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ABSTRACT

This study examined the quality characteristics of bagels formulated with varying amounts of rice bran powder (RB). RB was
added to the dough in the following proportions: 0% (CON), 5% (RB05), 10% (RB10), 20% (RB20), 30% (RB30), and 40%
(RB40). The fermentation rate, baking loss rate, volume, and specific volume of the bagel decreased as the amount of rice bran
powder increased, while the weight increased. Hunter’s L (lightness) value decreased as the amount of rice bran powder was
increased, while the a (redness) and b (yellowness) values increased. The pH, moisture content, °Brix, and salinity increased
significantly as the amounts of rice bran powder increased. Texture profile analysis showed that the hardness and gumminess
increased as the amounts of rice bran powder increased, while the springiness and cohesiveness decreased. The sensory attribute
difference test showed that increasing the amount of rice bran powder resulted in a more cracked surface, smaller pores, and an
enhanced raw grain odor and taste. In addition, the hardness, moistness, and crumbliness increased as the amounts of rice bran
powder increased, while the springiness and chewiness decreased, and the bitterness, astringency, and the amount of particles
remaining in the mouth increased. The consumer acceptance evaluations suggested that while the overall acceptance for
appearance, odor, taste, and texture tended to decrease as the amount of rice bran powder increased, the RB05 group received

a good taste evaluation.
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1. A=

2 Ago] AMg-E 1|%K(Samjeong Nongsan Co., Ltd,
Jangseong, Korea), 732 i(Dachan Flour Mills, Seoul, Korea),
2 2F(Sajo Haepyo, Seoul, Korea), A®HCJ Cheiljedang,
Seoul, Korea), ©]Z~E(Jenico Foods Co., Ltd, Seoul, Korea),
3l ukel7]-A(Sajo Haepyo Co., Ltd, Incheon, Korea)E 22}21
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Az W2 A A8E ¥E7](Vertical Mixer, NVM-12,
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Table 1. Formulas for preparation of bagel samples added with rice bran powder (unit: g)
Ingredients (g)
Samples
Strong flour Rice bran Water Salt Sugar Fresh yeast Oil
CON" 800 0 480 16 16 24 24
RBO05 760 40 480 16 16 24 24
RBI10 720 80 480 16 16 24 24
RB20 640 160 480 16 16 24 24
RB30 560 240 480 16 16 24 24
RB40 480 320 480 16 16 24 24

Y CON: 0% rice bran powder.
RBO5: 5% rice bran powder.
RB10: 10% rice bran powder.
RB20: 20% rice bran powder.
RB30: 30% rice bran powder.
RB40: 40% rice bran powder.
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Table 2. Effect of rice bran addition on the dough diameter (cm) during fermentation time (min)
Time Sample
. F-value
(min) CON" RBOS RBI0 RB20 RB30 RB40
0 3.45+0.052 3.45+0.02 3.45+0.05 3.4740.08 3.46+0.07 3.47+0.21 0.02"
20 3.80+0.20 3.89+0.03 3.7020.02 3.77+0.23 3.67+0.05 3.69+0.09 1.22™
40 4.20+£0.10™ 4.45+0.05° 4.33+0.06" 4.42+0.03° 4.3340.12" 4.09+0.10° 8.16”
60 5.050.05 5.45+0.05° 4.97+0.10° 5.02+0.19° 4.95+0.09° 4.65+0.10° 17.03™
80 5.65+0.35° 5.60+0.05° 5.07+0.08" 5.18+0.17° 5.00+0.10™ 4.70+0.22° 1077
100 5.70+0.30° 5.65+0.05° 5.10+0.05 5.22+0.13 5.02+0.03° 4.72+0.26" 16.86™"

) Refer to Table 1.
9 MeanS.D. “p<0.01,

sk

<0.001, NS=not significant.

» 3¢ Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple

range test.
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n7 B8 A7EeE wlol 29| pHet FE S Table 4%+
2t} pH 23 A3}, thZ2F7 RB057} 6.030.2 717 whgko
o u)7k Aol Z7hghel] ulel RB10(6.15)<RB20(6.37)<
RB30(6.44)<RB40(6.45) <o & fonsiA 71kt
(p<0.001). o|= w7+ A7k S7tel whek pH7L frejH o s

Table 3. Weight, volume, specific volume and baking loss of bagel samples added with rice bran powder

Properties CON"Y RB05 RB10 RB20 RB30 RB40 F-value
Weight (g) 99.63+1.027" 100.27+0.46® 101.70£0.00™ 103.47+0.58% 104.20£1.59%  105.53+1.47° 14.299™
Volume (mL) 189.83+4.16°  184.17+4.73% 175.17+1.12¢ 145.17+1.15° 115.5046.25°  96.83+9.50° 151.206
Specific volume (mL/g) 1.79+0.04° 1.74+0.02° 1.65+0.01¢ 1.35+0.03¢ 1.07+0.06° 0.90+0.09" 175.489™"
Baking loss (%) 16.97+0.86° 16.44£0.38%  1525+050°  13.78+0.55%  13.17+1.33%  12.06+1.23*  14.299™

D Refer to Table 1.
? Mean+S.D. ""p<0.001.

» 27¢ Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.

Table 4. pH and moisture contents of bagel samples added with rice bran powder

Properties CON" RBO5 RB10 RB20 RB30 RB40 F-value
- 6.03£0.027%  6.03+0.02° 6.15+0.01° 6.370.00° 6.44+0.00¢ 6.45£0.01°  762.986""
P SF¥ 6.28+0.03 RBY 7.03+0.01
Moisture contents (%) 34.1440.61*°  34.83+0.44°  36.60£0.21°  37.02£027*  37.7740.75°  38.27+0.90° 23.201"
SF 12.65+0.39 RB 9.99:0.85

D Refer to Table 1.

Y MeantS.D. ""p<0.001.

3 2~ Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range test.

9 SF: Strong flour.
% RB: Rice bran.
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n| 7} BukS Hr)e wol 2] A7 2% A3 E Table 7
3} 2t} 7 E(hardness) = o] 587.91 g & 7F4 WA

7 A7V S wlol2e] A& sl JEke mxl Al YERA o, RB40o A 981.58 g2 WERY n7t H7teke] &
2 peEch 71rE fejHor Irkee AEE HItHp<0.001).
Jeong CR & Yoon HH(2025)2] Fapd=d X7} 2o =
5. M= FA 71 A7Vl SNESE Awst Skt B
n7t B4 ik wWolZe] Z2&(crust) 42 (crumb) S Ho] B A} §ARE ZHE Heon, o] Aol df
A% =% AF= Table 63 2o} wo|Z9] FA52 73y 7} o SRE FAlRe] Hrlee]l SMEEE Aol 7ot
Table S. °Brix and salinity (%) of bagel samples added with rice bran powder
Properties CON" RBO05 RB10 RB20 RB30 RB40 F-value
0.67+0.06>% 0.70+0.00° 0.60+0.00* 0.83+0.06° 0.87+0.06° 1.00+0.00¢ 39.733"
°Brix
SFY 1.20+0.06 RB? 2.57+0.06
0.50:£0.00° 0.50£0.00° 0.50+0.00" 0.70+0.00° 0.73+0.06° 0.83+0.06° 58.1""
Salinity (%)
SF 0.4+0.00 RB 1.44+0.00
D Refer to Table 1.
Y MeantS.D. "p<0.001.

» 2~4 Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range

test.
9 SF: Strong flour.
% RB: Rice bran.
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Table 6. Hunter’s color values of bagel samples add with rice bran powder

Properties CON" RBO5 RBI10 RB20 RB30 RB40 F-value

L 71.11£0.44”%  70.57+0.07° 68.79+0.08° 68.27+0.14° 67.47+0.09° 66.78+0.09° 213.111"
Crust a 2.29+0.59° 3.65+1.1° 3.77+0.04° 3.67+0.13° 4.10£0.04° 2.51+0.04° 26.380""

b 20.72+1.39° 24.68+0.13" 24.15+0.08° 24.58+0.12™  25.510.03¢ 25.96+0.09% 31.530""

L 80.76+0.03" 79.05+0.04° 77.110.04¢ 74.04+0.03¢ 70.24+0.00° 69.13£0.04*  59,053.701""

Crumb —4.93+0.06" —3.22+1.58" —2.61£0.07° —1.39+0.07°  —0.45+0.09° —0.11=1.89" 677315

)

b 22.05+0.05 24.59+0.03° 26.18+1.13° 27.65+1.31¢ 28.69+0.10° 29.39+0.05" 2,669.367""

SEY L 94.85:+0.02 a —5.9740.16 b 11.7120.09

RB L 79.96+0.01 a —4.1840.03 b 24.6440.00

D Refer to Table 1.
Y MeantS.D. "p<0.001.
» 2T Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range
test.

9 SF: Strong flour.

9 RB: Rice bran.

Table 7. Texture characteristics of bagel samples added with rice bran powder

Properties CON" RBO05 RBI10 RB20 RB30 RB40 F-value
Hardness (g) 587.91+19.87%% 652.16+25.03®  701.12£73.82°  813.73£38.84°  869.37+33.97°  981.58+84.02¢ 34.881""
Springiness 1.23+0.06 1.05+0.04° 0.98+0.01 0.97+0.01° 0.91+0.07* 0.88+£0.02°  26.440™"
Cohesiveness  0.86+0.01 0.85+0.01¢ 0.80£0.02° 0.77+0.00™ 0.76+0.00° 0.71£0.04*  27.018"™

Gumminess  504.47+30.92° 555.78+26.48*  551.84+63.09°  620.53+20.10°  660.66+26.05"  693.73+7.73°  13.943"
Chewiness  625.35+22.01 581.51+£11.06  551.35+35.81  608.59+70.90  606.16£46.32  634.29+4.47 1.835™

D Refer to Table 1.
Y MeantS.D. ""p<0.001, NS=not significant.
» 274 Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range

Rl WAS Pelekn, W5 BFL WSl A=t A (umminess) S FES] FARH Bkl 274
Z7beke Ao AAFA. 5 froldoz ZHhs BEL BYOr(p<0.001), 43
7 9l Bl A7l 4

&H2 A (springiness)> T &0] 1.230.2 7} 331, RB40  (chewiness) 2] 2l A}o]
o] 0.88%2 7P wro} w7t Hrlero] FUHEFE ooz de dFs 7AA ¥e AL
g TH(p<0.001). -8-3/d(cohesiveness) T3t tiZ=w0] 0.86  (2020)2] V|7 AR =9~ 2] ol 4]
©2 7V 3 RB40°] 0712 7P wo}, Arkge] 7k 5 A= Aol SrNska, @A, $RAE (et
F2 fFoH o7 743 THp<0.001). Jeong HC & Yoo — & Hol I A9} fARRE A28 HAT
SS(2014)2] FrAKE] Bd-g H7ket Aol A=, &
Arg] el Hriske] TrtEE e=Edn 3o 1 7. £4 Xfo| A
Zele GAle AFE Bt o] FAL Aol n7k BE HUEe o2 54 Aol AAN Az

0 o]
aT 3 =

L SR s5g o Qg Hrleke] Z71EEE vk ) 2 Table 87} 2T} Hlo]Z2] 2] appearance) 5734 F3=
= 5=
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e Kim SK
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Table 8. Sensory attribute difference of bagel samples added with rice bran powder

Sensory attributes CON"Y RBO5 RBI10 RB20 RB30 RB40 F-value

Volume 723416579 6.60£1.81Y  5.97+2.07°  5.60£1.61°  4.10£1.99®  223+1.57°  31.286™
Crust brownness  2.77+1.63"  4.23+2.08"  4.33+1.90°  6.93+1.44°  547+1.57%  7.13£1.66° 29.014™
Appearance Crumb darkness  1.87+1.01°  3.13x1.46°  4.33£1.09°  543+1.19°  6.70+1.12°  8.03x0.96" 117.825""
Surface cracking  2.07+1.11°  4.10+1.85°  4.00£2.29°  4.90+2.16"  5.43+1.74°  7.43x1.50° 28.776
Cell size 5.60£2.31°  5.50£2.66°  5.17+1.86™  4.03£1.67"  4.60+£2.04™  3.93+2.36°  3.3457

Savory odor 5.3042.41 5.67+1.75 4.93£1.76 5.63+1.65 5.37+2.01 5.23+2.86 0.496"™
Raw grain odor  2.03+1.54 3.33+1.83°  4.83£1.86° 5.4742.15° 6.73£1.76%  7.73£1.64°  41.055
Sweet odor 4.9342.59 4.87+1.91 4.50+2.03 477+ 2.14 4674237 3.8742.36 0.908"™

Sweetness 437+2.44° 4271200 3574201 3.23+1.55° 2.73£1.14°  3.00£2.03*  3.704™

Saltness 4478205 443£1.83"  5.07£1.80"  5.43£2.00" 5734227 6.20+2.66°  3.307"

Flavor Sourness 2.13+1.76°  2.90+2.34%  3.8742.16%  4.83+2.48°¢  4.77+2.63°  55742.96°  8.676"
Bitterness 1.4740.63°  2.40+1.59°  3.504+2.08°  5.40+2.03°  6.5042.26°  7.63+1.92° 522817

Savory flavor  3.53+1.94° 497 +1.85"  4.63£1.40°  547+1.61™  543+2.01™  587+2.65°  5430™"

Rice flavor 3.0042.30°  3.90+2.16"  3.93+1.87"%  4.40+£1.67°  4.43+2.08°  4.77+2.83° 2418
Raw grain flavor 1.83+£129*  2.97+£1.99°  4.73+1.98°  5.63+1.77%  6.30£1.78°  7.73+1.98° 43.076""

Hardness 3.90£2.07° 4.30+2.31"  520+£1.92"  537£1.81%  5.07+2.33"%  6.17+2.60°  4.0527

Springiness 7.00£2.21Y  5.83+237° 5.70£1.75° 5.33+1.83%  433+2.14"  3.70+£2.69°  8.567
Texture Moistness 32742.03° 3774152 4.5041.20%  527+1.39%  5.90+2.07¢  7.47+1.68° 24967

Stickiness 6.80£1.999 6234234 563+1.50°  4.23+1.92°  3.33x1.58"  2.53+2.16° 22.899"
Crumbly texture 240135 3.07x1.62°  4.40£1.69°  5.17x1.98°  6.70+2.10°  7.37+2.59° 30919

Bitter aftertaste  1.60£0.77°  2.63£1.75°  4.43+1.76°  6.00£1.60°  7.70£1.15°  8.47+0.78" 120.910™
After taste  Grainy texture  2.30£1.39*  3.37£1.69°  4.50£1.36°  6.50+1.23%  7.63£1.00°  8.47+0.94" 108.222""
Loose particles  1.80+0.71*  2.83+137°  4.80+1.65°  5.87+1.76°  6.97+1.92°  7.93x1.14" 77.032""

D Refer to Table 1.

? Mean£S.D. “p<0.05, "p<0.01, “"p<0.001, NS=not significant.

» 2T Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range
test.

9 9-Point hedonic scale (1=extremely weak, 9=extremely strong).

ozl Aoz Algdtt. &£Ao] o T HEof Ao A & WAL sl ot AERe Bk duke ol
A= n7} Hrlgko] Z71EEE fojdor Zulele 2 o] 4372 7} =31, RB30°] 2.732.% 714 Yolp<0.01) B
e Ho(p<0.001) M= 5% Ao} dxsts Ao Ut = S Az}l A @' AFE Biled, ole vd
Wk 99 ek A A Arle] SS9 A7 o] S7VEFE ko] fog FEo R AsHA ot
Ao Z7H) o (p<0.001), 71Fe Z7)1= Hrlgko] Z7F HA70(p<0.001), 717 E49] 743 2uto] whukS oA A
s AAH R AolAle AR EATHp<0.01). 71 A7 A7pE) guke dnbd o2 Hrteko] Frbeke

@ (flavor)e] 573l Tt HAjel D= oAl = ¢ 8 H71E(p<0.01) 9= =3 Aztel dA| sk
ztol & Holz] gskovt dIE WAlE nAt HhEe]l S ZARE Blon Auke nit Mkl S EE fo4
4= FolFoz F7H(p<0.001) H7hgeo] S7MEFE G o2 F7RITHp<0.001). 75 gt & o G g gkl v
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Table 9. Acceptance of bagel samples added with rice bran powder

Properties CON" RBO05 RB10 RB20 RB30 RB40 F-value
Appearance 5.83+1.22Y99 5154124 4.86+1.1¢ 4.54+].35 4.18+1.5° 336£1.76°  30.059"
Odor 5.68+1.21¢ 4.98+1.38° 4.78+1.39° 425+1.38° 4.18+1.53° 3.40£1.69"  23.619™

Taste 5.66+1.26 4.69+1.54 431413 4.05+1.51° 3.04+1.38° 2.76£1.67*  43.726™
Texture 5.55+1.43° 4.86+1.549"  4.51+1.26° 4.20+1.55 3.36+1.52° 2.81£1.74" 34717
Overall acceptance  5.85+1.05° 491£1.425%  4.55+1.34° 4.20+1.27™ 3.34+1.493° 2.66£1.71°  55.085™

D Refer to Table 1.
Y MeantS.D. ""p<0.001.

% 3¢ Means in the same row followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range

test.
9 7-Point hedonic scale (1=extremely dislike, 7=extremely like).
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