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ABSTRACT

This study examined the sensory characteristics of loaf bread supplemented with various levels of onion peel powder (OPP).
Loaf bread samples were prepared by substituting 0% (CON), 1% (OPP1), 3% (OPP3), 5% (OPPS), 7% (OPP7), and 10%
(OPP10) of OPP for strong flour. Quantitative descriptive analysis (QDA) was conducted with 8 trained panels who evaluated
the intensities of 25 attributes. Sensory acceptance was assessed by 64 adult consumers (40 women, 24 men) for the 6 loaf

bread samples.

The relationships among sensory characteristics identified through QDA were analyzed using principal

component analysis (PCA), and their correlations with sensory acceptance were analyzed using partial least squares regression
(PLSR). The QDA result showed that the onion odor, onion flavor, sour taste, hardness, adhesiveness, and aftertaste increased
as the amount of OPP increased, while the volume, wheat flour odor, yeast flavor, springiness, and moistness decreased. PCA
revealed that the first (PC1) and second (PC2) factors explained 90.52% and 7.88% of the total variance, respectively. The
onion odor, hardness, and dryness were loaded in the positive direction of PC1, along with OPP7 and OPP10. The wheat
flour odor and yeast flavor were loaded in the negative direction of PC1, along with CON, OPP1, and OPP3. Sensory
acceptance showed that the OPPS sample scored the highest in odor, while the OPP1 scored the highest in texture and overall
acceptance. The PLSR analysis identified the wheat flour odor and savory flavor of loaf bread with OPP as important sensory

factors that positively affect sensory acceptance.
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Table 1. Formulas for the loaf bread prepared with the addition of onion peel powder

Ingredient (g) CON" oprP?1 OPP3 OPP5 OPP7 OPP10
Strong flour 300 297 291 285 279 270
Onion peel powder 0 3 9 15 21 30
Sugar 15 15 15 15 15 15
Salt 5 5 5 5 5 5
Margarine 12 12 12 12 12 12
Yeast 15 15 15 15 15 15
Water 190 190 190 190 190 190

Y CON: control.
2 OPP: onion peel powder.
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Table 2. Descriptors and definitions for QDA of loaf bread prepared with the addition of onion peel powder

Ser}sory Descriptors Abbreviation Definitions Reference
attributes
Volume Volume A Height of loaf bread Height 6 cm
White Bread
Crust darkness Crust darkness A Degree of crust's darkness (CJ Foodville Co., Ltd, Seoul,
Republic of Korea)
Crumb White Bread
Crumb darkness A Degree of crumb darkness (CJ Foodville Co., Ltd, Seoul,
darkness .
Appearance Republic of Korea)
Grain Pound Cake
. . Grain uniformity A Defree of uniformity of cell inside the crumb  (CJ Foodville Co., Ltd, Seoul,
uniformity .
Republic of Korea)
Pound Cake
Grain size Grain size A Size of the air cell inside the crumb (CJ Foodville Co., Ltd, Seoul,
Republic of Korea)
Strong flour
Wheat {1 . . .
eoador " Wheat flour odor O Aromatics associated with wheat flour (CJ Co., Ltd, Seoul,
Republic of Korea)
Odor .
Onion peel powder
Onion odor Onion odor O Odor Intensity of onion (Bijamsikyeon Co., Ltd, Fukuyama,
Japan)
Sugar
Sweet taste Sweet taste T Fundamental taste of sucrose (CJ Cheiljedang Co., Ltd, Seoul,
Republic of Korea)
Salt
Salt taste Salt taste T Intensity of saltiness of NaCl (Daesang Corporation, Seoul,
Republic of Korea)
Orange
Sour taste Sour taste T Sour taste associated with orange (Sunkist Growers, Incorporated,
Valencia, United States)
Dark coffee
Bitter taste Bitter taste T Bitter taste of dark coffee (Dong Suh Companies Inc., Seoul,
Republic of Korea)
. Miwon
Taste / . . Fundamental taste senesation of .
Umami taste Umami taste T . (Daesang Corporation, Seoul,
flavor monosodiumglutamate

Yeast flavor Yeast flavor F Aromatics associated with yeast fermentation

Wheat flour

Wheat flour flavor F
flavor

Flavor associated with wheat flour

Savory flavor  Savory flavor F Flavor of commercial butter

Onion flavor Onion flavor F Taste associated with onion

Republic of Korea)

Yeast
(Jenico Foods Co., Ltd, Seoul,
Republic of Korea)

Strong flour
(CJ Co., Ltd, Seoul,
Republic of Korea)

Butter
(Seoul Dairy Cooperative, Seoul,
Republic of Korea)

Onion peel powder
(Bijamsikyeon Co., Ltd, Fukuyama,
Japan)
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Table 2. Continued

HORA oF fAREME

EIDL

Set}sory Descriptors Abbreviation Definitions Reference
attributes
. . Baguette
F h
Hardness Hardness T orce required to press the specimen between (CJ Foodville Co., Ltd, Seoul,
the molars .
Republic of Korea)
The elasticity of sample that was pressed and Sponge Cake
Springiness Springiness T returned to its original height after partial (CJ Foodville Co., Ltd, Seoul,
compression between palate and tongue Republic of Korea)
. . Sponge Cake
. . Amount of tur d on th 1 .
Moistness Moistness T oun 0. fotsture pe.rcelve on He S ample (CJ Foodville Co., Ltd, Seoul,
when in contact with the oral cavity .
Republic of Korea)
Texture
Caramel
D hich le h icky, elasti
Stickiness Stickiness T cgree to which sample has a sticky, clastic (Lotte Corporation, Seoul,
and tough texture .
Republic of Korea)
Cheese
Adhesiveness  Adhesiveness T Degree to which loaf bread sticks to molars (Seoul Dairy Cooperative Ltd,
Seoul, Republic of Korea)
Bagel
Chewiness Chewiness T Degree to which loaf bread is difficult to bite (CJ Foodville Co., Ltd, Seoul,
Republic of Korea)
. - Onion peel powder
D f fl ft
Onion flavor Onion flavor A cgtee O omon avo.r remarting atet (Bijamsikyeon Co., Ltd, Fukuyama,
swallowing
Japan)
i . . Oatmeal
After taste Dryness Dryness A Degree of ess in the oral cavity after (E. Flahavan & Sons Limited,

Mouth coating Mouth coating A

swallowing

Degree of coated feeling in mouth after
swallowing

Kilmacthomas, Ireland)

Margarine
(Ottogi Corporation, Anyang,
Republic of Korea)

CER X ES R Bk

2022. Addinsoft, NY, USA)T% o8

& XLSTAT Z2 13)(XLSTAT ver. o} F
Sl sttt

b g ok kel
(p<0.001). ©]

£ A % (crumb darkness)= OPP10°] 7}
7t

]
—‘l T

EaL, ET
oAl F7}Fska
+= Jeong CR & Yoon HH(2025)¢] M= =%
el A Hrhol Z7hees R 9

2

=

%7o] o9& 7

& HY = glo] ¥ AT Auleh fA1Y AFE Bk

S A 7]———?"(0ni0n peel powder; OPP)S 713+ 2w
e GAMEA A3E Table 33 2t} 9@ 32 =
23, F3(volume)= tZT9t OPP1o] A JERoH,
OPP10°] 1292 7173 WA 2% |of O‘tu}@ﬁ ETSIET
ol S7ketel wet fFolA o w sl thp<0.001). °l€
Jeong CR & Yoon HH(2025)¢] 7] 711]Xq =742 F3)9F 4]
s, B2 ko] =}z olg) ZFEl dAo] Z o] FoixA
] kol vty o] 743 Ao 2 YERYTHYun SH &
An SH 2024). 4749} o7 % =(crust darkness) 2 <4 9]

ozug

7129 79 3Kgrain uniformity)S thET7}F 8712 713 =
A UeRgom, OPP10°] 1212 714 B e} H71go]
S71ErE s A thp<0.001). 7]1F<] =7
(grain size)= HZT-5-E] OPP571A] M523t 7 ak-S Ho|m,
OPP10°] 7 B/ veht M7kge] 57kl whet fofst
Al 728k (p<0.001) Woo SL & Lee MH(2021)9] <179}
FAREE AaFe Bt Kim EJ2023)9] kol w2 2w
o] Rule} 71Fe] A7]& vlE Alo|n=E & AFellA Aot
o] STt E Fu7h gk A Akl 7189 271=
g Ao dAgkdn) w3 Park YU & Yoon HH(2023)9]



35(3): 216~226 (2025) A A 7S A7k 2wl 3H7t B4 221

Table 3. QDA results of loaf bread prepared with the addition of onion peel powder

Property CON OPP1 OPP3 OPP5 OPP7 OPP10 F-value

Volume A 7.29+41.590  7.00£1.182  5.57+0.85>  4.50+0.76°  2.64+0.50¢  1.29+0.47¢  84.759""
Crust darkness A 1.57£0.850  3.21+1.42¢  4.71+1.49¢  6.64+0.84c  7.7120.73%  8.64+0.63*  94.856""

%

Appearance Crumb darkness A 1.29+0.47" 3.43+1.22¢ 5.07+0.83¢ 6.43+0.65¢ 7.64+0.63° 8.57+0.65¢ 171207

*ok

Grain uniformity A 8.71£1.07 7.794+0.80> 5.79+0.80¢ 3.934+0.27¢ 2.07+0.27¢ 1.21+0.80f  241.409"

Grain size A 6.07£1.90¢  629+1.20*  5.86x1.41*  5.07£1.69*  3.14£1.83%  1.711.07¢  20.101""

Wheat flour odor O  6.79+1.81*  5.93£1.77¢  436£1.60>  3.57+134>  221+1.25¢  1.57£1.02¢ 26210

Odor Onion odor O 1.5741.50°  3.64+1.86¢  5.43+£1.28  5.93+127¢  7.71+091®  8.71+0.61:  56.456""
Sweet taste T 443285 436231 507144 571127  4.79+2.04  4.14x257  1.001™

Salt taste T 4294173 421+1.63¢  4.64E£122¢  529+1.44b  629+1.64®  6.64£1.98 5724

Sour taste T 3.00£1.92¢ 4294223« 4.50+1.61¢  543£1.87% 657191  721+2.08 8977

Bitter taste T 1.7941.25¢  336+1.91¢  3.7941.58¢  5.50+1.45¢  6.93+1.64>  821+1.122  35.165"

Tf;’:izr/ Umami taste T 4.5742.62 5004242  586£1.70  5.93£1.59  586+1.88  586£2.77 096"
Yeast flavor F 6.50£1.99: 543231  4.86+1.17°  3.43£1.16c  2.93+1.44c  2.43+195  11.800""

Wheat flour flavor F 7.14+1.75*  5.79+1.81°  4.64+1.45>  329+1.14c  229+099c  221£1.8lc 23.857"

Savory flavor F 6144223 5364206  521+1.48  3.64+1.22> 2574134  221+1.72¢  12.163™

Onion flavor F 1.2140.58  3.57+1.79¢  529+1.54c  6.64+134>  7.43+1.70®  8.00+2.08  37.611°"

Hardness T 229+1.38  2.71+1.20% 37141490 593+1.33¢  721+1.72>  8.57+0.65*  51.328"
Springiness T 8.71+0.73*  7.93+0.47°  6.21+0.80c  3.79+0.58¢  2.140.66c  1.07+027° 366.575

Moistness T 6.07+2.53  593+234*  550+1.51*  457+1.16"  3.79+2.08°  3.29+276°  4.132"

fexre Stickiness T 6.86+1.61°  6.14+1.922  6.00+1.11°  4.14+1.03> 321137  2.29+1.64c 21.460™"
Adhesiveness T 3.50£1.744  3.71£1.54%  479£1.05¢  6.00£1.04b  7.14+1.88>  7.71£2.09*  16.870""

Chewiness T 3.64£1.95¢  3.71£1.33¢  4.93£127¢  6.43+£1.02b  7.50+1.02¢  821+137* 28.538"

Onion flavor A 1.36+1.08  2.79+1.05¢  4.50+1.29¢  6.50+1.400  7.50+1.09°  8.21+1.42: 68478

After taste Dryness A 243+2.03¢  336+2.10¢  4.64+1.74°  629+1.33°  7.64+139  8.43+1.02*  29.489™"

Mouth coating A 3.36£221¢  4.00£1.92c  4.86:1.20%  5.64+1.55%  6.64+2.020 6932370  7.682""

) Refer to the legends in Table 1, Table 2.
P MeantS.D., © p<0.01, ™" p<0.001, ™ Not significant.
» 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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gle] gn] 82l disulfide S(Kwon MS & Lee MH 2020)°]
JS v H S FA oz AlgHT) o] AE Kyeast flavor)S
ZT-29} OPP1°] &ka1, W75 dKwheat flour flavor)S %
T7F 7P wskem o] % H7be] STl whet frolsHAl
A3 tHp<0.001). 1243 FKsavory flavor)S tHE<}
OPPl1o| A Uelkomn, Hrieo] S71er5 felail 4
28T (p<0.001). Wb, Fute] =2 3|2l allyl disulfide,
diallyl disulfide, allyl propyl disulfide 5] 7] &3l3t== <
l(Kwon MS & Lee MH 2020) =4 A= %3} 3Konion flavor)
< 277t P won Hrleke] FUVE felshAl St
st OPP7# OPP10°] =7 YEFATHp<0.001). o] 24 L7}
T 3ol e ko] s S7MTE Aoz AlsEnh
Azt & =4 Ayl 7 % (hardness)E HET7}F 2292
2 7P Ym, Mkl Sl wel 78kl OPP10°]
85722 7Y =3 th(p<0.001). o] wel =77} 7P &
=, HUbe] FUHESE ATt TobA Aol dds
A& Ju HW 5(2010)] A9} Ak Ao = Azbert, &
3k Jeong CR & Yoon HH(2025)2] 227+ =% ZAx}el U=
sto] F4 547 17 540] Aske AR FlHUTh
HhA, e A (springiness) S IR 8712 Y &
OPP10°] 1.07% 7} Yol Hrteke] S7ta45 frolsi
81 tH(p<0.001). Jeong CR & Yoon HH(2025)2] 7|12
24 T gEAS T Aol7t gl ot 4 SAddA =
frol g xlo] 7} VEbTE Hwang IK 5(2019)°) ©lsb, 717
2 Z7o] AEAo)7]= st 71AIETE Abgho] T CRISHA|
7] FEo] Qo] zte|rt ek 4 lvkar Haso] 2 A
Toll G vzl Aoz Ak} S5 moistness) 3
T-H-E] OPPS7HA] frolgh Abo] 7} glom, o] H7teko] 7}
3ol ulg} ZHAadke AeS Btk £7] 8k (stickiness) S tHE
T OPP37HA] M]3t A &S Holn|, Hrlhego] F7leke
Z fod oz 7rasdth(p<0.001). ©]& Kim BK & Yoon
HH(2022)¢} Park YU & Yoon HH(2023)] &17-9} A 7
o2 How, Jubgd 7hRe] vhe sEdEe] 589 &
Zgel] ggS nx Aoz e tiJeong CR & Yoon HH
2025). WFH R34 (adhesiveness)Z %) ¢4 (chewiness)S 3
7hEFol SV S folsl F7kste] OPP7¥ OPP10°]
Al e THp<0.001). WEAES A=, S5/ 7 =i
&S k=t Jeong CR & Yoon HH(2025)¢] 71A1A %32
=% A3, ST S0l FoJgt ato]E HolA] ¢

= Ao g H33l3E), Jeong CR & Yoon HH(2025)2] A+
A
B

S

i oY of Hif
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Snleo] & =% Az}, U3 ZHonion flavor), BHEI
(dryness)& H7tgo] SVl whel frel s S71ske] OPP7
¥} OPP10°] =7 Y THp<0.001). Jeong CR & Yoon HH
(2025)°] AFollA HrhFo] Sl whet 2whe] ek
o] Fhidle Ao BARIFY] wite] 2juke] figtafo]
A7) gl 9S v3 S Ao AEhKim BK &
Yoon HH 2022). ¢1<te] Z®ZHmouth coating) = 7]
7Vl wet feletAl Z71sle] OPPSHE] OPPl0°] %A Y
ERTH(p<0.001).
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ok Al TR WA 249 90.52%E A g
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Chung JY 5(2002)¢] -9} frAalsh Wrhe ghefo] w2
FE Uehte o] 5402 g1Hitt WA} g 5
& ¥ &OUr HPEHE U7HF WA, o] 2E g UIFF 3
ol W o] &
de U}om zH#«l A7he ol2d i
A} gmle] 54 F9EA 3t Kim BK & Yoon HH

T FAR Hrbego] A wet & o
?‘sc}:o] 1/}1;].1;}\1-1;} 2 7L g./xé = E]-E':l /H 2_2'523_61
SHA F-alE] =T Park GS 5(2001) &)

o} el ARBA Yckw

grol Zdstl F-at | Ao & - b Al e
o ez #ld g ﬁﬂ%—e— 7R el w2
o] 7 SR ljr A er Al T8
Fol a3t ke Aaks BTt ol wet Al Fdwe
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A2 FgE] ko] vk o2 s dul AT glE A
(e}

o2 Hol A2 F4

3. &H|X} 7|EE HA}
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7V w3, Hrlo] Sl uel folsiA Aaste A

Biplot (axes D1 and D2: 98.39 %)
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Fig. 1. Principal component analysis (PCA) results for
the sensory attributes of loaf bread prepared with the
addition of onion peel powder.

1) Refer to the legends in Table 3, Table 4.

H7ke el 44 54 23

< Ho](p<0.001) Jeong CR & Yoon HH(2025)2] A9} o
ekt WAl thek 71 s 5= thET5E OPPS7HA] =3k
o, olF HrtEel 7Kgl wel freletAl Aasilnt
(»<0.001). Btell digt 7| T == t2T5E OPP3ZIA] 9
& zkol7t gl om, o] & Hrtko] SUtEE foshA &
23199 tH(p<0.001). ©]& Jeong CR & Yoon HH(2025)%} Lee
KS & Kim SH(2007)2] A<} Ak 73 3ko] Yehd Ao
2 Hol A eFe] FAlg H7be vl A 32 JEF
< A= Aoz AAEL) Park YU & Yoon HH(2023)<]
AFolA 2RAE i 2To Bt WA E s =1t

I EH3F Ao Hol Hrjgke] fATEE VEEd] 3
Ao g HriEe Aoz AZdn) A gt 7= o

Z79} OPP1E §2l3t o2 Ho|x] 9grown Hrlako]
VR folshA| 1HastAth(p<0.001). Bae JH 5(2003)
o] Ao w2 7F, i 9 By 52 A A=
of FES mAM, AErt wes W] R9rt A3, FE

2go] S713tka E 3t} Jeong CR & Yoon HH(2025)
o Aot & Ao HFA BAREA 2y, Aes v
<} OPPI°| 7V Al Y, F97t 2531 FEe]e Ao R

AztElo] Az 71awe] 4 vzl Zlo® gt A
Hol 7| e w= U279 OPPIo] 7FY E=gkom Hrlao] =

7Vl ek frolelA] 7had Ae@ Hol(p<0.001) WAl
SR} 9|7} Azro] AWHAQ] 7| B FES T mAE
Aoz BeEd,
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FAA FrRE A7V Awel HAE BAHEAT} L]
A 715 we] RAAE B9l Sl FEH oL
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Table 4. Consumer acceptance of loaf bread prepared with the addition of onion peel powder

Property CON"Y OPPI OPP3 OPP5 OPP7 OPP10 F-value
Appearance 591£1.277% 53141380 520+1.35%  4.78+1.37¢  3.83+1.46¢  3.14+1.67 33.390™"
Odor 5.00+1.48:  5.03£1.41*  4.63+1.37°  4.56+1.600  3.59+£1.48°  2.28+1.46° 27.492"

Taste 4.89+1.69:  4.66+£1.29®  4.55+1.41  4.14+1.51°  297+1.33¢  2.28+1.36¢ 34,079
Texture 5.56£1.26* 5424127 4.94£1.17°  4.63+1.43°  3.02£1.52¢  2.44+].52¢ 58.022"
Overall acceptance 5.63£1.23¢ 5361200  4.72+1.37°  4.53£1.45° 2.77£1.44c  2.06+1.19¢ 76.321""

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

3 27¢ 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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Fig. 2. PLSR result indicating the relationship between
QDA and customer acceptance of loaf bread prepared with
the addition of onion peel powder.

1) Refer to the legends in Table 1, Table 2.
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