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Quality Characteristics of White Bread with the Addition of Cacao Bean Husk Powder
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ABSTRACT

This study examined the quality and sensory characteristics of white bread formulated with varying amounts of cacao bean
husk powder (CBH) as a functional ingredient. CBH was incorporated at six substitution levels: 0% (CON), 4% (CBH4), 8%
(CBHS), 12% (CBH12), 16% (CBH16), and 20% (CBH20). The dough fermentation rate was highest in the control and
decreased significantly as the CBH content was increased (p<0.001). The bread weight increased significantly as the CBH
levels were increased, while the volume, specific volume, oven spring, and baking loss all significantly decreased. The
moisture content and pH decreased, while the °Brix and salinity increased. Color analysis showed that the crust lightness,
redness, and yellowness decreased, whereas the crumb lightness decreased, but the redness and yellowness increased. Texture
profile analysis revealed increased hardness, adhesiveness, gumminess, and chewiness. The descriptive sensory evaluation
indicated increased crust brownness and crumb darkness, but the loaf volume and air cell size decreased. The flavor attributes,
such as cacao odor, bitter odor, cacao flavor, and bitterness increased, while the yeast odor decreased. For mouthfeel attributes,
the hardness and chewiness increased, while the moistness and tearability decreased significantly (p<0.001). In terms of the
aftertaste attributes, the dryness and bitter aftertaste increased significantly (p<0.001). Consumer acceptability testing showed
that the CON, CBH4, and CBHS8 samples received the highest scores for taste, texture, and overall acceptability. These results
suggest that up to 8% CBH substitution can improve the functional properties of white bread without compromising the

sensory quality, supporting the utilization of CBH as a food by-product in functional bakery products.
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Il hvis

=2 Z24FE(Palo Santo) FONA AAHE Ro 2, A
(TreeToBar Co., Gyeonggi-do, Korea)oll A T+3te] Al-8-3F
St 72l E(Dachan Flour Co., Incheon, Korea), AdE&H(CJ
Cheiljedang Co., Incheon, Korea), 2~5(CJ Cheiljedang Co.,
Incheon, Korea), HEl(Samyang Co., Gyeonggi-do, Korea), ©]
2~E(Jenico Food Co., Gyeonggi-do, Korea)+= =2}Qlof|A] -
Yot AHESHATH

o 4w wgHE Pastel sEdolegoR Axsdrh
AUIAEE FA AW A7 AAE YR T, WARe &
BE Jlhe Wl §l 23 BEWCBH)E 0%(CON), 4%(CBH4),
8%(CBHS), 12%(CBH12), 16%(CBH16), 20%(CBH20) th|
sto] g X3S F 6714 Al8E A3 THTable 1).
2 A5 Qe AHEE 7ke Wl s~ s £ 7](Food
Grinder, JL-1000, Hibell Co., Gyeonggi-do, Korea)E ©]-8-3}
of B3t T 100 mesh Ao Uz ZjoEd WMo
Hol WE Haste] ARSIt #AIE ARl A AsE
HWE=7](Dough Mixer, Kitchen Aid 5K5SS, Whirlpool Co.,
Benton Harbor, MI, USA)ol| ¥ 11 H&QHelA 287 &5
g 5, 2 DAlllA HEE Hrlsted S5l 10
w3 wdEth B vkl W JPEA T2 B
ol &% 30+5C, AUNFE 75£5%2] ¥HE 7] (Fermenter
EP-20, Daeyung Bakery Machinery Ind. Co., Ltd, Seoul,
Korea)ol| A 30% E<t 13} @E3it) 12 &art 2 vt
S 450 go B Edete] T2, ®Ho| nlEA] S
HE S o] Ao 1583 3t LR3I o] & Rk
7t22 ZPEA AAZ H, tri-fold2 A @Skl 2w WM21.5 x
9.5 x 9.5 cm)ell MY}, L% 35+5T, AHFE 85+5%2]
BRI A 22} HEES 458 FeF FPEAct 23k BEE
nh WhEe S1E 1707C, ofllE 180 TR of|de 2 E(Deck
Oven, DHO2-43, Dachung Soft Mill Co., Ltd, Gwangju,
Gyeonggi-do, Korea)ollA] 3027t 79tk SA4E 2w &
A AW A 7PEA WA #5715 A7 sk, A2l
IAIZE o] WZgh 5 vld 2 BBt o] & A2ojA] K
ot Ag o AREsHATH
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Table 1. Formulas of white bread with the addition of cacao bean husk powder

Ingredients (g) CONY CBH?4 CBHS CBH12 CBH16 CBH20

Strong flour 300 288 276 264 252 240

Cacao bean husk powder 0 12 24 36 48 60
Yeast 6 6 6 6 6 6

Sugar 18 18 18 18 18 18

Salt 6 6 6 6 6 6

Butter 12 12 12 12 12 12

Water 190 190 190 190 190 190

Y CON: Control.

2 CBH: Cacao bean husk powder.
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HH(2025)] A+E Faste] skt 250 mL H| Ao
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& F AEAS AF st AT BEe TAE %@741
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55 grlskl o nlo A= HH H(dryness), 355 3H(bitter
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(Duncan’s multiple range test)= A]3}S3Th

#n o %
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g &S golly] 9l v AlRe] YR E(em)= 0F-H
90&7HA] F 73] AA FH Ao, 1 AIE Table 20
YERNQITE 15878 AlE 2 F24Q1 Afol7t Uehtr] Al
2+5}9] L(p<0.001), ©]23t TE &2 2}o](p<0.001)E 90+
7HA] A &E Q) ETH(6.48 cm)o] 7M=& HE 8-S
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Table 2. Fermentation rate of white bread with the addition of cacao bean husk powder (cm)

CONV CBH4 CBHS CBH12 CBH16 CBH20 F-value

0 (min) 3.47£0.047%  3.4440.04° 3.3240.02° 3.26+0.02° 3.2240.02% 3.19+0.01¢ 45.76""
15 4.45+0.05° 4.34+0.04° 4.23+0.03° 4.15+0.05¢ 3.83+0.03° 3.4340.03" 296.09"
30 5.060.04° 4.90+0.03° 4.83+0.03¢ 4.60+0.05¢ 4.2240.03¢ 4.020.03° 365.45™
45 5.92+0.03" 5.59+0.07° 5.38+0.03° 5.18+0.03¢ 4.44+0.04° 4.22+0.03" 876.31™
60 6.310.04° 6.20£0.05° 5.91+0.04° 5.55+0.05¢ 5.25+0.05° 4.37+0.03° 855.47"
75 6.40+0.05° 6.35+0.05° 6.20+0.04° 6.12+0.03¢ 6.02+0.03° 4.88+0.03° 661.94™
90 6.48+0.03" 6.40+0.05° 6.33+0.03° 5.93+0.03¢ 5.68+0.03° 5.154+0.05 595.48""

D Refer to the legends in Table 1.
2 MeantS.D., ™ p<0.001.

9 2f Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

2. 74, Ry, H|2H, S’_EAE%' =7 |E=AE
717k ¥l 8] 235 AUl Aol 1A, F3, v]-8-4,
By, w7|EdEY €J+~ Table 3ol YeERHATE 214
o] FAl= bl Sk wet felH o g Frtsiit
(p<0.001). °]= 7}7}k. ®l 82227} WIFRol| Hla| F 2]o]
i g 5 HRgo] o Wang CW 5 2024), 5L
A< HHZTOE THeol = EFeta i Sido] A2
71 wEo 2 ek E=gh AgoA AREH ke Wl 5]
3 Bo] RIS 715%2 UIH(12.67%)H.t} Lol
A7Vl BerE 1T Fo] ol ofd wet HF
AFe FA 7kl G vzl A& Helth o]g A}
sHA|, Aol f7t SH-g Ao = EEE HTbek A A
(Lee SB 2013)4} 74 H2]E 713 2% A+ (Jeong HC &
Yoo SS 2014 %= 8 BHH8 F7I2 sl AF FAT
=713l v} gt
2uko] Byl wka 9 5 oA g spael 2
FHl 89 Fxo] 23] 7129 i os] A Ht

(Jeon SH & Kim MR 2020). ¥ A oj|A] 7}7ke ®l 3j~=3
H7beFo] S7VEE o] B39} Q B AN fojHo
2 ghhshe AdE Bl (p<0.001). 53] 717k Wl &=

gefo] 714 =& CBH202 72t 927.33 mL9} 1.55 cmZ 7}
F 2 ge yEhllen, ol 77ke Wl sl == 2 4
o] A ko 7 Qlsf] W= ] 5l dAdo] A= 7t~
Hfo] Hasie] wi5e] o] AFHUY] ez 8
A ETHWang CW 5 2024). dWbE oz 2lo]df
I FES %Xﬁﬁgi el A 29+
WalobH, 574l 34 o= Qg o] A543t 27t
Ho] TR 27| WA 7127t A FEEn. ol2g 2
e HoldfrE FHe AR E A7k AW A7 (Jeon
SH & Kim MR 2020)¢} 28l|9t2 H7kgh 2% 15 (Sung
YG & Yoon HH 2025)°A % &R1E u} gt
2ol W-g-AL 717kQ Wl &3 A2l CBH87ZHA|

20 fARE 43S BH9la, CBHI2RE frolxoz e
sfod CBH20< 223 mL/ge& 7HF @& @& vehitt
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Table 3. Weight, volume, specific volume, oven spring, and baking loss of white bread with the addition of cacao bean

husk powder

CON" CBH4 CBHS CBH12 CBH16 CBH20 F-value

Weight (g) 402.00£0.007  401.33£1.15°  405.33+1.15°  407.33£2.31°  413.33+1.15*  41533£5.56°  56.83
Volume (mL) 1,328.00+8.71" 1,330.00+12.17* 1,332.67+32.15% 1,280.67+26.03" 1,107.33+38.28° 927.33+40.51°  98.87™"
Specific volume (mL/g)  3.30+0.02° 3.310.03 3.29+0.07* 3.14£0.07° 2.68+0.09¢ 223+0.09°  124.63"
Oven spring (cm) 4.630.26" 4.28+0.22° 4.00£0.14° 2.30£0.25° 1.9320.15¢ 1.55£0.25°  150.98™
Baking loss (%) 10.67+0.00° 10.8240.25° 9.73+0.52° 9.48+0.51° 8.15+0.25° 7.7140.25° 4027

D Refer to the legends in Table 1.
2 MeantS.D., © p<0.001.

) 3¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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(2022)°] Ao W, 7H7ke ®l sl~AE Aol
, 53] B84 2ol Rl
=0 Zlow BaEth &
Ao, Fre S 72
|
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S 2024). ol3 A FeE S UM AW AT
(Yoo YS & Lee MH 2020)%} 2l&]ut-S 7}et 2w A+
(Sung YG & Yoon HH 2025)°1 X% FASHAl Hargglom,
A7VEe] 7SS FEGEe] Aaste A4S B
4, <A Table 3004 &1E AF FA S7F= ol=3 2
o] ket 71he Wl 8= 2 nFE o] H)F
Ao z-ge AR AtHrh

2wkl pHE tiZEwo] 56022 71 Eskow, 7l7te
Wl &3 W7 A BE 540~5528, Hrlgo] FUlEEE
pH7} 212 o2 7FAEI9 th(p<0.001). L¥Hd o= o] 2
% pHE 5.0~55 FEo2 deiA glom, A7t =] pH
© W S HF AFY F2d 9FE AE T8 8
9lo 7 Huyo] 9lthleong CR & Yoon HH 2025). u}ehr]
Aol A vebhd pH e e W7FR6.31)st 7k
8 223(5.41) 2te] AEe] pH Aolel] 7]1F Ao = 3
A} 7teole THE A FEIAA T Feld
2hd, S5, o} ~B 2 ERL 24l 5] R ofn]ieite]
zAele Aow Baso] om(Brito ES de 5 2000;
Campos-Vega R 5 2018), o]g|gt JEEo] ¥= U f7]4t
A e e ST S nHE R AEn) o
o} 22 pH #& AL 7171 Wl §23E A7 9] o
THKim NM 5 2021), 8 A7Kim JS 5 2024), 2~ZH =
AF(Lee HI & Yoo SS 2025)9lX %= H1¥ u} i}

Nome T e

7ke Wl &3 B Fvhekel] e Awe] Yol 4
o] 2= Table 59 YERAIT. 2] Bes 7He
Wl sla3e] Fvbero] SUbg whet frefA o w SR
THp<0.001). ©]& & Aol AHEE 717k ¥l § a3l
2 dHK(3.03 °Brix)©] @ 7}70.50 °Brix)E.t} 7] wj¥o|t}
3, 7he W &zze) 2 o 17%F AAeke &
4 Holdf7t o 4TS g Ao Adkdrt o] 4

Table 4. Moisture content and pH of white bread with the addition of cacao bean husk powder

CON" CBH4 CBHS8 CBH12 CBH16 CBH20 F-value
Moisture content (%) 42.99+0.12%%  42.35+0.83*  41.49+0.57°  41.02+0.23°  39.61+0.87°  38.69+0.34¢ 3271
pH 5.60+0.06° 5.5240.03" 5.5140.02° 5.47+0.01° 5.45+0.01° 5.40+0.01¢ 26.73"™

D Refer to the legends in Table 1.
2 MeantS.D., © p<0.001.

» 24 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Table 5. °Brix and salinity of white bread with the addition of cacao bean husk powder

CON" CBH4 CBH8 CBH12 CBH16 CBH20 F-value
°Brix 0.684+0.052<Y  0.83+0.05¢ 0.95+0.06° 1.104£0.06° 1.18+0.05° 1.23+0.10° 45.43™
Salinity (%) 0.28+0.05¢ 0.35+0.06¢ 0.48+0.05° 0.55+0.06™ 0.63+0.05° 0.75+0.06° 4231

D Refer to the legends in Table 1.
? MeantS.D., * p<0.001.

» a7¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s

Borw A 2
O JhpEalE o] 7—&2"
Rhe s olgiH e T WERE AT 5 vt
(Serra Bonvehi J & Aragay Beneria M 1998; Lecumberri E
2007). oleldt B FATEAG Goz A4g
2o (Redgwell R 5 2003), & Aol #2E d= 7}
RER ARG M o Aol pelidge)
% s} 89 o= AvED,
1% I Ak Hl 8230 Alee] 27l
olF oz F7FalAth(p<0.001). 717k ¥l 379
243%2, D7 GE(0.40%)ET} Eom, o]t
1 #2231 AAle] G Aolol /1% Aoz
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5. M

717k Wl 8|23 A7kl whE 2] 2 (crust) ¥ &
(crumb)®] A% 27 AI}= Table 60 YERARUTE 742‘-4
3%, 7HEe Wl a3 HrEo] St S WEL) A
A=), FAEDb)F FHo R 1HATATHp<0.001). =
7k Rl 8|22 7] we s 4] FH o ofF
GA a1, FHe7)9 w7 Aadte AEE Bk olE e
A Wske 717he Rl 51 ~=1e] 8l 7k vlo| 2 ~F

Table 6. Hunter’s color values of white bread with the

multiple range test.

A3} A 2y S BAYS= vlo] O]EE ke 2 s s}
ukgo] 7913t Aoz ATETHMohd Juosh Y 5 2009;
Kim NM -5 2021). B3}, 717k d 2~ l"ic A71eE 2w o

=
TH2020)¢} 7HEe. ¥l A= E HIbeE A
AN oo} fraleh A Wsk7F HaE }
WL freld o g FAa(p<0.001)3 4&13@)% 3
AEb)E freldes ?7}6}Akﬁ|'(p<0.001). °
et 3= 59k 00T YA] ol ufolof= 2
HEgo] dgFo] A|gAol7] wjEolH, Mr Wil F2
%EA A 2aof Hksro] 2ol 71918 A o2 At t(Dhen
5 2018; Wang CW 5 2024). f£&}, 2 Ao Algd 7}
7}3 Wl s| A0 AAEel M EE 742} 3.873 2577,
H7HRe] A E(-8.06)2F FAE(13.74) T =34tk o]
wtel 7B7ke Wl S 235 e 2] Aawel e o
Al B A vehd Ble® AdhE

W
JH
o
=

i‘;‘

6. 7|AHN ==zt

717ke. Rl sl~3E HUlek Ao 22 24 A=
Table 79| YERNAT}. 74 = (hardness)= 0] 894.55 ¢
o 71 yeka, CBH20 Al 87} 2,880.19 go & 7H4 =3k
ow, 717ke Wl &3 Hrleo] TS AEE o4
o Frkete A4S Bthp<0.001). 2o Aree AlF

addition of cacao bean husk powder

CONY CBH4 CBHS8 CBHI2 CBHI16 CBH20 F-value
L 64.57+0.027%  57.66+0.00° 54.67+0.03° 53.05+0.03¢ 51.45+0.04° 50.47£0.00"  11,5776.22""
Crust a 4.33£0.03" 3.98+0.00° 4.12+0.00° 3.92+0.06 3.32+0.00° 3.56+0.00° 592.65™"
b 31.56£0.04°  27.60£0.00°  25.40+£0.01°  24.44+0.02¢  23.82+0.03° = 22.53£0.04"  39,564.16™"
L 83.57+0.00°  62.24+0.00°  56.32+0.00°  53.24+0.00°  5121+0.00°  46.45+0.02"  5,889,305.50""
Crumb  a —5.1940.00"  1.840.00° 3.12+0.01¢ 3.69£0.01° 3.7320.00 3.93£0.00°  842,403.50"
b 21.94£0.04°  24.45+0.03°  22.99+0.00°  22.95+0.00°  22.57+0.00°  21.3420.15° 777.18™

D Refer to the legends in Table 1.
2 MeantS.D., © p<0.001.

» 21 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Table 7. Texture characteristics of white bread with the addition of cacao bean husk powder
CONY CBH4 CBHS CBH12 CBH16 CBH20 F-value
Hardness (g) 894.55+4.307%  1,120.48+9.52° 1,261.73+23.29Y 1,778.40+31.38° 2,531.02+32.99° 2,880.19+88.26* 1,114.27"
Adhesiveness  —0.16+0.05 —0.194+0.04° —0.34+0.01° —1.18+0.04° —1.69+0.14¢ —3.58+0.33¢  230.79""
Cohesiveness  0.91+0.01° 0.85+0.04™ 0.72+0.17" 0.85+0.04° 0.84+0.02* 0.69+0.05° 4.24"
Springiness 1.00+0.00 0.97+0.03 0.99+0.01 0.99+0.26 0.94+0.43 0.93+0.76 173"
Gumminess ~ 814.37+11.07°  953.76+48.74°  1,056.03+32.22° 1,513.96£8.98"  2,209.09+9.07* 2,207.11£50.08" 1,135.89™"
Chewiness  812.17+11.04"  921.81£35.75° 1,056.89+28.34% 1,497.49+36.90° 2,101.18+63.24° 2,188.65+45.85" 674.04”™"
D Refer to the legends in Table 1.
2 MeantS.D., * p<0.05,"" p<0.001, N=not significant.
» 21 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
o] FEg, §y), 71F HY A& Sl Y won, o & Wang X(2023)2] ATl E FRlo)Z A 2o]Adf
whA o 2 ks ] 7]go] & g dar s Aol a7} 7% 7EF B wksel SR @A oA o a7
3 A zte] Fr9] Axr) Yolxlt(Hwang YK 5 2023). Aoz BRuEdl o33 LA as 2o g} ut
B AT Ao Axrt S7he AL JPke ‘ﬂ] B Et! 0] 2% Fx2E Welista 7He RS AaAA HF AE
A7 R Aol ko] oA 27l FAo] Al o] 2 e Al 232 M Eck
a1, olo wet 7| o] mgsty Fu7b Ak f 719l e A(springiness)e] 7A-¢- BAIASZ FJHQ0 Ato] 7k
gt Ao g fekdT) olgh e A HelFA 7T e A sttt kel Ao R Jked 2~ EEe AUt
(Choi UK 2005)4} #=2ts] 2 (Lee EJ 5 2012) 713k gk A1 AH2020) M = H7bEol e FElg Wsyr &

71E AFME Bad bt gl
F-24 (adhesiveness) < 2ol —0.162.2 71
7F7ke Wl 8|23 ARl E 358~ 01922 YEh,
Al A o408 S0, o
ke W Hozie] F4E Aol f7h wE U] SR
AT he SRS AL, 1 A3 el &
# o5ye] Astn 4ol R Aoz Auc
(Gémez M 5 2003). o] oA Hize] YF 2= =Y
a2 31, 4134/] A 2Jo] =713 Ao =z _\L}%_‘:,,]‘_\:].(Gomez M
% 2003; Xu J 5 2021). Rinaldi M ~(2020)L F7ke W &)
Bao] QA 2709 e # 0AY Aol AF F
T =7 2 B3R 27 ke n|Xvu Bauskgch
3], AR} 7 Ao Bato] A%} 717P ek 735 57}l
nxom, v | ¢ 3 3 4 57k 7t
§& AT AT, olelt AE S T
A7} 2(Kim EJ & Suh SU 2023), '¥¢ &%
(Lee YJ 5 2023), Y24 B2 H7} 2 Hong GJ & Lee
10 2024) 037101]%1; FAbeHAl BaE ok
$-%%(cohesiveness)< 0.69~0.919] HE Yelhy o,
A7ke W a3 Wbl g felhel Aolg mT)
(p<0.05). AWA SR A7lgo] ZHI5H $HH & st
£ 2% deon, ot A7k Holdavt wE ) 7
24 g A7) WEem AdEr Yang Y

wrora,

¥ n‘,]o\l rlr

A7

7wz
9, Y

ZEA] AT

774 (gumminess) ™ 4 34 (chewiness)2 th&Te] 2+
814.37% 812.172 713 Bkow, 7171 e Wl & ~= Hrtek
o] S7Fgel whel A3k S718 A tHp<0.001). £ AelA =
717ke. Rl & 23 A7 Sl whet A=, A4, A3l
B S7kske Bde UEer, o= Koo ES & Yoon
HH(2024)<} Jeong CR & Yoon HH(2025)] A+ A¥}e} A
319} ol et B ek 717ke Wl sl a=e] Aol f 7} uk
= U s 279 3] desAes wal W iE 7=

urh 298 W BHFOEM, A% A U BE

I~

-

AUAIZE Bagh gxx 54 Uehd o= dAddEn
(Nawrocka A & 2016). 3t 02 Axe}t 338489 H2
2, 338488 A4 @A o ANERER, AEd
FRlg SV T 549 sl A4 93 vz Ao
2 34 & Atk

7. S4Xto|HAL

717k Rl 8|22 H7legol| e Aol Edto| AL 2
T}= Table 8ol YERASI T 2] wo] ﬂﬂ(appearance) E4
A 2o A et £ ofF < 77kl §
23 G| /R4S felHow ~7}s}oﬂu}(p<o 001).
whA, Ful e} 7] Fe] A7]= HTbge] S71stel whet o)A
© 7 7443813 21 (p<0.001), 3 =% Aot

-
o A= 2



552

oY
rlo
oX,

E!

r:\o

HoFA oF BAEREAERS

Table 8. Sensory attribute differences of white bread with the addition of cacao bean husk powder

CON" CBH4 CBHS CBH12 CBH16 CBH20 F-value

Volume 96.93+1.647%  6.15+2.07"  5.70+2.00°  4.30+£1.56° 3.30+£1.78%  3.11+2.30°  18.49™
Crust brownness  1.63£0.88"  4.15+£1.13°  5.41£1.15%  6.37+0.93°  7.78£1.05® 848+0.64* 177.22""
Appearance ~ Crumb darkness 12240517 3.89+1.12°  5.48+1.05%  6.56:0.64° 7.81+0.79°  8.30+0.91°  254.48™"
Air cell size 6.04£1.74"  5.59+1.67° 5.19+1.39®  4.67+1.57° 322+1.67° 3.0082.20° 14257

Air cell uniformity 3.85£1.96°  4.37+1.67° 4.93£1.94®  5.07+2.09° 5.07£230°  5.48+2.10° 227

Sweet odor 4.1142.42° 4.56x1.60™ 5.84+1.86" 5.70£1.73" 5.67+2.51"  6.44%3.08° 4.01”

Yeast odor 6.19+2.06"  4.52+1.91° 3.74£1.74™ 3.44£191°% 2.85+£1.90 2.48+1.89°  13.34™"
Cacao odor 1.1140.42°  3.44+131¢ 5374155  6.8148.33°  7.78+1.12°  822+1.22° 15848

Bitter odor 13740.69°  3.11£1.53%  437£1.94° 5594158  644+1.91° 6.89+222°  40.96™

Flavor Sweetness 4334259 4894210  5.19+1.42  4.63+1.60  481+1.64  4.48+2.64 0.60™
Saltiness 3.5242.02°  4.04£1.89™  4.11£1.78"  5.04£1.93®°  548+2.31°  5.33+2.65° 3.89™
Bitterness 1.48+1.09"  2.67+1.21° 481159  6.19+1.11°  7.37+1.12°  8.33+0.88°  134.20""

Sourness 32242.72°  3.48+1.97°  3.78+1.60™ 430223 4.93+2.79"  5.19+2.77° 3.18"
Cacao flavor 1.00£0.00"  3.41+1.42°  548+1.53%  6.78+0.75°  7.85£0.91°  8.67+0.48 22677

Hardness 256+1.42¢  3.11£134%  381£0.96° 5.67+136°  7.41+1.08°  8.00£127° 2026

Springiness 5934229 5744189  559+1.39 585177  5.33+2.84  4.59+3.07 1.26"

Texture Chewiness 3.30+1.56%  3.70£1.49%  422+1.15° 5444115  447+1.64°  7.07£1.94° 2923
Moistness 6.67+1.94*  6.44+1.83"  548+1.16°  4.78+1.28°  3.11+1.40° 244+1.12° 36717

Tearability 6.70£1.98"°  5.93+1.88%°  6.30+1.32" 5.15£1.90°  4.19+2.43°  4.11+2.86° 720"

Dryness 2.15+126"  3.41+1.55°  4.19+130°  6.22+1.12°  7.00£1.78°  7.96+1.02°  74.06"

Aftertaste

Bitter aftertaste 1.33£1.00°  3.07+1.33°  4.67£1.59%  6.33:1.07° 7.26£1.74°  8.44+0.85  113.52""

D Refer to the legends in Table 1.

Y MeantS.D., * p<0.05, ™ p<0.01,"" p<0.001, “=not significant.
» 2f Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

9 9-Point scale (1: very weak, 9: very strong).
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Rl Sl 2ade o BAEE A, o] 2 Aol ol
2ol 349 FeE SASER, Mt wle 55
AL 28] Adte e A Btk @AM = 7
AR 2243 Avje} mRI7A R fel g Aol7h YEhA] o
At

F0) (aftertaste) SA A= HEl ) 423ko] 7l7te W]

123 A7k Z7bl met feldow Fke AR
O (p<0.001), °]= 7FFL ¥l s]~3 {9 0] &
of Aue] Fulo] e v Az AeETh

8. 7|5 ZA}
717ke 1 3123 Mo i 2o V3% AL Az
= Table 99 YERNSITE 2% ool U3t 7| S e t3at

o] 7P¢ #skar, 7o Wl §]2==19] Fvlgo] Skt wet
fold oz 7rasle A4S Hthp<0.001). o]& H7hEo]
S7VEE 2] Wyt volx] 1 §-9]7} Aol A ol
o] 715 o] FAARQ dFE Rl Ao dAddrh
WAl it 715 o3t Al bl ol gk 2ol
7 UERA] ekt 5 Ao Aol A 28k 3 7ol wh

gt froldom 718 S (p<0.001), ©aFe} 717198k =
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WA 7| 587} Eelshl gashe A0S e ol
A3} Kim NM 5(2021)2 Jeong CR & Yoon HH(2025)
o] A} frAkshH, A% FEe] FAE H7ke &HAE 7
Exe] 2949 GBS VAL Ao grErh gebd o
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Husk; CBH)= 7154 2AEA Y] #AAgo] g B
S, o H7ka Rel2 w7 E L glel AF AkgelAel
g-gol Aot oo & ATl 7L Hl =
8-S A Hrtsld, B7HRE 712 Z42F 0%(CON),
4%(CBH4), 8%(CBH12), 12%(CBH12), 16%(CBH16), 20%
(CBH20) A& 22 A|z2lsict. o] & nigoz 7lke.
Wl s3] A A8 JtsAS AESt A} ko, vk
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Zo =z perdrh o] g g, FA, §3, v&4, LBAxE wgU|EHE,
Ut 2274l tigt 71 sk s i xdellA 7P =4 v B3, pH, B%, 9%, 7144 223, SAAkol AL, 4H
%O (p<0.001), CBH4¢F CBH8 Al 8.9k #2lAQl 2tel7h 2 7|5% 5 B 55 S4s3l

ST 7HEe Wl 8122 rtRro] SR Aluk) &ut o] RS tiato] 7Y wkeH, 7k Bl &

o] A vt 715 wr}t Zastiia, el A% Sk £ 3 8 Hrbe] VS foA o R HAasieih A

9 AR gl debsia HH g 23to] 22 7|5 A o] FAE HrtEol Skt whet o o m Frhgk v,

Stol] d&Fe wH Ao R Alsdch 53, B84, By, gY|EHES AR it
AEARL 715 % A tixwellA 7S A UEske Atk FEIES WE2F CBH47) 7HF =3kor, 1 o4}

(p<0.001), CBH49} CBH8 Al59} 24l ztol7} gl #H7F Al Aoz 7hAsisith pH 9A] 717ke. Hl 3 »3
Table 9. Consumer acceptance of white bread with the addition of cacao bean husk powder

CON" CBH4 CBHS CBH12 CBH16 CBH20 F-value

Appearance 95.58+1.277%  4.87+1.29° 491+1.37° 4.82+1.32° 4.40+1.53° 4.03+1.77° 13.50"
Odor 4.89+1.47 4.79+1.24 4.81£1.25 4.76+1.48 4.86+1.56 4.78+1.55 0.11N

Taste 5.07+1.43° 4.94+1.36° 4.98+1.30° 3.72+1.42° 3.58+1.58" 3.29+1.75¢ 30.67°
Texture 5.26+1.39° 5.24+1.24° 5.20+1.24° 4.68+1.42° 431+1.45° 3.90+1.69° 16.30™"
Overall acceptance  5.39+1.33° 5.00+1.30° 5.111.28" 4.26+1.32° 3.83+1.47° 3.65+1.66° 26.99™

) Refer to the legends in Table 1.
D MeantS.D., * p<0.001, M=not significant.

9 a7¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
Y p p gn y p Y p g

9 7-Point scale (1: very bad, 7: very good).
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