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Characteristics of Enzymatic Hydrolysates of Rice Bran and
Rice Protein by Mixing Ratio and Hydrolysis Times

Yoo Kyung Seonl, Hoo Mo GOOZ, Kwang Kun Parkz, and Eun Ju Yang1

Food Research Center, Jeonnam Bioindustry Foundation
“Maeil Foods Co., Ltd.

ABSTRACT This study was conducted to develop a savory ingredient using rice material. We made hydrolysates
with ratios of rice bran and rice protein of 4:0, 3:1, 2:2, and 1:3 (w/w) using commercial enzymes, and then investigated
their quality properties. At a ratio of 3:1, nitrogen degradation ratio (NDR), savory taste, and overall acceptability
were the highest compared to other ratios. Rice bran and rice protein with a ratio of 3:1 were hydrolyzed for 13
days, and characteristics of the hydrolysate were investigated after 3, 5, 7, 10, and 13 days. Total nitrogen, amino
nitrogen, and NDR of the hydrolysate after 10 days were higher than those of other hydrolysates. SDS-PAGE showed
that the molecular weight of the hydrolysate peptide became smaller as hydrolysis time increased. Glutamic acid content
was highest among all amino acids in the hydrolysate for 13 days. Amino acids related to bitter taste decreased from
5 to 13 days, whereas amino acids related to sweet taste substantially increased over time. Sensory evaluation showed
that the hydrolysate after 10 days was best. These results suggest that rice bran and rice protein at a mixing ratio
of 3:1 and hydrolysis for 10 days were optimal hydrolysis condition for development of natural savory ingredients.
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AAdzxv sz MEs A5+ vus AA otk

AA Az Axe MAEY] AEow dlA s
walste] @, 2 R AR & AxshE Fay I A
3 = aAERIHS okl TR 2 AEd 9Nd Uk
A ES AFEE WRo] ARSE I JTHT). 53] Tt
3 A& w2 (hydrolyzed vegetable protein, HVP)&
xRV R, AnF, IS4 5o 98E 9 AMEEL
Ao LH(18), HVPY] 52 &X| glFatou} Aw FFdlo]

FE ARG o5& dHEVE fFidste AFoE ¢
A Atk Sampson(19)2 Gfrol R ojdolof Al L&A =7E
Joy|= AFoR S, G, BF, U, Dol 90%E A
A gttkal B skgith Ogura 5(20)2 ol ET I H4 3=}
S XAk A3 AFEdEY] fYEC] dFgdErie
33.5%, DL Z7]= 20.2%%] Hhde] BAH27])= 2.5%
2 VeSS Baskgith &2 guleoA Sl 2719 f
S AtAIZl SRR AFe] A AAE o] &AL
AoH(21), T THE AHEIE TF frole] Aol A
2 A3 Jom AFHITH22). wEpA] & g s o)
g 2| aAlE AgH2Y] AF dRE vdstA €849

et

AFg-3F @4 Novozyme(Bagsvaerd, Denmark) A%<
24 Flavourzyme, Protamex, Alcalase, Viscozyme,
Celluclast, Glutaminase& TY38Fo] AF&3}SI ).

S 717} 4:0, 3:1, 2:2, 1:3(w/w) HE& 2 E3sle] 0|53
o n g A el o] v o e 982 747 150 g¥
Wl ¥al 15% 255 300 g3 &3 a4 Flavour—
zyme 9 g, Protamex 1.5 g, Alcalase 0.9 g, Viscozyme
0.12 g, Celluclast 1.5 g, Glutaminase 0.3 g& #7}3t &
50°CoNA 74 &<t aaxfsE Ayt aaxfs] Az
S AR f8 v 2 A s 3il(w/w) HIER &
et aavd 9EE ARSI o, AET 24T A

arddlee 4 54 1461

719 W FU3A ke $ 50°Cel A 747} 3, 5, 7,
10, 13¢ &t axEsE APsidltt. £t T8E a4
F3] &2 filter paper(HM.01006185, Hyundai Micro Co.,
Ltd., Seoul, Korea)Z o]}t 3 o} lS- 85°Coll A 154
I Agste] a45 AGAZTH v A 2 B84 2
AES AAS7] Hske] A2oA 72A13F A3 £ filter
paper® o 7g FARIHES A AlEE ALESIGIT

olgtstd Ed 2N

%4 2 (total nitrogen, TN) 3F&-2 Kjeldahl®, o} = Ej
A Z~(amino nitrogen, AN) $+&2 Formol A H oz &
Mot A Mohr &2 S489.0n, Brix: 3=
A(PAL-a, Atago Co., Ltd., Tokyo, Japan)E ©|&3lo] =

A3 th pHE pH meter(pH-200L, Istek Inc., Seoul,
Korea)& o]&3lo] 4313t

25T}
AR BPbe AN EGE)H 4EAAA
AE AT F FAR 1299 AIS fPoz FA5Y

o} H7} g2 o 7= M(color), 3 (flavor), 7F2 % (savory
taste)? E3 71
2] VEEE TH A E
e 1HoR 295 7|aer) v, 730 455 7]

27} ol Qloz ks,

S2jotol it 2o

aA%3E 0.2 mLoll 16% trichloroacetic acid(Sigma—
Aldrich Co., St Louis, MO, USA) 10 mL& 7}3}e] 30%-1k
&3 5 1,650x g4 16583 A4 E kL 0.45 um
syringe filter(Advantec, Toyo Roshi Kaisha Ltd., Tokyo,
Japan)® o] ¥}3te] A5 2 AFE3A T 4L injection
volume 20 uL, flow rate 0.3 mL/min® & 3&}o] 2} o}
=4F B9 7](Hitach Amino Acid Analyzer L-8900, Hitach
Ltd., Tokyo, Japan)& #4]3}3it}.

SDS—-PAGE

aafsEe] g B feol= S|l 2 SDSE ¥ st
+ polyacrylamide gel(NuPAGE 4~12% Bis-Tris Gel,
Invitrogen, Carlsbad, CA, USA)S o] &3 A7jdEo=
ottt 4RSS sample buffer(4xX Laemmli
Sample Buffer, Bio—Rad Laboratories, Inc., Hercules,
CA, USA)$} 41o1 A 583t 291 th gelol loading aF3ith.
%o w2 B4 2+ PageRuler Plus Prestained Protein
Ladder(Thermo Fisher Scientific Inc., Waltham, MA,
USA)E AHE3FATE 171952 180 mAR A&kl o,
staining buffer(Brilliant Blue R250 Protein Staining So-
lution, ELPIS-Biotech Inc., Daejeon, Korea)$} destain-
ing buffer(methanol 300 mL, acetic acid 100 mL, H2O
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600 mLE 4] % 242 sl

SH A2

¥ ZA3l= SPSS program(Statistical Package for
Social Science, version 17, SPSS Inc., Chicago, IL, USA)
< olg3to] dYuA EAHEA (one-way ANOVA)S Al
3 & Duncan's multiple range test® A} 753 A TH(X
0.05).
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Celluclast®} Viscozyme, ©-¥ 2 7}
ourzyme, Protamex, Alcalase, 18] 2 glutamine glu-
tamic acid® W3kA17]= GlutaminaseS Z¢3lo] AL-&-3}
Srf. a4 A MAES] 29 WA ] f8ke 15%
AFE ATk mAg A S o] vl gl e &
a2 o]}ty 54 Table 1o YERNATE & o
o] Hj&o| FolAFF FALSY opv|H) A4 FHFS F7}
skltt. vt 2 dldo] 4:0 HlEY w) FEA} ofr] e
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Table 1. Chemical characteristics of enzymatic hydrolysate of rice bran and rice protein prepared with different mixing ratios

Mixing ratio Total nitrogen = Amino nitrogen

Nitrogen degra-

0, 1 0,
(rice bran : rice protein) (%) (%) dation ratio (%) NaCl (%) Brix (%) pH
4:0 0.70+0.04°" 0.31£0.02° 4429 17.30+0.11° 34.20+0.30° 4.72+0.06°
3:1 1.53£0.17° 0.74+0.08" 48.37° 17.30+0.16° 35.2040.10° 4.77+0.03°
2:2 2.50+0.45° 1.12£0.21° 44.80° 15.30+0.20° 38.80+0.40° 4.87+0.05
1:3 3.13£0.66° 1.37+0.30° 43.77° 14.90£0.18°  41.90+0.30" 4.90+0.04°

Values are expressed as the meantSD (n=3).

YMeans with different letters within the same column are significantly different by Duncan's multiple range test (P<0.05).

Table 2. Sensory characteristics of enzymatic hydrolysate of rice bran and rice protein prepared with different mixing ratios

Mixing ratio

(rice bran : ice protein) Color Flavor Savory taste Overall acceptability
4:0 5.25+1.54" 5.83+1.11° 4.25+0.97° 4.00+1.04°
3:1 4.58+0.79" 5.00+0.85 6.25+0.45" 5.83+0.39"
2:2 5.58+1.00° 3.83+0.72° 5.25+0.45% 4.58+0.51°
1:3 4.83+1.11° 3.17+0.72° 4.42+0.51° 3.4240.51°

Values are expressed as the meantSD (n=3).

YMeans with different letters within the same column are significantly different by Duncan's multiple

range test (P<0.05).
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BP9l om, 4:0 v ol 425802 7pE e V5 E

e T 735 Rl = n7z) & o
3:1 HlEoll A 5.88@3; N 2o NErE e
g Gl A w7t vlef & guld ol Hjgo] EoldgE
AAEAES o]u9} o]FH It HEiR = Aol 7| E&ET} Yo}
A Aoz ZAFEATE Y5 vl & & dgo] Zrt
5= F@ s} ofu g Ao FeFe SIS A
2 FA3e vgskA gow, o]#3 As gaRe Sl
S8 obm|wal, HAelol=, F 5 o 7R AR H3hA
Zgo o) e wre oz AZbETH v Ay A
Aol 4:0 B & Z AJ4H FARHEL ojn= AF -A4X
A kot AT Awrt ofsle] FZu|AAE A HA 3
Aoz A7FE AL 7o v o g g4AEE] o3
g4 B4 2 P53 54 B0 we 9 A a9l
HE g galde ujgo] #x oM dAaRdEy A
A EAo] 943 Aoz vehd vy & galdo) 3:1
H o] Uk A2 A 488 A8 A3tet slo=z 3
A=Ak
SAESH Azt M2 SARSEC| ZE& EM

29 A S 98 gARE daF vy A g
AL 3019 BlEE AT T AR A7 i F4R
Ao Fd EAS A8 v & deldo] gaR
%Hﬂ 3,5,7, 10, 139 Falw gAEsEe] o384 B4

£ Table 3o YeElAT. =24 3 3ol 1.44%°14

8 Aol e 2EH F7)

=]

v w8 1080 Hojztel
L5 ehiges, i 1390

2

1.54%= &3 10¥

i

Abgh gheFs YERITE T2 A9 fFAFSHA of v )
= 53] 3Y0l 0.60%°14 Taﬂ A 7bel] whel 2ER =
o] &3 10°1oﬂ O67%i A zke »}quoi u:] B
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gom B 13dE 42.86% = nn|stA At
BAE A7t e gARHEY] F4 4, ol e AL,
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&2 25 3] 10deA HAdgs el gl
Jeong F(23)2] AtellA WA 7ol e drisA 1t
] 390l °F 0.5%°4 &a 1049 1%
= 9 399l °F 0.2%A 2a
Al Zbel| whet A A 8] F7tsk it

o 2 Z2AAE A}

&
ArEglon, o e) A
109 0.3~0.5%= a7t
HYFTAR AxS ] 4717
& A7 24 9001 Aol 0.7%] =EATH26). IA = o]
3 dFol A= FHAe O}UliEH Ax7bdta 2 &4
et A4 3 27}0}?@”& o
—‘:.'—5]1 39 who] FA A 1.44%9} 0} liﬂl
FS Yepe=z 23k A

9}&:— 174 o] ok Eﬁ:v‘f—éﬂ%gl Oi]:’\: 15.67~16.26%2]
WA= vebton, gadal ARt wE Aad S e
A Fdrh aadd=e 7HA 1P E 9 pHe 54
el ARE Adagle] FARE S dEdlY

A fd @ A8 glbumin, globulin, prolamin, glutelin
o7 FAH S glon, o] F gluteline 66~78%<] & H]&
S AA 2T, & DA S Tl WU dE5E A6
S u A g A 10~66 kDa W9 &2 xS,
T8 WAL glutelin ATAQ 57 kDa2] w¥} A1} 30~

35 kDa®9] glutelin acidic subunit, 19~25 kDa®] glutelin
basic subunit 5°] AEE ATH28,29). & AFollA G4AF

3 Alztell W aadsEe] weld 2 flelol= S
zx}om 9sle] gl W7 ES A8 }Oﬂﬂ(FIg D=2

W3l 3UHE F A g Ho] it B3] 15
kDa "Rl A] 3719] F=8. band7} 3% 5]5’19—‘34, 3l 13¢
7HA] AlRbel] wh2 fEbe] = sfele] 2 sk v ek
o} 22y AR 7Y o3| 15 kDa B uke] A2z}

g = FEo] = bande] FE7F AR} wolA| = AEFS
Holm FAFE Azte] AojAd4E A B2 87t
Y= S-S FAA

Zvo| wE I A Gl AR R &
2] opn| Al &3S Table 40 YERYAT Folm] =it gheF
£ 3,954.44~4,309.74 mg% 4F 0.2 Ha) 50l 4,309.74
mgh=z 7V & S el gon, o] 2 A kA
aho] Hajl 13Ul 4,245.73 mg% s YERN A o} e
W3l g% ekl B A7t A#glo] RE gAREE

d

of| Al A 120 glutamic acid7} 71 A A& AL
W, glutamic acide= &3l A7t wpgt 254 Sr1ske] #

Table 3. Chemical characteristics of enzymatic hydrolysate of rice bran and rice protein prepared with different hydrolysis times

Hydrolysis time Total nitrogen = Amino nitrogen

Nitrogen degra-

NaCl (%) Brix (%) pH

(day) (%) (%) dation ratio (%)
3 1.44+0.08" 0.60+0.05° 41.67° 16.26+0.18° 35.00+0.20° 4.85+0.08"
5 1.50+£0.03° 0.63+0.08° 42.00° 15.67+0.11° 35.50+0.30% 4.94+0.05
7 1.53+0.12° 0.65+0.01° 42.48° 16.03£0.21% 35.50+0.30" 4.96£0.04°
10 1.55+0.10" 0.67+0.07 43.23° 16.03+0.13 35.80+0.10° 4.85+0.09°
13 1.54+0.05" 0.660.06" 42 .86 15.92+0.15® 35.80+0.40° 4.92+0.07

Values are expressed as the mean+SD (n=3).

YMeans with different letters within the same column are significantly different by Duncan's multiple range test (P<0.05).
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250 kDa -

130kDa- w

100kDa- w
70kDa- W
55kDa- W
35kDa- W=
25kDa- =
15 kDa -
10 kDa -

M 1

2 3 4 5

Fig. 1. SDS-PAGE pattern of the enzymatic hydrolysate of rice
bran and rice protein prepared with different hydrolysis times.
M, size marker; lane 1, 3 day; lane 2, 5 day; lane 3, 7 day; lane
4, 10 day; lane 5, 13 day.

3 39l 521.51 mg%oll A ¥l 13l 586.14 mg%7}A
=713kl th. Glutamic acid9} 4 =2 728 &2l as-
partic acid%e 3l 39| 166.38 mg%ol A &3 A7kl
upe} S71ske] B 1399 211.16 mghz 5718t ©
95 vER <= glycine, alanine, proline, threonine, ser—
ine 9] ofv = AtE 3] Azt whel AR FUkskeE A

B2 geF

a5 YERATE Wi )2 F Q1 &8s e S oAt
¢l phenylalanine, isoleucine, leucine< #3l 5ol A 7}
=2 S UErd F Ea 1397HA HAske A ES
YER AT Kim (1)¢] A7-olA @A77 Protamex,
Alcalase, Protease N 49 @ == 23 g = #3)
gk & oolm At 2 S #41% 23 glutamic acidy as-
partic acid® T} &89S F¥3l= o}v] =2Hleucine, iso—

leucine, valine, phenylalanine, arginine)®] &&Fo] =o}
AT g &kl 4 Ao =Z o sttt Kim 5(30)

9] A= EYE AFT & AdE FAED & Al
S Protease M, Protease N, Protease A9l E4E ¢4
= 23] 9L w o] wE oju Al 2L EX

S BolX| oo}, 2uks f33tE ofbn| =4kl leu-
cine, isoleucine, valine, phenylalanine, arginine®] 3}

o] Fomz FaRelRe o] 4 olet oakalsit.

ol¢} thE A & AFtell A w4 2 dildS gAEs &
Ag3E 7 A7l glutamic acid®] ko] 7} =,
Zok) w@hgke Wb sl opn ko] FaF B EFIGITE o]
gt A durt BF 2 ol AR v, & Al
u e & gl o] 23t FE 5 a4 VHE A 9
59 771 vtEH, 3ol Aled 549 FRE 44 o
287 7143 549 7 9 240] 7hrEaEe] 54
Z 9FgS FE= Aoz2 A7ZtEY Chungd Lee(3DE &
Gl d ZFALS Alcalase, Delvolase, Protamex, Flavour-
zyme®] BAE 747 fafjsto] ot 54E 543 A3 a4
| whet Rk Auke] A= Zb7] g2 A YERTh &
5] Protamex A8+ £&uko] 3.28 % 4] Flavourzyme *]

Table 4. Free amino acid contents of enzymatic hydrolysate of rice bran and rice protein prepared with different hydrolysis times

Free amino acid

Hydrolysis time (day)

(mg%) 3 5 7 10 13
Aspartic acid 166.38+10.60 190.21+3.50 193.30+9.90 210.49+11.00 211.16£12.90
Glutamic acid 521.51£9.10 569.86+13.30 569.65+11.40 584.55+6.10 586.14+7.50
Asparagine 208.14+5.80 231.89+4.10 235.00+7.10 236.50+7.60 236.66+5.40
Serine 172.45+3.80 192.84+5.80 197.69+1.40 203.43+4.20 203.21+2.90
Histidine 103.00+5.80 102.52+4.10 104.70+7.50 103.50+1.10 104.59+3.60
Glycine 69.42+2.60 79.1543.20 78.9843.70 86.05+5.10 86.27+4.80
Threonine 158.34+1.80 168.76+3.00 173.67+1.30 171.55+5.50 172.16+6.00
Arginine 462.39+11.70 496.88+7.90 492.19+13.60 496.35+9.90 495.83+10.20
Alanine 211.34+5.80 250.31+7.10 249.79+7.50 258.14+6.40 254.37+5.50
Taurine 17.93+1.70 21.28+1.20 22.00+2.10 21.5842.00 22.78+1.40
y-Aminobutyric acid 17.2240.60 26.55+0.70 24.2620.70 30.07+1.10 31.1340.50
Tyrosine 246.46+2.90 253.49+5.00 195.50+3.80 173.03+3.70 170.46+4.10
Valine 347.86+5.40 369.36+4.30 364.20+3.90 350.28+5.00 348.95+3.70
Methionine 84.37+6.70 93.18+10.10 92.7549.20 86.67+7.70 85.12+4.90
Phenylalanine 262.45+7.50 286.57+5.20 276.97+6.50 269.18+5.30 268.34+6.90
Isoleucine 225.80+15.80 242.39+5.80 238.69+7.10 230.68+12.10 228.11+5.50
Leucine 377.99+10.70 408.94+8.90 407.08+3.30 393.13+8.00 392.95+14.30
Lysine 210.09+8.50 223.86+4.60 221.20+10.40 225.50+13.20 225.74+11.60
Proline 91.30+4.80 101.70+3.20 106.85+4.80 119.83+8.60 121.76%7.20

Total 3,954.44+121.60  4309.74£101.00  4244.47+11520  4,250.51£123.60  4,245.73+£118.90

Values are expressed as the mean+SD (n=3).
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Table 5. Sensory characteristics of enzymatic hydrolysate of rice bran and rice protein prepared with different hydrolysis times

Hydrolysis time (day) Color Flavor Savory taste Overall acceptability
3 4.58+0.79"" 3.42+0.51° 5.24+0.50" 5.08+0.92°
5 4.83+0.92° 4.2140.45" 5.58+0.62° 5.42+1.25°
7 5.02+1.68" 4.7241.21% 6.14+0.79" 5.94+0.58°
10 5.42+0.60" 5.25+0.45" 6.42+0.51° 6.30+0.72°
13 5.38+0.62" 5.18+0.94% 6.38+0.60" 6.24+0.60"

Values are expressed as the mean+SD (n=3).

"Means with different letters within the same column are significantly different by Duncan's multiple range test (P<0.05).
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