amylose contents were highest in rice harvested at 35 days after heading, whereas the
instrumental taste score was highest 45 days after heading.

Key words: harvesting time, milling characteristics, rice quality, amylogram characteristics, protein
*Cortesponding author



