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Quality characteristics and antioxidant activity of rice muffins added
with Orostachys japonicus powder
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Abstract This study aimed to suggest the usability and optimal amount of Orostachys japonicus
in foods. Orostachys japonicus powder was added at 0% (Con), 3% (03), 5% (OS), 7% (O7), and
9% (09) to rice muffins and the quality and antioxidant characteristics of the muffins were
determined. The moisture content and pH of the muffins decreased as the amount of Orostachys
Japonicus powder added increased. The weight increased as the amount of Orostachys japonicus
powder added increased, but the volume, specific volume, and baking loss rate decreased. The L-
and b-values of the muffins decreased as the a-value increased. The texture, hardness, gumminess,
and chewiness of muffins increased while adhesiveness, springiness, and cohesiveness decreased.
Polyphenol, flavonoid, DPPH, and ABTS" radical scavenging activity, as well as reducing power,
increased as the amount of Orostachys japonicus powder added increased. In the sensory test, the
5-7% addition group showed high scores in appearance, flavor, taste, texture, and overall preference.
The degree of flavor and astringency of muffins, which are evaluation items for characteristic
strength, increased as the amount of Orostachys japonicus powder added increased, and the level
of moistness decreased. Therefore, the addition of 5-7% of Orostachys japonicus powder is thought
to have a positive effect on the muffins. The purpose of this study was to suggest the usability
and optimal addition amount of Orostachys japonicus powder and to provide basic data on foods
with Orostachys japonicus added.
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1. M2

B(Oryza Sativa L) A7 31 I & sz fEjutolA F40=2 oF 95%7} W] JHi=
AvEH Hi7, AY, F7 SIME rFstA| o]8F 1L tk(Shin 5, 2017; Umt Yoo, 2013). ]
o= AFHe Holet £59 FUIE s & AH|Fo] 8] FAaskal 3101(Choift Kim, 2024),
si2sty] 9 ES 283 7154 AEel tidt AN A7 AP Ath(Kim 5, 2018).
=2 A5 ¥ 4Al EA(hypoallergenicity), AUESR, A A%, Q143 dk(bland taste),
59 5442 7ML o] 2RI AF Az BrtAe 9= F sholth(Kim -5, 2020).
H7I2E o] &) & w2t & Ao|I(Park, 2021), & AJ#(Jun 5, 2019), & AW A 0] A(Lee}
Hwang, 2016), & J22|A] Wi (Lee 5, 2023) 5 &2 3 Tt AlEE0] wol /M=

et T AARE FRY IYS B ks BEAL AL WARY gy e, 18

ol&
o
=1

ul AH
b B |
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9l Hlgo] Yot IET & FAo| oY 7tA Hfol d
o] Ao o]&E7] ojHth= ©Ho] ITHO 5, 2018). ©]
£ didst7] flsl 7 Bt du B7R] ofdE
QA% ofdgHH S REA0F AEAS | ~ESTHS &
of e MAT Ao thefet Alnt - Ao] o]-&E L 9l
(Kimg, 2020).

2 ngAolE Red wolg= 9ull moufflete}
EYUoJE cake 5 SRl muffeo]A] FE = A2, THS A
Z2H, ¥2 "e4dS 7L 22 S 52 TYEE 59
FL7E Sl TheRt AAhg 244 digo g gol HFste
A FEolth(LeeSt Lee, 2014). E, H71E= o] wet o
o 72 HH Ax7F 7ot 258 dandE AXA &
7] wf2ol] AzAZr] Bk AHE 7HA AL QUTk(Lee, 2023).
Huo] tefet 71548 AAE H7Ie dAFdle REYS 2T
(Kim &, 2012), =2 THKim} Lee, 2012), EE T4 2T
(Hong, 2019), O] AppEk T.‘f'_—‘f'—_.l'(Kim 5, 2019), =744 B
Z(Yoon 5, 2023) 7} ¥ o] YA B7FFE e 2
Felze] Huo] bt 7|54 AME A7KeE At niElet
Aot} waba £ AofAs BT 7548 AE H7t
o 2Fdxe] wug fdetaat spglet

5(Orostachys japonicu)2 EU5FTH(Crassulaceae)?] o]
glofito] AE= A 919 HiRIY 2E 715 oA A2t
W 1 ROl AUF Yoy £ Hot 9%, 719K, B,
UE, & 2% EU(Lim 5, 2017). &K5-2 A{FHE 7t
S7HA =, 9E, S5 5olA & Fste] HeE AlQjst
I I AZE oFgoZ ARESlh(Leet Jin, 2021). 252
thokst el JEO L friedelanol, friedelin, glutinolT}
22 triterpenoidF-2} campesterol, P-sitosterol 52 AHE
(sterol) A¥ EZo] 21O™ kaempferol, quercetini} 72
flavonoid, aromatic acid¥} fatty acid ester’® 5°] &7 o] 3l
of ek, Fut, FHIYL FAF, AZABA f 2 83 5o B
aEo], A7 AEol AP AFeE: dHA Ut
(Choi 5, 2008; Jun 5, 2018). 45-0] Ao Het AF
Afols AR 2o wE 59 4kt 9 P 4(Yu
5, 2022), o FEEO] A B4 9 P8t B (Jungd}
Choe, 2016), &% 559 3=, St olE g 2 &
AFSE &4 Hla(Jin 5, 2016), o5 o, 7] H He FE29
Pt 443 & 9 pH HA(Lee 5, 2009), A3 Al7]0
e okF FE29 P4 E4 AH(Choi 5, 2008) 0] Z
P=| a1 Slrt. o] & A7 H&et Aol o S A7 A
718(Kim, 2013), 2K 37} A¥K(Kim, 2018), 2k &9 H7F
=9 ujE](Yu, 2020), 9 H7}F Ae(Lee®} Jin, 2021) SO

5= S8T AlFo TI A= B[Rt AA ol AL A
AlE A ZA 2L AlF 7T Ale7h APE L ot wEhA

https://www.ekosfop.or.kr

2.1. AglH=E

E A3lof| A A3t 5B 2(Gimcheon Wasong, Gimcheon,
Korea)2 571 7142k, v=i&712(Daedoo, Gunsan, K
orea)= SHATIZE &3] JLufjs}l 1, WE|(Butter, Lotte Food
Co., Cheonan, Korea), d&(CJ Cheiljedang, Seoul, Korea),
AHCJ Cheiljedang), 9--(Seoul Milk, Seoul, Korea), &%
(Seyang Co., Anseong, Korea), H|o]73}-2-E|(Sungjin Food,
Gwangju, Korea)y= A|&0f|A] FLufjslo] AME5FAT). Folin Cio
calteau’s phenol reagent, 2,2-di-phenyl-1- picrylhydrazyl, 2,2'-
azino-bis(3-ethylbenzo-thiazoline-6-sulfonic acid), quercetin, ga
llic acid, diethylene glycol, ferric chloride, potassium ferricyan
ide 59 A2k Sigma-Aldrich Chemical Co. (Seoul, Korea)2]
A& ARE5H9 T, NaOH, Na,COs, potassium persulfatet= Daej
ung Chemicals&Metals Co.(Siheung, Korea)?] A|&& ARE-H
ou, 1 9lo] Aok 132 AMslsich

2.2, O/E &=

HH O] A% HjeH]= Table 10 eIt 2& 2] H]
&2 AREAS 5o &5to] A8l 712%7} WokAl= 10% o]
FZ ALJRt 7FEH] 0%(Con), 3%(03), 5%(05), 7%(07),
9%(09) v &2 AAslo] A5t ¥=7](GF-0519H, MY K
Electrical Co., Dongguan, China)Z HEE I JAEHZ E0]
& §l AR Aae gl 412 o 92 330 24 i v
oI, ofF 71ERE Aol e ISt vt St F %
£ 91 ] 412 T RS oISl 49 HEES 70 g¥
AlFslo] S1E 180°C, ofiE 175°CE AT 2E(FDO-7103,
Daeyung Bakery Machinery Co., Ltd., Seoul, Korea)ol|A] 2557k
T& F A2 3087 3 = AR ARSIt

2.3 pH % +E28/5F 5%

W9 pHE AR 20 g0 272 180 mLE E3tsho] 24
7](BL642KR, Hai Xin Technology Co., Ltd., Schenzhen,
China)& H2]3t &, paper filter(Whatman No. 2, Whatman
Ltd., Piscataway, NJ, USA)o| oi}3] pH meter(FEP-20,
Mettler Toledoo, Zurich, Switzerland)Z =75}t M9
SRTAFS AT & BB 1 g Behfo] HelH 2 27

7](MJ-33, Mettler Toledo)% =75}t
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Rice muffins added with Orostachys japonicus powder

Table 1. Formula for muffin preparation with various levels of Orostachys japonicus powder

Con" 03 05 o7 09
Soft rice flour (g) 300 291 285 279 273
Wasong powder (g) 0 9 15 21 27
Butter (g) 200 200 200 200 200
Sugar (g) 200 200 200 200 200
Salt (g) 4 4 4 4 4
Egg (2) 200 200 200 200 200
Milk (mL) 90 90 90 90 90
Baking powder (g) 6 6 6 6 6
Total amount (g) 1,000 1,000 1,000 1,000 1,000

UCon, muffin with 0% Orostachys japonicus powder; O3, 3% muffin with 3% Orostachys japonicus powder; O5, muffin with 5% Orostachys japonicus
powder; O7, muffin with 7% Orostachys japonicus powder; 09, muffin with 9% Orostachys japonicus powder.

24, HHX & z7 245 =X

M O] H|A| ] (specific volume)> HH | FFi} FulE o]

&5t ol o] AlZ ol Aitstlon, Hue] K= SR
a}tﬂ(AAcc 20001 E3 24314}t 27| £48(baking
loss rate)> §7] A FAY F+& & FAE 45t ofH9
A& Fof AR & Uehfgict

. Volume (mL)
Specific volume (mL/g) = ——— )
Weight (g)

Baking loss rate (%) =

Batter weight (g) - Muffin weight (g)

Batter weight (g)

x 100 (2)

2.5 Mz FEF

MY O] A= MZA|(CR-400, Konica Minolta Co., Osaka,
Japan)E 0]-85}9] Lik(lightness), aZk(+red/-green), b3k(+yellow/
-blueyS =735} om, AMESt standard white surface

L=94.65, a=-0.43, b=4.12%t}.

26 xHz =5

W] AR A7 & HEG 2:0x2 em’ 3719 HSH
A HoFozg AT} texture analyser(TA-XT2, Stable Micro
System Ltd., Haslemere, UK)Z Z]7 75 mm§ plungerg o]-&
5} strain 70%, test speed 1.0 mmy/s, pre-test speed 2.0 mm/s,
post-test speed 1.0 mmys, trigger force 5.0 g2 ZZojA Ax
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(hardness), -2Hg(adhesiveness), -5-%/d(cohesiveness), T</]
(springiness), A4)(gumminess), %3] 4)(chewiness) =731 %Tt.

27, WSS Y Y5 Y £y
2.7.1. N2 =X

FEEY Axe o5 2 20 goll 70% ethanol 180 mLE
7}5}] shaking incubator(SI-900R, Jeio Tech, Kimpo, Korea)
£ olgalo] 25°C ALOIA] 130 pmolA 24417 Bt 23
% ojzisio] ARo] AFgAIAT. Ea, vjue] Azee
3 20 goll 70% ethanol 180 mLE 7}sto] Ol Edky} 72
Yalog 2Est] oftslel A8iett

j‘%r—r‘

Fl

2.7.2. 22Hs siEs oY &4
2Za)5% o2 SFS Go 5(2023)9] AT HPHS

o]-Oq 100 L AJZ2 o] 2 mL $F2 200 pL 2 N Folin-
Ciocalteu’s phenol reagentE 71510 357F G404 HH-3-A]71
F, 2 mL 1 N Na,COsE 7Fsto] oA 1A17F 527t BHE-A]
A}, B30T A|(Libra S22, Biochrom Ltd., Cambridge, UK)
£ A3 765 nm ZANA ST E =519 AT BE

E4L Gallic acid2 EFIAE 2519t &8 HE 3
2 A& g 5 mg gallic acid equivalents(mg GAE/g)Z H7|5}
o}

38,

2.7.3. EE82I1RL0|E & =4

ZEZgH o]t SRS Davis HHES HESH Umd Im
(2007)9] A+ HHS Farsto] ST 100 uL Al F Ao
1 mL 90% diethylene glycolz} 100 uL 1 N NaOHE 7}5}od

https://doi.org/10.11002/fsp.2024.31.4.660
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37°CY] water bath(SB-1200, Eyela, Siheung, Korea)o| A 14]
7 Bek WA T 420 nm 2NN FHEES 25
A3 BREAL quercetinC g FEZAL ZAA. &
EUHLO|E FF2 AR g
QE/g)2 RE7|3HAT.

% quercetin  equivalents(mg

2.7.4. DPPH radical 24 &4 =d

DPPH radical &4 4L Lee 5(2007)9] WS #arst
of 24519t} 4 mL A/ EHo|| 1| mL DPPH {H(1.5x10* M)
< 71et ] bAoA 3087t BREAIX] & 517 nm RHA &
FEE ST T ol AS 53l ALt

DPPH radical scavenging ability (%) =

Sample group absorbance after 30 min

17
Control group absorbance

%100 (3)

2.7.5. ABTS" radical &7 &M =X

ABTS" radical 27 &AL Siddhuraju®} Becker(2007)2]
WS st S451itt ABTS' 882 FF4of &dfio}
o] 2.45 mM potassium persulfate A2} 7.0 mM ABTS' 4]
Ohg 747} ATE F AR FaolA 16417 Fe WA
ARSI ABTS" £90] radicalo] FAIEH S
ethanolZ2 3]A5}a] 734 nm S4TLofA] 0.70+£0.022 AA5}0]
Aol ARESESITE 100 L AlEHof 900 uL ABTS" &4
Y EAstglon x2S AR th4l ethanolE ¥ol 57

47 e ol A2 Sl Astart.

o

5}991. ABTS' radical

ABTS" radical scavenging ability (%) =

Sample group absorbance after 6 min
Control group absorbance

1- X100 (4)

2.7.6. ¥y =¥
L2 Oyaizu(1986)2] WHE Za1sto] 24319t 2.5
mL A 2] 2.5 mL 1% potassium ferricyanide®} pH 6.62]
0.2 M sodium phosphate bufferE 2.5 mL &35t & 50°C9]
water bathof|A] 2087t BESA|# T HESAIZ] & 2.5 mL 10%
trichloroacetic acidE g1l 1087t 1,935 xgof|A] YAE

(Combi-514R, Hanil, Dagjeon, Korea)st & A& 5 mLoj
254 5 mLE A7klel 700 nmolX SBES 4sek

2.8 72 ZAF 2 54 2= Tf
k% Ao o] FEAAE dutel 260 Uutele tiako
2 A A AR 9 gy} gEof WUt Ay} A DS &
APsIAc}. Ame AZ T 3087 HYs) 2x2x2em® 7|2

https://www.ekosfop.or.kr

et 94 ETjogdl YAl drRE o83t 3R] =ARE ®
Aol Attt 24 A5 B Jekappearance)
F(flavor), Gk(taste), 2] 7 (texture), A2l 7] S I (overall
preference) 57}A] 3FE o2 A5 o, 7} FEO Hrl=
74 AR OIAI(E: S 1, 47: HE, 78 S F
)& Hrksklth S44E B7he BN T HER(1
8 oS oFth, 49 HE, 74: 1S e olgalol ol
FF(flavor of Orostachys japonicus), %3 7 L (moistness),
%25 (astringency) 37HA|9] HT7t #5208 2 A5E BT
shoic 2 @79 B BRI AL 5
QIS W 11 Aol 9HA XFSITHKNU_IRB_2024-002).

2.9. A=/

E Ao AEZAT= IBM SPSS Statistics(Ver 25.0, SPSS
Institute Inc., IBM Corp., Armonk, NY, USA) L2 13#-Z A}
£3}0] One-way ANOVAZS p<0.05 $=Z0]lA] AA|51L, A& 7k
9] +9JA}Z Duncan’s multiple range test2 Aot oW, A
A= Pearson®] ZEA}IA|S(Pearson’s correlation coefficient)
2 olgstol §2148 Yehisic

3.1. #2853 & pH
9% B I ArN| SR pHE 2T 2
+ Table 2°] UER ‘213} A7IRS} ofs Bgo] RS
Y7} 12.18%, 7.85%% ZAE|on, ol& oo £Bseke
)22 CONOJ 26.18%, 95 Bub H7}Lo] 24.54-25.76%2
bt 9k o] Hybego] S7Kate] whet Hulo] Sue
o] #AastA oY, 5% ol H7HtolM = Alm 7+ FA 2
o]7} UERA] 99tth(p<0.01). AWZ 22 (Yoon, 2021), H]
E B2Z(Seoft Go, 2014), hEET A7} #W(KimT Jun,
201200 M = HAm £ H7hgo] S7tErE Sahdol
Zasto] 2 Aol FARE 237t YEhgt o, ol mHd
7Fel= Ame] Rk Apolof Qg Hog HuEQic wet
A E AT o ET] fEFHEo| W a7ERo H]g)
o}, F7hgo] 71kl weh M o] HEskeo] Attt
I A7
2 Aol M ALE T W7hRe} ok Eo] pHE 22} 6.75,
5752 4% 9lon, ¢ W9l pH= CON 7.34, &k& 2t
A7 6.89-7.252 SAF o] o) £ gl F7Ietol
g} pH7F Qo0& 7FASHYTHp<0.001). ok B4 H
7kt e el 2417 A(Kim 5, 2018)9F H7]E i
(Kim, 2013)0]41 % 7}eFo] Z715bo] whet pH7} Zh43heAct
I BT Lee 5(2009) 959 o, £71, #2 2= 4

1)
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Rice muffins added with Orostachys japonicus powder

Table 2. Moisture content, pH, cooking loss, specific and color value of muffin with various levels of Orostachys japonicus powder

Con" 03 05 o7 09 F-value

Moisture content (%) 26.18+0.83"2% 25.76+0.39* 24.72+0.27° 24.68+0.36° 24.54+0.47° 6.598"
pH 7.34+0.03° 7.25+0.04° 7.12+0.01° 7.05+0.01¢ 6.89+0.02° 187.218"
Weight (g) 64.31£0.10° 65.09+0.07° 65.27+0.07% 65.44+0.18" 65.46+0.30° 23735
Volume (mL) 157.33+2.52° 151.00£1.73° 146.33£1.15¢ 146.00+3.61° 141.33+1.53¢ 21.135™
Specific volume (mL/g) 2.45+0.04° 2.32+0.03° 2.24+0.02° 2.2340.06° 2.16+0.02¢ 26.355™"
Baking loss rate (%) 8.13+0.15° 7.02+0.14° 6.75+0.10" 6.51+0.25° 6.49£0.43° 23.735""
Color

L 81.39+1.00° 68.27+1.07° 64.95+1.07° 62.83£0.91¢ 58.96+1.40° 1,734.493"

a -4.98+0.09° 1.2040.17¢ 2.45+0.17° 3.3740.14° 3.96+0.17° 15,892.553""

b 22.39+0.48° 18.24+0.48° 18.2140.43° 18.15+0.30° 18.03+0.48° 529.555™"

UCon, muffin with 0% Orostachys japonicus powder; O3, 3% muffin with 3% Orostachys japonicus powder; 05, muffin with 5% Orostachys japonicus
powder; O7, muffin with 7% Orostachys japonicus powder; 09, muffin with 9% Orostachys japonicus powder.

PAll values are mean+SD (n=5).

SDifferent superscript letters (*%) within the same row indicate significant differences by Duncan’s multiple range test (p<0.05) “p<0.01,

FoA ok FEE] pHE 9, %71, Ba) £02 A 499
o Zog Jehgtiy Bustgy, B JoA AFE okk
2ol AL £719 9, & -‘?—r% JZ_/\] 7] & Bukslst Ao
& AME He ok %‘?401 Wy o] pH 7HAC] S Z9ct
I A7t

. A, 2O, A L g7 £4
A=

oS Ao 1A, K, v A1} §7] EHES ST
A= Table 20 Yehfglct. & AmH9 7= CON
6431 g, &5 B H710] 65.09-65.46 g0 2 of5 Bk H
7¥gol S71gtl weEh freld g S7FSHAIAIRE, 7%2F 9% 3
7t 7k 9-91# 91 Aol gl th(p<0.001). Yoon(2022)9]
A E B A7 HE dAfolA s AR dRE dRa
7b FRERY 2 Fol FAVF F7RIHL Baslo
™, Lee®} Jin(2008)2] 2F& 37h A Ao W2 259
AR T 15.8%2 & Ao ok g E A
Fazh FA F710) %S FUo A4En iR 2
(Lee@t Hong, 2011) 37} WH A-toAE 29| H7=ko]
ZS7Fete] wet Hu o] BA 7L S7sto] & At AR At
7} Yebgth ok 1ol Bu CON 157.33 mL, o5 24
H7EL 141.33-151.00 mLE Z4 o] 9k Bk Hrleo]
S71etel oo r FAastth(p<0.001). EH2|<(Hong,
2019), & RIEH|(Kim, 2022) £% M7} Hd Ao e 2L
9] H7Fol 371EE Fu7) Aaste] 2 A7 AR 2
TP} el Hue] o] Fao] ke = 8200= HF
FAZE Bekgo| FFe vA7] wizelZt HilEgion

664

"*p<0.001.

(Yun 5, 2015), o]o] & AFofA = & £ ghdo] 571
TE Hfad 28] Bokgol Wobd Bat AT
AZE o5 wulo] HAAE CON 245 ml/g, F7HE&
216232 mL/gO.2 ZAE o] o} HukS FrlsiE 9.oj4
07 ZFASIAHH(p<0.001). Giri 5(2023) A4FAZ7IE ¢
A9 HIAIAE & Aot AR A7t YERtoH, Ao
F ol 7Kl whet 7129] Ruj7h £31 WEIF ST
HIA| o] ZAstthal HAstich uehA & oM o
& 2L 7ol WE FA 571} ekbol Rt AoldRTt
Hy o] H|A A Fao] FFS FUAHL AAET. 571EHE
< W50l Fo| AR #5710l S7HE o] HlHo] ¥ =3
HA 9] B = Q| 7|A = wAYFAA TG (Song 5,
2016). 2% HHo] H7]EAHES CON 8.13%, 2% &2 3
7R 6.49-7.02%% UYERY o5 E80] H7tEo] SUMdE
F1502 22T E=0.001). ol Aol ol 271
g 2RHgE0] ol AR 2SN, O 2T A
Tk B7l0] T TR o 2719 AT Az A A
54 A7} #i(Bagheri®} Seyedein, 2011), AX] FHAE Eﬂf‘ﬂ
(Heo 5. 2019) 5 Alol497} Hol 398 22 A18% o
£ avoke AR 3P Uk

3.3 ME

o5 Ao M S 243 AT= Table 20 YERAI
WO Lk(lightness)} CON 81.39, & B H7} Wy
58.96-68 27= S E|0] o) BEo] Hrlgo] S7HdrE A
9] 1Lgko] 8-oF 02 7+4A3HIthp<0.001). aZk(+red/-green)S

https://doi.org/10.11002/fsp.2024.31.4.660
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CON -4.98, 9} HuF A7k 1.20-3.9602 oK% Bt 7l
o] I7FE MU AR} fFoHoR Ik AT
HYTh(p<0.001). bgk(+yellow/-blue)S CON 22.39, 5 £
T A7RE 18.03-18.24% o 2T H7HFo] FUhgtel wet
SRR, o 2T H7RE AfolollA 7 <l Ate]7F Lt
EFLEA] Q32kTh(p<0.001). oF& FEI} vl 2e He 7t
Yot E2(Kim 5, 2020)7 DY L (Yoon} Shin, 2023)
7F M AR 2] 7kl S el wEt Lkt bek
< FASHL agh> S8 & A9 AR 23t e e
o, ol A7F A&e] Mol Ao Y& = ACR HIsH
o 2 Ao AREE B ETER O] Mk 1-95.62, a=-1.24,
b=3.35, 95 Hato] ML [=58.63, a=4.78, b=17.18% L}E}
U, Sa7hRe] off 28 diAlst drhetole o £
7Kgl 7185 Lk b3 AAshal agh 371t A
o= Az,

W3] 2J2he AHHIOE Aol Fig. 19] LRI ok
T A7kgo] Z71A4S viue] o] o R YA AL VAT 5
2

N

34, =Xz

ok% A7t MH 9 2AE S43 k= Table 30 LER
et W HEE= CONo| 751.96 g, & T H7htol
1,053.40-1,364.08 g0 2 ZA=]o] o B0l Hrlefo] Z7}
T5E FYHORE TR, 7%} 9% H7hE 7l 79
2Rl Apol= UEPHA] 9F4TH(p<0.001). A A70E7EE(Go
¢} Seo, 2010), EXR g4 £ (Hong, 2019), "t=744d T
(Yoon 5, 2023) 37} H¥ AN B H7to] 371
of wet =7t F7Fs| 2 Aot fAkst 23t vttt |
W] Ao JFE F= 3o fESE, Ho, 715 50l
o (Bae 5, 2012), Fuje} whu|g|sto] Hyo] Huj7} Z-&

Con 03

07 09

Fig. 1. Muffin with various levels of Orostachys japonicus powder. Con, muffin with 0% Orostachys japonicus powder; O3, 3% muffin
with 3% Orostachys japonicus powder; OS5, muffin with 5% Orostachys japonicus powder; O7, muffin with 7% Orostachys japonicus

powder; O9, muffin with 9% Orostachys japonicus powder.

Table 3. Texture profile analysis of muffin with various levels of Orostachys japonicus powder

Con" 03 05 o7 09 F-value
Hardness (g) 751.96+123.29%%  1,053.40+137.40°  1,198.18+146.52°  1,254.11£159.83°  1,364.08+182.15"  63.067""
Adhesiveness (g-sec) -2.04+0.87° -3.34£1.11° -3.99+1.55% -4.47+1.53° -4.62+1.67° 15.348™
Springiness 0.83+0.02° 0.81+0.02° 0.80£0.02" 0.79+0.02% 0.790.02¢ 23.444™
Cohesiveness 0.49+0.02° 0.45+0.03° 0.43£0.04° 0.4240.04< 0.4120.04¢ 22.002""
Gumminess (g) 365.45+65.93° 477.77£71.99° 517.25483.81% 528.30+75.86 556.55+92.79" 23.325™"
Chewiness (g) 304.75+53.86° 387.77+59.89° 416.42+70.42% 419.90+61.61* 442.14+79.93 17.165™

UCon, muffin with 0% Orostachys japonicus powder; O3, 3% muffin with 3% Orostachys japonicus powder; O35, muffin with 5% Orostachys japonicus
powder; O7, muffin with 7% Orostachys japonicus powder; O9, muffin with 9% Orostachys japonicus powder.

YAll values are meantSD (n=25).

IDifferent superscript letters (*%) within the same row indicate significant differences by Duncan’s multiple range test (p<0.05)

https://www.ekosfop.or.kr
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p<0.001.
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FE gud ARE 7HA "Jgal HIskit(Cevera 5,
2013). wehA £ Aol ok BT kgl SRS
SRS o7t 2as) Axrt FUketelnia Az B
ZHJL CON -2.04, Ok B AL 334-4.628 o5 2
T 7kl F7Kstel wet fojHoR FTlstgom, 7%%t
9% H7RE Ztolle §22Q 2] 7k UEA] QE%tth(p<0.001).
€1 712 47} AW (Choi 5, 2024) ATFOIME H7Hgo
S71etoll wet Ratgo] S7teto] & Aot fARt 237 U
ERgdth =4S CON 0.83, 7L 0.79-0.8182 A E Q)
OH(p<0.01), -SAZL CON 0.49, A7HL 0.41-0.458 ZA=]
of ok& R H7kgo] 7Kl whet foH 0 Fashs A
T2 BYrhp<0.001). T4 ¢ F7IEE Azl 54
o gk B E9 0 W(Yoon, 2022), & Ao of
& Bo] myo gy Zaol dF Fouok Az A
AL CON 365.45, A7FE 477.77-556.558 e} 920
2 3716krHp<0.001). HAYo] 7FE(Seo 5, 2012), Hwl L2t
(Jung¥} Cho, 2011) 7} ¥l Aol A= 7ol S7tgtol
o2} Aol F7keto] & Aot fARE Aurh Uept. A
AL CON 304.75, A7} 387.77-442.14% Lpeh} 9<% Bt
A7Fgol S/1ESE FHor S7HHthp<0.001). Bk,
g4, SHAY 3749 712 HEERE sEE o3 &
A L Eo] Aot dL ATTAE 7L ik B
1EYAOH(Kim 5, 2020), & AFolA kb B WUl 5
7toll wheh vt S7keke ARE Bel AT o] JILE
bt 4%E Btk

3.5. Li=siglE & sitsf 2
3.5.1. SEfHE ¥ E2EL0/E
Hed SRIE2 AEAd 48 Exd 23 gAHREE
phenolic hydroxy”| & 714 @4 53} 22 A 2A=3 2
Aol A4Z 7HAAL Qlof FAket I+ 31 T g
715 = TrhHAhn 5, 2015). HE3PES 479 EAE &
S L2 E 7HA AR} gESo AHH o= 7)ot
I B E{t(Jang 5, 2008). 2 Ao AREH o EUO
AL /42 Table 40 ettt SE2 W SETE
ot sFo Z+Zt 4939 mg GAE/g, 24.09 mg QE/go|1l,
ok My FEYHE ¥ ESE kot 2 Fig 29 Y
Eigith. Mo FETHE T2 thR2Q CONOJ 64.45
mg GAE/100 go]l, o5 B 72 03, 05, 07, 0952
& 79.78, 90.12, 100.95, 111.85 mg GAE/100 gC.& =4 =3}

r

Con m0O3 =05 mO7 =08

Total polyphenol & flavonoid contents

Pclyphenol (mg GAE/100 g)

Flavonoid (mg QE/100 g)

Fig. 2. Total polyphenol and flavonoid contents of muffin with
various levels of Orostachys japonicus powder. Values (mean+
SD, n=3) with different letters (*°) (**) on the bars of polyphenol
(mg TAE/100 g) and flavonoid (mg QE/100 g) contents indicate
significant differences by Duncan’s multiple range test (p<0.001).

I(p<0.001), FZ}H o= T2 100 mg/mLOJA CONO|
41.78 mg QE/100 g, & B2 H7Igt 03, 05, 07, 099714
Z¥Z} 50.45, 57.78, 64.78, 73.28 mg QE/100 gC & UERY, H7|eF
o] 7Rl et FBeluls 3 FEehico]= Geo] fojo
2 Z7181%0p<0.001). 25914 727} WA polyphenol o]
+= gallic acid, 3,4-dihydroxybenzoic acid, 4-hydroxybenzoic
acid, methly gallateS} 72 4%59] M2 SRS} 459 o
A7) 9191, flavonoidHofl = qurcetin, kaempferol, kaempferol-
3-O-B-D-galactoside, kaempferol- 3-O-B-D-glucoside 5 8%°|
AT HIEATH(Yu 5, 2006). H2hA & AFolH= &
o e++¥ polyphenol % flavonoid StgHzo] Wu | At} vt
ol AFA oz 7)ol ok B F7kgol S7het] wet
Wy FZYule ¢ S o|=9 o] S7I%t Aow

bay

3.5.2. DPPH-ABTS' radical A& U s
DPPHE= 13t free radical2 AR EAZHE £4Lt
AAE Agdod vgoZz AgEo 4 Atk
elo]thLee 5, 2007). DPPH radical A48 A Ha}
Aol A o g GAE = S SHOE SE=
S0l 248 we B TS UeHIBlos, 1955
Gulcin 5, 2005). 25 M3 9] DPPH radical 2442 Fig.
30 et €< B9 DPPH radical A4 AL 0.05
mg/mLoA 53.43%2 Yehton, HHe 10 mg/mLojA]

Table 4. Total polyphenol content, total flavonoid content and DPPH-ABTS" radical scavenging activities of Orostachys japonicus powder

Polyphenol (mg GAE/g) Flavonoid (mg QE/g) DPPH (%) ABTS" (%) Reducing power
49.39+2.19 24.09+0.70 53.4342.27 52.83+0.36 0.58+0.01
666 https://doi.org/10.11002/fsp.2024.31.4.660
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Fig. 3. DPPH radical scavenging activities of muffin with various
levels of Orostachys japonicus powder. Values (meantSD, n=3)
with different letters (*°) on the bars indicate significant
differences of DPPH radical scavenging activities by Duncan’s
multiple range test (p<0.001).

DPPH radical scavenging activity (%)

CON 2.84%, 91 Bl H7H2 03, 05, 07, 092 Z+7} 35.60,
60.92, 78.35, 87.34%% <K& Hr9] Hr|efo| Z7lgto| uet
2} ™1 2] DPPH radical £2A&/d0] fH o0& F7lol3ict
(p<0.001). Polyphenol $+9] Z7}o]| whet free radical A7%
o] Z7FETL &EA 12 (Jin 5, 2016), & AFIAE F
Y& 3}%E2 279} DPPH radical 2AE9] 237t 22
A Koo FUIeh Aog AZHnt

ABTS' radical 248432 F&E9] gilstEd o5 ABTS'
7t AA A radical?] M3l HEMo] A=t o] FF
T o= Yehf= Yo ghgo] w21 /g3 vjF4
S0 2% ¥-S3tHHuang 5, 2005; Yu 5, 2006). 2% ™
9] ABTS' radical 248732 Fig. 40l Uepfolct. o £
9] ABTS' radical 2AZAIL 0.05 mg/mLoJ|A] 52.83%= LtEk
o}k MWL 50 mg/mLoA CON 9.52%, ok& Ha H7l
03, 05, 07, 09%= 7FzZ} 16.70, 30.89, 55.73, 68.83%% 3%
A7t dxa A1 Aol 7k ehA] kAR, A7t
o] Z7go| whet ABTS' radical £2A4EA40] foldoz F
7k th(p<0.001). DPPH @ ABTS' radical AAEAL
polyphenol 3}5HE-2] ofo] wie} =75t DPPH radical 47
/47 ABTS' radical £2AEHLS A2 JLTAE Ze=rial
d#A QtiJang 5, 2012). & AFoAE HEo] EejH=
SI3HE9] o] Z713tel whet DPPH 9 ABTS' radical 474
/go] 22 AFE HolH JF7IRE 2= SRIE It

o5 wol SHUFL Fig. 5] YEMQIL). Sig e At
st &4 3 FE71S AL T] AAE Foote HoR
Fe''E Fe'2 TA7|E 588 34t g¥eo] &2 7
< A3t 22 FLE S ERItHGo 5, 2023). ok
29 U2 | mg/mLojA] 0588 SH= L, wuo g
AL 10 mg/mLoA CON 0.06, 2% Bk H71E 03, 05,

i)
rlo
I
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Fig. 4. ABTS' radical scavenging activities of muffin with
various levels of Orostachys japonicus powder. Values (mean+
SD, n=3) with different letters (*°) on the bars indicate significant
differences of ABTS" radical scavenging activities by Duncan’s
multiple range test (p<0.001).

ABTS* radical scavenging activity (%)

05 r
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d

02t
o1 b,
N |

Con 03 05 o7 09

Fig. 5. Reducing power of muffin with various levels of
Orostachys japonicus powder. Values (mean+SD, n=3) with
different letters (*°) on the bars indicate significant differences
by Duncan’s multiple range test (p<0.001).

Absorbance at 700 nm

07, 09%= 72} 0.20, 0.29, 0.36, 0.460.8 Q% Hulo] A7|ek
o] F7Ietol wet R g F7FsHUTHp<0.001). Lee &
(2009) AollA ST HE g2 AV o, o
3o Sl HlE 48] &4tk ARF 9 A Fosto]
S AR T EdEo] =4 SAHHE T HAskg]
1, £ Ao gt vis SItEY 237 fARE AR
< Hoj ddgo] HE Z4EY JFE Wol ol AR A
Z

w
o
w
o2

45 2 7ol HEEd|

ok B 7t Awue] ghatst 24 7he] AaA 24
AIE Table 59| eIt SEHE T2 FEH4EL
o|= gteku} 1=0.954(p<0.01), DPPHS} 0.982(p<0.01), ABTS"
9} 0.941(p<0.01), LT} 0.990(p<0.01)E H(+)2] ATTA
7} Uepgdth. £Zaheo]= 312k DPPHY} r=0.950(p<0.01),

gt
=
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Table 5. The correlation coefficients between antioxidant activities and muffins added with Orostachys japonicus powder

Polyphenol Flavonoid DPPH ABTS+ Reducing power
Polyphenol 1.000
Flavonoid 0.954"") 1.000
DPPH 0.982" 0.950" 1.000
ABTS' 0.941" 0.929™ 0.919” 1.000
Reducing power 0.990" 0.970" 0.984" 0.942" 1.000

DSignificant differences among groups by linear regression analysis and correlation coefficient at ~"p<0.01.

ABTS'®} 0.929(p<0.01), L7} 0.970(p<0.0)Z H(+)2]
AA 71 YERgth DPPHE= ABTS 9} r=0.919(p<0.01), &
A} 0.984(p<0.01)ZE (9] ATHAF Ueftth. ABTS'
L S —0.942(p<0.0)2 H(H) ATIAL et 2
Aol Fakst ABEL BT 0900 o] felRt Yool 4
A7 e Hs4d 2482 AR 841 et A
2 352 Uehi, £ ABPAS AT ek Busky
THKim 5, 2013). Parkd} Jung(2014) of2 Yo} £ 7} o
o AFolME M S 449 FH i Eusn &
ehaio|=o] 802 % JUHS HelFT Uty B
SEoITh webA of IS =2 AR @4E 7 2=
o|F F7lsto] At BT 7|54 RS SVHIXI AlE=
AL & g Zoz wagd

36 Jlsk 2 5 2 Zf

oS A 7|5 ket EA Bk AAMS] ZIE Table 69]
Uerflom, 715k HAA 3t E A 9F, gh, 223, 7]
3T FES Hriolath E2 AEe M3t JH 5 939
T5S 59 BaEE A0 5%t 7% AR 42 527,
5052 7M 2 7|15 % AS4E H90H, 9% H7HE0] 4.38
& 7H 92 237t YERTH(p<0.05). ol ok & ool
9% o H7F Al Hue] M7} o} =R 1 2 ZAELS e}
W, Boo] 4 5 9 £4 i oE 2uE A7
T g2 o ER9 3t glo] kS 3= Ao E A7E
™, 5%} 7% FA7REIA 7P =2 A47F e thp<0.01).
ESE ok BES 9% o4 H7F Al MH 9] gt gtof] &4
ol JFS & Ao AAHL). AR VA= 2% A=}
Ael/go] 71k 2ol #yo] 9o, 7P Aests A=
5%} 7% H7HE] ACE wdEm, oE Ego] 9% ol A
7he W AR Al R A WA B2 ASEE HY A
o8 AZH

£ 4= AAIAE 459 F5T 5, HowS 3
7St A7tepol Z7kel whet ok Pt W% At
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oL, 5%2} 7% A= M E F2AQ1 Aol yehA] o
o7F 09914 7 &A1 S = ATHp<0.001). W] 53t
A= A7igol S7etl wet gastalARt 03712 = fro
A o7k ik or] 0994 71 W2 A HA ok
Y H7igo] S7hetel et ofEo] I3t w25t et AH
A, 2ol 9l gt A2 IS S 2T AN
o] ¥& o g A5ert Holxl AR et

k& A7F F5AHJeon 5, 2022), o5 AFY H7h Az
(Lee®} Jin, 2021) AFolA e &2 H7F Al AREA<l 7|2k
7t woE 4% Hen, & ddoM: Avdd oS
AR o 71227t 3718 SHAIRE, oS 28-S 9%
ol A7rehd +E4 glol et A 7ML oS ER-2
I G23o] A LA oA 7Skt A Qlnal Az
ot et £ dTollAE 7154 AR 283 712k E4
S 1P o oF BT 5-7% H/pE $4e #40 HH
2 UE 5 dE AoE weHn

2 Aol oS B9 AR MY A0 RA 7]
54E sholsta AHZFEES 0%(Con), 3%(03), 5%(05), 7%
(07), 9%(09)= FEjste] wuo] Fd EAT} gitst &4 &
|3EE SAToRN A NS AL oF H7t
A1Z0) tigt 7| 2ARE AlFstaat sioitt. ok & Mol 4
S oS £ il SRl wet muo] RSt
o] ZAastglon, 032 tzxwt §9HQ Aol HolA| o
%o, 05, 07 € 07 A& 7t §9AQl Zo]7} YehtA]
Attt pH= 7hgo] S7Hgel whet fojd o= ZrAstyle
o, FAE % 29 71l S71eel uet R8s F7t
SHRAIRE, 072 09 A& 7+ 232 Zpol= QIgleh Ful=
o5 B H7bgo] SRkl wet fod o' el e
o] Uehgal, HIAI AT #7]|EAE o £ H7igol 37t
IE A0 E FASISITE WU Mr= rigo] F7K
$E Lol f94 07 THASFH I (p<0.001), agf(+red/-green)
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Table 6. Sensory evaluation of muffin with various levels of Orostachys japonicus powder

Con" 03 05 o7 09 F-value

Acceptability

Appearance 4.46+1.33%% 4.81+1.27% 5.27+0.67 5.15+0.73° 4.38+1.33 3.349"

Aroma 4.23+0.65° 4.58+0.99® 4.85+0.54" 4.81£0.98" 4.12£0.91° 4.104™

Taste 4.42+0.50 4.77+1.07° 5.08+1.06" 5.04+0.87° 431+1.05° 3.637"

Texture 423+1.18° 4.77+1.31% 5.23+0.99° 5.08+1.26" 4.12+0.95° 4.891"

Overall preference 4.46x1.17% 4.69+1.23% 5.08+1.13° 5.00+1.39° 4.08+1.13° 2.963"
Intensity

Aroma of Orostachys japonicus 2.52+1.94¢ 3.40£1.35° 3.96+1.14% 4.72+1.06° 5.76+1.33° 19.619""

Moistness 5.76+1.33° 5.44+1.16" 4.32+1.07° 4.16+1.34° 3.04+1.02° 28.414™

Astringency 1.68+1.03° 2.32+0.90° 3.60+1.53° 3.88+1.51° 5.36+1.60° 20.858™"

UCon, muffin with 0% Orostachys japonicus powder; 03, 3% muffin with 3% Orostachys japonicus powder; 05, muffin with 5% Orostachys japonicus
powder; O7, muffin with 7% Orostachys japonicus powder; 09, muffin with 9% Orostachys japonicus powder.

DAl values are mean+SD (n=26).

SDifferent superscript letters (“°) within the same row indicate significant differences by Duncan’s multiple range test (p<0.05) "p<0.05, “~“p<0.01,

Fk

p<0.001.
Rating scale: 1 (bad or week) < 7 (good or strong).

< FYH0 2 FIkete AEFS HloH, bgk(+yellow/-blue)
< o5 BT A7Igol Sl whet AasHIAlRL, ok B
A7 Aolol A f-ol4el Aol7h EhtA] ottt 2H7HE
ST 23 A, A4, HPAAS FYF R STkl
2, g, SHAE YA R Fasiiih Y=,
ZtEolE, DPPH ¥ ABTS' radical AAEA], 3HYE 2
w9 J7FFo] $7Hg) wet f9¥ o g kst #sH
A O3 AL o, 227, AAHQ] 71304 5-7% H7t
oA E2 AT U oH, 9% H7HEA 7P WA &
BE ATt ST B7F 3Rl ok59 FFat 29ke] HrojA
£ o5 B89 Aol Sl wet FUtstalom, £559
FEoA Fastith mebA ok BEE 5-7% H7oks A
o] 9 4 EAT 7|3k A IS oL, FAR
22 S7HE 5= Qlo] HiEA S Ao E B E Eg #
ATE B o5 EY &8 s & AR Y
7+s/3< eIttt

f( :111
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