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Abstract

This study evaluated the applicability of ‘Baromi2’ (B2) rice flour as a functional ingredient in lean bread by replacing wheat flour
at levels of 10%, 20%, and 30%. Bread was produced under standardized baking conditions, and its quality characteristics were
assessed through physicochemical analyses (including specific volume, texture, and color). The internal crumb structure was also
examined to assess gluten network integrity. As the substitution level increased, finished product volume decreased and crumb
hardness significantly increased, indicating weakening of the gluten network. Internal structure analysis revealed that higher
substitution levels and reduced pore evenness. Among the samples, the 10% substitution level produced bread with the most
balanced texture and crumb structure. These results suggest that ‘B2’ rice flour can be used to partially replace wheat flour in
lean bread to enhance nutritional diversity and maintain product quality.
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kl % structure), Z2) 7 (texture) 5 A A4S AFAE= F8 QQlolch
(Goesaert et al., 2005; Ortolan & Steel, 2017).

e A AAR R A= tEAR] 4] F sheltt 2 Y T2 2L dejob(celiac disease) T ZHE LE27] A
71RE YRR ARSHL &, 5E, A 59 BAES AR Al glo] Yolow xAE|y 9lon, AT So] A7 U Ao|a¥A
ZHHBiesickierski, 2017). B7}72] SFE2 W IPYOIA 22 Hojla 2526 Azt 4120 digt S87F T4 Z718k YckJoung
oft(gliadin) 2FH|'d(glutenin) THaido] Aefsto] 278 HES et al, 2017; Lee et al., 2025).

Flgluten network)S B/JotL, Ol RISl e (viscoelasticity) 2T A T2 7H ¥, 9 ASE Alsh 254 U 5L
I} AP (extensibilityyS F-oSHGoesaert et al., 2005; Wieser, AUA-AZRAE ASE 3k S tjofsl AR 817 wislz ols), U
2007; Bender & Schénlechner, 2020). 258 YEYI= ¥==9] 7} 712 o] A4 i3t A5t FEkeA| T Q. EXoZ & L
2 B3 (gas retention), T2/ (elasticity), B7g= (expansion)o]l 14 S, A5 HIGHEFE FEo] AR Aol W oA dE

ZQl AZZ 3, AR o= #o] Ful(volume), 7157 (erumb = FAFSIAL 9lom, ojet wiE Tt At sk L
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QJItHKim et al., 2015; Cappelli et al., 2020; Djeukeu et al., 2024).

53] 22 eFuete] FA0gA o 7|7 AH|E0] 2 I&
o, 2FHlo] Qlo] =] FE 7FsAdo] Rl y-28Rks, 1
At EFHE, Aol & TS 2 7154 AR o
3 glol Al Am=A WA GYPHoE FEwT ok
(Hee-Ja et al., 1988; Goufo & Trindade, 2014).

olof Wt WIFE HAIT o U= d=m2A A71Fo] & 7}
s/30] tiFEIL Qlon, A7t e S8 HokA] 27] wedl
o A A 9] gl 9 o] RSt AlEe] Fu] 9 2
Azko] AskEe BR7F QIthAoki et al., 2020).

ERE URHARl A7 R = R TRt AHolA Al & Ax
sk 54 AR 34 Sl A=, o] IolA tgFe] &0l
AR H7h sl 8 Qo] L7t glom, 7Ax HE
2l AdH] Hlgo] S7Fok= A7 Ath(Zhang et al., 2021). o]2{3t
714 FAE S5 ftt WRte g ufiolAs A Al
Agala A B4o] $5et & B2 Aol AEEle] gt
(Choi et al., 2015).

A ARE a2 7Pk 3L FES I Bafsks T
Aoz, 54 Aol B3 370l ZHstal o= viEoe] glom, of
Uz 2 AH| vlgo] Aridor Wrke Ae 7HITHNgamni-
kom & Songsermpong, 2011). TS}, HE £AS0] Yl n]Hs}
H A7FRO] YAREEE 2Esh7] golsto], AM AlES] 4 ¢
F4 24| 23t 542 HEhdt(Yoon et al, 2016). 0]9F 22
540 s, FZolle A4 Al 71eS 283 E7HF A 4
AN R FF AT A7 LS| o] FojA|AL JTKChu et al,
2023; Kim et al., 2025).

HIRI2(B2) = FE87g0A ARt 4] AR A8 ¥ F5
o7, Rl E4S 7HAIL Qo] Al Al &4FFEe] A, vt
2 AplE 9T B8 4 Qe o] 2 FHolhKim et l,
2003). B3 P Wzt B ofelieAl vHgo] 71 Byl
=11, W2 ofd=EA(amylose) FFLE QIsf| ¥ EA0IAME F
A9l H71E vl QthHa et al., 2022).

7 (Campagne bready= TetA A& wlog Wrls B A
o, ARk ARSSIo] A|lE5ks tiiA]Ql © B =(lean bread)O]
ok o HEte A, 95, Al 59 FARS 7 97
o] 255 HEYZ] ddo] AlF F2o 62 Fa5H 2+
SHHu et al,, 2023). 53] Atz 71 T8 AR w2 $okes
sl Feo) A 7 mgeo] 2 AES) i} 1E
T2E AXSH= #HA Qolo|Z&(Campbell & Martin, 2020;
Rouill¢ et al., 2005), A7} thA|o] W2 56 T=F 74| FF

2 WS WY 4 ol AU wdolk
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oo & Aol ZHA HE ¥Rl ZHH(Campagne bread)
£ AgFoR AAgoto], Bizr2E DA BE(10%, 20%, 30%)
2 giAlola, o] wE AlFe] B 4 EA4S A
2 Hla-EAste] 7M3A3S okt Skt ESE A7ERe
7158 EAE HESHIAE AE E42 FAE 5 Qe A
2745 AARIe 2, 254 A7 9 7|54 HlolA AlE A
< SRt 712AEE S8t sleinh

= 2 U

M=

2 A9 g ALk fol ARG 712 AlEE R
(Daehan flour mills Co., Incheon, Korea), AU E(TIMBO S.A., Bue-
nos Aires, Argentina), AIAEIE =20 O] AE(Saf-instant red, Lesa-
ffre Pte Ltd., France)5 ARSI B7FF= 5278404 AlS
1k 712 Baromi2, Icheon, Korea, 2023y AR&olo] AES A=
st

HEgsd

S

B A3]0] 7l AR AACC X3 24 HEEHS g1 S~g6)
o] QO H(AACCL, 2000), YIRS BlRu2’Z 212} 10%,
20%, 30% Hl&= tiAISIICE HidH]= Table 13} ATk W2 H
ElE 9A(SK-20 Mixer, SK Mixer Co., Ltd., Saitama, Japan)S AR&
ofo] A71E 29l B2 &0 2 3R USSR 5, gl MY
S 1ot thAl A 38, 114 387 HESolgit) v Ua
7127C, = 75~80%)0llA] 6027t 13} YFTE F, 650 g Hekot
of A2oA 2087+ F1F IAskL, FUT RA0fA 6087 23}
A< A9 o]F AWA QE(EURO 501, MAGMA, Korea)yS
o]-8510] 235C A 2587t A/gsiqitt. AgE AF A20l4 1
AR B9t W7 5, AR A7 E2jogal vdol| WEslo] Hast

.

Table 1. Ingredient formulations of Campagne bread with different substi-
tution levels of '‘Baromi2'

Control T T2 T3

Wheat flour 100 90 80 70
Baromi2 - 10 20 30
Salt 2.1 2.1 2.1 2.1
Instant dry yeast 1.0 1.0 1.0 1.0
Water 80 80 80 80

The following table represents the ingredients used in Campagne bread production
expressed in baker's percentage: control-contains 0% Baromi 2'; T1- contain 10%
Baromi 2'; T2-contain 20% Baromi 2'; T3-contain 30% Baromi 2'.
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=71 £48 A HIHH £F
AES] w71 SAES Al K] S AlEe 23S ©f

O
85}0] ool Zo] AXFE L) H-8AL BujyrZA7](Volscan
Profiler-VSP600, Stable Micro System Ltd., Surrey, UK)°]| 9J3f] =
ALEE 4 mmsE SHE A

ME =Y

A BA0 72 T 3 cmZ A & AEiely Hlo] o
2] A YA AR LA Q] AHREA|(Colorflex EZ, Virginia,
USA)YE ARES1] Crust?t Crumb?] LEH(B%), agh(H M E), bk
AE)S ZA5ITHNFEC-2023-08-289135). o|ufj ARRE FZ i
O] YZES 92.0, x%t 0.3137, ygt 0.31970]9ich

Texture 54

7S 5 3 cm2 YoM Adgt §, AF B4 47
(AMETEK Brookfield, MA, USA)Z Alg&3lo] B4 B 25519
t} 240l 27 50 mmo] YEF LR HE A}8519TL, crosshead
L= 60 m/E, HPE(strain)S S0%E AP 2L A=
T 4947t Bysie] Z5gsiglon, 34 RS A E(hardness), T2

AJ(springiness), %314)(chewiness), -2%]4(cohesiveness)©]AT}.

3

IBTE B4

Zhle] U T2 FAS Yu ot al. (2019)9] S D 4
Slo] 2SI S 3 em AT ZuleE oful A7
(Samsung SL-C1454FW, Korea)S ARg51o] 9 &, Imagel 24
AIZEQo](version 1.49, NIH, Bethesda, USA)E &3l 4513tk
e o|u|x|E& 8-bit grayscaleZ W2}t T AA|gKthreshold)S %85}
of o|xIs} 5t S 300 dpiZ A7t Ao SN
o4 30x30 mme] IS Aelelo] & 713 WAL AT, o]F
71202 718-E&(porosity: & 71 WA+64 cm’)S A4S

HI

SHZEA

glo|e] £4-2 GraphPad Prism 10 (GraphPad Software, San Die-
go, CA, USA) 54 Z2TIHZ ARt $351910H, HE AR
of el Ba+HEEHAK MeantSD)2 UERHSITE SA1A 7214 4
T YUAEA(ANOVA)S HARE &, Tukey2] ARFH%(Tu-
key’s HSD test)= 551 A& 7t -F2]2]Q1 AJol& #4513l oH, B
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£ 8L 33 W 2 T WS Tt RREL pe00s
2 gt

B2 tiAlErS gefsto] AlXsiod ko] w7] Sdst viAE
Z7 A= Table 291 2t} 57] SAES B2 tiAlee] 71l
e} FolA 08 Aashs RS Ut p<0.05). TR 14.19+
0.12%2] £A15-S 1ol BHH, B2 10% THAIZE 14.67+0.18%E 23]
# 37161 oM, 20% 9 30% tHAlEIAE Z42F 13.4440.37%,
12.05+0.29%= F2JAR] TAE Hir} o= B2 iAo T §iE2)
S5 HRE BBl o] Qi A0E AmHC

B2 tiA=RS Dejote] Axoild ke HAdS 4% 4
= Fig. 13} 2t} Zukee] BA|1 A2 2ol A 2.44 mL/gC =
7 E=9oH, B2 10% HAlRE 2.06 mL/g, 20% HAIES 1.94
mL/g, 30% THAl-S 1.67 mL/gO & thAl&o] F7Igto] w} vlA|
A At Aachs AE Uetich SARA A dixatdt 10%
At toll= oIt Zfo7t ol ] ehoton, 20% ol 7kl

Table 2. Physical properties of Campagne bread with different substi-
tution levels of ‘Baromi2’

Control T T2 T3
Volume (mL) 2,516+57.14% 2,545+73.15% 2,192+43.4% 2,015+171.1°
Weight (g)  555.8+0.76° 554.7+1.16° 564.8+1.52% 566.5+2.60°
Baking loss (%) 14.19+0.12° 14.67+0.18" 13.44+0.37° 12.05+0.29°
Porosity (%) 25.06+0.52° 28.67+0.07° 27.23+0.08° 24.95+0.22°

Physical properties of Campagne bread; control-contains 0% Baromi 2'; T1-contain 10%
Baromi 2'; T2—contain 20% Baromi 2'; T3-contain 30% Baromi 2'; *“Different letters
above each type of column indicate statistical difference at @=0.05.
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Fig. 1. Specific volume of Campagne bread with different substitution levels
of ‘Baromi2’. control-contains 0% Baromi 2’; T1-contain 10% Baromi 2’;
T2-contain 20% Baromi 2'; T3-contain 30% Baromi 2 *“Different letters
above each type of column indicate statistical difference at @=0.05.
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K oo e wAAE Yt ol @i%e) ol
F7s a2 Y] ZolEn, WA IYolH B
oMiSEkE YT 4 Ut vl gaH R0z weE:

T 10% BN R AR BRI RS R4
Aos Uebdet. webd B2S 10% SE7H thAlsto] Azt
B B2l B At g0l 414 B8 7Kg0l B8 2

= o

ol ¥ M =3

B2 tiAgE 2elsto] AlxstAd 2] Crumb B Crust®]
A= 24 AI= Table 33} Fig. 29} 2t Crumb®] L(FE)Rk>
Tj o] 72.57, 10% THAIEO] 73.22, 20% ThAEo] 71.43, 30%
tAl2o] 71.522 thRE TiH] 10% thAlo] 7P = ke Ha)
o, 20% OVIREE FOH O R Yol HFS B a(ZA
D)k 10% tAIZOIA 26308 71 &2 g2 HAaL, A
o] F7Ieto] wet A% FAsks AR EAth b(EFHE)F
30% thAlEe] 9.052 7FE =& = el eH, tixto] Hish
oAl 371 itk

Crust®] 7% L(PL)gk 10% thAlEo] 54.89% 7Hg =9kom,
20% A 46,478 FOJH 0 ® TP W2 kS Bl ol
20% ThAlEOA] Maillard §Rg0] 71 EdisiA| 1944 2=
ST Ty 30% AR 49.7322 20% iAol Bl =2
2 Bt ols W2 ) B7IRE diA Al Hise] Tl &
ol HobA A4 g4 whgo] Arizor AlE A o= Heltt
(Jan et al., 2022). a(AME)ZE 20% HAENA 12.852 7F =
L ke Holon, RS 12,07, 30% A 11.028 AhA
o5 W gke HYth b E)g tiEto] 17.86, 10% Al
0] 17.72, 20% ThAlLo] 14.11, 30% thA|o] 13.330& thA&o]
S71etol wet Fasks A Holrh

Table 3. Color analysis of Campagne bread with different substitution
levels of ‘Baromi2’

Control T T2 T3
L value 72.57+0.24° 73.22+0.16° 71.43+0.07° 71.52+0.40°
Crumb a value 2.56+0.04% 2.63+0.01% 252+0.08" 2.52+0.03°
b value 872+0.01° 809+0.03° 843+0.01° 9.05+0.02°
L value 53.76+0.07° 54.89+0.10° 46.47+0.07° 49.73+0.51°
Crust a value 12.09+0.09° 11.09+0.10° 12.85+0.08° 11.02+0.07°
b value 17.86+0.05" 17.72+0.09° 14.11+0.03° 13.33+0.04"

Control T1 T2 T3

Fig. 2. External appearance of 0% Baromi2 substitution (control), 10%
Baromi2 substitution (T1), 20% Baromi2 substitution (T2), and 30%
Baromi2 substitution (T3) of Campagne bread.

Texture &3

B2 tiA|E Gefsto] Alxoiid ko] 2272 49 52t
Hikslo] 274519 o, A7H= Table 49 At} TE AlZOA A
7170] S7Ketel et Brert 7ok RS Ealth 193]
Al 10% A 4741 NO& 7Y 22 ZH=E LEilon, tix
59.06 N), 20% HATH75.77 N), 30% tiA2(81.47 N) &02
71t 2 & 4 Qleh 2934 = 10% HiAlEo] 65.68 NO&
7P WL, 30% AR 89.45 NO&2 7 =9ttt 44Ajo)lA
= BE oA A=rE 571 oW, 10% ThAIH96.29 N)2t 20%
THAIE(96.82 N)2= TH24(99.73 N)Eoh W b H3low, 53]
30% iAo 112.20 NO&2 A 7|7F 591 71 =2 A
&5 Hehilth

ojg|dt A= A T Mo ot £=71 B2 Al wt
A2 o2 YepdE AR, 10% tiAlEolA 71 st 7
T I7FE HQl AL A7ERel Wk 7he] A Hlgo] W]

Table 4. Texture profile analysis of Campagne bread with different substi—
tution levels of ‘Baromi2’

Control T 2 13
Hardness, 59 06+4.66° 47.41£1.60° 75.771.96° 8147+3.85°
day 1 (N)
Hardness. - g1 79+1.99° 65.68+223° 8028+1.46" 89.45+194°
day 2 (N)
Hardness, g9 73+2.65° 06.20+6.68° 96.82+1.687° 112.2+6.24°
day 4 (N)
COhZZiyve]”ess 0.71£0.01® 0.75£0.02" 0.69+0.03° 0.65+0.04°
SPNGINess 15964033 15.59£0.22° 15.42£0.33 15.49£0.19°
day 1 (mm)
Chewiness - 29 56+3.51° 47.90£0.33° 53.98+0.43° 69.32+3.81°
day 1 (mJ)

Color analysis of Campagne bread; control-contains 0% Baromi 2'; T1-contain 10%
Baromi 2'; T2-contain 20% Baromi 2'; T3-contain 30% Baromi 2'; > “Different letters
above each type of column indicate statistical difference at @=0.05.

https://doi.org/10.13050/foodengprog.2025.29.4.276

Texture profile analysis of Campagne bread; control-contains 0% Baromi 2'; T1-contain
10% Baromi 2'; T2-contain 20% Baromi 2'; T3-contain 30% Baromi 2; *“Different
letters above each type of column indicate statistical difference at a=0.05.
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Z g 8 fAof FHH R A8 Yo s mhE
(Gao et al., 2025). ¥, 30% hAFS] B4 =& A7 HE=
Qs AR A2 FXEHUS 7Fs/del Ao, ol A%
3 AE 3712 olojFE ZloE WHETHLe Loan et al., 2021).
5] B29] W2 opdEA JgR2 AEHH o R L olE A HAT]E=
oF A QLo Rt tiA] Al d HEIe] FoARE Hat
| op =H el o] AAA} Fx o0& Qlef @3]H Hx TPt 71
4 Q182 AJAIGIH Wang et al., 2015).

[

T

JBRE BN

B2 tiAlS E2isto] Alxet ko] 718 25 B4 2
YR Fig. 39} Table 29F e} ti2td} 10% Al T+Lotal

H| w3 & 7|50] v BE5I91 0, 71852 212t 25.06+0.52%
9} 28.67+0.07%% et E3] 10% AL RE A& & 7}
T w2 75eE H3loH, ol o] SR4 HEY =
5] FAE|o] HR oA FE oA E B og 1Y
7] g2 gekEc) vhAof 20% AT 27.23+0.08%2 TF
4 Wobgon, 7139 A719 Fej7t ExtdstA UERT 30%
A 713-80] 24.95:0.22%2 7P $9kom ol 71Fo] %
I 2USHA BESHL vk A& Rt ol w2 A7IE o
A2 ol ST FFo] HAskal §iE9] kA Hg2o] Aols
of, ¥a ¥ 7139 F4% A7 A7 HEoE HIthGao
et al., 2025).

o

FO

of
£ A7 ZlrolA YRS IR0 E 10%, 20%, 30% 5
F02 A o] JFS Hrlstarat spct. tiA] vlgo] &
715 H|A| AL fold o 7AYo, ol HEgt AR
7} 25 HEYA A4S Wofoka wha IHgolA 9] 714 Bad

Control T1 T2 T3

Fig. 3. Internal structure and binary image of 0% Baromi2 substitution
(Control), 10% Baromi2 substitution (T1), 20% Baromi2 substitution (T2),
and 30% Baromi2 substitution (T3) of Campagne bread.
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