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Quality Characteristics of Morning Bread Manufactured with
the Addition of Citrus Peel Powder
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ABSTRACT

This study investigated the quality characteristics of morning bread made with strong
rice flour containing 0, 3, 6, or 9% citrus peel powder. The weight of the morning bread
did not change with the addition of citrus peel powder, but the volume, height, and
specific volume decreased, thereby reducing the bread's expandability. In terms of color,
the L* (brightness) value significantly decreased as the amount of citrus peel increased,
and the a* (redness) and b* (yellowness) values significantly increased as the amount
of citrus peel increased. The texture analysis according to the amount of added citrus
peel powder showed that hardness and chewiness were lowest in the control group,
increased significantly up to 6% addition of citrus peel powder, and decreased slightly
at 9%. Cohesiveness was significantly lower in the 6% group than in the control group,
but decreased further in the 9% group. The results of the consumer preference evaluation
showed no difference in color preference between the control group and the 3% and
6% citrus peel powder groups. However, the 9% group had a significantly lower color
preference. As the amount of added citrus peel increased, flavor intensity increased,
indicating a positive effect on flavor preference. However, texture and taste showed
negative effects in the high addition group, and the overall preference score was highest
at 3% addition of the powder. Therefore, when both functionality and palatability are
considered during product development, addition of 3% citrus peel powder seems most
appropriate .
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g2 AARCE wol A= A= Y 5
StHE 70l A5 57170 ook vi| 2,560
TE o] Frgo] AAtER QItHUnugul &
Nigiz 2020). g=olxd= F2 AFZoA T
= Apeistal 9lom, Az oF 564 & ol A4tE
T QAL S AA A ARG 30% ol &
Alstal UHJang et al. 2004). =9 B¢ 2
AE7Hs Al AdE= A2 7] 7188, A2
T4 7R S Wi 159 29 A v
AT Qi Kang et al. 2006). g Iojo=
Eduls, HE, rdE, Aoldf 9 7EE R
olt 5ol TFEo] loH, E FH S ol
T digA] FEiQ] hesperidin® naringin®] 35
Ao A QUrklee et al. 2022). &Y
FAERl FEAEE HAL R, A7) A
WAL 59 Bt Sl ACE HIESIH
(Yang et al. 2008; Zhang et al. 2019; Park
& Lee 2021)

A A Aol et AollA 2022E =914

FLEA 2] W= ok 1l E f4 A
o] 500 g ol HlE(Tt 64 o) 2013
E 35.6%0014 20229 22.7%= °F 13% 74k
AtHKorea Disease Control and Prevention
Agency 2023). 142 F 53] H|Rto & HFol=
AAU9 vHlE&E 66.1%4 HYHOh & Chung
2020). 3] 2&Y ofdole& A4} IS 9
= ARt 7HE § AZsto] 7~H—1—91r 3’Jr°]94 <
FH7F 5017 WiZel it LS
St 715A1E00 thgt 7141 7o) B stk

QM 1919 AZE FFAHIFE 1982 o]F A
Ao asts FAlolH, 30W Hof Hs) &
F0 2 7HAsITHStatistics Korea 2022).
FA1E0] WA AFotE AE EdE
oMY o= 1909 A9l Azt 4|
2 20189 61.0 kgollAl 2024 55.8 kgo 2
4 ZANE Ho]il tHKorean Statistical
Information on Service 2025).

A2 QEAE, Hsd 4, tEACId, &7
Hlolt, ZlEEolt, AR, HEWI E 9 7]
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ZU7E H7F mdute] we APA-HLee et
al. 2016)= FAE7F Y7HFE ol&sioH, =
H AFe 2] EAEALET A9 g
AATte] S FAHE 2 AN E AE
7 Al #7715 B et A7ERE ol-8sto] B
g A2t & FAEALT FAP7HE Boto] &
H|ZAFE0] Aosks A2 & mdiZ 94
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1. & M=

2 Aol AR AEATIR = @diFAEl
A AzFE BEHS 2005048414159 AEO=,
F9 dAEZE o] 75.6% TRE] JoH, 1
Qo] ALt IS ] SR, HAEY &
FAAHSAE, dgEd), 2= 5ol ZF
of Ak

AEFd EZ(100% Jeju)S HFEH2E
(Hongcheon, Korea) AlES 22kCl0]|A4] FLufjs}
of ARESIAt EARZ2E AN (Moguchon,
Seoul, Korea), 28(Maeil Dairies, Seoul,
Korea), A¥(CheilJedang, Seoul, Korea), A&
+(Haepyo, Seoul, Korea), ¥E(Seoulmilk,
Yangju, Korea), UAABEIE Egto]o|AE(Saf-
instant, Lesaffre, France)& Al&ollA FLulisto]

A1g5t5iet,
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o A 10%01 H7E Al A%, M 5 g7
A EA g2 ATE YERh wEbA 2 Al
Ae 244 BES A7 g4 0, 3, 6, 9%
S0 A7y ow, H=7](Founter, VEM10A,
China)olAl B71%, A9, &7, O|AEE 236
I A, RE AUt 280 1HAH)CE
1387 ¥tk ¥ & #E7](Rakom.
RJDNP-40-2-2, Korea) 2% °F 32T, A&
Z(RH) 60% &4 5087 12 =E & 40 g
# Babolo] 5 FHIR FFPsta WRI|oNA S
7h2 60EZF LHESHTE o]F QE(Softmill,
DHO2-33, Korea) 9% 175TC, ofiE 180T 2
1587 & F ALoA FES] YZAA Aa2
ALgsttt HEgd mdue] ojRel W o
AHE Fig. 13 Zth
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gk 10 MO colorimeter(Spectra magic
NX, Konica Minolta, Japan)E AF&5}o]
L'(lightness)t, a'(redness)3t, b'(yellowness)
= S79sknt. g AT 3719 ARE °ol&
sto] 217+ 53] ¥hE 277t § 11 Bk YEk
t}. ojuf] AR&3F HEWuk(Standard plate)Q] L



SEXGARS-IISISIA| M37H 12 2026

2 96.83, a’ > -0.08, b gk -0.16°01ct.
b. HIAY EN

Pyulo] gIARLE wduks A5t 37)(2X 2%
2 cm)& A2 & Texture Analyser(TA-XT plus,
Stable Micro System Ltd., UK)Z o|-&3}o] #2]
< 103] o} HHE: S F 11 gk UER
o}, myulo] glAaz 2A%E-2 A% (hardness),

g2 Y(springiness), -55’d(cohesiveness), &

3] (chewiness) & =4It "BlAA =%

1k
712 probe 20 mm, pre-test speed 2.0 mm/s,
test speed 2.0 mm/s, post-test speed 1.0 mm/s,
sample compressed 55%% Z73I3th.
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(texture), FH|(flavor), AHEA Q1 7] S (overall
o 93 Ar=H(Hedonic scale)
of whe} 182 mi¢- Wi}, 32 Wit 53{2 B
Bolt}, 782 ok, oF2 vie SHE FZ F
sto] Hrleliet & A-2] 2Hg 7= 00tk
Argaeidlel Adsloa FRIGEEE 2w
1 1040198-230920-HR-130-02)=
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1. 53, BI], 50| Y HIRH
2277 A7t mgdukol 3%, Ry ko] d u)
SR 3t AT Table 17} 2t} 72 A4

B g7} o] e mdue] $uS 35.8 ¢of
WelZ Uepton], Aeizo] g
ol 7E AW B

el 3] rw 29 %

Table 1. Weight, volume, height, and specific volume of morning bread made with the addition

of citrus peel powder

Morning bread added with citrus peel

0% 3% 6% 9% Fvalue
Weight 3580 + 0.92" 3646 + 0.42 36.6 + 0.74 36.48 + 0.52 1.42
Volume 11320 + 3.03? 9720 + 415 9480 + 1.10°>  90.40 + 0.89°  69.59"""
Height 434 + 0.11° 434 + 0.05° 4.04 + 0.11¢ 420 + 0.10° 1046
Specific volume 3.16 = 0.09° 2.67 + 0.14° 2.59 + 0.04* 248 + 0.02¢ 62.79""

YValues are presented as mean = SD (n = 5).

?Means with different superscript letters (a—c) in the same row are significantly different at

Duncan’s multiple range test.
""p<0.001

p<0.05 according to



of 24l HIE FA B2 Aor AT
AEAE A7 2w Ruls thR2TH0%)004
113.20 £ 3.03 cm’ & 7F A vehten, 3
7FFo] S7FERE RfokAl A4St 3%: 97.20
+ 4.15 cm’, 6%: 94.80 + 1.10 cm’, 9%:
90.40 + 0.89 cm’, p<0.001). o]+ 7AA E]
I Aol w7t vk W 254 IS Welist
o] 7kA& H{Eo] Aote Az wdEH 53]
6% o 7t Al #o] BA/do] AAT] Aste]=
S Bvh AEdd 37 2o Eol=
Z7 3% H7RoIA 242 4.34 +
4.34 £ 0.05 cm= 7P &8koH, 6% F7Hl
A 4.04 £ 0.11 cmE 7P @A YeErdth 9%
A7 4.20 + 0.10 cmE 9 Z71E= A%
< HYou Avtxog a3 B Hrhegol
S7FERE ks A0 YERITHp0.001).
o} 7IRE EoH(Yoon et al. 2020), HEHI Y
Z(Lee et al. 2020)2 A7}al Alwko] Lo A
T A5 H71gol 7145 o7t dadital
Husto] £ A A}t fARE AFE Btk
ol Fu Axet I
W7o 715 FAol FFE 5o 254 ‘—ﬂE%ﬂ
7h 85| HESH] ERES Hojet AEgd
A7 B2die] vl-84L2 t2ol|A 3.16 £ 0.09
cm’ /gl ® 7MY w8koH, g AE 2% At

2 T2

=

0.11 cm,
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o] F7Kdol weEh fOlstAl FASHATH3%:
2.67 £ 0.14 cm’/g, 6%: 2.59 + 0.04 cm’/g,
9%: 2.48 + 0.02 cm’/g, p<0.001). °o]= &=
Ad EUE ARt Ao A% 7ol S7kt

$E Fuet BlgHo] FASUTH= Lee et
al.2012)9] Ao} Fleol HF H7F mgw A
T(Jung et al. 2020)27e} AX|5Hct. B84

< W] 42 Brkste A4 AR F shvE,
2784 EZO] 7l ofsff SFH9] Tdo] A5t
Ea, kA BHAEo] fas Hguko] Bl-gAo] 2+

A% Ao 2 HEJEH (Lee et al. 2012), &

ATE FY WIRE olgdgons 12ud
wao] g ool Yehye] o] gv] W

o] AE 7tAE BE3|7} o9 whe] u8A

o] Y= MPAE(Marco & Rosell 2008)2} &
ARE A B9t

2. MEEY

Table 2= 7 44 £% J7t 2o 2
o] Mr=Ago] tigt Autolct. L(FE) F
Z2H0%)NA 75.83 + 0.93°02 71 &9Fo
o, F7leol S71gl wel fostAl 3HAsto]
9% A7FENAE 61.28 + 0.88% 7P WA U
EATHp<0.001). a(FAE) e dizgolA
2.40 + 03002 7F& gorow Hlero] 27}

Table 2. Hunter color values of morning bread made with the addition of citrus peel powder

Morning bread added with citrus peel

0% 3% 6% 9% Frvalue
L 7583 £ 093%2 7043 + 069 6475 + 0.68 61.28 + 0.88¢ 639.84"""
a’ 240 + 0.30¢ 563 * 0.20° 8.60 * 0.38° 10.28 + 028 135897
b 2834 + 1.03¢ 36.83 + 047° 4038 = 0.60° 41.09 + 048 730.65"""

DValues are presented as mean = SD (n = 5).

PDifferent superscript letters(a—c) within the same row indicate significant differences (p<0.05) according to

Duncan’s multiple range test.
"p<0.001
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S RO S7FIUTH3%: 5.63 + 0.20,
6%: 8.60 + 0.38, 9% 10.28 + 0.28, p(

0.001). b'@HE) gk dixFolA 2834 +
1.030.2 7P Weko, Aol S7Hd=
SJ5HA S71sted 9% H7RtelME 41.09 + 0.48
2 7P =2 S BHIHp<0.001). Lee et al.
(2012)9) A=74d A7t Ao AFollA A7k
o] 57}5%—‘1' Bl AL, AAEe} gAY
2 siged ol 2 st
TEAE 2ol EAsk: 7t
ZEo|E, EShElo|E Mol ZIRleh Aow
BEAHLee et al. 2012). & AFNAE A
4 2ol 2A5R AR AaClRE RS, St
E]J:o]t: ‘:) o] xﬂuﬂ- J)r;Q H]—/\ﬂoP— u]—o]o}:e
HkSoll Qs Al ¥l AstE™, we gl
Al Loju= wiojof= wRgol A EHo| A4
R 4T Agote] AN oS TIESRE

ZOoE Helt},

3. HAX EM

= A4 22zo] W2 myuko] €
22o] gt Z3H= Table 33} Zt) dlAx] B4
A, A= g2 720.64 g/em’ 2 7
o, M7t S71et A folstA S7Fsto]

_131_1::1— Pl 7]—

6% F7HEANA 1,144.33 g/em’ & FHIXE B
HcH(p<0.001). Tt 9% H7HLAE 1,015.24
g/em’ & A Astelth. 23 Hrto| ot F
7¥ote BEE R57] fIoiA W] Andet ol
o] %]\1— 21 ao]: 7]1 tﬂ-t:l— XAEQ. Hrq o
Tstodof si= A o2 BWEICHChabot 1979),

A2 gixFolA 1.0002 7 =9%out
A7FE 5710 w=t Hdasks %S HoH
(p€0.001), E3] 6% H7HolA 0.97& 7P &
Atk FHE 7R AFS @S STV
sl 23] Fo] E7IFof st |
ol A g EY I FTHITI= e
bste] AlF Ax Al 29 7t HleS 27sHoF
SHHKyun et al. 2002).

AL diETollA 0.6801%0H, H71tol
AE 0.62-0.65 FFO2 HoPHTHp<0.001). A
g2 R 488.58 gollA 6% H7HE 686.38
go & [osHA F7Fstal oY, 9% H7EolAE
608.13 go= FASIAUTHP(0.001). °ol= &
Ad 249 *‘Ol“ F7h S 25 AYsHA Tt
3 Aelstioy, et H7t
< Zdsto] Q5]2 Aot A

Aoz AtmEd. A Hy £
HAEA(Lee et al. 2012)1} 7

A<H A0 0
T F5go

aKel

E

Table 3. Textural properties of morning bread made with the addition of citrus peel powder

Morning bread added with citrus peel

0% 3% 6% 9% Frvalue
Hardness (g/cm?®) 720.64 + 5418 894.75 + 132.58" 1,144.33 + 135.42* 1,01524 + 169.88" 16.65
Springiness (%) .00 = 0.01° 099 + 0.13° 097 + 0.13 098 + 0.01* 815"
Cohesiveness (%)  0.68 + 0.05° 0.65 + 0.02° 0.62 + 0.02° 062 = 004> 7427
Chewiness (g) 488.58 + 54.96° 570.05 + 79.74 68638 + 7453 608.13 £ 75.03" 12.057
YValues are presented as mean =+ SD (n = 10).

PDifferent superscript letters(a—b) within the same row indicate significant differences (p<0.05) according to

Duncan’s multiple range test.
""p<0.001



=2 B J7l oo Ao)39 AAE =4 EA
(Park et al. 2008) Ay} 7= 3tu] glefo] =7}
A AEY Axrt S ©EA8T) S
AL Aokt

4. AH[X} 7|SE HIt
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Aol gt Wrhs 2(7.72)3 72 Ad BT
A7 6%(3%: 7.30, 6%: 7.26, 9%: 7.16)7HA]
£ Zol7t YA ot 9%llA -SJokAl BA et
ok 13y 7Rl Aol flgith o=
AR M=, a), b g BAolA grgtact
- AL o] 27171 BRIET, AA AHA} 7|
S% G A o]2fgt Zpol7t QIAE NS 9]
gt & g Ad B VR g oY
A JlstE 6%7H = Aol7F llout 11 o]

M7} B0l ofske = AL oF & 9Jolr}),

iz g7k Szo] Z7Hsl] wet olsh 271
HAtt. & iR 70] 5.40004 9% 70| 8.68
2 Artego] B/1R4E folsh B terd
(<0.001). of= 72 Aol 398 A% HEE
wyl, AEZ 57 Sehuiols SHEo] T
w0 S 7ol Ao2 AREL. E3] 6% ol

2T W7 %

A7t Al Bl 71557t 2A AAE e, ole
aAZA g Bd 2ol WY FHE
Eole 344 a7E 7Htk: HE Holeth
gte] B7h= t247.88), 3% H7HAH7.90), 6%
A71H7.92)° = ARt s RAHA

u, 9% H7REOIA 6.922 RolsHAl st
(p€0.001). o= #E A BLY I H7Pt
2golyt gauks fslte] 715 eE Al
Az sfAEn webs A4 fEAe 384
S FAT, =g H7Hs g FEE A
4 Qi A33o] 7he tiTolA 7.902 7t
, A7Fge] S71ESE AL HobA 9%
75“)11*1% 6.3022 7F W3Ith(p<0.001). ©]
PR Z71AA ElAA 249 Aot dAJsh,
A7h= sl A=t JelAdol S7teta
asto] AdiAos AT dddt 2
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(p€0.05). ol= & A4 &Eo| gulE 7fAst
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Table 4. Consumer preference for morning bread made with the addition of citrus peel powder

Morning bread added with citrus peel

Properties F-value
0% 3% 6% 9%

Color 772 £ 1.01%2 730 + 0.97% 7.26 + 0.99 7.16 + 1.43° 2.44°

Flavor 5.40 + 0.88° 6.60 + 0.83¢ 7.50 + 0.81° 8.68 + 0.47° 163.77°""

Taste 7.88 + 1.27° 7.90 + 0.93° 7.92 + 0.80° 6.92 + 1.24° 10.28""

Texture 7.90 + 1.07° 7.54 + 1.13 6.86 + 1.23° 6.30 + 1.50° 17.05"™"

Overall preference  7.24 + 0.89% 7.50 £ 0.74° 7.32 + 0.84° 6.92 + 1.34° 3.06°

YValues represent the mean + SD (n = 50).

YMeans in the same column with different superscript letters(a—c) differ significantly at p<0.05 according to

Duncan’s multiple range test.
"p<0.05, "p<0.001
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o wet fejshl PAstEom, o (HNE) gt
bEHE) g BEAY ol 1SS
o3 ZotsteTt A2 AW B A7 Sl
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A ek $Y4 gl v 6% 1
A folstA Wokort 9% Wrkaol A &
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KOs F7IstEOM, 9% BIREIAE okt
Wastr A%} 75E Bk Ak, 4 7)EE
L olagol wjsh 72 B 2 3%9t 6%HI I
Aol Yootk 0% folskA etk wEl
4EHY ol FA5E B et g
449 ane By deu Ag
e a}% we %71401%1 42 S vhehio
o ABEE 3% A7k 2ol A4t
e, e A A A 155 7S
Be wE 1Y W, 42 A 2R W
3% o] 7V AAT oz AW

£ A7 3 wee
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