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Abstract

This study was carried out to investigate the bread-making properties of rice bread added with naked oat flours
(0-15%). The water, crude protein, crude lipid, and crude ash contents of the rice flour used to prepare the rice
bread were 11.8, 8.6, 1.8, and 1.3%, respectively, and the contents of total starch, amylose, damaged starch, and
dietary fiber contents were 75.7, 23.1, 30.0, and 1.7%, respectively. The crude protein, crude lipid, and crude ash
increased, whereas total starch, amylose, and starch damage decreased with increasing addition of naked oat flour
in the rice-naked oat composition flour (RNOCF). The pasting properties of RNOCF showed a slight decrease
in peak viscosity, trough, final viscosity, and setback with increasing addition of naked oat flour. As the fermentation
time increased, the pH of RNOCF dough added with naked oat flour decreased, whereas its expansion ratio significantly
increased. The volume, specific volume, and baking loss ratio of the rice bread decreased for 10 and 15% addition,
compared to 0 and 5% addition. With increasing addition of naked oat flour, the hardness of rice bread increased,
whereas the cohesiveness and springiness were not significantly affected. Results indicated that rice bread added

with 5% naked oat flour had the best quality.
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A 7HEe AE FaolA At 2% F5e €%
Azl FEEES 12%2 243 Fo| A E7](single
type stainless roller, Shinpoong Eng. Ltd., Gwangju, Korea)=
Lasleto] AREatith AW Az AREH A7
(Daedoofood Co., Gunsan, Korea), ©|*~E(S.ILesaffre,
Marcq, France), A"/l &4 (Shinwangfood Co., Gimhae,
Korea), B4 #-7-(Seoulmilk, Yangju, Korea), 4 & (Samyang
Co., Ulsan, Korea), 1 ¥ ¥ (Doyoumwon Co., Ansan, Korea),
u}7} (Lottefood Co., Cheonan, Korea), Al &(Join Co.,
Yongin, Korea) 3 23 =&l (Singsongfood Co., Nonsan,
Korea) 5 PFEOA Yste] AFE-3}STh

2l 3 eaivds
HUEN, 232 2435, A2 Soxhlet, 12
T Ze AL Micro-Kjeldahl' 0.8 274 819t}
FHE 32 Megazyme total starch assay kit(Megazyme
Pty., Ltd., Wicklow, Ireland)= AH-&-3}o] McCleary 2] W
Hooz =43kt ofd 2~ -2 Brand-Williams 5
o] W 10)S 383k 680 nmeollA &F=(UV-1650PC,
Shimadzu Co., Kyoto, Japan)E &7 351 oM, &AAE ¢
2 Boyaci 59 (1) Akl =819
A+ 2 Prosky 59 W (12)2.2, 18|31 B-glucan
&% McCleary<} Glennie-Holmes2] ®H(13)2.2 =%
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S35 Jun S(14)°] AHEE W o2 St
=, A18@3.S5 99 TFFQ5 mL)E Hrste] & £33t
S0l RVA(RVA-4, Newport Scientific pty. Ltd., Warriewood,
Australie) & AHEEIe] ST 29 9% AbeE 2

T8 0-1L.0EA 50T F-A], 1.0-4.8500 4 95T7HA] 714,
4.8-73% 4 95T 4], 7.3-11.01% A 50C7}A] 872,
28] 2 11.01-12.058<14 50CE A8 23542
RVA 23432 doja e, AAHE, JFHE,
et et A vk e el o, At e H A
ToA HAAEES Wl gtog AuHEE HEH E A
HAAH=E W Fgoz s

EEM JIFE v=e 2218 54 &4

Hk=o] pHo} 33452 Kim 5(15)2] WS &3t
=35ttt o] pHE AE WS 5 goll SH< 45
mLE P31 2% <t S35l & (homogenizer DIAX 600,
Heidolph, Kelheim, Germany)dt ZE9-S pH meter
(SevenMulti, Mettler Toledo GmBH, Giessen, Germany)=
Sttt olu, edE Wk 243 F<F 30 HH o
2 2459

Hh=o] 352 24 WS 10 g2 50 mL W2~ Y
of ¥ 27TCellA 2417t &<t EHE(LBI-250M, Daeyonng
Bakery Machinery Co., Ltd., Seoul, Korea)d}H 4] 30% 7t4
o= Z/b P98 St o, WEe 2] ¥uE
9 mLE LA =45k

WA HZ

Ak A 22 98 7|2 g ou)dE S Bt
A7} 1,100 g, Eafo]o] AE 22 g AWl A 11 g, BA

T 33 g A% 66 g, IUA 22 g, vH7HE 88 g, Al 55
g, =T 25 ¢, & 638 g2 AAsIATh A At
A A o] AMEE 3 7= AV F%H(1,100
g 7199 0-15%5 A2 72 tiAste] Azl

22 A Zol] AFRE = AR FellA vrFLE A9 gt
BE ANEE AlFste] ¥=7](BNVM-12, Daeyonng Bakery
Machinery Co., Ltd.)ol] ¥ W3 Sof] =1 THAol A
7S Hrbste] s ddstdTh ol i) A F
SEE 29+05CE 3ISith $HdE w2 167 g& £33}

T=Y7IE otaL dolA] 10 Bt FRAg & du =
Hoja| 7kzml 7] & shaith o] Fof] Wola] A sto] 2w
H(H; 8.4%x19.1x9.6 cm, ©}2; 8.4%x19.1x9.6 cm)ol| 4=
o8 Yt whsro] 5oifle AWl TE7|(FP-201,
Daeyonng Bakery Machinery Co., Ltd.)| 4] 2F 4045% &<t
HHE(LE 38T, AUHE 80%)% ol $1E3} ofgiEo]
Z+7} 160C9} 200CE AE ¥ #17] L EFDO-7013, Daeyonng
Bakery Machinery Co., Ltd.)°ll 211 40% &<F 9 22w
S A Z3A
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w84, F7] £ABE Lol 0% Fok g}
43 Fol BAARR AgHAT Pt AL
(EB-2200HX-D, Shimadzu Co., Kyoto, Japan), 53] (mL)<=
25 o] &3 TAXEY o2 SH Gt 2 uhe] v 84
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Baking loss ratio(%)= %100

olul, A= &AWl (), B W= F(gelth

ArAlu S of M ol xEZ

A2 A2 F2o A 90 Bt skl A% &
o £2}o|A(BSC-T13, Daeyung Bakery Machinery Co.,
Lid)E AH85t] 13 mm F7E Z5hon, Sefo] 2 Fo
Eol7b 7 w8 F S AAA AW 4 (crumb) 9]
Ae gl 227kl FMAIRE ARSI T

A &= A 2HA|(SP-80, Tokyo Denshoku, Tokyo, Japan)E
AF831] L(EE), (A1), b 32 ZHAT:

2272 217 36.0 mm compression probe”} %2HE
Texture analyzer(TA-XT2i, Stable Micro systems Co., Ltd.,
Surrey, UK)E AH&ste] A&, 344, &4, A48 2 A4
< S5tk B4 2712 texture profile analysis mode©]]
2] load cell<= 5 kg, pretest speed= 1.0 mmy/s, test speed=
1.7 mmys, post test speed= 10.0 mmy/s, strain< 40%°] AT}

314 A26A A1ZE (2019)

7} 43014 38) MREAE 53] WEyElel e Az}
£ SAS EA|Z 2 13 (Version 9.1, SAS Institute, Cary, NC,
USAYS A1kl B3 mamAe Jephatar. 7

Zap % jpE

M| 712 A2k = =5l 7R e SalstEN §4
AAE] 74 Al 238 7R Eejiiey B
Table 13} 2t} A7 7}F7) A7hEA] g A1
i, oA 2] gl 238 ehae Zh7) 11.8, 8.6,

18 % 13%% ek gich Abel gy 2y

o} o] 71Ed] Hud Sujak il F50] 4-58-13.8%),
obd Z.2(10.021.6%) 2 =/FHE(6.2-17.2%) Tl vl &l
SRS FAlel o ofd 2 a9l £k Bol thA =
ATH13).

A 7 VS 5%NA 15% 74 S7 AR £
B 7VREE FRol 11.5%9A4 11.1%, & A Eo] 74%°l A
72.5%, VL Z 27} 22.8%C A 22.2%, 737 H-0] 28.9%9
A 27.0% % Aaskel oy, ZemiAEo] 92%94 10.8%,
ZA o] 2.1%14 2.7%, 23]%-°] 2.1%NA 2.7%, % 2]

Table 1. Physicochemical properties of rice-naked oat composition flour

Naked oat flour substitution (%)

Components
5 10 15

Moistute (%) 11.8102" 11.5+0.1° 11.20.1° 11.120.1°

Crude protein (%) 8.6£0.1° 92+0.2" 10.30.8" 10.820.1°

Crude lipid (%) 1.8+0.0° 210.1° 23+0,0° 2.740.1°

Crude ash (%) 13+0.0° 15400 1.740.0° 1.8+0.1°

Total starch (%) 75.740.7° 74,0402 73.5404° 72.540.1°

Amylose (%) 23.140.1° 2.840.1° 22.640.1° 22240.1¢

Carbohydrate Starch damage (%) 30.041.1° 28.9+0.2° 278402 27.0£03¢
Total dietary fiber (%) 1.7£02¢ 21:0.1° 2840.1° 30:0.1°

B-Glucan (%) 030 0.520.1° 0.8+0.1°
Peak viscosity (RVU) 2452+1.1° 241.00.1° 238.0£1.1° 235.70.6°

Trough (RVU) 141.0£1.5° 140.0+0.5* 136.7+0.8° 135.1:0.5°
Pasting property3) Final viscosity (RVU) 2352£1.3 229.8+0.7° 227940.1° 221.9:05¢
Break down (RVU) 104.240.5° 101.0£0.4° 101.340.3° 100.6£0.1°

Setback (RVU) 94.240.3* 80.8+1.2° 912407 86.8+1.0°

"Values are meantSD (n=3). Different small letters “® in the same row are significantly different by Duncan’s multiple test (p<0.05).

IND is an abbreviation for not detected.

Break down value is a difference between peak viscosity and trough, setback value is a difference between final viscosity and trough.
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o7t 21%914 3.0%, B-glucan©] 03%°141 08%%= & & ARG AFE Table 29 2t A7be 9 &3h4 7h7
7hete] el 7HE A7bEo] SR FEs AN W] pHE WEAR ] SU1etl wet A} ghaeke A
AR R TS RE SR vl A Aed & Helon, BE 0w/ e el 7 vkl 4
AR fadke AR Yeigt ol ol Aol B 2glo] pH 582 Tl ot A 1202004 10% 9} 15%
13 A 7L A7V vle] i, F AR opdRA 71| pHYF 58E 0%} 5% H7REECH 4zF B Uet
SR o] Y w2, A, 23]E, Wk ik pHE REES f9 AHE aRUE Adteke
& Aol B Bglucan Fge] =7] Wi o R FHET flak d ojs) g Lom, pH 50 o el s uk=

(14).

A7L2ol T3EAL HuHET} 2452 RVU, AR E
7} 141.0 RVU, HZ4 %7} 2352 RVU, ZFstd =7} 104.2
RVU, 18|31 ¥ %7} 942 RVUR =& 7 o}
AR = g2 VERo] fi7FRe] 53815 oS B
ot A 7HE JA7VES 5% 15% 714 S A0 £
2 7Fo] A EE 241,094 2357 RVU, HAH=E
140.0¢1 4] 135.1 RVU, #HF5 £+ 229.894] 221.9 RVU,
a3 A HHHEE 89.894 86.8 RVUR AE 7HAs+=
7Adrs JeRe 18y ek =5 101.0904 100.6
RVUZE {94 zjol7} glo] Azl 719 Hr7rt &3t
7F7o] Aoy el eFite] =8-S = Ao wukdn o
o 2 A o] TolEAde A Ee] Sl o} A
< 7%k e P R0} o 2|l 9] ) H]&
wet Poks W fk whepa E AFoA] HojE
7HRe] 3815708 AL Hrkd A ThRel AV
o] 315/ Apolint opjg} o] 59f opd® 2~ gl opl 2 3
€] &k 2lo]o] 7]oleh= Aoz Attt E3), E o Fo
AHeE B7LE7) opd 2 o] 23.1%Q1 WA TFRS] A
= kst A 7ML Hrtge] sErE 2
7he] opdE s ke fhadhe W opd R o]
7kt 8N S 7RI HA SskEo] 338}
54 gro] PolAlE Aoz sAHT

woa] 712 Hyldol mE B IR wEo 22l

54

A2 7HE AP EEE bR wE) Bed 54

o] pH7} oW HaEEETL WebA] AR 7R WOl
] el ARl L AR deiA AH(19).

3 VFT Nsel yRES LEAR] SR net
S7kehs A delgl o, W] pHet Ee] 27] 30wH
0% Z7hol 62%, 5% H7kEel 5.7%, 10% H7kEe] 4.7%,
15% H7hrel 43% = AF2) 7HF Hrbee] S7td=
WEo| Sob A LE 1208 1M E 15% H 7ol 0%
H7FEHY 40.6% Haskith ole AleA] e A7k
HI7HE W] ol WSRh Fe Ho] 2 Ardtel
FAFSIATH(16). 53], Wh=o] A ste AL A7 W=
ol H7he ST A2EAR 97 /APy WEo
2 ko] WFEC] =2 s Ao F2 A0R U
A SlH19). Ao R 5% A7k nhse] w24 54
ol 7 FF= FA @obr B Ao A8 5 A
20 ZIHE A 10% ol /de] FHEgt A ke A Al
ol A&3t7] ool & Aor dddn

we| 71F Hytzko| mE Aol Z

A 7HE b S VR R Az Ao
FAEA A3 = Fig. 1| 2 Table 33 2t &z 71+
A7terd Aol A= bkl daglo] oF 443-444
go 2 folA o7} gl ot Huje}t vl &A= 10%<}
15% A 7kte] 242} 1,535 mLe} 1,500 mL 2 3.59} 342
0%} 5% A 7V(27F 1,705 mLe} 1,720 mL 2 3.8} 39)%
o Zasi o, #7] S4EL 10%9) 15% F7ktel Z+
Z} 11.7%9} 115% % 0%} 5% 719 114%E 1} 718t

BEY

Table 2. Physical properties of rice-naked oat composition flour dough during fermentation

Fermentation time

Naked oat flour substitution (%)

Physical property (min) 0 5 0 ”
30 6.00.0™ 6.0+0.0° 6.0+0.0" 6.0+0.0°
" 60 5.9£0.1° 5.9£0.0° 5900" 5.940.0°
90 5.840.0° 5.8:0.0" 5.800" 5.840.0°
120 5.7£0.0° 5.7+0.0° 5.8+0.0° 5.8+0.0°
30 6.240.3" 57403 47+06° 43+0.6"
Expansion ratio 60 19.7:0.6' 173406° 15740.6° 153203
(%) 90 29.8+03° 2.7406° 19.8+0.3¢ 17.7:0.6°
120 32310.3" 278103 2.740.6° 19.2:0.3

Values are mean+SD (n=3). Different small letters “” in the same row are significantly different by Duncan’s multiple test (p<0.05).
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Table 3. Baking property of rice bread manufactured with addition of naked oat flour

Naked oat flour substitution (%)

Baking property

0 5 10 15
Weight (g) 444.0+1.4% 4438+1.5" 442.5+1.0° 443 8+1.0°
Bread Volume (mL) 1,705.0£33.2° 1,7200£23.1° 1,535.0£19.1° 1,5000£16.3°
Specific volume (mL/g) 3.820.1° 3.920.0° 35:0.0° 3420.0°
Baking loss ratio (%) 11.420.3' 11403 117402 115202°
L 85.340.9" 81.8+0.6° 79.5£1.1° 77.0£0.8°
Color a 0920.1° 150.1° 22402° 2520.1°
b 20.1:0.5° 2.0:04° 239+0.9" 24.0+0.9°
Hardness (g) 205211.6° 235.0214.0° 4250£21.4° 491.9£19.6'
Crumb Texture Cohesiveness 0.6+0.0° 0.6+0.0" 0.60.0° 0.60.0°
profile Springiness 0.920.0° 09:0.0" 09:0.0" 0.9£0.0°
analysis Gumminess (g) 1352423 135.848.8° 2405+12.6" 277449.8°
Chewiness (g) 123.1£30° 119.7£9.3 217.3¢11.6° 2489+72°

(@d)

"Values are meanSD (n=3 andjor n=5 for texture profile analysis). Different small letters *® in the same row are significantly different by Duncan’s multiple test (p<0.05).

A 2.5, b o] 20.104] 2402 L g ZAasil ot ash
b #ko] S7tste] &aluo| AHe] 7HE7F A7 HA 2Rzt
o) FAA = AEe Btk olx Ao AxE %sﬁ 2
7 A 7HE7Y 7 AL e A o gk Jdke vk
Aoz Ferdd

A 7HE bl A S0 223k S
A3, Brew AHE] 7HE A7bEel S7HESE 2205 gl
A 4919 go 2 A Tk o SR TS A
2] 7HF H7hEl] dglol ZHt 063} 09& WL IiTh
A3 WAL 0% 5% A7krelA 242 13529 135.8
212313} 11972 S48l o 10% 9} 15% 3 74ol| A
Fig. 1. Picture of rice bread (A) and crumb (B) manufactured with Z}z} 24059 2774 2 21733} 2489 =4 YEhyith 53,
addition of naked oat flour. 2wko] Bylol dxo] 7|3 WA T So] Almo] AL

o 23201

IS T AR duA e, & A2} et

5% 10% 15%

ii‘ﬂr ojo} 22 Fule] 7ha H wY] &g I At 0% H7}2e] 248 Byl =3 7| 2] Zo} 2 Hol]
T ST U] Tasl B ol 4TS agou 15w wkeel SAe wult de w13

}AE B3 & gle 5ol téfj o] A7I7} Ax NF7F Wol BEAE ATKFg. 1). Ha 5(22)

o i AAElel Sisol SE $84 Beluan] F o paiee g wATARY 2974 2PN 1
A Aspg e 7] wEe A AU T UE Eel 2 ko) 24u4R s} AokAn At F1e
FZ3H w0 2H 0 2 baking 2Pl 52 7190l w84, SR, A4 B 10% AR E oA

sobA sk & 92 @ Rk G AR0. o) gij o) 20g ok RE 2T Hasled

5o, e MRS o] SRS e A € w gaans wed 2% verich

71 ohee] W SFAE Arjelokt W) o7} 39

v, baking o 7ol = G F3& fAsh0k Al B

P 5% A FEAE S0 tlzEst A A

o1 BolA| e¥gtov], Aubx o waukel Aol

dUs 5 Bw 5= HEEH. e e RE G ET R AL
A 71 H7Epd gaw &2 A= Ade] 7} A o] TAEXNS zAlsldth A7 78 s}k

F H7bol S7FES5 L #ho] 8530041 770, a %kl 099 Zy1gg ne 21]94 3 Ak 23} Bglucan TS =

0]
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71t Wil M E3) HelE e Aadshe AR el
L= o S ke R
15%7HA] 571l wheh 23hd 7he] Hud s, HAH
&, HEAE B AR 42

At AAEY 7 Hrbd a3
o] S7Fel whet W] pHE At
B2 SUtslelen, 8] AFel 71 HrhEe] S
5 9 3Eo| Yotk Aol Hujof | &A% gl 57
£AEL 10%9} 15% 7ol 0%} 5% A7FEE T WS
ok A 7 bl A £-0 Axe A
7HE M7FFe] S7FESE L gk AAstl ot ast b gel
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