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ABSTRACT

This study was conducted to evaluate the quality and sensory properties of muffins manufactured by adding Moro blood
orange (Citrus sinensis (L.) Osbeck, ‘Moro’; Cs) powder at ratios of 0%, 5%, 10%, 20%, and 40%. The L’ value of the muffin
was the highest in the control group at 82.03+1.39, and the a" value tended to increase in the group with addition of 40%
Cs powder at 2.30+0.17 compared to the control group (—2.65+0.09). The b" value did not differ significantly across all
groups. As the amount of Cs powder added to the muffin increased, the volume and height decreased, but the weight
increased. The total phenol content, total flavonoid content, 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis
(3-ethylbenzothiazoline- 6-sulfonic acid) (ABTS) radical scavenging activity of the muffin showed significantly higher values
as the amount of Cs powder added to the muffin increased. As the amount of Cs powder added increased, the calcium and
zinc content of the muffins significantly increased, but the magnesium and manganese content decreased. The results of the
preference test of the muffins showed that the overall preference was the highest in the 10% addition group at 3.41 points,
and it was evaluated as the most preferred. In summary, the results of this study showed that the muffins manufactured with
10% Cs powder showed excellent results with respect to quality and sensory evaluation, suggesting the possibility of
developing functional foods using Moro blood orange powder.
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22 5= QUX|(Citrus sinensis (L.) Osbeck, ‘Moro’ )= 43 A]7]2 ¥3}at golo] Byj= 9 ulx|e] etEAlopd &
SEAlop aE, A4, F0), A4 & A G, 2 A 93-S n]A 4= QtHHabibi F 5 2020). 3HFsF A 29
7], A=, Gt 9 F4 540 BE EE iR StEAJoPd = cyanidin-3-O-glucoside S H]£3F w54 &2
et aH|Rbe] 859 ISR E ol o] Fa3 98 I} gF=Reol= Aie] ®ol FiEHol dom(Yoon YG
3laL QUThHabibi F 5 2023). & St 23X & oy 2024), 71 &9 HEF C9} E, WERIRE So| R 2
o} A| &g o}el A ;(HHHQ ZEE(Citrus genus)©l &= ¥ 2 EE 24X FEEL g9 £33 =7 (Rangel-Huerta

dolm, #52] FHE 472 wfiZo] 7] o] g8 AF3| A OD % 2015; Fraga LN 5 2021), A&% 2gke] 714 (Yoon
o] A HYPFo R LA UTHNicolosi E & 2000,  YG 2024), W& HH(Morand C 5 2011, FLay}
Yoon YG 2024). 7197} 2dsta, dmart Aok 352] 3F  (Jayaprakasha GK & Patil BS 2007; Kim SS 5 2021), &

S4lo] A gto] Azttt EH= QA FF] B2 ZFA(Morand C 5 2011), Sl WzE 7H7\4(Murphy MM
Z(olgg|olrh, DRI, RE(CE OW) Ol 5 2017), 33} }L\/}(Klm YH 5 2023) @ ATP thAlel] &
A 53] B2 FFL &ubo] s, JIEAold Aol T o3l ARHE XA = E5(de Lima LP & de Paula

Barbosa A 2021)°] 1o} 8|9} ofl¥i(Montalbano G & 2019;

2 Q3 A HFAZ O ol &
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2hA] Al gl Aol AH)7LE F7EsEATHKIm JH 5 2008).
HAE Aol Ao dFom H| 2Tl FRolth WA AW
F 7P 71EAQ FEow g 7 5o 98E AL
$oj0] THon, F2 S29 B A UE, T4 L 4
407 o]g¥ 1 UtiPark EJ 2016; Ju YE & Shin KO
2024). A&AH(Park EJ 2016)04 AL T2 252 A7}
o oJ3l] 2FEl(gluten) F/go] IA FeFS WA L1, A=
7} £-o]8le] A]FX|(Joo SY & 2006), "Hloo N & 2008), TF
AluHKim JH & 2008), WA (Kim KH 5 2009), *=73(Seo
EO % 2009), EFH|2](Hwang SH & Ko SH 2010), Zvl=
(Yang SM 5 2010), AH 27wKKo SH & Seo EO 2010), &
#2HKo DY & Hong HY 2011), t5xKim EJ & Lee JH
2012), oFAtelw2](Kim HS 2012), 4H(Lee YS & Chung HIJ
2013), H]E(Seo EO & Ko SH 2014), 2FH(Jung YM %5
2015), vF= A4 (Yoon IC 5 2023), E¥(Hwang SY & Choi
SK 2015; Yoon JA & Shin KO 2023) 2 2449 (Ju YE &
Shin KO 2024), 2.t](Yoon JA & Shin KO 2024) & A&
(Kim DH & Shin KO 2025) &< AEE7 ] &3std A3
o ARE AREAY M9 FRE AS%rt 58 Holth

A B dolli e B2 B odlX] £EE o] 835
o ML Az T B B oA B Ay} vFe]
7S Fe R &8 TS AESAT

ME U

1. HEe| K=

 AdoM AHEE BE EEE il #3E 22dx
(Goodherb, Seoul, Korea)ollA] F3sle] Algslit) 1 5e
A FQl HF F(Beksul Co., Seoul, Korea), ©7ZHGomgom Co.,
Seoul, Korea), HE|(Lotte Co., Seoul, Korea), -—{Samyang
Corp, Seoul, Korea), 4 B(Quality no.1 Co, Ulsan, Korea), 4>
F(Sempio Co., Shinan-gun, Korea), |7 -1 (Galimfood
Co., Incheon, Korea)= 20243 2 FFA] I nlEA A T
Yate] ARSIt

2. HES M= 2
Yoon JA & Shin KO(2023)9] A+E ZFaste] WA A
stgiom, 8ol uig v 8-S Table 1 AAEIATE H
Az e AEHS Ay, B2 s e3lIX
T 0%, 5%, 10%, 20% 3 40% Hl&2 H7tsisivt. 94
o HEE Ya W= E317](BS-201, Busung, Bucheon,
Korea)oll A 1Eh0.2 mykae] 51 & Aw-3 332 o]
A7vstdon, olF Aol Fert FAIEEE 3 min E<F
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Table 1. Formula for the muffins made with Citrus
sinensis (L.) Osbeck powder

Cs" powder content (%)

Ingredients (g)
5 10 20 40

Wheat flour 200 190 180 160 120

Cs powder 0 10 20 40 80

Sugar 130 130 130 130 130

Egg 100 100 100 100 100

Butter 100 100 100 100 100

Milk 100 100 100 100 100
Baking powder 4 4 4 4 4

Salt 1 1 1 1 1

Y Cs: Citrus sinensis (L.) Osbeck powder.

ZaH-H = 35 M A(mesh) Aol A H7kebsl om, 5
wpR et W31, 1 min B2t AolE F RS ST
e W2 70 g8 FAEA o] vro] ©@gkor, o] & wH
o ol 25 min F<F T9Th 2E{(Homo Panadero, BS023,
Busung, Bucheon, Korea)2] 2712 18 180T, o}lE 170C
Atk & HAL A2ex] sl A Atk

me o rr

Wyl A== M}IA(CR-400, Konica Minolta, Osaka,
Japan)E ©]-&-5}o] W I=(L, lightness), 22 % (a, redness), &
A% (b, yellowness)E =730t =% A w7 (calibration)
Al M-S B WA gkS LG 87.5, a'3k 031, b'ak 0.32%
o wHAe o 2 o #Ee Jh2KGalaxy S10+,
Samsung, Gumi-si, Korea) & ©|&35}0] WIS dH =2 uj %3k
% G5kt

4. ofEle] 23|, Fo|, T, pH U +EEY %

slle] 23)E Ryu SY 5008)8] WS B85l
o183 FANBPOR ZHak vHel ol viuel
e 2k Ha EolE HiYo] Ze¥ (150 x 0.05 mm,
Mitutoyo 530-101 Vernier Caliper, Mitutoyo, Kure, Japan)=
Z3slgth vl FAl= ARFA&(1B-410, Innotem, Seoul,
Korea)& o1 §-3te] Z434t). vl pHE w3 3 g8 2
obx] F7{4 27 mLof| 412 AEAS 8 um B4 I 2](1002
150, Whatman)Z <2t & pH ®|E|(pH 7110, InoLab,
Seoul, Korea)& AHS-3te] 33 RbE S 39th wHe] F&
ek AOACH(AOAC 2000)S ©]g3led 105C =2ko] 9
E(KC0-150, Kuk Je Eng CO, Goyang, Korea)o|A] &&Fo] F
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5 OJEIE FE= M=

HAle] FE2E Axe AEE& EH7INSG-100 2SS,
Hanil, Seoul, Korea)E AFg-3tod £413150.2H, o] & 70% W
kgl MRt g3} FA71(UCP10, JeioTech, Daejeon,

N

Korea) S ARE3El] 1 hr E<F 60CoAA TASA| AT 72
371 A BE 10 min B2 4TolA 6,000xgE DA E2] 3}

o] 23ZAE 0.45 ym ©JZFX|(Minisart, Sartorius, Goettingen,
Germany)©] o7tk F, W|ghe F58-3 —18Tel|A BHs}
At BHE A2= £ ¥ % ZgHio|=, DPPH 2
ABTS 22 &7 24 Sl A3l

e & dE g2 7t A|R 10 Lol Folin-Ciocalteu’s
phenol reagent®} SHTE 1:29] H[ &= "401 A z38k 315"/\]
ok 10 pLE 7}8ke] 3 min B9 WXE T, 10% ©@AYE
(NaCOs) 150 L= H7fste] bAoA 1 hr Bt kS Alﬁﬁ
765 nmllA] EFE(MMR SPARK®, Tecan, Switzeriand)ZS
=459 tHFolin O & Denis W 1912). A3t gallic
acid(Sigma-Aldrich, St. Louis, MO, USA)E EFEA & A&
atleom, T=d EEAE A £ AR 1 g Ui
mg gallic acid equivalents(GAE)Z WERJALE 9] & &
o) ke 7h AR 125 Lol $F4 500 1L, 5% o}
ALY EEFENaNO,) 37.5 tLE 93l 5 min F<F ¥X|3F &

10% Q3LFn]H(AICL - 6H,0) 75 ILE 36l 6 min
F<t 9k A1 ZI T} o} 7] 1 M sodium hydroxide 250 LS 3
7kl 11 min < X3 ¥HSAS 510 nmollA SF=
(MMR SPARK®, Tecan, Switzeriand)S =% 5}9) th(Zhishen
1 5 1999). A3}k quercetin(Sigma-Aldrich, St. Louis, MO,
USA)S TSR AMS] 28 R34S A §
A& 1 goll ™3+ mg quercetin equivalents(QE) = WERASITH
(Hwang ES & Cheung JS 2024).

7. DPPH 2! ABTS 2iC|&t &7
DPPH 2}tz &7 €442 Cheung LM 5(2003)2] WS
=3I h AR 5 goll 95% olEE 20 mLE Y1 B
9] A1 (M04-06-100, Totalscience, Namyangju-si, Korea)=
15 sec &t TAsHA &g F, AAEE(13,500xg, 10
min)ote] @& 45O Z DPPH 2oz &7 2445 3%
kAt Al2¢F 0.2 mM DPPH 845 Z+7} 100 uL® £33}
o] 37CollA 30 min B ¥HEAIZ &, BFFEA(MMR
SPARK®, Tecan, Switzeriand)2 515 nmol|A] EF =S =%
sttt ofefl 2ol whe} DPPH 24tz 47 2242 Alttsisd

7 BN B2AM
= O —

WHU

A5 HoRA oF RAHEAETS

HKim YH & Yook HS 2024).

DPPH tizt 27 &4 (%) = (1 - S;CB) x 100
s = A AT FRE
B = Blank9] &%

B
C = Control(Al& FH7he $3=
ABTS 2}0Z &7 242 Re R 5(1999)2] Wz &
Atk A48 A& F Aol ABTS 7.0 mM3} potassium
persulfate 2.45 mME AollA ¥H-S-A|A ABTS o]0 &
AE == a9t} Al59F ABTS €98 712} 100 pL¥ &3
3ted 37°CollAl 30 min Bt FHSAIZ] & H%ﬂ‘:ﬁl(MMR

SPARK®, Tecan, Switzeriand)= 732 nmol|A] &3 =2 =4
sttt ol Al whe} ABTS 2oz &4 &2 ALkl
thKim YH & Yook HS 2024).

ABTS &)z 27 24 (%) = (1 — %) x 100

S = A8 HIFY TEw

C = Control(A & FH7H) §3=

8. F7|& &z &4

wAe] Z4, U3E vk, ofd B Hol Fr1E o
412 Hwang ES(2013)°] AdHY S 2 gl 9A] §g
sto] ARESIATE AlE 0.5 g& Fste] BlAC Y AAb
(HNO3) S <A & Hrlste] AlAl HA|(Watch glass)ol] ¥
T, 50C SHEEo] E(hot plate) 9104 SAIZE o]k HE-gA]7]
WA S oE B “9“’”0] g wj7bA] etk &

A7) A RS B Da FEAZ] T, A7) Ake] &
T7h1~5%7F H s SRR S48 7 oF 50 go] A=
NZ AT 7 Algel g 24, 93t nkavls, of
A Z H-& Inductively Coupled Plasma Mass Spectrometer
(ICP-MS, ELAN DRC I, PerkinElmer, Waltham, MA, USA)

2 Basan,

9. 7| A}

o] 75w A4 Y see 4EGFS AT o
g 279 PR AN ARSI 715E 2
Aol i AP S-S AAIGE T, B 4G el o

Atk B AlBE 53 20TC(AE)A 1 x 1 x 1 cm 7]

A F5tA Tt 2] FHappearance), FHaroma), Ztaste), Bl
H(texture) 2 ZRFA Q] 7] 5 % (overall acceptance) 5714 &
ol tiste] 53 Hm=os grlekgith
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10. EAIAZ]

vl ek T4 54 2 715 % Akl tigk A AR
= SPSS 23.0 program(IBM SPSS Statistics, Chicago, IL,
USA) Zeade olgale]l BASIth 7 Alzd B3
Mean+S.DE YERI o, A8 7] zlo] EAL one-way
ANOVAE A&7, AHFA%
testE ©]-&3ke] p<0.05914 F2lF zol=

< Duncan’s multiple range

Fasir.

Ao Mz 9 ohd HE-2 Table 29}
ZTo| A 82.03+

e
aQ
E
2
>
ol
o
R
)

B2 BeE odx ¥ A7k vjHe] F4 54 325

1392 71 =ka1, Cs B2 5% 71 81.44+0.23, 10% 3
7H 80.21+0.30, 20% 7} 78.40+0.26, 40% 7} 72.66+
0342 Ueh} Cs 8 H7beo] S71845 L'k 1has)
ATHpP<0.05). a’FH(HME)S oA —2.65£0.09, Cs &
ot 40% A7l 2.3040.172 Z7hes A HATh b IkE
ATy BE TollA el gk 2ol gl thA mKKim JH

S 2008), tl5 E%(Kim EJ & Lee JH 2012), ©FZ(Lee WG
& Lee JA 2014), 7Nk E2(Park EJ 2016), -=(Choi HS &
Nam HY 2018)S #7138 !l AFo| = zpz}t A|lge] B
H7teke] 7kl E}E‘r Latd bake astislon, aghe
Z7FetthaL Haskel ol & AT AT} frAkek F
&S B3k #Hd 247}6%— A7 F5e] Aol wet v
Aol e FE Ao Aokt B AtelA vHe] ¢

Table 2. Color values of muffins with Citrus sinensis (L.) Osbeck powder

Cs" powder content (%)

Property (inside)

0 10 20 40

L" (lightness) 82.03£1.397 81.44+0.23° 80.2120.30° 78.40£0.26° 72.66£0.34°
a’ (redness) —2.65+0.09¢ —2.14+0.07° —1.04+0.07° —0.04+0.01° 2.30£0.17*
b (yellowness) 29.90+1.59 28.95+0.87 28.20+0.93 28.90+0.70 29.32+0.62

V' Cs: Citrus sinensis (L.) Osbeck powder.
? Mean+S.D.

® Different superscripts (a~e) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.

0% 5% 10%

20% 40%

Fig. 1. Muffin with various levels of supplemental Citrus sinensis (L.) Osbeck powder.

0%: Control (flour without Citrus sinensis (L.) Osbeck powder).

5%: Flour with 5% Citrus sinensis (L.) Osbeck powder.

10%: Flour with 10% Citrus sinensis (L.) Osbeck powder.
20%: Flour with 20% Citrus sinensis (L.) Osbeck powder.
40%: Flour with 40% Citrus sinensis (L.) Osbeck powder.
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Te BHE e ARloR vad A3, ¢s B A7)
255 vl o] oA %, A7} hshe A%
2 ngT WA $BE 17k vlA A7(Kim DH & Shin
KO 2025914 Ay Bkl Arbepe] F7185% Aol

tlo

=0|, A, pH ¥ T=&t2t

Cs w'&= A7k 3o 73], #o|, 77, pH 2 18
&< Table 30 AASIATE ®AL] F3= oA
143.3343.33 mL, Cs 2 5% 7" 142.2244.16 mL, 10%
A7 137.2243.42 mL, 20% FA7H 132.78+4.16 mL, 40%
7 125.0043.33 mLE 9] slA] 74315 th(p<0.05). ©]
= AAE B2 0%, 0.5%, 1.0%, 1.5%, 2.0% Hd7krolA
150.63~144.90 mL7HA] #Aastivhis Aol A3, o]
= Cs T8 371 el vjAe] e ¥sih dojd o, Cs
] FAZE WAe] e dEgFE & AR dAddrt
B Ao wHe] Eole Cs B 0%, 5%, 10%, 20% 2
40% Z7hrolA Zhzb 53.0040.15, 52.80+0.12, 50.60+0.10,
49.20+40.12 2 46.40+0.10 mm= YER} Cs B 7ol A
jzatol] vls] felatAl sk thp<0.05). JHthe] 2
(Park EJ 2016), 2] ¥Z(Yoon JA & Shin KO 2024), 4]
& Eul(Kim DH & Shin KO 2025)S 3 7}8 AFoA = o
Aoll Azmo] Hrtko] S71EFE A Fole Yol =

o Bty Baskql 0w, o= Park EJ (2016)°] A+
A ARGl B R T el e AE 24 A
71Q1g e AT B AgeA] A FAlE Uiz
T 64.13+5.04 g0, Cs L H7ktoll A= 65.25~65.88
gl 2 Yehylth & AFolM pHE Cs B2 0%, 5%, 10%,
20% B 40% H7RrolA ZH7E 6.95+0.04, 6.84+0.02, 6.68+
0.01, 6.29£0.01 2 5.76+0.02 g& & Yeh} Cs BT H7te

=

¢

2 on rH

o)
X

of - 214S

WA oF BAETREAERS

o] Z71&45 pHE Hhdhe 74
o]F E2An SH 2014), Kl
2014), 7Hckel 2 Park EJ 2016)S A7} pHIF 4
Aot A9} 22 Fals Hon, 2y Bes Qx|
pH7}F ¢F 3.0~4.0 Alo] & He o] fof] 71913 Aoz AlgH
o} & Ao FESEES 2Tl 21.13+1.78%, Cs ¥
5% H7kE 22.21£1.46%, 10% H7FE 22.47+0.65%, 20%
A7NE 23.2140.63%, 40% A7HE 24.03+1.20%= VFERSETY
Cs &89 Frtgko] S7Hedas ] 7=,
ol ohzuo} ZE VI HAeM el Sttt
A9} fAler 7 eS Bl th(Park HI & Chung HJ 2014).

S HAt) o]l WA
2 (Cho IS & Kim HY
o

= g2 Fig 20 AAE ) & wE
5%, 10%, 20% 2 40% H7}ollA Z
0.01, 1.01£0.01, 1.08+0.02 2! 1.17=0.
U w3 Cs B Hrbe] S7HES
ot F7FeFATHp<0.05). wH A e ke
A 7%Kim DH & Shin KO 2025)9ll4] % #l& ke thxat
(38.97£0.15 mg GAE/g)ell vlall H4&A BT 0.5%, 1.0%,
1.5%, 2.0% 2 2.5% 7S 22} 40.48+0.15, 41.93+ 0.10,
45.47+0.31, 48.1320.08 2 52.23+0.50 mg GAE/g =0 & W
Aol M B Hrbgo] 2555 Tkt on, E1e
“*(Hong JY 2019), =977 &Z(eon JY & 2022), "F=4
A E(Yoon JC 5 2023), 2] ¥Z(Yoon JA & Shin KO
2024) 2 AR E2(Ju YE & Shin KO 2024)S & 7}3h
WA Aoz B Aol 22 FFe Bt B Aol
F ZglH ol e 2ol A 0.90+£0.00 mg QE/g
JbHO, Cs B8 A7l 5%, 10%, 20% 2 40%= 57}
= Zb7} 1.10£0.01, 1.16+0.01, 1.24+0.03 2 1.31+0.01
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Table 3. Baking properties and moisture of muffins with Citrus sinensis (L.) Osbeck powder

Cs" powder content (%)

Property
0 5 10 20 40
Volume (mL) 143.33+3.3399 142.22+4.16 137.2243.42° 132.78+4.16" 125.0043.33°
Height (mm) 53.00+0.15° 52.80+0.12° 50.60£0.10° 49.20+0.12¢ 46.40+0.10°
Weight (g) 64.13+5.04 65.88+2.67 65.50+3.71 65.75+1.92 65.25+2.33
pH 6.95+0.04° 6.840.02° 6.68+0.01° 6.29+0.01° 5.76+0.02°
Moisture (%) 21.13+1.78¢ 22.21+1.46° 22 .4740.65° 23.2140.63" 24.03+1.20

Y Cs: Citrus sinensis (L.) Osbeck powder.
9 Mean%S.D.

® Different superscripts (*"°) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
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Fig. 2. Total phenolic and total flavonoid contents of muffin with Citrus

Citrus sinensis (L) Osbeck powder (%)

sinensis (L.) Osbeck powder. Each value in

mean+S.D. Value with different letters were significantly different at p<0.05 by Duncan’s multiple range test.

0%: Control (flour without Citrus sinensis (L.) Osbeck powder).

5%: Flour with 5% Citrus sinensis (L.) Osbeck powder.

10%: Flour with 10% Citrus sinensis (L.) Osbeck powder.
20%: Flour with 20% Citrus sinensis (L.) Osbeck powder.
40%: Flour with 40% Citrus sinensis (L.) Osbeck powder.

mg QE/gl 2 folatAl Z71atsithp<0.05). 2bdAw Bt
< 713 v AF(Ju YE & Shin KO 2024)014 % =&}
Hizol= ke tha 0.12+0.06 mg CE/goll ¥l xpd=}
7] B2t 5% H7bEolAHE 0.32+0.06 mg CE/go& §-2]7
o7 Zrlelgen, HFAA A7k M3 AHKim
DH & Shin KO 2025)9 A% & ZEtEo|= g gz
T 24.83+1.89 mg QE/gel Blal HAHA B 2.5% 7hto]
A 269.50+9.76 mg QE/go.2 Z7}etyitia B uatch ®
o o] S 0~40% H7He M3 A-H(Yoon JA & Shin
KO 2024)M = & St o] = e 57.42~393.17 mg
QE/ge® frolatAl Srtetlvka Easkict

=R ] e
—a=

4. of{Zle| DPPH %! ABTS 2iC|zt &AM &4y
S A7k w38 e] DPPH 2 ABTS oz &7 &
< Fig. 3l A|A8F3AT. DPPH 2tz 47 &dolx= of
iif—’_lit At 2 (positive control) & & A 31 o
o}~z 2H AN DPPH itz 47 wé < 86.28+0.25%
2 FJ&”E} DPPH e}tz &7 &L Cs &2 0%, 5%,
10%, 20% 2 40% Zd7ktellA 242t 5.83i0.28, 8.70:£0.07,
30.02+0.20, 45.47+0.10 2 56.70£0.12% = YER} o] Cs
T H7bgo]l 7S DPPH gtz &4 4 79
A E71EA tHp<0.05). °ol& B2 S3= edlx|d] )

9

-2 cyanidin-3-O-glucoside$} 22 FEAloPd A& Wl &E
o7 oy, mg Egs odx] Bl ksl g2

oA Az
A Az A BR EE ealx] B HUbe v
g el 714 oz AlRHET itk
°] DPPH t)Z &7 4L iz 9.70/01] ]fsﬂ
Bk 71 vjAo A 27.91~52.76%% ke H7bE

g5 #7) UEsa, DPPH oz 47 42

A= ,q] %‘2—/&,

FehEeolE Fo] Sl vk gaks) 28] A el g
Aol F4E AATATe] won Hudtth(Park EJ

2016). =gk v Az Al 5 2 A 71 Alell = DPPH 2t
2 a7 AL T4 28.49%51 0, 20% 7 kol A
43.4%= 5 T8 Hrieo] T71EE 9% o= DPPH
gz o7 Ao Frbelitk Baskgl o™ (Kim EJ &
Lee JH 2012), ur o] MAA B Hr} A o|AlE= DPPH
oz A7 AL 2T 14.2640.16, HAH B 2,59
A7l A 26.94£0.29% 2 JERY Adw el e
o] Z71&4% DPPH &tz &A SAE F7Ishe 32
H 115 tHKim DH & Shin KO 2025). L &]ol| & A 2o
(Lee YS & Chung HJ 2013), o5 £Z(An SH 2014), 14+<)
£ Cheon SY 5 2014), 4 B2 (Jung YM 5 2015),
BH] A 2 'E“Q(Klm SJ & Kim HY 2019), # %:LE}Z: Rt
(Lee JW 5 2015), 12}H] L2} EZ(Yang SW 2018), <}
EulKim YJ 5 2024) 2 26219] E2(Ju YE & Shin KO
2024)S 7R M AT E B A9 2 AYE Bk
2 ATl A ABTS gtz A &4 Fddizael ofx~
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Fig. 3. DPPH and ABTS radical scavenging activity of of muffin with Citrus sinensis (L.) Osbeck powder. Each value
in meantS.D. Value with different letters were significantly different at p<0.05 by Duncan’s multiple range test.

0%: Control (flour without Citrus sinensis (L.) Osbeck powder).
5%: Flour with 5% Citrus sinensis (L.) Osbeck powder.

10%: Flour with 10% Citrus sinensis (L.) Osbeck powder.
20%: Flour with 20% Citrus sinensis (L.) Osbeck powder.
40%: Flour with 40% Citrus sinensis (L.) Osbeck powder.

F2H RS 32.8240.20%%] WA, Cs 2 0~40% 3 7h 5. mEe| FI|H
oA 62.51~67.98%= WUEIoH, ABTS o4 &7 &4 Cs 22rS H7he wlde
& wFo|| s B Hrbgko] Z18EE 95k o1k sttt ] A4 FTe

A &S Taple 490 AA]
Cs B2 0~10% H7FrolAe

THp<0.05). 2Pt 82 71 A7(Ju YE & Shin KO 212.52~216.98 mgQ o1, 20% ZH7}rollAE 228.58+0.41
2024)cllA tizee] HlEl AR 20% AR E mg 40% H7HEOIAl 244124037 mgl®  E71ElY

27.85£0.00%% wdoll 2R ] T Hubge] S7FEE (p<0.05). BB nllg ke 1‘4%1401]*1 334.17+0.14
% ABTS &)z &4 wé% S7beAvaL Haslolon,  mgolglem, Cs BT 5%, 10%, 20% 2 40% H7hrl A
#Alel mHs(Yoon JC 5 2023), H4A® 2 (Kim DH & 747} 321.27+0.22, 308.07+0.79, 285.49+0.13, 284.84:+0.26 mg
Shin KO 2025)< ;<47}L AToIME 2 A7 dapst &2 oz foai HAsakATHp<0.05). MHe] W3t FFE o)
FdE Btk Z o)A E 1.8420.03 mgel whHo| ¢y B i47}3*01 40%

7R AV 0.8240.04

Table 4. Minerals composition of of muffins with Citrus sinensis (L.) Osbeck powder

mgl 2 FosHA st

Cs" powder content (%)

Measurement (mg)

5 10 20 40
Ca 212.52:0.1479 215.18+0.49° 216.98+0.68° 228.58+0.41° 244.12+0.37°
Mg 334.17+0.14* 321.27+0.22° 308.07+0.79° 285.49+0.13¢ 284.84+0.26"
Mn 1.84+0.03" 1.60+0.13° 1.35+0.10° 1.15+0.02° 0.82+0.04¢
Zn 3.39+0.12 4.49+0.43° 8.76+0.30° 8.85+0.93° 9.12+0.45%

Fe 6.51+0.43 - - -

Y Cs: Citrus sinensis (L.) Osbeck powder.
9 Mean%S.D.

% Different superscripts (*"%) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
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(p<0.05). WAL} o} FreFe Cs L 0%, 5%, 10%, 20% B
40% Z7FEllA ZZb 3.39+0.12, 4.49+0.43, 8.76+0.30,
8.85+0.93, 9.12+0.45 mgo & -8 Z718ATHp<0.05).
221 g ke W3 A9 (Ju YE & Shin KO 2024)
oAM= WA ARt B Hrbe] SR E A4, vt
adlg, 1L Ay 9 ol e S8 i, e
e folshAl pastlon, FAA BEs Hrisk A
AF(Kim DH & Shin KO 2025)| A& w#o] HAdd 2
o] Hrtere] S/VESE 2, v, 1L, Al s, ofd
So] ko] Zylsltin Buatqdth o) wHd] ALEE

AR 5o F7e} ol et 7714 kel Gk v

6. HEQ| 7= ZAt

Cs B8 H7Re mAo] 7|5 % ZAME Table 590 A4
HATh WA o#e izl 419807 A e
o} Cs B8 HrlERo] 0~40% = S8R 4.04~2.118
o2 fFoeA A Tp<0.05). WA & Cs BE
40% FB7hEolA 3.968 0.2 T ol Hl&l ko] FsiA U
EPATHp<0.05). WF 2] Bk Cs 8 10%2}F 20% 71l
A Z¥zy 3267393 337002 A et oy, g4 E Cs
B 40% A7l A 2440 02 7P B X2 YR
Atk AHHAEQl 7 E = Cs B8 10% A7krelA 34182
2 7P A gl on, Cs B2 40% FH7krolA 2.678 2
2 7P @E 5 BT Az £ o s3] A
HEA Q) 7|3 e 2] B2 5% HUMolA A=t &
gromJu YE & Shin KO 2024), A4 A E H7}1 vj# o
bRl VaeE HAH B 2.0% Mkl A3=r)
=9tha B 113k th(Yoon JA & Shin KO 2023). o]+ A3
A (Yoon JA & Shin KO 2023)e|- % A& g 5=o] WA
AHEE s o] 547 RIS A F 7S whet ekl
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2 o

2 AF= B2 E8= Q8R(Citrus sinensis (L.) Osbeck,
‘Moro’) 22 0%, 5%, 10%, 20% 2 40%2] ¥|&2 A7}t
of Az v 227 Hes Hrishy] HAsl Hea
o] L'k vzl A 82.03+1.392 71 %9k, a'ake

il

Cs ¥ 40% A7kl A 2.300.172 thzwtel] vla] S7}st
= A% Byh b'ae ZE oA 7@ Helzk 9
o vl Cs £ bl SUHdeE 7y, wole Ha
atlon, FAe STk WA F dE 3, & &
Hi-ol= &+ DPPH ¥ ABTS o]z &A 42 v
Cs T8 A7Vl S7HEE ol &2 FAE Bl
(»<0.05). W] T4 gare Cs B Hrigo] Z71ES

5 243 ol Fere foAS 27HeI9 okp<0.03), v

IdlET PR A THp<0.05). WA VE% A
A, AukAel N SEE 10% A7aoA] 3418002 713

=7 et 7 Asste ez HuEdeh B A E
T2 233, G B 10% Frhe] 2247 7|35 AL
oA 3%t HE BYlom, B2 BEHE odlX] BEE
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