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ABSTRACT

This study evaluated the quality characteristics and antioxidant activity of morning
bread supplemented with whole citron powder at various concentrations (0%, 3%, 5%,
7%, and 9%). Whole citron powder (Citrus junos seib, yuzu) significantly increased the
values of crude protein, crude fat, fructose, glucose, and lactose, sugar level (°Brix),
a (redness) and b value (yellowness), hardness and chewiness, total polyphenol and total
flavonoid content, DPPH radical scavenging, and ABTS radical scavenging activity. In
contrast, the moisture and crude ash content, pH, L value, adhesiveness, springiness,
and gumminess decreased significantly. Consequently, although whole yuzu powder is
a valuable ingredient for enhancing the nutritional and functional qualities of bakery
products, its impact on the texture must be considered. Accordingly, the recipe requires
modification to achieve the optimal quality and the desired mouthfeel, specifically by
adjusting the water content to compensate for the high moisture absorption and the
resulting textural changes from the powder.
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I. A&

Fla5o] FobA 1 4] Fo] FHHWA T
sQl0] Alago] ojgh BT 7H7h FotK|EA
Ay o) weka b ot 94 9 34 2%
o] ol oA g}, HHE HrfelolA] AEH< of
2 AR Beo] 9, 7HEARl B A, A
gz Wit 2 thAlske A ok At
HH2 A5 1 QItiKang et al. 2011; Kim &
Kim 2021). 1?1 79 571} vt ALS] e <

oA w2 FH|et A7t ZhHske] AR okt
uﬂﬂol [qi_,_oﬂ _,,]X—LJ Aﬂo] ]1:]— H.ﬂ-_O_
ATiQlo] A4 WS g & HolRe A
o] Q_MO] 5]041;‘[. wl AH]9] Hal= 7HE AR A
4 719ER 80Kt 4 Sk
A we 4 slowA A7 T sl
H7He ATARE AlF Ao 2 Bde AL 3l
tHHeo & Sim 2016; Hong & Kim 2021; Kim
et al. 2021).

s Aaet AANRE H71st Aol ARe-
o] 5°] 7Ial, £=F Fof HiF To=w HA
ARE o-&3 A Tawe] tigt Ank & W

I 9o} dyA fge] S & A7t st A
I 857 FoAHA Erj, 9, e 5 *4%01
gro = Tkl V54 ARy A B
Trgote] AFLAEAY FIHAE #olal &8
ot} sk AF7F AYPEHATHOR et al. 2008;
Bae et al. 2012).
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=4 E4Z

25 S3h0i, 72
2 w3} 8ix]o] g3} Q= 974 ik e
S, BRg3f ] 2415 ik, P, Eej)
=, UHE, 7I2E kol Fukd, FRiolt, ¥
g 4 7]g} SIE 59 A&EA4 sleEZo| gke

AtHJung et al. 2004). A4 7Uolt

&, EE o} BARE B8 AEL B3 47

a-,

SAHCitrus junos)=

He olHet AEA IerEdEE sl IHET,
FEAHol, ¥ 9 k35 JAISh= B4t Al
AS EZARE FRAT A= 7152 7L 9l
L Aoz B vt 9tiLunzhao et al. 2017).
AR 202349 48R A 230) B i
= dste], AL AHARREC] ATshs #Hdo]
2he 22 d5etem, u=Y A f71s AF

uzlQl Whole Food MarketolA] 473t 20223
top 10 food trendsol% 22 v} JtHMinistry
of Agriculture, Food and Rural Affairs,
2023). 3 A= ALE 1’7] ooyt Hiekl
H=9 98| Algtm} &uto] 733t Yuka ARES)]
Hoh 32 EY FHY vx]'xqoi AFsk=
H(ung 2023), FAFEC] =A| Al WRe] oA
AlAIA A r FEE
He 23 et ofd] 39| £& A gz &
T A7HEE, v, &, IF 5o $EHA
Ao (Agrinet 2022), FAFE <ol ohFet &
A HA AENEE ATkl Qdek ofof wEh &
2} 7FE71% A 2 D= 7Y A] AR 8xf
7], I 59 FARES] E87|e AlE gl
&S 5 U=E A Lol A=A
(Ministry of Agriculture, Food and Rural
Affairs 2023).

Z{jﬁxﬂi 2—17]-01- E_Hﬂﬂ—_q Fﬂ J_]-E:] L?_—%
B Z5E0], B, A9, o22)E H7st
o AZ3F #¥HKim et al. 2014), ZAHT &5
(Kim et al. 2011), "= Z(Baek et al. 2018)
50| Atk 48]E H7HLee et al. 2015), A&
o] 7} (Park & Joo 2020), 7FA1==) (Kim et
al. 2019)5 7t o] £4 9 A 5ol
AoH, HAF H7tolAe 207H(Lee et al
2016), D12 E 55 (Lee 2015) 5l &
e AF7F = U

T 538 dko

o2 ©v—



Hiolt g2 11, & fFAHwhole), T &=
02 YEITHLee et al. 2008). SAF &-89] 4]
F/d} A A A= thadt 2k B
2 B B A7 AEAA0|A9] FHEA
AHO et al. 2017)°14+= 4%E H7HsE AEA
Alo|=27} 7HF S5t 4 B7HE ke, 2%
TR ARG 7hsSE A0 R HAE QI fAF &
UE drkst SHO EZEA(Choi et al. 2019)
TollA= A B 1.5% J7iE 3% 7 2
Q1 AT=E Yepylth. AA T 9 Aol o
A 2 FEE54(ung et al. 2021) A5+ 2
A 4] 7|5 %7t

7V A Uebg e, A2 wet Axad

e
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L84S =Y & e 7S AN, AF
A AR AMHE SHiAA 4GSt 7R
2 9 Aol =S F1A a9
B ARRE 2Es 27199 EUEA(Lee
2022)°04= /A B H7Fgo] uet Ho] i
=, pH, M=, Az 5ol W3k} slglom, |4t
S 4.5% 71 o gt AAA AsE
7F 7P w2 ATE B

A S A7 ] g B4 2 A
3} ZA(Kim et al. 2023)°14 3% SAF 2
7Fote A3 ok F4o] 7MY £2 AE B
of §AE &8t AF AEY EAE 7ok
B7HE Wt fA B2 A7ES 2Egh o9
4 EX4(Lee 2029)°NM= F2 T7HEE HAl
3lo] gk B2 0, 10, 20, 30, 40% 87} Al A
1} 3] ®ed A BUllAE 40% A7 A
129l 7| 3ol ME 10% F7hEo] BA B7is

9tk 4 Hare H/KE APge] FYSH(Park
2024)0014 Ape] A, pH, 23, 7] 5o 3%

2 Fu, 1% SRR A 94 B A

of 7154 T} G el AE] 2EI]
Sfol 24 B} Hge Selste] 4B % A%

4 Auz Fgskudt W

1. M=

2 AgA AR fAE A" 21804
sto] AMGSET. AR T, s, A 5 ZA
£ 5AAZXSI EEE AR, -18ToA
YT sto] AR ARGSISIT HolA Y A&
AzE2E U7H(C], Seoul, Korea), AYo|AE
(Ottogi, Seoul, Korea), WE|(Anchor, New
Zealand), A¥HCJ, Seoul, Korea), EAEf
(Seoulmilk, Yangju, Korea), £2(CJ, Seoul,
Korea), ¥FEE7RSFA|(Sunin, Miryang, Korea),
Bumseong, Korea), A5
(Samdasoowater, Jeju, Korea)s AR&sto] &

SR ESIE Y

= ZH(Pulmuone,

2. & RAEY 7 2 M=
T A B A1 2] As aigt]=
Table 13 At & 74 &% 37} Bl&2 o
= AxloH, Yk g3 & 54t
Hido] F7tER] k2 AS R contro) 02
SHRal & FAF B 3, 5, 7, 9% J7KE A A

YZOR STk B R4 BT W w4z
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= WE" 9YA7]|(Founter Mixer, VFEM20A,
China)g ©o|-&s3itt. HEE A st LE A7s
i, AL 37 I oA & 2 A
Al Am7E 3 gol7t Hil £3tEE HEE £
Sk, 55029 28, 1&5G3T) 1581t §HEsto
S5 24 ARl HASAATA] HES 1Y
Aok B R RE(Q27 £ 10)= AFE 2%
(FORO NEMILLION, TP400)E ©]&sto &4
aticth. wE AL 2% 27 + 1T, AUsE
75~80%%, Wa7](Dacheung Softmill, SMP-
2040, Seoul, Korea)ollAl 5087t 12} ¥&ta & 2
iAot 13 R T WS 40 g4 Yol &
=271& APttt vhso] ut2X] oA 2X%t
ALoA S IEE 1087 AWkt 5
=0

tdart Sy W Als2d7ste] 49T

N

Table 1. Ingredients of morning bread prepared
with different concentrations of whole
citron powder (yuzu)

Yuzu contents of morning

Ingredient(g) bread”

Control C3 C5 C7 (9
Bread flour 100 97 95 93 91
Citron powder 0 35 7 9
Egg 16 16 16 16 16
Butter 30 30 30 30 30
Sugar 15 15 15 15 15
Yeast 4 4 4 4 4
Milk, solid non—fat 20 20 20 20 20
Salt 2 2 2 2 2
Yeast food 2 2 2 2 2
Water 51 51 51 51 51

YControl: Content of citron powder 0%
C3: Content of citron powder 3%
C5: Content of citron powder 5%
C7: Content of citron powder 7%
C9: Content of citron powder 9%

TaEs Jgsiglon, Havt B¢ WSS 9E
170TC, oFiE 160CZ AE=H

Bakery Machinery Co. Ltd., BDO-7102,
Seoul, Korea)oll o] 1587+ -t} S35 v
< 97 Hog §A 30% A4 FAAIR =

Aol ARg-sHTt

25 (Daeyung

3. & RAEY FVt Yo FESY B4
D& 4 &2 iR 24

< & A &% & L2 Drying oven
(HB-502M, HANBAEK Co., Bucheon, Korea)
125C A4 2ZollA 4417 A%s & BAE
gsto] Hdad FAE o7 FAZ Ei 8
T2 skt 2 g2 semimicro-
Kjeldhl®H(KjeltecTM2400 AUT, Foss Tecator,
Hilleroed, Denmark), ZA% =F2 Soxhlet

FZH(Soxtextec System HT1043 Extraction

ool [y

Unit, Foss Tecator, Héganis, Sweden), %3]

+ 2 600C 2] 3]3HH(F4800, Barnstead,

Boston, MA, USA)S AFg3le] Z33lsict. e

k= SRS A= 100004 5, 2A, 2ok

2 9 23E S Aot AAksiel 2a=
¥

77} 3% WK Ssto] Wagtow tehpglck

& A 22 fEd(free sugars) 242
Gancedo & Luh(1986)9] HIHoj ulal AA|515
ot A& 5 mLefl 50% oflgtZ &HS 25 mL 7F
5to] heating mantle(Mtops ms265, Seoul,
Korea)ollA] 85C FZoj|A] 2583t 7h2sto] &
FE FE0ML AR R YZsto] Az 7153 3

=
Z guio] SAZ 9 4 JEE £28uE A7t



sttt ol 0.2 pm membrane filter
(Millipore Co.,Billerica, MA, USA)Z o]z}t
Ald-gH o= s3I

3) 714 24

G714 4L Kim et al.(1997)9] Hof &
5t A= 1 gofl 75 10 mLE 40T xo)A4
4A7F Bt 7HEskoltt. o A(Whatman No. 2
filter paper)& AR&sto] ojidt A3 HPLC-
DAD(Agilent 1100, Agilent Technologies, Palo
Alto, CA, USAYE AR&Sto] EAI5ISIT

pH S & §4 2 5 g= Flot S7=
45 mLE Yil FE5] wHAA FE3RkE &
3,000 rpmollA 1083t Y4E2](Combi-514R,
Hanil, Hwaseong, Korea)st th2 AS5HS
Foted pH meter(420 Ben-chtop, Orion
Research, Beverly, MA, USA)Z 33] HI&E &4
Sl B= & FA EZ 1 g2 57+ 9 ml
of 3lAsto] #A3tsto] of}A|(Whatman No. 2
filter paper)® oJ¥st & TTA(HI 96801,
Hanna Co., Cluj, Romania)°ll 974 200 xL
£ Fsto] 33] whE SAsto] “BrixE H7]5H3L
ot Mz =42 AAA|(Spectro Colormeter
JX-777, Color Techno, System Co., Tokyo,
Japan)E AREolo] Wik (lightness, L&), A=
(redness, agh) & A= (yellowness, ba)= 33]
HHE Z5toloh ARSE B W 13 93.00,
agt2 0.3125, b3k 0.25312 HA% & AR
Sk

n

) A 7ZHTexture)

ZAZ2 CTX Texture analyzer(CTX, Ametek

& FA 2 it Y| SESY A eittet &Y 421

Brookfield, MA, USA)E AR&s5to] S451510H,
probe 10 mm dia cylinder plastic, test speed
10 mm/sec, trigger force 10 g, sample
compressed 25% FACZ HA5IATt AR
7= 298 27 60 mm, %°] 50 mmIL
H, TPA(texture profile analysis)& ©]-83}o]
2nd bite compression testZ 7 &(hardness),
HZA(adhesiveness), =& (cohesiveness),
A3 (chewiness), B2 A(springiness), A7
(Gumminess)Z 33] W 2450} Pofglat &

FHAe Gepyolct

T FA Y A7 2] F ETdE o
2 Zoecklein et al.(1995)9] Higol o}
Folin-Ciocalteu reagent’} A|&9] Z&|H&A
sletEo] ool e 2y EjEd Mo
Ask= ZE YR SASIH. FEO 7
0.2 mL, AlE-8H(100 ug/ml) 0.2 mLE ¥
% Folin-Ciocalteu reagent 0.4 mLE 37}5H,
5EZF A 3 10% sodium carbonate -89
0.4 mLE F7Fsto] Eedstar, A2o)A 3027t
AR o E3FE=A(UV-1800, Shimadzu,
Kyoto, Japan)& 765 nmol4 & 4=& =%}
Aot A9 F EYules I gallic acid
equivalents(mg GAE/mL)E 519t A3
< 33] HHE 3iste] BT REHAE YE

Att. ¥ EPfELolE FF2 Kang et al
(1990)9] o= FYolrt. =, Al=E&H(200
ug/mL) 1 mLe} diethylene glycol 10 mLE &
otiL, 94719 1 N NaOH €9 1 mLE 7}sto]
2 Egtetal, 37CoA 1AIZE BESAIX] &, BF

F=A(UV-1800, Shimadzu, Kyoto, Japan)=
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420 nmollA FFE=E S5 oldf 2&4
ZF JAL quercetin(Sigma Chemical Co.,
USA)Z AR&Sto] Z/dstalon, #EA 24l
o83t quercetin® X+ 50, 100, 150 ¥
200 ug/mLOIR{H. A=l & ZetH ol o
2 quercetin equivalents(mg QE/mL)Z UE}
Higlth. A¥2 33] ¥ S5k

2) DPPH radical &7% &%

DPPH &} 47 5(DPPH radical scavenging
capacity)< Kang et al.(1996)9] WS 43}
o] 243519t A& 0.1 mLofl 0.2 mM DPPH
(@,a'-diphenyl-8-picrylhydrazyl) €% 0.9 mL
£ 53519 vortex mixer® 1027 A3 &
A2, 9 g 27004 308%E BHSAIZ1AL 8
F=A(UV-1800, Shimadzu, Kyoto, Japan)®
517 nmolA SF=E SHISH. 23 =2 Al

= 7oA 92 tixLy} H|wste] Sz
AAZHo 2 Yepf et

Q.

3) ABTS radical

ABTS =iz
capacity)Z Verzelloni et al.(2007)9] &
Zrarsto] Z5tint. ABTS 2 ol 7.4
mM ABTS(2,2'-azino-bis 3-ethylbenzothia-
zoline-6-sulphonic acid) &9497 2.6 mM

potassium persulphate 8842 1:12 H]'—/\P’]

= s
275 54

A 75 (radical scavenging

T AAoA 14417 ¥R]5He] ABTS ol

AR oZ ABTS =t 899] 3% 7} 734
nmolA 0.7~1.00] HZ=5F 50% HeHEE 34
34 ARESFTE A= 100 pLoll ABTS 899 1.0
mLE €1 108 ¥RSAIXI & E33EA(UV-
1800, Shimadzu, Kyoto, Japan)Z 734 nmoll
A FB=E S5 A 2 Al=E st

A 2 2w vlasto] Sl AALH
2 el

5. AKX

B Qdye] mE B4 AT 33 wHEsiol
SPSS(Statistical package for the social
sciences, Ver 20.0, SPSS Inc., Chicago IL,
USA) Z&2 S o]-&sto] Hatgt(Mean)t £
HAKS.D.)E UERT Al Jet ool BoA] &
Ao Aodulx] EAFLA(One-way ANOVA)S
St & 894 AAL p0.0014FCE Duncan

ZH)W¥H(Duncan's multiple range test)<

&

B A BT A1 el QubyE e
FEgg

Z 76%, A7RE 67.07~66.37% HIZ
FA B9 H7FFe] 7Kl weh Aasskeinh

ZoAo di2FE 3.74%, HE7HE 3.93~
4.52% MR A7FFo] soldel wet S7kskd
ot A iR 4.00%, F7RE 4.50~
4.54%01931, TR 2T 22.50%, HA7H*
22.50~22.55%°190tt. 23E-2 2 2.00%,
H7HE 2.00~2.02% HHZ AlZ7He] Zo]7} m)
nlstoitt. 297HRE A7 28 A(Lee et
al. 2016)°l141= 3% H7htollAl g3 55.84
g, T 9.69 g, XA 5.49 go TFS YEHY
Act.
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Table 2. Approximate composition of morning breads containing citron powder (yuzu)

(unit: %)

Samples” Carbohydrate Crude protein Crude fat Moisture Crude ash
Control 67.76 + 0.01? 3.74 + 0.02* 4.00 + 0.01* 22,50 + 0.01* 2.00 + 0.01*
C3 67.07 + 0.01¢ 3.93 + 0.03° 4.50 + 0.02° 22,50 + 0.03* 2.00 + 0.02¢
C5 66.85 + 0.01° 4.12 + 0.01° 450 + 0.01° 22.52 + 0.02° 2.01 + 0.01°
C7 66.56 = 0.01° 437 + 0.01¢ 4.53 + 0.02 22.53 + 0.01* 2.01 + 0.01°
C9 66.37 + 0.01* 4.52 + 0.01° 4.54 £ 0.10 22.55 + 0.02* 2.02 + 0.01°
F-value 862.37°"" 152.09"" 2155.20""" ND ND

YControl: Content of citron powder 0%, C3: Content of citron powder 3%, C5: Content of citron powder 5%,

C7: Content of citron powder 7%, C9: Content of citron powder 9%

YAll values are expressed as mean + S.E. of triplicate determinations.

w43

A B A7 2] {9 RS
ZAY= Table 33 At} f832 fructose,
glucose, sucrose ¥ lactose’} AEEIOH
fructose®] AL HZF2 0.28 mg/mL, A7
2 0.44~0.50 mg/mLE A % Hriggo] &
oMdE ZUKIIH Glucose® WiZ 0.16
mg/mL, 7Rt 0.22~0.25 mg/mL HYA=
4 2 Z7Hgel wordeE UMk
Sucrose®] A% 272 0.05 mg/mlL, F7H+
<2 0.06~0.06 mg/mL BHZ 1 &L F71=F
of @& AJol= Tt Lactoset iR 0.38
mg/mL, F7Ht+ 0.50~0.60 mg/mL HIZ &

(o]

it
AN

=
<)
ekl

A2 A7Hgo] goHdas Sk A &
oY A= Y 22 0.87 mg/mL, A7
2 1.23~1.42 mg/mL M= 44 2L F71=F
o] goldag F7I6Iqit. ukE 7R A
o= fructose g0l M #A UERRS

(Kim et al. 2021), ¥7hi3=(Park 2019), A4
Z2H](Cha et al. 2013), & F9l 83HRyu et

O
LI T

=

Sk 71 ok fructose, sucrose £0.& LENGO
H(Bae et al. 2012), A7+ glucose o]
7F} =9tHSeoung et al. 2016). ZWolA] A

ke RE7]R AL fructose?} glucose”t

Table 3. Free sugar contents of morning breads containing citron powder (yuzu)

(unit: mg/mL)

Samples”
Free sugar Fvalue
Control C3 C5 C1 C9
Fructose 0.28 £+ 0.2399 044 + 0.62° 0.48 + 0.43° 0.48 + 0.56° 0.50 + 0.76° 3,723.38"""
Glucose 0.16 + 0.32*° 022 + 033> 024 + 0.56° 0.25 + 0.23¢ 0.25 £ 0.45¢ 1,152.09""
Sucrose 0.05 £ 0.25*  0.06 = 0.21> 0.06 + 0.36° 0.06 + 0.82° 0.06 + 0.78" 2,155.10"""
Lactose 0.38 + 043 050 + 0.41" 0.54 £ 0.35 0.59 + 0.65¢ 0.60 + 0.34¢ 2,134.80"""
Total free sugar ~ 0.87 = 0.21*  1.23 + 0.31° 1.32 + 0.65° 1.38 + 0.56° 1.42 + 028 1,125.23""

YControl: Content of citron powder 0%, C3

: Content of citron powder 3%, C5: Content of citron powder 5%,

C7: Content of citron powder 7%, C9: Content of citron powder 9%

DAl values are expressed as mean % S.E. of triplicate determinations.

YaDifferent superscripts in a row indicate differences (p<0.05) according to a Duncan’s multiple range test.
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25} 3FEko] 90% o]ARS A5k QUtHOh et gufiel IS et mdu ZAEX(Lee et al.
al. 2008). ool & 979 & FA BLEZ 20200004 % H7FFol HESE {7 TRl
fructose ©Fo] ol @oke e o 229 710t 2 A Ayt RARE IS WERIT
AARE ARY 5 S AR AdEn
4) pH, T, A=

3) et % QA Hu Ake mgue] pH &4 Ak

T A 2 A7IeE myeo] fejal ks Table 59 Zth pHe tiR 6.44, F71=E 6.00
Z73r A= Table 49 2t f714to s HE ~5.34 M= 2T Kol gers pH/h &
H citric acid &2 0.06~0.66 mg/mL B

Adte A YErith Azl wE /A

2 2y A RA § §A £ il gord 23] FAEA(Lee et al. 2024) AFoIA 52
FE S7Fer3H AZ3F 9219 pHE 3.28 2 7o) A183t &
B Ao A ARGRE B §AF B2 citric acid  §AF 23} H|S3 pHE YERAQICE 44 2T
7} 0.28 mg/mL FF=o] J2B=E o]t 7|5 S A7t AK(Park, 2024), 94 B2 Hrist
d E4E FAERE 7K o il 713 SH(Choi et al. 20194 % 44 &S A7t
5 4] 4HIAE HeERR It ol BEIVER S Al H7Fgol S7FEE pH7E RobA & AT

Table 4. Organic acid contents of morning breads containing citron powder (yuzu)
(unit: mg/mL)

S 1 1
Organic acid ampes F-value
Control C3 C5 Cc7 C9
Citric acid 0.28 £ 0.00 0.06 + 0.38%%¥ 0.23 + 0.25° 0.47 + 0.28° 0.66 + 0.33¢ 1,723.22"""

DControl: Content of citron powder 0%, C3: Content of citron powder 3%, C5: Content of citron powder 5%,
C7: Content of citron powder 7%, C9: Content of citron powder 9%

YAll values are expressed as the mean = S.E. of triplicate determinations.

Ya-dDifferent superscripts in a row indicate differences (p<0.05) according to a Duncan’s multiple range test.

Table 5. pH, °Brix, and Hunter color values of morning breads containing citron powder (yuzu)

Hunter color?

Samples” H ° Bri

amples p rix L . b
Control 6.44 + 0.017Y 20.00 + 0.01* 8516 + 1.26° -3.53 + 0.06 21.39 + 0.08
C3 6.00 £ 0.02¢  22.00 £ 0.03* 83.09 + 0.14¢ -3.38 + 0.08 2531 + 0.26°
Cs 576 + 0.01° 2200 + 0.02> 80.76 + 0.28° -3.14 + 0.41° 26.64 £ 0.11°
C7 5.53 + 0.01° 23.00 £ 0.01°  79.82 + 0.19° -3.05 + 0.07¢ 27.83 + 0.24¢
C9 534 + 0.01* 2500 + 0.02¢  77.15 + 0.25° -2.65 + 0.01° 29.68 + 0.21¢
F-value 129.23"° 124.03"° 1,135.12""° 1,696.30""" 1,217.21°"

YControl: Content of citron powder 0%, C3: Content of citron powder 3%, C5: Content of citron powder 5%,
C7: Content of citron powder 7%, C9: Content of citron powder 9%

2L lightness, a: redness, b: yellowness.

YAll values are expressed as the mean + S.E. of triplicate determinations.

#2Different superscripts in a row indicate differences (p<0.05) according to a Duncans multiple range test.



7152 7H1 AlFo] vHEoiZith vhd A di=
Tt Mg AsHA skl 2= Bt If V5= 7t
7l A2 F1]o] AFo] vh=o] XItHHong et al.
2018). wEkA] pHE a3 A& EHo IF
= & & Stk 2 ti2+9] Y= 20.00
*Brix, 7Rt 22.00~25.00 ° Brix HYZE
FA7Fgol €&5F 37Kl Choi et al
(20190914 F4F BL H7tgE et SHY o

£ SAWZ A A 2T AJ7FKH4.25%)°]
H2TH3.25%) Boh G=7F =40, /A 28 A
7t 4719 (Lee 2022) AFolAE FAF H7HFo]
UESrE 9t 2 AT e 2 A+
Aol FARE HdS HIth

& A T A7 2] M= 5 fA A
7Fgo] Bars LE(Br)o] FojFog wolA]
= 4TS Atk & 4 2 7 el =2
TE afl(FAD)T bAEHD)IHS FHoR
T7Pk=s A= YUEHHh o= fA £ M
Ago] Hduo] a & bito] IFS & Z2E A
g

A 2 A7 23319 Al 9 Abst
E/4(Yoo et al. 2008)°4%= d7lgo] S7H%
5 L2 A4ok agt 2 b2 76t £ A
T At FARE AR Bt v d&RAgo]
2YuPark 2023), 48|12 ZyYullee et al.
2015), #= A¥HKim et al. 2014)914= L, a
T A, b2 37k Aol Eledl, ole

A7} RARe] Hol, o) FFH %, WES pH,
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4= 2% 59 9Qlo] A Aol PR Fo] Ao]
£ yehd Ao=Z YedtHJeon & Kim 2020).

5) &7 Texture) £/

SRA R A7E o] 2 (texture)e
ZAit= Table 63 Zth AX(hardness)
THTE B G2 B Lol folxos
ERFTH(p<0.01). GRFEo R Hr= w b
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et al. 2005). H¥ZFA(adhesiveness)S TR+
2.12% 7V w9ker, A7 1.67~1.182 &
A B H7bo] Wotkdol wet fojFog 7
ASFATHP0.01). 334 (cohesiveness)2 th=x
T2 0.17°1303 72 0.17~0.34 9= &
A 2 3, 5% 7R 2AL 7, 9% H7Rel
Ae FoFog F7FsHti(p<0.01). oF=uYot
d¥(Park & Joo2020)A = of2 ol Bk
A7Vd4E S3/d0] Faste] & Aot FARE
AANE 2t ©=¥A4(springiness) T&0]
11.528 7} =4 Yester, & 4 #2 3
7REZ C3 ) C5) C7 ) C9 o & fojHor
HASIATHP0.01). 2 BT A¥(Lee et
al. 2012), &2 % gd=Ao]3(Park et al.
2008), 27 715 2d¥(Lee et al. 2016) A
£ AnEY, AEoly ey BT 3ol g

(

< #aok=s A0 E YEyTh old F3RE H7t
et AlE AFA FEAE Eo17] fsiie AEF
9] Eo] WTHT & F580] woF 1FE
9] &= F7HIRIH= A= EAsH] Al Az
=9 A7} HleE 2goHd g2 Bt & 2l
£ 707 B SHHKyun et al. 2002). A4

(gumminess) W&ol 11.528 7 =9k,
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Table 6. Texture characteristics of morning breads containing citron powder(yuzu)

Samples” Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness
(g (mm) (mm) (@ (m])
Control 470.60 + 0377 2.12 + 0.33° 0.17 £ 0.21° 11.52 + 0.35° 11.52 + 0.52° 6.82 + 0.28
C3 488.60 + 0.45° 167 £ 0.35¢ 017 + 0.22° 1031 + 0.26% 1031 + 0.72¢ 7.25 + 0.43"
C5 506.30 + 0.35° 140 + 0.37° 0.17 + 0.22° 947 + 033 947 + 0.81° 891 + 0.49
C7 51620 £ 0.28¢  1.25 + 0.32° 025 + 0.29® 889 * 0.37° 8.89 + 0.85° 991 + 0.64¢
C9 559.60 + 0.54° 118 = 0.32* 034 * 035 687 + 024° 687 + 0.75 10.75 + 0.55¢
F-value 1,223.79"" 1,299.17"" 2,897.29°"" 1,352.24"" 2,683.16""" 1,873.14""

YControl: Content of citron powder 0%, C3: Content of citron powder 3%, C5:

Content of citron powder 5%,

C7: Content of citron powder 7%, C9: Content of citron powder 9%
DAl values are expressed as the mean * S.E. of triplicate determinations.

YaDifferent superscripts in a row indicate differences (p<0.05) according to a Duncan’s multiple range test

&

A7 11.52~6.87 g MAE & 74 22
7FFC3 > C5) C7 ) CY &2 foxoz 7
231 tHp<0.01). B (chewiness)2 6.82~
10.75 m] H9IE & A4 &9 J7igo] B2

2 gozxoz =715t Hp0.001).

ek
0%

9.22 mg GAE/mLZ 930z ZF7lslaY. &
ZEtE ol TR tRo] 486.42 ug QE/
mLol® H7igFo] wWoldo] wet 594.28~
920.71 ug QE/mLE G0l og Zs}sgict. of
Zyo} Bat H7} mdui(Park & Joo 2020), Ut
A A7F 2E¥(Kim et al. 2020), AWE &
7 2gE(Yun & An 2024)9] & ZTuls
| & St ool s AT A, il
A7Fgo] WoHdeE R or F7lslH. o]
o} Zo] E AT AoA Lk HyJHo] & A &

D A7Hgo] B2E fo¥or F71skelt o]
= HExTEY & §A B H7kte] & E9H
=, & S0 olt JFgo] ot ® it B4
of 9F= vzl ZAor PZEH.

we
N

Table 7. Total polyphenol and total flavonoid contents of morning breads containing citron powder

Samples” Feval
Control C3 5 C7 9 vaue
Total polyphenol $a5) b : i .
+ a + + ¢ + + e
(mg CAEY/mLy 326 * 005 486 + 0.02° 7.60 + 005 853 + 0020 922 + 0.01° 3.562.29
Total flavonoid 00 1) | 002 59428 + 0,03 838.57 & 0.05° 882.85 & 0.02° 92071 + 0.05° 3312.64""

(ug QE¥/mL)

YControl: Content of citron powder 0%, C3: Content of citron powder 3%, C5: Content of citron powder 5%,
C7: Content of citron powder 7%, C9: Content of citron powder 9%

YGAE: gallic acid equivalent
JQE: quercetin equivalent

YAl values are expressed as the mean % SE of triplicate determinations

Y2 Different superscripts in a row indicate differences (p<0.05) according to a Duncan’s multiple range test.



2) 5 A B Hriet mdure] DPPH radical
A7A%, ABTS radical 275

5 A4 2% Hriet mgue] DPPH etz
275, ABTS 9tz 275 §4 A3 Table
83 Zt}. DPPH =z &A8AL tixo]
21.04%0°13L, d7Fgo] @Wolbdo] w} 38.43~
58.92%= FoJH o2 F7leleltt. EQF ABTS 2t
gz AAGYE 0] 37.94%°]1L, H71g0]
Wotdol wet 53.59~72.03%% FojHoz &
Zhotict. T o] viekl C, EeHlE, &
Hiolt ot ket &/ AHLee et al.
2012), ¥ehe £ F7KKim et al. 2015)°014]
% DPPH radical 2AZAEE FAEIS AU
Hsh 249 Pl 25 AAGEET)
S/t Balsto] & Aot fARE AE U
ERiQict.

FEE w59 A7’ ZYE(Kwon &
Lee 2020)4+ 23}, gugd 22 A7t 2
3E9 ABTS #HZd AaAZRHE= dx
(6.11%)°] 7P @gton, Fubgd = 15%
7HH57.68%)°] 7MY =2 S UEho] 7K
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Table 8. Antioxidant activities of morning breads added with citron powder

Samples”
F-value
Control C3 C5 Cc7 C9
DPPH radical
scavenging activity 21.04  0.052%* 38.43 + 0.04° 42.07 + 0.05° 53.48 + 0.05¢ 58.92 + 0.04° 5,307.29""
(%)
ABTS radical

+

scavenging activity 37.94 + 0.05° 53.59 + 0.05" 56.86 + 0.06° 67.13 + 0.08% 72.03 + 0.05 8,616.62""

(%)

YControl: Content of citron powder 0%, C3: Content of citron powder 3%, C5: Content of citron powder 5%,

C7: Content of citron powder 7%, C9: Content of citron powder 9%

DAl values are expressed as the mean * SE of triplicate determinations

*“Different superscripts in a row indicate differences (p<0.05) according to a Duncan’s multiple range test.
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o W (chewiness)o] S7Fstitt. ¥hH, 7
24 (adhesiveness), ®2(springiness), #7
(gumminess)> 451t & A £22 A7t
St dulo] & polyphenol ¥, % flavonoid
¥, DPPH radical £7%5 % ABTS radical &

A B G4 BT Hrlgo] /1SS S710t

k.

ool At At B fAF BUY WS 2
2ot} Axe wgue Fast 7154e Folel
I gl 22 FulE SR 23t it
5 44 22 37k pHE 951 Axok 434
< ST v gL TaAA mgue]
£ EAo] ¥gkelglth & 1 B2 1Y
o] A, 7164 7HAE Eole T A=
oAk, 9 AL YN 2 WslE
Tefet sk A7 @] flehHE 3t ol
S$ES ¢ go] Z5shs EA4S 1Este] B9
H&S 2Eoke 5 gAITe Beto] Wash Ho
= Holth
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