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A Study on Design and Operational Factors of Rice Whitening Systems
Consisting of Abrasive and Frictional Whiteners
— Operational Criteria—
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Summary

Operation of rice whiteners has been depending on operator’s experience only and very
limitted data are available for operational criteria of rice whiteners in Korea.

With developments of new rice varieties and with a tendency of automation of machine
operations for precision control, operational criteria depending on physical characteristics of
rice grains are required for an improvement of milled rice recovery and the performance of rice
whitening systems.

An experimental study was conducted to identify operational criteria of a rice whitening
system consisted with an abrasive-aerated whitener developed newly and a frictional-aerated
whitener being used commercially. Further, comparisons were made between the performance
of the rice whitening system adopted for this study and a commercial system used in small
scale milling plants.

Results of this study are summarized as follows:

1. Total number of passes necessary for the final white rice in the combined whitening system
depended exclusively on the counter pressure level of the frictional whitener successive to
the abrasive whitener.

2. The counter pressure required for whitening Japonica type rice variety (Akibare) was higher
by about 1.6 times than that for Japonica type (Pung-san), when other conditions were kept
at the same.

3. Radial pressure in the whitening chamber of the frictional whitener should be maintained
between 1.5 to 2.1 kg{'cmz for the completion of whitening within 5 to 3 passes regardless
of rice varieties. Hence, it was found that the radial pressure in the whitening chamber could
be used as an operational criteria to control the counter pressure level.

4. The following regression equation was found between radial pressure (Rp) in whitening
chamber and electric power consumption of the whitening system:

EPC =-0.545 R'; + 1.277 Rp +0.874 [KWH/100kg]
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5. The following multiple regression equation was found among radial pressure (Rp), counter

pressure (Cp), and bioyield point (B;), length (L) and width (W) of brown rice.
Rp/(Bi/W?) = 0.547 { Cp/(Bi/W?)} 265 (1/w)*'2° (R?=0.9897)
6. The milled rice recovery and machine efficiency (kg/KWH) from the combined whitening

system were higher by about 2.0% point and by 15 to 27% point than those from the

conventional system, respectively.
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Table 1. Specifications of the brown rice of Akibare.
Items Observations Remarks
Variety Akibare Japonica-type
Length (mm) 4.967 Sd = 0.1350
Grain size Width (mm) 2.896 Sd = 0.0890
Thickness (mm) 2.033 Sd = 0.0750
L/T 2.443
Bulk density (kg/m>) 858
Head grains (%) 98.209
Sound grains 74.780 Sd = 2.9490
Greenish grains 5.140 Sd = 1.1041
Stained grains 6.974 Sd = 1.0953
Cracked grains 11.315 8d =0.9130
Broken grains (%) 1.192 Sd =0.7223
Unhulled grains (%) 0.070 Sd = 0.1565
Foreign grains (%) 0.529 Sd = 0.7484
Moisture content (%, w.b.) 14.2
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Fig. 1. Experimental design

AKIBARE PUNG SAN Main plot
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| FR7.5 (111 glem?) |

L FR 4.5 (67 g/em?) |

* AR: Counter pressure in aerated abrasive type whitener
FR: Counter pressure in friction type whitener

( ): actual pressure vertically applied the outlet area.
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Table 2. Whiteness indices and No. of passes in the milling system ([ ]: No. of passes, AR: Counter pressure
in abrasive-type whitener, FR: Counter pressure in friction type whitener).

rr \AR | 37gfem® | 91g/em® | 169 glem’ FR \AR | 37gfcm® | 63g/em® | 91g/em?
34.5 35.0 34.0 40.0 39.0 41.0

67 glem? (5] (5] (6] 38 g/em” [5] (4] (5]
33.5 35.0 35.5 39.0 39.0 40.5
34.5 35.0 34.0 40.0 41.0 39.5

89 g/cm? (4] (4] (4] 53 g/em? [4] (4] (31
34.0 35.0 34.0 40.5 41.5 40.0
34.5 36.0 335 39.0 41. 40.

111 gfem? (3] (3] 31 | 67g/em? (31| 410 13) | 4005
34.0 34.2 34.0 39.5 40.2 41.0
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Fig. 2. Counter pressure requirement depending on
total no. of passes by rice variety.
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Whitening systems

Fig. 8. Effect of whitening systems on milled rice

Note:

recovery (M.R.R.}, head rice recevery(H.R.R.),
milling efficiency (M.EF), and milling capacity
(M.CA.).

SI1 — Abrasive(pitch=34mm, clearance=15mm)
+ friction(counter pressure=89g/cm?) system
SII1—Abrasive(pitch=20mm, clearance=11mm)
+ friction(counter pressure=89g/cm?) system
SIII1 —Friction(counter pmssurFngfcmz)

system
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Whitening systems
Fig. 9. Effect of whitening systems on milled rice
recovery(M.R.R.), head rice recovery (H.R.R.),
milling efficiency (M.EF.), and milling capacity
(M.CA.).

Note: SI2— Abrasive(pitch=34mm, clearance=15mm)
+ friction(counter pressure=111g/ cm?) system
SII2— Abrasive (pitch=20mm, clearance=11mm)
+ friction(counter pressure=11 1g/cm?) system
SIM2 — Friction(Counter pressure=11 lg}mz}
system

HER WAl L8 (SI3 SI) 2 B BELN B
gl 2 (ST Akelel Hefigs Mo#shd, Riafes
ol EZR7} glovt, iHzt hEL BialeRol
#1 2%, WEBeRol 15~21%RE o] & ez
vebdel, opAulel (—R) & AT A WS K
Bol #i—F Ml F4AS fUHHE & & B

Table 3. LSD test among whitening systems

(1)9] #HolA, FHEIK Fkls Aske A6
& WAl as o) M BEA Fasaduc KeR
2 ohe} ojal migElA = AFISASE M
g o, BfE HRETEY A cdle AaX B
A ad oz giashe Aol vigAsicgn Az
c},

33 2229 94 3dmse HAZE [HFE 15mE
ZHe BRAIK Wikish BEfE BE RUKBEE MK
e a2 (S ol 94 20mmet HFE 11mmE
ZHe BRI RSRHES BEF BEGN RUKBE MR
s gaAl 20 (S vt Hiffe® ol dekel B %
3 S volon], BHEA Rk HoEiE
H< 1lg/em'2 3= 558 (SI2, SO2, SM2) 7t
89g/em? = SH= H5M(SI1, SO, SM1) &t ZE
thfigo] gEH3IAC

LEel &R faskd, obluia (R )
£ At 58, fias s SlE FAS B
kil o HnERENS HHes WL K
HE (39g/em?) 0.2 HEFpela, BEEA RPkEe] Hini
FENS E& K (llg/en’) 22 #EFF3L (FH)
st Ao| matkie s Bl viskAd Aoz HE
gk

4. & W

Felvhetel 508, Hokitel (rlpol EaE o] M5k

consumption 100kg (1.048) (1.070)

Items Unit Least significant difference test LSD*
Milled rice % SI2 sn SI S SI2 1.758
recovery (90.6)  (90.5) (89.2) (88.5) (87.7) (2.526 at 1%)
Head rice % SI2 Si2 si1 SII2 SIII1 3.642
recovery (84.3) (82.8) (81.8) (80.7) (79.1) (5.232at 1%)
Electric Power | KwH per sin2 SI2 sI1 SI2 Sl 0.0695

(1.252) (1.253) (1.354) (1.387)

(0.0999 at 1%)

Machine kg per SI2 SIi2
Capacity hour 518 495)

sil SI SI 23.60
(383) (377) (363) (33.91 at 1%)

#) LSD: Values of LSD at 5% level
o under line: not significant at 5% level
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wheta] & Bl A FHAIK Rk B
£ FoRlE (st BRe T MaAH
BAl el A PEAH ] R Kkl w2 FIE
HndEs AfEs Meiste, dolsta B EER
A fiaA 2t matkEe HEsh] S -8R
CH7utal) ot gE—* (F4D) MfliS A NRe
HfEstsict

2 #RE B oest 2ok

7k AKX MaAaded Faffke ET e
o BrEsls RERERE P Fikigel o
HENole A9 &Mt ERX Fokige] Hnig
NS MmEs5 mhehsich

v Foldl EREMAC FafFES TT At ¢
58, —HRa ob7uba 7t H—H% T4 2ot B
kel A L6fs Like] Wi o] Eok= e
BEAEDS K7 aie /).

o REREBCE 22 508, B Fpke) 6
HE FEEe] ATMENS il Mkelel A
2 ko2 vepgtor (1.5~2. 1kg/em®), | A
WENS HIE (FEARE e B AEENE #
AE 4 e Aoz HEsdt

2t HMaEe ARENS HoERED A H
#699] LOIRAER7E 2lsl e

ob, & ol vebd WEEEN (L 5~2. 1kg/en?)
WEl A AEEN Bak® 3 FLkEER A
ololl MG 2iglom, PIEREED (Re) 3 WY
it (EPC) Abololle =23 22 Bk sAsieh

EPC= —0.545R} +1. 277R, +0. 874,
(kwH/100kg)
uh & HERelAM A R Rk PR

71(Re) 3 o3R5S (Cr), K] BRRES (Bi),
Zol (L) o (W) 3he] MIfRE SWEE Sirikel

el ke R ot 2ok
Ry/ (Bi/W?) =0. 547 {C;/ (Bi/W?) } ®-2%
(L/W)®*12, (R*=0.9897)

A A FBolA BFEY AKX MaAaR e g
fr B BiaAad 2ok falRel ¥ 2.0%,
FIA2OER (ke/kwH) ©1"15~27% E9kon] | BfiER
(kg/hr) el & ER7I 2k
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