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Abstract

Physicochemical properties of black rice flours (BRFs) produced under different milling conditions were

investigated to explore their applications for various processed rice products. Moisture contents of BRFs after roll milling
and subsequent hot-air drying or microwave drying were 10.3% and 14.4%, respectively. The BRFs with jet milling and
subsequent hot-air drying or microwave drying showed moisture contents of 7.9% and 7.5%. Mean particle sizes of the
BRFs obtained from roll milling, jet milling, and following air-classification were 150. 41.5, and 9.4 um, respectively.

Hunter L value and water soluble index (WSI) of BRFs increased with decreasing

particle size, while Hunter a value

decreased. Total polyphenol contents of 91.4-115.8 mg/100 g and total amino acids of 75.0-96.4 mg/100 g in three types of
BRFs were higher as compared to those (6.3 mg/100 g and 30.5 mg/100 g) of polished rice flour (PRF). Physicochemical
properties such as moisture content, color parameter, and WSI have close relationship with the particle size of BRFs

prepared under different milling conditions.
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Fig. 1. Procedure for black rice flours with different producing
conditions.

S0|87IER M=

SR A7LE AR Fig 13 22 A0 Aty £ AT
ox AT Ot AE2 PPk F, v] 25kegS Aol
A 41 7F SRS F 12 mesh(1.70 mm) AloA] 14]7F 2pd gk
gk % roll mill(Kyungchang, Korea)Z 13 #4|8lict o] =
65°C dry ovenoll A 2.5A17F A Z(1.5kgx 5T, 150 g4 S 700
wattoll 4] 4.5%-7F 7F-8 A Q1A (RE-IH700, Samsung, Korea)
2 vlo|azs} AxE] roll mill AE2 HEEATH2E). Jet mill
AEE 12 B4k 4L roll mill A/EES jet mill(HTM-101,
Hyunjun, Korea)® 22} #2dlo] Aold 2L jet mill A|EZ
HEATH2E). o] WETEE Sl IAZE roll mill #28}e]
AFHZE WuA7IRE AMSSIATHIE). T3 AvrREe] 24
Al dHAEE R QIR A4S FHAEslaa) H2d e B

H71&=(@FN5E3] 10-2004-0078505, TS24 20-0385048)2 o] &
glo] Fol|LA] 7]4 g T B3)7]Q) HKP-052 W2zh Sujr)
FE5 AAEATRE). & 7IFEMATP 100 Air-classifier,
Alpine, Germany)ale] ZuA| S0]A7LE($10 um ©)shE AE AY
Absto] Table 13} 7do] foj= FEA|Ge] A7 ARG8T

TEEE U Mz

TERF 3L AOAC W92 FHsIUL, Axe A}
Al(CR-300, Minolta Co., Japan)& ©]-8-8}] Lgk(Lightness), agk(+
Redness, - Greenness), bak(+ Yellowness, - Blueness)S. & UFERY
o] vl on FFEAIL L: 96.86, a: —0.07, b: 2.0231T}.

TEETAT(WAI) ¥ F2&38HiX|=(WSI)

WAI(water absorption index)@t¥} WSI(water solubility index)a}
2 Anderson (10022 =439l Z 60 mesh ©]4te] A&
25g% 30mLe] SHTE ¥ TN BT EE
o] FHA A2oA 3087F WAgE okS 3,000 pmel| A 103&-7F
e sk e vE FFe o FRAY )9
go] NERHES Falo] WSIE 4HE3llon, AdEe] FAS
FA8t] WAIE AHEsilth. & WSIe 47127d6A e

N il

2 gallEl g HEEE YERAL, WAL ZARAE 1gd
e FEEE go 2 Yehliith

=T

Roll mill2 A3t Jv] YeBEe= A7 100gS 60, 80,
100 mesh®] Aol F38lo] sieve shaker(CG-213, Chunggye,
Korea)& ©]&3le] 1087 £ % 7z} HF:9Ao] 278 27}
o] FE FHNE] UERER S, jet mill2 AwE 5
v JERFEE= particle size analyzer(1064, CILAS, France)® =
galict.

& ZdlH=

Z Z¥lE o =4S Folin-Denis W (12)S W ale] 4
ATt n-HexaneQ 2 X3 A8 5¢0l 70% Wk 50 mLE
AL 90°CollA] 30i7F BRIzt & ofmelal g whAll 50
mLe] W& Wi Sz, o3 AAL 33 WHEsle] de
oAHNE FHAA SOmLE BE3 ok 11,000 pme R 5°C)
Al 15 AAEREANA L dAdS F Egus g 248
AERE ARSI A 100 uLE F3ke] 2% Na,CO(sodium
carbonate, FW: 106) 2 mL3} % EFa6laL 28 5, 50% folin A
oS 100 uL H7Fele] WAAZITE 308 F 750 nmell 4] FE =
& Fsict F Eelvls §9S XEEE (H)-catechin equiv-
alent 7|22 323130

Table 1. Abbreviations of black rice flours produced under different drying and milling conditions

Abbreviations

Sample production process

Control
BIWRH
BIWRM
BIWZH
BIWZM
HBIZM

HBIZMU separating (<10 pm)

Rice — soaking (water) — draining — milling (roll mill) — drying (hot air)

Black rice = soaking (water) — draining — milling (roll mill) = drying (hot air)

Black rice — soaking (water) — draining — milling (roll mill) — drying (microwave)

Black rice — soaking (water) — draining — Ist milling (roll mill) = drying (hot air) — 2nd milling (jet mill)

Black rice — soaking (water) — draining — Ist milling (roll mill) = drying (microwave) — 2nd milling (jet mill)

Black rice — soaking (water) — draining — milling (roll mill) = drying (hot air) — cold milling (jet mill with cold system)
Black rice — soaking (water) — draining — milling (roll mill) = drying (hot air) — cold milling (jet mill with cold system) —
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frEou| At B8 zbzke] AlE Y Smegd vialo] T ¥
PITC (phenylisothiocyanate)2 53} AJZTh A28 ¢d Az
T o5 A £ 200 uLell =4 Y4l sioich EEE A
oS F3le] 045 um membrane filterS F3A|Z1 & A 5199t
olw z} ojumiake] H2ke A|ge] HPLC chromatogram®] peak
areas W) AE XFEZHQ peak areadl 7|Ed}e] &SI

a2 0F

TEEE TEESTXT(WAI 2 F235X|5=(WSI)
AzzAW SR WAL WSI 2323 Table 29+ 72t}
AzzA0] W& roll millZ A3 Sujdrge] FEgage
ZAZ 103%, vlo|A29AZE 144%2 A=t 27
n| &7}z o] FRTEFL 10.0%AT). Jet mill 23] & B7}Fo
BEFE 7579%= roll mill 2 F FETE Kok Wof jet
mill 234 B go| BNl ZoE Fodc) Yo
TEEFe] At jet mill ZU1E7IE FEAIT FARE 84, 8.5%
2 74zt 2AE0] ABA] YZHEF) gle A2 Al WAI
£ 032-0452 #o)E YeEMA] ko), HEe] §EAEE U
EllE WSIE 4AE717F 2L jet millZ 23§ S0 &7M27t
7.3-163%% =%, JYAZ717F 2 roll mill 223 djZzFe} &
&7}t 242F 0.7, 3.7, 4.1%2 $e 7+ vehfo] dzk=]
7} 7ragoll wel F71ske] Nishita 5(13)2] B39} U] s19ich

4y 12 12

Table 2. Moisture contents, WAI and WSI of black rice flours
with different producing conditions

Samples” Moisture content WAI WSI

(%) (&/8) (%)
Control 10.0£0.0” 0.45+0.02 0.7+0.1
BIWRH 10.3+0.1 0.43+0.01 3.7+05
BIWRM 14.4+0.1 043+0.11 4.1+0.0
BIWZH 7.9+0.3 0.38+£0.11 9.5+£09
BIWZM 7501 0.32+0.01 11.5+0.2
HBIZM 8.5+0.1 0.48+0.01 7.3+0.1
HBIZMU 84+0.2 0.33+0.01 16.3+0.0

"The abbreviations refer to Table 1.
?Mean of triplication + standard deviations.

Solrle F95Y 753

Kum 5(14) 94 F%5 % d&A=7)0 g 728574579 7%
LA 2AHAF} AA=27)7 FLSFE WAL WSIZF Z7HEch
I H3sieh WSIe Aee] AR F27F g E HAF TR
2 o] ERatel HEUAC| Ho| ©ES] OH7Z|9} E&A7t|
FaZdggo] 44 457 HER] AR deA Urk(5,16).

M

Color and color difference meter® A|2Z7A¥ Ju|drg Al
£ 243 A3E Table 3°] JeRHSICE oz Wo] @715
L, a, b 97.1, 04, 428 ZHEJY, Ju|d7Ee 2424
A AR 0 7E g2l Lgke 2T Ho U3 ubHo)] aghe
=2 A7E Jeplidck Roll millE 38 Suoja7t2e] L, a
e Z}zf 56.7-57.5, 5.5-6.4°103, jet mill2 A|%-3 Su)d7tE
o] L, aghS ZH7} 66.5-75.7, 2.5-392 ZAH ] UA=7)7) BL
FE LA 37, agh2 Aaskelnh Lk roll mill <jet
mill < Z0|A] A7 Fo & veh) AR mgael Uy
A7} dths 71&e] Rl ARSI TH(17).

e

Jet mill2 23t Zu|A7HE QEiEE particle size analyser
& ol&3sle] YEMIAL, roll mill2 AEg SH|A7FEE sieve
shakerE o] &3t YEREE FA 3] Table 49 VERHACH
Jet millE2 E43 RE Su|&7FRe HHdEs A2, FA

Table 3. Color values of black rice flours with different producing
conditions

Color values”
Samples"
L a b
Control 97.1+0.4% -0.4+0.0 42+03
BIWRH 575+04 5.5+04 1.6£0.2
BIWRM 56.7+0.2 64+03 34+03
BIWZH 66.5+1.0 3.6+04 2.0+03
BIWZM 68.3+0.7 39+03 2.7+0.1
HBIZM 74.6+0.7 2.9+0.1 1.6+0.2
HBIZMU 75.7+0.4 2.5+0.5 1.8+0.1

UThe abbreviations refer to Table 1.
L: Lightness, a: (+) redness (-) greenness, b: (+) yellowness (-) blueness.
"Mean of five replication + standard deviations.

Table 4. Particle size distributions of black rice flours with different producing conditions

Particle size (um, %)”

Samples” (roll mill)

>221 221-173 173-140 <140
Control 62.0+5.17 9.7+0.9 47+03 23.7+1.8
BIWRH 72.7+£59 104+1.2 3.1:40.3 14.1 £ 1.1
BIWRM 76.7+73 8.7+0.3 23+0.2 123 +0.9

Particle size (um)”

Samples' (jet mill
P G ) Diameter at 10%

Diameter at 50%

Diameter at 90% Mean diameter

BIWZH 3.1+0.0 27.5£02 106.3+0.2 41.5+£0.2
BIWZM 32601 27.1+£09 98.0£0.6 39.1£0.6
HBIZM 63+0.2 32.8+0.1 91.3+0.2 414+0.0
HBIZMU 1.7+0.0 88+0.2 18.0+0.2 9.4+0.1

"The abbreviations refer to Table 1.

JRoll mill samples were measured by sieve shaker method and jet mill samples were by particle size analyser.

“Mean of triplication + standard deviations.
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Table 5. Contents of free amino acid in black rice flours with different producing condition

k3| A] Al 38 Al 6 & (2006)

120 +

90 A

60 4

Total polyphenols (mg/100 g)

Control BIWRH BIWZH HBIZMU

Black rice flours

Fig. 2. Total polyphenols in black rice flours with different
producing condition. Control: rice — soaking (water) — draining
— milling (roll mill) = drying (hot air), BLWRH: black rice —
soaking (water) — draining — milling (roll mill) = drying (hot air),
BIWZH: black rice = soaking (water) — draining — Ist milling
(roll mill) = drying (hot air) = 2nd milling (jet mill), HBIZMU:
black rice = soaking (water) — draining — milling (roll mill) —
drying (hot air) — cold milling (jet mill with cold system)—
separating (<10 um).

AlSIATH(Table 5). BE HzTolM Foprlxat s Fnl7}
HulEo o %2 23S Hol A7 Y £ Qo] AFe=

(Unit: mg/100 g)

Samples”
Amino acids

Control BIWRH BIWRM BIWZH BIWZM HBIZM HBIZMU
Cys? 0.00 + 0.00% 0.00 £ 0.00 0.00 £ 0.00 0.87 +0.03 0.00 +0.00 0.29+0.01 0.00 + 0.00
ASP 3.56+0.02 428 +0.25 5.92+0.42 5.56 +0.09 6.35+0.19 5.92.4£0.13 5.25+0.12
GLU 3.90+0.03 1.87+0.10 2. 75:0:15 3.21+0.03 3.97+0.28 490+0.14 7.53+0.12
ASN 1.87 £ 0.03 6.46+0.22 5.91+0.36 5.39+0.28 5.54+£0.15 6.25+0.20 7.81+£0.18
SER 0.84 +0.01 3.75+0.43 3.98 +0.33 3.83+£0.03 4.35+0.20 3.98+0.09 3.75+0.04
GLN 0.76 +£0.02 4.62+0.17 3.89+0.33 4.39+0.10 428+0.14 3.47+0.08 1.76 = 0.01
GLY 0.86+0.03 3.45+0.57 3.31+0.29 344+0.13 3.63+0.14 3:22 £0.12 2.58+0.07
HIS 0.33£0.02 1.78 £0.18 1.72+0.14 2.16+0.19 2.29+0.31 2.01+0.18 1.59+0.04
ARG 0.85+0.03 5.34+0.25 4.88 +0.66 7.11+£0.11 7.28+0.26 6.40+0.14 4.81 =0.04
THR 0.29+0.01 248 +£0.20 2.64+0.27 2.80+0.16 3.03+0.14 237 £0.11 1.26:+0.03
ALA 2.04 +0.06 7.08 £ 0.60 6.29 +0.50 7.49+0.23 7.76 £0.16 7.89+0.24 8.41+0.34
GABA 1.19+0.05 11.89+0.17 13.59+1.03 15.11+£1.45 13.72+£0.15 12.15+0.59 7.62+0.17
PRO 0.40 + 0.00 2.89+0.11 2.37+0.24 312+ 0.15 291 +0.07 2.59+0.12 1.74+0.15
TYR 0.54+0.10 2534012 2.55+0.29 3.46+0.07 3.42+0.11 3.14+0.14 2.53+0.22
VAL 0.74+0.03 3.08+0.27 3554012 4.87+0.49 4.19+0.08 3.94+£0.25 2.76+0.19
MET 0.76 +0.22 1.59+£0.12 1.24+0.13 1.76 £ 0.08 1.65+0.08 1.74 = 0.06 1.80+0.01
Cys2 0.00 £ 0.00 0.00 = 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00
ILE 0.50 +0.03 1.67 £ 0.14 1T 1 0:25 2.09+0.10 2.11+£0.04 1.85+0.07 1.35+0.07
LEU 0.66 + 0.04 248 +0.17 223+0.28 3.19+0.03 3.27+0.05 2.58 £0.05 1.28 + 0.06
PHE 1.16+0.14 1.83+£0.14 2.56+0.85 230+0.22 2.54+0.10 2.03+0.14 1.24 +0.11
TRP 7.94 +0.21 7.11+1.05 7.71+2.55 939+ 1.75 8.62+0.25 8.24 + (.78 6.70+0.33
LYS 32+0.28 3.58+0.18 5.73+3.79 4.29 + 0.66 548 +0.79 4.31+0.54 3.16+0.17
Total 30.54 +0.41 79.77£5.18 84.52+10.59 9581 +1.17 96.40 + 1.79 89.05 + 1.30 74.94 + 0.94

"The abbreviations refer to Table 1.
“Mean of triplication + standard deviations.

ICys: Cysteine, ASP: Aspartate, GLU: Glutamate, ASN: Asparagine, SER: Serine, GLN: Glutamine, GLY: Glycine, HIS: Histidine, ARG:

Arginine, THR: Threonine, ALA: Alanine, GABA: y-aminobutyric acid, PRO: Proline, TYR: Tyrosine, VAL:

Valine, MET: Methionine, Cys2:

Cystine, ILE: Isoleucine, LEU: Leucine, PHE: Phenylalanine, TRP: Tryptophan, LYS: Lysine.
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o} oF 3u) & S B9t Ashida 520y v (Koshihikari)
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