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Abstract This study aimed to enhance the value of defatted rice bran, a byproduct of rice milling,
as a sustainable food ingredient. Defatted rice bran extract powders were obtained by water,
autoclave, alcalase, and autoclave/alcalase treatment, and their quality characteristics were investigated.
The extract powders treated with alcalase and autoclave/alcalase showed higher contents of protein
(19.34-22.86%), essential amino acids (6.22-7.44%), and branched-chain amino acids (2.67-3.18%).
The autoclave/alcalase-treated extract powder exhibited the highest amino acid score (0.94), in vitro
protein digestibility (90.67%), and protein digestibility-corrected amino acid score (0.86). The extract
powder showed higher oil absorption capacity and water solubility index but lower water absorption
capacity compared to wheat flour. Vegan cookies prepared with 7%, 13%, 20%, and 27% of autoclave/
alcalase-treated powder had a lower spread ratio, loss rate, and leavening rate than control cookie,
with a firmer texture, lower elasticity, and a darker red color. Sensory evaluation results showed
that the vegan cookie with 20% extract powder received higher scores in appearance, aroma, taste,
texture, and overall preference. Therefore, defatted rice bran extract powder can be applied in the
food processing industry, particularly in vegan bakery products, as a source of high-quality protein.

Keywords defatted rice bran extract, autoclave, enzymatic hydrolysis, vegan cookie, protein quality

1. M2

A A8 deo] el A A o] FAF wE, el Bt Bl EorAEA A
Ao] Pat BAE 271617 AckSond} Lee, 2023). A4 2} vegetariany= 7125, A4, 97,
TAE, &, AL AFcke frol et 772 E2R7EH, Bl (vegan)2 AT AavtE HF5H
£ A5TE QulTHAT, 2021). = 4] Q1= 2022 7]F 150-2007F HO 2 2 H(KVU,
2022), 2% MZAIH= S8&A00 RidstaL, 715 We} 9l 52 &2 SE 55 3 A4 Ade
she Aol siet. olelat 58 ol vl A0} ARAL ASH o S7H A= oE
(Song¥} Jung, 2022). A|FAA e G2 FFo] BRAJS AL /12, ESG(environment,
social, and governance) 4% LY 53 AMS|A AYLS AASIY Uth(Park 5, 2023).

A4 AT A (International Agency for Research on Cancer, IARC)E 71541 &3} 54 A&
ol AL o, T, AR A 5 WARY Pye) Fo Yolos Husiy, A7, A

7R3t au), 52 @ D485 59 of ARY BNAC HHE Yl 2uEo] F7kst
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Qlth(Banovic 5, 2018; Min &, 2022; Sird 5, 2008). % A|A|
A e AP HEE AARAIE Boldl 9lom, A 8.2%
O] AAE(CAGR)E gtfld o= MG, o] AR 2030
W7ZMA] oF 2659 27T 2 qtHof o]E ZloE JSHG
(Grand View Research, 2024). thA| T2 A2 z7|o=
T2 dAS A %’S o7 PAEUoU, HTol= AAIE, of
o|ATY, AUR 5 TRIRE Hofg SYEM AH|AF e X
= Wola Utk O]iﬂ* AL oA @ede] & =
Wolal, A& 7he A A% SAIste 4| ERES} gHE
AR e % 7}—'—9} Ao = HRITKAT, 2021).
AL 9, S5 A AA 3H| AEEA =, S, 98
o4 402 £u]EIckScon 5, 2016). FHOIHE 191 717
Z7h 9 Aok Aol o) W AR FreHe v,
B v AjFos ZAsts ZAothKim 5, 2011).
KOSIS(2023)0] 9F= ek ZAlo] w2, 2023 1919 &
ZH A& ARFE 564 kgl AW diH] 0.3 kg H45HoH,
o]= 2019(60 kg) °]% 2 HWjd ZFAadt= FAS HojZoh
)7 (rice bran)y> Fu]of A U]i L7goh= Aol dojA]
© FAREE 3, 31, 3839 E8E0°|tH(Kang 5, 2012).
T4 71e9 HER Qs v *"*Jo‘_ d F7ke o] A7k oF
404t Eo| *“*P%E}(Jeon 5, 2019). °] & 20-30%= "|Z}{=
AZEHAGE, & &5 ARRE ARREHAY 59 H7E8 A
253 Yth(Kang 5, 2012). 1o, o] T, Aol 4,
E714 E9] JokAE. ] F55)H, tocopherol, tocotrienol, y-
oryzanol phytosterol 2 policosanol 5-2] thFst A4 A
2 ghgokaL, S8 o] Aol Ra 2ls) 43480] Be A
Holek(Ham 5, 2016). T, We|st @vje] B FF
77} 6.81-733%9} 7.1-8.3%10] HS|(RDA, 2021), 117}
o oA B2 12-16%°]TH(Gu 5, 2018). A W72 1|7t
Az 59 BABTA T, A, B, Aol g7} F04
Ho|1, & 55 AR E o] &HHKim 5, 2011). 1|7} 3}
A2 A4 Psd 48 WREAQ Aol ack n)2g
AE7RBA] 48U A AU FIEE wolw 4
712 50| H7|BS Zol= Aub} 9t Eal nje ABA
crlgsh AT T4 ARe] FRUCRAL 7S 7}
AT SUTk 22 U2 BB A4 5T AF AL AT
A w7 A7keE d#(Jeon 5, 2019)2 MH(Jang 5, 2012),
517 S ke HekguBack 5, 2023), 017 B
7F A(Lee, 2019) 5°] AP Qlct.
=l #lo]AZ] A 2012 1917 ¥ 4]0l 182 g/day
oAl 20209 19.4 g/day= F7FotH Hid &2 02 AAFstal
SAck(Kim, 2020). 2HAEL A7E SAAslo] A|E] H7t
Xﬁiae faol A, e 9 5= & 59 A4 o
5 1ejoto] v7 oA AFol Wt A5 =7t F7ksta
ULt ERL 7]E B HolAY AFEY 754 7124 &

40 2 2 H
Jlm
O O. (o

lg

866

o] ZfAde okt AlEe tigt

3 uld 2EA5e) HoR a7

o Bad:

B oo <& 7Rs3 AE A7 2 A u]7}9] o)L 714

=013, B AF Aieze] ] TS dotiy] fs)
oot gl UJ iz B g A S o] &5t EXn| 7} & By
Azl o|seta 542 AT 0% H| H|o]# g

ABLZA0] 48 H54E 2] Aol 23 BUS W}

- =

& T2 Azdte] A AYL Y S4B

2971 27151 9o, ol
22477 93t AE L

=
=
al
o %

2. Mg % diH

2.1. &gHE

22u|7} B dulg BAER A F(Serim-Hyunmi
Co. Ltd, Jeongeup, Korea)o| Al FFuli5}iTE. A A (alcalase) =
Novozymes(Bagsvard, Denmark)o| 4] L4354t 7] AlZ
£ st FHE(CJ Co., Ltd., Seoul, Korea), vegan fat(Natuli
Foods, Vejen, Denmark), OF2E 7}2(G&M food system,
Yangsan, Korea), 24> Z1E(Ottogi, Seoul, Korea), H|o]7 A
Th(Yucheong food, Daegu, Korea), F(Maeil, Seoul, Korea),
E9(Samyang, Seoul, Korea)Z} SA&(CJ Co., Ltd.)2 A5
oAA FAstAH.

N
N
_[!1_
>
[=]
C &
4
1]
I
I
=
M

o7 & F& BES C, 717U (autoclave) A2 g
2] (enzyme; alcalase) & U< E, I121% & 84
o AEZ Wi
J— FEE Co gAD 229 S/RSE 1:20(w/y)
3}5}o] shaking water bath(BS-11, Jeio Tech, Seoul,
Korea)oﬂfﬂ 50°C, 130 rpmO.2 2A|7F wHsI T &R|u| 7} =
22 AL 2X0)7} B ZR4E L10wh) B B35t
T 4E 7] (MaXterile 100, Daihan Scientific, Wonju, Korea)S
o]-85to] 121°CollA] 1082 &< 15 psi 2ACE 1231} A2
5}1l, shaking water bath(BS-11, Jeio Tech)o]A4] 50°C, 130
pmO. & 247} WEFSIGI T g7} 255 E= gAu|} 2
T 10 gof] 282 200 mLE Y1 pH 7.00.2 23 T A9
4 child Baj) §490 alcalases 7|3 tfH] 1% (w/v) H7Fs}
11, shaking water bathoj|4] 50°C, 130 rpmO.& 2A]7F HHS-A|
ATk o|% WSS 0CoIA 1083 Aelste] Tk gL

HANZ GAT 35S ABE SAU BT SR4E
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1:10(w/v) EF3I 1087 1217 AZ5te] pH 7.00.2 %
A5t & alcalase(1%, w/v)S 715k 50°C, 130 rpm, 2A]7F
e & 0°C°1W 10&7t0 2 G458 BG4 AR 24 240
7} FZES 10°Co|A] 1087t £ /}:,—E—FJ(Z,683 xg, Supra R22,
Hanil, Seoul, Korea)d}o] Ag S A2 & -82°C9] A2
531(MDF-415, Sanyo Co. Ltd., Osaka, Japan) o[4] 6A]7F 0]
4 #5852 A1, SAAR(-75°C, SmTorr, FD8508,
ilShinBioBase Co., Ltd. Dongducheon, Korea)dlo] B¢ A&

& Qe RO FE9 488 A2 59 4T 52
AZ20] ZH|E o] 4] (1)& o83kl Ltehpglc
L 22202 3%
Yied) =~ e Az 33@ 0 O

2.2.2. EX|0|1Z F& 2L UUHYE L otO|it 24
gRu)7} & 2] xuhula sHES AOAC(1977) B
o] we} KjeldahI'§ 0 &2, &4-312, ZAH}, 23|18, I gF
2 MAFRA(2021)9] feed standard analysis methodZ, $+5
FF2 AY7IEARH(AOAC, 1990) 22 S5l ofr| e
A 2L AOAC(2005) B LS #g3l o] F2utE I
< 0|23t ninhydrin post column ¥-3HOE FEA5-tt.

EOSk‘a

2.2.3. EX0|1Z FE U9 £EEFYY RXEsE £
S E 5 ~(water absorption capacity, WAC)< Al& 1 gof

59 30 mLE ¥, A20)4 1087 B3 £, shaking
water bath(LSB-045S, Daihan Labtech Co., Ltd., Namyangju,
Kora)l1 150 rpmo.2 3030} BT £ 2l
21(3,134 xg, 20 min)3t & AZHS A Asto] A20f4 108 1
o1, 2%9) 52 2t okl 4 @), (9 018
YERHS. 541843 (oil absorption capacity, OAC)= 71=2ha
10 mLE o] $EET FUT Yo WAslei:

T ST F AETg)

x 100 (2
FEEE. @
1542 (0AC, %) =
%xr—g—rz NERAe
2242

2.2.4. ©X01Z F& 2Y9 pHY +E&dHK+ 5H
AR 1 g0l 25430 mLE A7sto] 25°CoA] 3087 &
gokal, (3,134 xg, 20 min)ste] A5HE FHot3lrt.

https://www.ekosfop.or.kr

o]& pH meter(S220-K, Mettler Toledo, Columbus, OH, USA)
£ o]§elo] 5] pHE ZHolGITh RN Hwater
soluble index, WSI)= A S FEA27](105°C, LDO-150F,
Daihan Labtech Co., Ltd.)oA 24A|7F AZAI7] & 1P E F
A% 2450 ool 4 @2 ol8stel tehigich

FEEHAF(WSL %) =
o B o )
A ANEFA(g)

x 100 (4)

2.25. 201 & L 27| Yx(bulk density) £H

AU 0 mUoh AR E A2, A T
Hsh Qe WA Ae F BAS SAsgen, ool 4]
(5) olgstel Ax7] Arg ZAs9

) _ AEY FA(e)
2H7] Y (gml) = A g9 Hul(mL) ¥

2.2.6. EX[01Z F& B2 in vitro HE 4SS

g u7}; & B0o] ol 4ASHE-2 protein digestibility
assay kit(Megazyme Ltd. Chicago, IL, USA)E o]-8-5lo] A5}
et 2 240 ARSE K AR ARAPIA AlSH A A
2319t AlE(500 mg)of] 0.06 N HCI(19 mL)& Y11, shaking
incubatorof| 4] 37°C, 250 rpm, 30 HF-3-A|Z] 3 pepsin solution
(1 mL)& #7}ska, 37°C, 250 rpm, 6027+ ¥-3-519iTh. 1.0
M tris buffer(2 mL)S A7}5to] pH 7.42 ZA3}, trypsin/
chymotrypsin solution(200 uL)YE H7Fskod 37°C, 250 rpm, 4
A 9EEAIZD - 95°Co| A 10827F HE-g-sto] ﬁié E243}
StTh AlLoA 2087F HMiSH & 938 4 mL9} 40%
TCA solution(l mL)E &3}5}0] 4°CoJ|A] 16A17F HH-AIZ1 &
1.75 mL-& 9A1EZ](12,225 xg, 10 min)a}3ct ASHS sodium
acetate buffer(50 mM, pH 5.5)Z 208} 3]4J5}3l, ninhydrin
reagent solution(0.5 mL)S &7}l 90°C, 220 rpm, 2087+
HES A7 3 Ao A 105 WHR]519IT). Reagent alcohol(50%,
1.5 mL)x} &3}5}o] B3 T A|(Multiskan Go, Thermo Scientific
Inc., Waltham, MA, USA)Z 570 nmo|lA S FEE &35+
T} o]%F assay kito] AFE L-glycine HFEFEZZE 519
standard curveE ¥-2 &, primary amine 55L& 75130t Al
29 olu|-At 2 proline, lysine, histidine, arginine 5%=0f Z+
7+ 2,05, 0.2, 0.2 #dlo] X% primary amine 35
S & in viro A A3aS ALISHITH

G20 F2 TLAES W FEE 18 0%, 7%,
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13%, 20%, 27% tjA|Sto] Table 19] HijtH|of wet Bl 7]
(AE0, AE7, AE13, AE20, AE27)E A&}t &5-E 70°C
7] Elg] 2R A2 T ARt A0 REZH A vegan
fato]] SHES 2V15FHA FHABE 9 A(Kitchen Aid, St.
Joseph, MI, USA)& =9 AFHI7} HES e & 7/ =9
& 234 Youx 2o BeEX PES stk SR,
A, OFZE 7hRe} Hjo]H Atk Ao Y & =k W=
o Yol TaISITE W 50 & A1F 5 em, 0] 2 cme] @
HFo g AgFstal, dEsto] YaAolA 302 <t FAAR
t}. @ E(DHO2-23, Softmill, Gwangju, Korea)2 $& 170°C
T} oFFE 150°Cof|A] 204 53t -2 T A-2of|A 1A]7F B+
b 9usio] 244\ A BBST, vA 7719 B ©
54 BA4S Wrla

=5

Rl

2.3.1. HA F7|9] Mo} HAXY =Y

H]A F719] M= AMA}A|(Chroma meter, CR-400, Konica
Minolta Sensing Americas Inc., Tokyo, Japan)g ©o]-&s}o] F
719] QRS S50 EEWT(LEE 92.17, agh -0.30, b
% 48002 HASH T Hunter L(lightness), a(+redness/
-greenness)2} b(+yellowness/-blueness) 7+ 103] HHE =74
oto] Pt #EHARR UERAIT 719 HAAQ1 AE A}
OlAE, MAAR)E VAL Ad’+ A0 9 Aoz Tt
SO 25 BT ARABSH BARE perri disho] Fo}
4EE 259,

F719] "lAH = 5 mm cylinder7} 2 texture analyzer

(TAXT PlusC, Stable Micro Systems Ltd, Haslemere, UK)E ©|
8510 7 (hardness), BF24J(springiness), -5-514J(cohesiveness)
2 =739, Texture analyzer®] pre-test speed+= 2.0 mmy/s,
test speeds= 0.5 mm/s, post-test speed+= 10.0 mm/s, trigger
force:= 20 g, A|E2} probed] AT+ 4 mm R7ACE HA5}t
Aot

2.3.2. HIA F7|9] HEYX|, &4E Y WIHE =5H
H|A F7)9] £4E(loss rate, %)I} HA-E(leavening rate,
Yr> w7] AT ST 27 S7s5to] oo Ao & Alktst
Aot WA A Sx(spread ratio)= F7] 2|70 Higt &0l 9] H|
E HEHIATHAACC, 2000). 7] 6715 7t2= JEsto] 2
ol EHT T 7 F7|E 0% S|HAT] & FUS HoR
% 2018 274517 602 ol 37 1Y B A3 7
shsick. 7719 B ol 771 6748 $4.0.2 o} ol
25T, T BE $AT WS EoIE 24T ¥ 602

o] B oIS 243, ool 4 (6)-®)°l 2Jstel 13

i

ol

4 A4 Faqrh.
771 674 B 27 (mm)
B /\00 =
188 500 =~ e w7 wolm) O
77 AT 1749 FFA
sagey - FAAFVIEEREG

71 A = 1Y) S

Table 1. Baking formula for vegan cookies added defatted rice bran extract powder

Ingredients (g) Vegan cookies

Control (AE0)  Defatted rice bran extract powder (AE)"
7% (AET7) 13% (AE13) 20% (AE20) 27% (AE27)

Wheat flour 138.0 128.9 119.7 110.6 1014
Corn starch 5.0 5.0 5.0 5.0 5.0
Almond powder 40.0 40.0 40.0 40.0 40.0
Defatted rice bran extract powder (AE) 0.0 9.2 18.3 27.5 36.6
Baking soda 2.5 2.5 2.5 2.5 2.5
Dark brown sugar 80.0 80.0 80.0 80.0 80.0
Starch syrup 5.0 5.0 5.0 5.0 5.0
Vegan fat 113.0 113.0 113.0 113.0 113.0
Soy milk 18.0 18.0 18.0 18.0 18.0
Total 401.5 401.5 401.5 401.5 401.5

DExtracted powders of defatted rice bran by auto-clave and enzymatic hydrolysis (AE).
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YHE") =
W7 F719 #7135 3FH)
dz2 F719 w571 59| SFHe)

x 100 (8)

2.3.3. HIAH 7|9 #SHAKsensory evaluation)
An7 & FL(AE) H7F vl 719 #eB 7= ohE
FAE 30782 ERAIA AASESITh 5719 7|5k Bt
S Q| (appearance), AA¥(color), F(aroma), G(taste), T
Htexture)¥} AA| A9l 7] S % (overall preference)Z, 78 ¥
Agst] 192 dhers] 4, 79E des] $goz
LR AL gt AEedsius St}
ATHIRB ZQ1H5: 1040621-202301-HR-017).

{‘.: ﬂJ
_Iop _,

ool yH,
il

X,
0 o n\l

ﬂ_ﬂmlo

o

o
—

e
o

2.4. A=/

A3 A3}= SAS 9.4(SAS Institute Inc., Cary, NC, USA)
£ o|83lo] BEAEA(ANOVAYS AAeHT, ZF Alg 7H9] &
9]Q] A}ol= Duncan’s multiple range test E+= Student
t-testE 0]-&5} 0=0.052] oA HEFATHp<0.05).

3. Za 4 nxt

3.1. ExjOojzt ==

=
gRu) & BT epolE(57.64-66.07 /100 g), &
(10.56-27.02 g/100 g), T4 (10.60-22.86 g/100 g), F7]4

o, o =
2/9] Y=

(10.34-14.10 /100 g), ZAHH(1.59-2.20 2/100 g), Z-E (6.59-
8.09 /100 g)& T-7-5tATtH(Table 2). BAW| 2] /3062
ERHE(54.80%), THIE(16.20%), 225(12.50%), Z]HH(5.80%)
o5 HuEw(Jeon} Jung, 2011), & AoA= EAHTG &
S autoclave E+= T B 491 alcalase O 2 A 2|3
T ER FE6l1 sEAAXNEE Bl & 2L C A E®
AES AZSG0nE, YU FRTE 3 Ko Besg
RS A, 2 SRS WSTHTable 2). 01 *
& o] 2ehY gk A2 wol Wt $oi1jel Ajolh
Qlo ™, alcalase A8] % E(22.86 g/100 g)7} 71 =11, o+
O = autoclave/alcalase 2] % AE(19.34 ¢/100 g)7} =11,
autoclave A2 £ A(10.60 g/100 g)= 71 WhTH(p<0.05).
qge] JEEe AgT e, HolagE e, e, o)1y,
BRI D o AL B, 4T B o
A= o] Qlt}t. Endoprotease®l alcalase
57 3ue 24 R BAZA, SA5I
of Al FAS 7R oistE R, alcalase#]2] & & 3
SHo|A 87 S FEFo] FTtE] HF X &
Tl AEO|A 9] Tl ghgo] RAjE] & & &Y CHEY &
UTH(Lee 5, 2014a). 12 A= A& AlZH E84 4
o[RS FEIAI71 AL, o] oA L2 H3lof| o) 4=
874 Aoldf7t 371l W, 11 39 & FE30A EA
So=ATE, kA E s T Eo) WA S 52 25t
o) & s A7, AlEY EiE FEske] Al
o] o] AlE Hfo s §EH O = autoclave A|2] 2 A=

Mz v o

Table 2. Proximate composition of defatted rice bran extract powders (freeze-dried)

Composition Defatted rice bran extract powders
c’ A E AE

Water (g/100 g) 8.09:£0.037" 7.37+0.22° 6.73+0.02° 6.59:£0.06°
Carbohydrate (/100 g) 62.70+0.41° 66.07£0.04° 57.64+0.20° 61.99+0.38°
Sugar (/100 g) 27.0241.32° 17.57+1.09° 14.48+1.17° 10.56+0.58¢
Crude protein (/100 g) 13.52+0.33° 10.60+0.13¢ 22.86+0.19* 19.34+0.30°
Crude fat (g/100 g) 1.59£0.04° 2.20+0.03" 1.74+0.01° 1.75+0.04°
Saturated fat (/100 g) 0.40+£0.01° 0.55+0.04° 0.42+0.01° 0.41+0.01°
Ash (/100 g) 14.10£0.07° 13.94+0.08° 11.04+0.00° 10.3420.06°
Sodium (mg/100 g) 146.39+1.03 311.24+13.75° 492.38+14.52° 227.45+7.54°
Calcium (mg/100 g) 27.38+0.74° 11.6340.52¢ 13.3040.19¢ 23.11£0.08°
Calorie (Kcal/100 g) 319.19+0.04¢ 326.46+0.11° 337.70+0.08" 341.01+0.63°

DExtracted powders of defatted rice bran with water (C), by auto-clave (A), by enzymatic hydrolysis (E), and by auto-clave and enzymatic hydrolysis

(AE).
YValues are mean+SD (n=3).

JdMeans with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

https://www.ekosfop.or.kr
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237 B curt 224 Sl FS WA 580] £
tH(Kim 5, 2013; Tomotake 5, 2012). & ﬂ—?—ﬁ]/ﬁ -2 719F
]2 (autoclave) 2.t} alcalase A2 A] 484 Tl o] 37}0]-%}\
7,7 % B 2380 AaIo)q S go] 271
=2, autoclave A2, alcalase #]2], autoclave/alcalase A2 £&21
A, E9} AEQ] =&(yield)> & & &9 CHET}, Z¥7F 174, 1.4
vie} 2.18] Z71519ich. wEhA] alcalase®} autoclave/ alcalase X

22 22 B ARE A} B U, Sl ke
Seo} ¥ AEE olfet ABATFA AE ALL AT 95
WY ABLARA A0l /T AR AR,

3.2 gAOjZ £5 £29 ot XY

SRS o 20 ofF0 ofulieAtow FAH, 23 A3
L elo] whet S-E4, B354 W 49714 ofel:

RO B8 4 9, AW B4 7Ks olxol uteh ool
{J} H|ggotu| A0 2 B2 ETh(Lee 5, 2014b). |1

F 2RO Bpol|0F) BB ol 05)S
P°4 Table 3o YERHATE Fofu]ieAt §
(20 56%), AE(17.37%), C(9.43%), A(8.34%) %08 90|50

F =0kth(p<0.05). Wolu| Al SR 22 Hul F(7.44%),
AE(6.22%), C(2.69%), AQ249%) &08 Qodog =1
(p<0.05), branched chain amino acid(BCAA)?] valine, leucine,
isoleucine®] BFEEL. 2 Huk E(3.18%), AE(2.67%), C(0.93%),
A(0.88%) 202 =SIt} Woolu| LA Fujof A ZE3t oF

o] HEA Forg AES Ff FFEoof oh, HHAS
/ot Fotn|iAte] SR} g Al T 24
= B7lote H27t "ok BCAAEAARE ofliihe 2%
AZ HAE S5t 25 4 2 &4 WA 2t [l
(Lundholm %, 1987; Shimomura &, 2004), & A% 71}
DG 1S BT B SEMAST 18 ORlE g 52
7] BA5o] go] MFdiTHlo 5, 2021). 7% oFsRe 17|
o aga%oR olod 4 glom, ol 44 7k A5tz <
8 S 52§ 4 Urk(Yamada 5, 2013). BE v
% 23 BUelq gAY F84YRY glutamic acids
aspartic acid®] St Z+ZF 1.62-3.19%%9} 1.01-2.15%= 714+
=11, tryptophan TFF2 0.10-0.22%= 71 WUt Wang 5
(19992 ©]7d ol EZEoA glutamic acid®} aspartic
acid’t 7F¢ &1L, tryptophan©] 7} Wil Hilsto] & A
Asoh SARBHILE.

411%

Q_HDT—E

— T2

ﬂl

3.3 ExjOgt == 29 HHE FE TUf

WP QA f 28, 24, Axe] THYEORA, 42
% A 5 S A GpAes GAselst B
(Kim, 2018). 45 T8 G02L ofuligte] 247} 45}

ol

870

2%01 oEn, $55 FH A2 Aol gA A5k
o L ARS —‘T’—— S}k 5hojok gtth(Boutrif, 1991). & AL
AN AR G
AF A F0](amino a01d score), A|1A|gt o}m] i AKfirst limiting
amino acid), @& A3E(in vitro protein digestibility), T
W2 45ke BA olu|l Al AT 0f(protein digestibility corrected
amino acid score, PDCAAS)E #4513 tH(Table 4).
EJ—Z]U]7]‘ == ‘ﬂtﬂ-"] 1’443}111 /\9,]—%10—_- AE(90 67%), E
(90.23%), A(83.73%), C(83.40%)9] =08 22 X T4
H AE®} EQ] £3150] t2F0 & & & C9} auto-clave
e 2 ANTH GOHOE RUTHp<0.05). BAV|Y 25
E9 429) in vitro THA ASHE-L 83-90%, Phongthai 5
(2016)0] H3t GA|0|7}e] TE AShE(66.56%)E T =3k
ot oA A% §49] trypsing F7]4 oFv]i-AHKarginine,
lysine §)9] 7I2EA7](-COOH) 29 peptide AT £
St W, pepsint chymotrypsing 44 ofn|le At} Hek
Z ot ARS Q4% 0 2 Bt Bhutia?l Ganapathy, 2018;
Phongthai 5, 2016). A& L4 @2 9] A 1At ofu| AR
WHO/FAO 7]& 24 thu] 714 BZ31 geolm| L Ato|t}h. &
£ &% C A, E9 AAG opw|xAbE 747 L- 1euc1ne
L-isoleucine, L-valine ©]1, 0]& ofH|iAlo] H=E3 HQ 2
4ol A5tE 7o) Uk e, 2 AES] A1AR ofelie
AR2 L-tryptophan{lH], L-tryptophan®] AW AHALEZ
Ql *ﬂiiq dE Adfote] 2, AEHA 59 HEH &
AE 2T = Ao, 2013). ofu|iAt A501= 952 B4
O}U]Er_/}lol 243 Blg R FEol IEAE Brkke AR
Al ANARE ofr|leAte] Bl &R ALtEH, 25 £ AE7F 0.94
2 8oldoz 71 =1, 2% B C= 0.642 S50z 7}
A FoKp<0.05), & B2 AE7} A 1A3F ofu] - Ake] Fo]
S 350) Huuct £ W& FHHo 98 ofnlw,
ER)n]7} 22 B3] PDCAASE AE(0.86), E(0.78), A(0.59),
C(0.54)9] <=0 &, —5_'— AE7} 7V} =& 3, 29 O} 7]'”
W2 218 7FRITH(p<0.05). PDCAASE FAOSH WHO7} 4]
o 950 T4 o B4 K oK Meow
(FAO, 1991). oju|iAt AF0jS 7]ato g child 45182
st AR o] AlF TlE 9] ofn|lAt AFio)7} =
of: QA W A3kgo] YoH wld F4 Egt ol 4 9l
22 u19stE 2, PDCAASE o] &5 thild =37 Hrie £Q9
gt 9wl 7HAth PDCAASE ol 1.000] 7PHe4E 18d
o ghidz RREs, B A7 @AY 23 2L
PDCAASE F&/4 TRl 7HA1R1(1.0), A=t D=K(1.0), A
°](1.0), A15°{(1.0), F=(0.97), £117](0.92), &2]HF &
Z(0.92)0] |3 Fkon, &(0.53), %1_%_‘%(0 52), 54(0.40),
g 2F5(0.25)2 A=/ Tl vls) St FES EA

E‘EE
t}. E3] B2 AEQ] PDCAASE 0.860=, 5\_17] Tl 2
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Table 3. Amino acid composition of defatted rice bran extract powders (freeze-dried)

Amino acid (%)

Defatted rice bran extract powders

c’ A E AE
Essential amino acids (EAAs)”
Histidine 0.33£0.009* 0.29+0.00° 0.63+0.01° 0.51+0.01°
Isoluecine 0.18+0.00° 0.16:0.00° 0.68+0.02° 0.56£0.01°
Leucine 0.40+0.00° 0.39+0.00° 1.40+0.02° 1.19+0.01°
Lysine 0.52+0.00° 0.49:£0.00° 1.23+0.02° 0.99+0.01°
Methionine 0.17£0.00° 0.16:0.00° 0.4620.01° 0.39+0.01°
Phenylalanine 0.24+0.00° 0.22+0.01¢ 0.84+0.01° 0.76+0.01°
Threonine 0.37+0.00° 0.35+0.00° 0.900.00° 0.74+0.00°
Tryptophan 0.13+0.01° 0.100.00* 0.22+0.01° 0.18:0.00°
Valine 0.35+0.00° 0.33+0.00° 1.10+0.02° 0.92+0.00°
BCAAY (%) 0.93+0.00° 0.88+0.00° 3.18+0.09° 2.67+0.02°
Total EAAs (%) 2.69+0.01° 2.49+0.01¢ 7.44+0.14° 6.2240.04°
Non essential amino acids (Non-EAAs)®
Alanine 0.70£0.00° 0.65+0.01¢ 1.59+0.02° 1.32+0.01°
Arginine 0.98+0.01° 0.80+0.01¢ 1.77+0.04° 1.49+0.01°
Aspartic acid 1.1840.01° 1.01£0.01¢ 2.1540.01* 1.85£0.01°
Cystine 0.32+0.00° 0.30+0.00° 0.55+0.02° 0.46+0.02°
Glycine 0.68+0.00° 0.62+0.01¢ 1.30+0.01° 1.09+0.01°
Glutamic acid 1.89£0.01° 1.62+0.01¢ 3.19£0.01° 2.73£0.00°
Proline 0.37+0.03° 0.31+0.01¢ 0.93+0.01° 0.82:£0.00°
Tyrosine 0.20+0.01° 0.18+0.00° 0.62+0.05" 0.50+0.01°
Serine 0.43+0.01° 0.39+0.01¢ 1.04+0.01° 0.91+0.01°
Total Non-EAAs (%) 6.75+0.02° 5.86+0.05¢ 13.12+0.18° 11.150.05°
Total amino acids (%) 9.43+0.03° 8.34+0.06° 20.56+0.33° 17.37+0.09°

DExtracted powders of defatted rice bran with water (C), by auto-clave (A), by enzymatic hydrolysis (E), and by auto-clave and enzymatic hydrolysis

(AE).
YEAAs, Essential amino acids.
Values are mean+SD (n=3).

YdMeans with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.
JBCAA, branched-chain amino acids, refers to a group of three essential amino acids: leucine, isoleucine, and valine.

“Non-EAAs, non essential amino acids.

FARRE =29 gid F4Z YR JATHFAO, 1991; Zhong
=, 2023).

3.4. EX0jzt £ 229 pH, +8 ZE/| Z&
A 5 BUY FE82 AE(52.05%)7F M =1,
A(41.66%), E(33.99%), C(24.64%)9] %02 thild Hajg

49} autoclave B AeH FE 22 a0 M =0

https://www.ekosfop.or.kr

(Table 5). Autoclave &2 1E A IHoJA B84 ME
WOl 25 ¥ig}sto] £~83HA7] 1 (Hwang 5, 1994), 19 A
2] Ipgo A SeiE o] B4 E= AlEH o 8|79 A EE 2l
3 ot T3}/l F7Fste] 50| EorIth(Kang} Lee, 2013).
Kwond} Youn(2017)& & £&8 A& A] 1L 1Y £&5E0]
g4 2ZEHT} £280| &1, Kim 5(2019)2 el B
A7} geslEa el 83 FI7HAZITAL Balsto, B A
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Table 4. Protein quality of defatted rice bran extract powders (freeze-dried)

Defatted rice bran extract powders

c’ A E AE
Amino acid score 0.64+0.007% 0.70+0.00° 0.86+£0.01° 0.94:0.00°
First limiting amino acid L-leucine L-isoleucine L-valine L-tryptophan
In vitro protein digestibility (%) 83.40+0.10° 83.73£0.31° 90.23+0.21° 90.67+0.32°
PDCAAS? 0.54+0.01¢ 0.59+0.00° 0.78+0.01° 0.86+0.01°

DExtracted powders of defatted rice bran with water (C), by auto-clave (A), by enzymatic hydrolysis (E), and by auto-clave and enzymatic hydrolysis

(AE).
IValues are meantSD (n=3).

J-dMeans in the same row with different letters are significantly different at p<0.05 by Duncan’s multiple range test.

YPDCAAS, protein digestibility corrected amino acid score.

Table 5. Water soluble index, and water and oil absorption capacities, and bulk density of deffated rice bran extract powder (freeze-dried)

Powders pH Yield Water solubility Water absorption Oil absorption  Bulk density ‘Water content
(%) index (%) capacity (%) capacity (%) (g/mL) (%)
Defatted rice bran ~ CY  7.05+£0.017%  24.64 87.75+1.40° 82.19+0.74° 309.67+15.95%  0.35+0.00° 8.09+0.03°
extract powders ) b ‘ .
7.02+0.01 41.66 88.63+0.33 76.611.62° 257.33+7.02° 0.4320.00 7.37+£0.22°
E 6.98+0.01° 33.99 85.25+1.56° 60.38+0.89¢ 353.67+61.27°  0.23+0.00 6.73+0.02¢
AE  6.97+0.02° 52.05 95.3340.58" 47.26+1.41° 419.67£17.10*  0.07+0.00° 6.59+0.06¢
Wheat flour 5.89+0.01¢ A 425+0.41¢ 184.32+1.02° 181.53+5.60° 0.77+0.01° 10.75£0.01°

DExtracted powders of defatted rice bran with water (C), by auto-clave (A), by enzymatic hydrolysis (E), and by auto-clave and enzymatic hydrolysis

(AE).
YValues are mean+SD (n=3).

d°Means with different letters in the same column are significantly different by Duncan’s multiple range test at p<0.05.

4_ not available.

F9] autoclave®} T2 B g AE WYY ATt BT AEO]
A =& Fed B 23 fASIH. 2R dEs
g ERH B 50 UES ofojaich YAoI 3
9to] AR 7] Wi (bulk density)= 0.07-0.43 g/mLZ, &
T AE= feldo= 7Ht W2 I g 7RI o) @Yl £
Yego] 74 422 ook, S5] Wy UE 043 gnLo]
@ ANCH- a7h 23 PEcka & % QltkAkubor, 2013,
Foh 5. 2012). YAlnl7} %3 o] Aw| WEE WS
Z95(0.77 gmL)Ett §2]4 07 IQIth(p<0.05). Chen &
(2015 F 29] Y& 2717} Ao wet 2E7] Wert
Skt B skl

ah? Oﬂ Hr Az of

3.5, EAl0fg == £29 +2&AlT, +ES+H ¥

ST
2B SL A FoA £EEE S84

olel] GF wH=th(Kwak 5, 2017). &
B3N 27} 88.63%2F 95.33% O

-r‘
Q
~
(o]
~
9
U‘o
X
~

872

Ho 9802 =3, J5 B2 AEZ} 7P =9ktH(p<0.05).
Z=Z B A9} AEE autoclave?] 1219 A2 & AZek B
S ol 48/ P E9] FFo] FUIetAL, 59| AE= AL
1 A F alcalase B4 A2]7} x| o] TuiFo] o 22
o2 EofEo] £84 TlAl] o] FTMHOEN &
g &oETt S7koto] EEOIAS7E £ ARG S7HE
I B EL 25 BT 459 SEEASE YR F
2 E(4.25%)7} H]woto] 891207 =9k} (p<0.05; Table 5).
FEEE FA) F4E2 AR EEs 7A)° 94
T 55 HeEE 58S Yrishs A EZA oA 4]
o] A%k, 31| Soll ¥ v|Xth(Razzaq 5, 2020; Shafi
, 2016). BA07} & B3] SREFHL 47.26-82.19%
-Er%‘ C7t 71 %—%1, 9 AE7} 7HF Wol(p<0.05), &

7t 239 A sEo] 7MY =A Uehith & B
*L & 257t o Eof tist §al=rt Sobotal, B3t
Yot 50| AstE/], £EZFE| FAase TS B

=

10 Hm Hu ol oe m

0y,
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FEFTYS AP AEe Ade Ay geoE
5 Tt oY) g
+=H(Cha 5, 2020; Sharlf 5 2018). o] EANG & 2
o) 52831447} F7HEel e B FHGT BEAHE
e At 208 BZEM(Kim 5, 2012), Kim 5(2012)

SR FRGHASTE S, SEESASE T
stol B 7 Adlel ST AT VAT BAS 3 B
O] SR E4H L 257.33-419.67%% 3= £ AE(419.67%)
7} 7P E=2, & B9 AQ257.33%)7F 7P 2THp<0.05).
she, Wik FERe] RABSY(8LI%)S BA 0 22
Bualhh 901402 Wol}(p<0.05). Bao] §x|548e 7
27) est 4 Gadel A wrk puel ) U
= A ET 29 JHAIE 7, 25 £ F 2RV
ST b A4S B AR RS GAE4E ek
QJth(Wang¥} Kinseela, 1976). St Thald = Hj=A4] ofu]l
A9] side chain F-A9] B8lpA ARST A5 S-S
@At FAIETEo] 7kt 2 AFtolAe FAEE
o] &2 & ESF AE7F 2T CoF ARTH 444 ofH]iedkel
alanine, valine, isoluecine, leucine, methione, phenylaniem
tyrisine, tryptophan®] $FgFo| =T}(Table 3; Shafi 5, 2016).

Cha 5(2020)2 AR 7| ol 2H5 o] Lt
Ho] G250l ¥ gtk nusle] £
A AL B

3.6. bjZ 77/9) ANE, BAE Y DENA

YA 25 B 45 5 $80] 1 B, Bl 4%}
2, WA Slek BCAA 9 W4oblicdl Safo] 94t 2%
Bt ABE ARE5to] v 3L7](AE0, AE7, AE13, AE20, AE27)
g Ax3k3 1 FAE Bk Table 6). 5% B AEY
Hrhepo] FAHISE ulA 779 WY Ak FojHow
AARALE<005), PRET SASE A5 4% Kol
T} 22 B 27% A7k2elA T Sskgon, Az 7k
Rl Aol Asickp005). 2719) EUES ool
I TR 5 SR Fuw] e o, 935}
YA A $A9) FHY B, he) 2l 2
St} B A7l A8E WARe} 35 Huo S2

F

Al

O E
2 47 10.75%2 6.59%=, W+ & EZHO o
B FEE THOLT QTh(Table 5). ¥1d 71 WA 5

H] 7-27%9] $& B AER fjFsto] AlxEolonz, &
9| A7Fgo] 2aE s U S RYFE #ashaL 2

i é“.:

Table 6. Quality characteristics of vegan cookies added defatted rice bran extract powder (AE)

Quality characteristics Vegan cookies”

Control (AE0) Defatted rice bran extract powder (AE)”
AE7 (7%) AE13 (13%) AE20 (20%) AE27 (27%)

Spread ratio (%) 3.31+0.007* 3.56+0.00° 3.29+0.10° 3.16+0.02° 2.90+0.09°
Loss rate (%) 12.42+0.40 12.31£0.72 12.19+0.76 11.79+0.58 11.94:0.20™
Leavening rate (%) 100.00:£0.00 99.25+7.77 98.18+6.20 94.93+4.79 96.15+3.65"°
Hunter’s Color

L value 53.25+1.77° 49.49+1.79° 44.86+0.92° 43.97+2.19° 40.46+1.56"

a value 10.78+0.33¢ 11.86+0.16° 13.72+0.25 13.99+0.15™ 14.25+0.32°

b value 33.32+0.71° 33.20+0.45" 30.62:0.38° 31.09+1.54° 28.23+1.36°

Color index (AE) 9 3.98+1.69° 9.31+0.81° 10.13+2.38° 14.06+1.79°
Texture

Hardness (g) 1,213.47491.56 1,499.28+276.03 1,549.88+674.88 1,442.07+272.22 1,724.33+98.52™

Cohesiveness (g) 0.04120.002% 0.044+0.003° 0.040+0.002"™ 0.036+0.003° 0.038+0.003"

Springiness (%) 21.75+1.12° 20.17+0.81° 14.25+2.19° 14.43+2.73° 13.20+2.66°

DVegan cookies were prepared by substituting 7%, 13%, 20%, and 27% of the wheat flour with defatted rice bran extract powder (AE) according

to the formulation shown in Table 1.

PExtracted powders of defatted rice bran by auto-clave followed by enzymatic hydrolysis (AE).

Values are mean+SD (n=3).

YdMeans with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

NS, not significant.
9_ not available.

https://www.ekosfop.or.kr
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2ollA YA = Bt EAEE Eo] oA 7|9 EAE
I AHES 35 2L A7 vlEcte Roe ARE
Bt gxu7-2 ofgko] 4lo]d-f(cellulose, hemicellulose,
lignin, pectin 5)& $-7-5F2L 12 H(Lee?} Shin, 2006), BA]0]
2 TR B2 Aoldf FFoR s ¥ B0
A ARp7E F7KekaL, WA BRgt o] Eolso HiA
A&7t ASE Ao 7 AZFETH(Choi, 2021; Kwon 5, 2021).

3.7. /A F7/9 Mz

Z2Z Bk AEQ} WrtE 0] LZFS 247} 79.62+0.019F 92.02+
0.01, azkS 1.40+0.049} -0.41+0.02, bZrS 15.32+0.029} 8.66+
0018 3% Fgo| WrRH ofFy, o g A1 A%
S-S wQlth(data not shown). H|A F7]9] LGS tZ2+<
F2 29 5371 F71(AB07E 7P 3o H, & 2 AE
A7FFo] /1SS FFoE FASHITHp<0.05)(Table
6). aZh(FM L) FH7IEoA 7P WkaL, gl S/
FE FHo R F7I6E 2 (p<0.05), bI(FAE)S F-94
O =7 ZAokith(p<0.05). TEHA, 5 &Y AE9] 7do]
TS5E v )= ° ofFHA L, Z1g AAT At S
mlom, o= Fig. 19] H|A F7] ARl FARRE A3 H9)
t}. Jang 5(2010)9] AFoM = Tp2EA || 7} L M7t
Fe T7HREE Lgk) bgto] Askl aglo] $7iolks A
Hoj 2 A+t A}t fAksth 7] A= Al HAste 2
2 259 QBN 1A= 59t B 7HpEst vheat T

A)

Wheat flour Defatted rice bran extract

powder (AE)
B)

G} opn|sitEo] Qg ntdERE ] 9fsh Dojub, A=
of g gFo] WEE AW FUHE HF AES M
B=7t #oIt(Baek 5, 2021). & Aol ARRH 5 2T
AEE 19.34%9] Thill S 1-3-5131 Qloj(Table 2), oF 10%2] T
WS P /M S E(Hwang} Kang, 2013)5 0}
epo] ok MAAFIHAE)E 2 HI F7] tfH] & &
o AEQ] F7lgo] S7FESE FoH 0 ST TH(p<0.05).
ARG grol| mHet ARt Z}0](0.5-1.5), @A 240](3.0-6.0),
=5] @A 2}0](6.0-12.0), TFE AFY H(12 o) 5oE &
FELH|(7 5, 2006), 2 AE 7%S H7I5E vl £7)= giR
o F719] Ak AT 2po] 7} QUL 13%2} 20%E F7RE 77
+ & =5] @A Zol7t 9loH, 27% H7Iet F71= o
39 OE A5 Ao E QIAEIH

3.8. WA 77/9 HAH

H71 3719 A%, 343 ey A Table 63t 2.
27)9] AxL gzo] /bYW, 22 Hu AE9] Hrlego]
F7kgel wet Amrk F7kk AT BYlrkp<0.05). ol
2719 w243 BAZ e, B2 AEE WrkRo] Hls) 2
17] Yo SRRl R Y Yol ok, A2 v
7719 WYY AE Wil F71A0S BB, o2
o) 719 At F7bEle] o g %S not
(Hwang?} Kang, 2013). $7]9] FEL W59 Awst %1,
BAE0] £EFo] A1, Wil BesS A5otei(oost

Control (AE0)

AE7 (7%)

AE13 (13%)

AE20 (20%) AE27 (27%)

Fig. 1. Powders (A) and vegan cookies (B) added with different content of defatted rice bran extract powders (AE).
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Choi, 2016), @4 gHfo] =2 RARE 714 A&7t
=715ty B 1 E chHwangd}; Kang, 2013; Seo 5, 2020). 3
719] &3 S tiRrto] 7H £, & EIU(AE)
A7 o] F71etol wet Hasts Aol AT oAl Zpo]
+ StHp>0.05). Hlo]A 2 A& B w5 Al BAEH 2F
o] o} AT e o] Foju=H, BAY &2 FAi=E
A7t 2599 314 89E Aot 76t 2F8 34g0]
oFefA S E ©EAdol TAastA drkPark T, 2008).
Shin 5(2018)2 -2 &7 7lgo] S7HdE Wis =
o= A os 58 FAo| Aagttal E 1519131, Moon
52022y AF A xR A] A2 o] Wol H7beH, iRt
of Hls} SFH AAE A3 FF/Fo] FHoE FAasTt
I B35k}

3.9. b/ 779 25H &4

T 2T AE A7RE A F71= 2t ] oigt 71s
EolA HETET FHOR &2 BIE WkeH (p<0.05),
53] 2ol A= 20% H7F F717E A= 13% H7F F
7177F 7V w2 715E A4S WTH(Table 7). Fig. 19] 7]
APRIOIA QI o= Qo). £ AE 7t vl F717F i
F7100 vl elwe] 9 ZEHlo] Wil ATt ok Al

oz A T £ Aor gdEY 54 S 9
A, gt 223, AAAR] 7|SkolA e AE A7 1S3 g2

T ZF ol Aols YRR @k W(p>0.05), WA= 7%
A7E FA100A, T 222 20% H7E FA100A 7S w2
HE ok, WA 7|8 20% H7t F17F 7P 945t
itk 53], WAol Hgt 715wt WA Bk ol B
Ab 8Eo] FAI A9 S59] ol A5t ok ol

2 B AE 7ol W2 F717F Bt F4E woktta A7
g} B3k 217 grlo| AL 7%, 20%, 27% A7t 7171 o
Z7HT 22 7|8 F4E Woke), ol & EE9 M7t
Fo| F7HEE 7719 ALt F7keto] B vhAkt A
Aegoz A7 71557t &A FrhE Aog Aze
WsAAL AT} 35 B AE 20%S 3715t v)4 F71= o,
oh, 22T AAHR] 713 SHOA 943t BUIE wWoko.
o, GAu)7d £& £ AEQ| H7lolo] AlxH vl F7)= &
A BT JUSE 4 119] #Fo] & o|Fojd Aoz

=ER]0]7}-& autoclave, alcalase, autoclave/alcalase *2] &
& F&ot1 5AAXSI] 2O Axs & 24 9 S5ty
EAS B7IohaL, WS SEE tH] 35 &% AEE i 77
Azol M8l B SHE BATI 23 2ol By
SES 10.60-22.86%0] 11, ©]% alcalase®} autoclave/alcalase A2
% Bk okl E(19.34-22.86%), T4oH|AK6.22-7.44%),
BCAA(2.67-3.18%) 35Fo] =11, autoclave/alcalase *2] 3
& BEo] opn|iil A50](0.94), T 45H8(90.67%),
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Table 7. Sensory evaluation of vegan cookies added defatted rice bran extract powder (AE)

Sensory characteristics" Vegan cookies

Control (AE0) Defatted rice bran extract powder (AE)”

AE7 (7%) AE13 (13%) AE20 (20%) AE27 (27%)
Appearance 4.10£1.569 4.40+1.19 5.40+1.40° 5.47£1.25 5.00£1.44™
Color 3.77£1.57° 4.43+].14% 5.27+1.39° 4.93+1.34™ 5.17+1.18°
Aroma 477+1.19 5.03+1.10 4.53+1.04 4.70+1.66 4.50+1.07°%
Taste 5.13£1.46 5.10+1.30 4.70+1.32 5.20+1.35 4.53£1.36"
Texture 5.13£1.01 5.40+1.25 4.93£0.74 5.43+1.19 5.20£1.10™
Overall preference 5.23+1.22 5.101.16 4.90+0.96 5.13+1.28 4.83£1.12"

USensory characteristics are expressed as the 7-point scale (n=30, 1=dislike extremely, 7=like extremely).
YExtracted powders of defatted rice bran by auto-clave and enzymatic hydrolysis (AE).

Values are mean+SD (n=3).

YMeans with different letters within the same row are significantly different by Duncan’s multiple range test (p<0.05).

NS, not significant.

https://www.ekosfop.or.kr
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