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Quality characteristics and antioxidant activities of jeungpyeon with
Orostachys japonica (Maxim.) A. Berge powder
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Abstract This study was conducted to provide basic data for the development of processed rice
foods by adding Orostachys japonica (Maxim.) A. Berge powder to jeungpyeon. O. japonica powder
was added at 2%, 4%, 6%, and 8% compared to non-glutinous rice flour. As the amounts of powder
added increased, the moisture contents decreased, and the pH increased. The pH of jeungpyeon after
steaming increased slightly compared to the measured value immediately after the second
fermentation. The specific volume and expansion ratio tended to decrease as the amounts of O.
Jjaponica powder added increased. As the amounts of O. japonica powder added increased, the L
value decreased and the a and b values increased. Hardness, adhesiveness, springiness, gumminess,
and chewiness increased, and cohesiveness decreased. As the amounts of O. japonica powder added
increased, the number of pores decreased, and the pore size increased. Total polyphenol contents
and total flavonoid contents increased as the amounts of O. japonica powder added increased, and
the DPPH, ABTS' radical scavenging activities, and reducing power also increased. As a result of
the sensory evaluation, the group with 4% O. japonica powder added had a high acceptance, so
it is judged that adding 4% O. japonica powder to jeungpyeon can improve the quality and make
it a processed rice food with excellent antioxidant activity.

Keywords Orostachys japonica, jeungpyeon, rice, quality characteristic, antioxidant activity

1. ME

(Oryza sativa Ly AlA] 8 I710|A 5838 AFoz 8H Jlon, feues A
HE &g 208 AFLSYTHKim 5, 2022b; Sa 5, 2023). &) & PAF Z oF 95%= oz
AHEo] goH, 7IEAFOR ARREHE ¥ T AATFY of 2-3%% W #ES Hol1 o

(Choi®} Kim, 2024; Park &, 2012). 22 F2408 st= L2udhe A 4%, A8 A3t
9 QA ARl] & Qlsf 29 *Hm AasHal Qe FAloItHLee, 2018). =7F SAOIA &
AH|ERS AV AT, 2014400 1919 A7F AH]ERo] 65.1 kgo] AT, 2023H o)l 56.4 kg =2
oF 13%7} Zaste] A|&AQl & *Hl% a7k HAYSEAL ITHKOSIS, 2024a). 7 F20A AR
S A AHFRE A4S AT, 2021 e 2023970 B2 E83 AR, TAE, fﬁ% e
o ok Az S3} 72 JFEAZy BEd AHjERe Z7)elT QIEHKOSIS, 2024b). wehbd] &
2HFS A&H 07 F7HA717] SlsiAle ofo] tigh A7t dsAfor Hrkal Bzgtet

g2 &S B8R 7RAE T oluE SEuet B84 WollA 7HE thekstA Aol X3

okal %
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UCK(Yang 5, 2022). SHLE EFE o|8sto] FaA7= A
+ g9 dFor 229 Atz Qs) 43t gololl, k3tE
A AAA Aol S=psittal A UAtk(Choi 5, 2021;
Kim 5, 2012). $HZ A2 4 AGEH= BFe 370 7
52 HarA SHM 2 FHlz 285the AeFold, 2
& otu]ieAt & H]ERlo] FRekal W w04 F7]4ko] A
g AW AR A g2 E0al HAlskgitk(Lee?t Cho,
2018). THZ A2 e Ta IS AA7] fZol A%t
RS Y= {7]Ako] A=Y, o2 QA3 pH7} A4S
Abof et A, ZAtS AQlRt A+t 4 HEA A=Y A
F2 JAAE 4 UtHKim 5, 20222). SH A Al AMEE=
A7V D71RS b2 SFdo] EAISHA] ot 7k 23
o] ofsiA|uE, dra IollA i) ot o ko] At
o 9l3] H-go] doju} 7tAE ZATE 4 9l o] 9t}
A H35HTHOh} Oh, 2009). E}EW THE A oA
FE 7= FA0] I ARY g4 7M7) e
o, 972 = 33} vle %*}OJ ﬂﬂ& 7HA W o2t
t AUl TUES F7MA2 S UrhLee, 2020). ZH
s AR HYo|AE HJ} Hlgo] mE ZHo] T
EX(Yoon, 2005), €11 271= A7I5t S8 4 EX4(Yoo
2} Shim, 2006), Aj&o|HALS H7}st 7‘1114 Z2 EA A
(Ko®} Kim, 2007), 4aHdz2 A23 ZH A7 (Sung?t
Han, 2008), rice sourdough& 37}t 5u4 [ o] 4 EAJ(Ohe}
Oh, 2009), HAAES A7I5t £ A7 (Lee 5, 2012), 7=
< H71s W9 4 9(Sim 5, 2018), P9 247]—%1’»—
35t 11‘14__,] ﬂx] E’H(IQIII 5, 2022b), tﬂ—ﬂﬂ ;<47].
3 SHY 4 %‘é(KIm 5, 2022a) 5°] Sl=H, Z’ﬁ«]
F4 SRS A8 =] fEECR V54 AE AAE
7rste &83 A= 1%’51 7ol
215(Orostachys japonica (Maxim.) A. Berge)>
o] H9IESRO Sobe A AR 719 Al E A 919] HE
flolM st (Kim 5, 2012), 953 7R AFsf FeE
AASL H2E AZRAA A2RE FEo= AREHI ot
(Jeon G, 2022). 250+ glutinol, friedelin, glutinone 52

triterpenoid3, P-sitosterol, campesterol®} ZH sterol AE,

lo

(o)

l

BCAN

ELp

flavonoid, 4-hydroxybenzoic acid, 3,4-dihydroxybenzoic acid,
gallic acid 59 aromatic acid ¥ fatty acid ester 72} -2 Aj
224 JRES Rt Qlol Fe, FuT e, FES, Al
E ARG $E 9 BU8 59 Al dokn wasisn
(Jung¥} Choe, 2016). 172} Ajof 447} S0i7Hd E4A
1A ko] dHAye] EAJAkA (reactive oxygen species, ROS)
7} A=A, o] free radical FE|Z S-HR}of] ZHA QA £A)
2 o9 ARl B0l B QHESE BT 4 ot
(Choi, 2013). FAtsk= ROS7} TAA)7] = free radical & A A
Skl AW ROSY A FAISH: 7142%, &= it

314

3 Bo] 943 HEE
£} obd Aoz

o] Wol 7|54 AlF A EA Q] EE
O]E}(Yoon 5, 2009).

of&o] Tt APATZE 9% FE2EY de € SHEL
o|=9] At &4 hL(Jm 5 2016), o5 BiE BY =&
=9 ite) o 2 AE 54 BI(Kim 5, 2017), 4]
714o|| 3t o5 22E0] At A (Lee 5, 2008a), 25
Z2E9 "7 99 ICR o490 |9t G7K(Lee?} Lee,
2017), &% 289 99 7|5 /A 23 9 kAol #ek
A7H(Choi 5, 2017), 25-2] A B4 A S7HE At
opo| 320t & T o] T3t AR (Kim 5, 2024), o5
F2E9 A 9 A7 E4(Lim F, 2017) 522 2459
*“ﬂ Aol T3t A= wol SASHATE, oS E8oto] 4

F ol 885 A4 5T AAolr

wHEbA] 2 Aol A B AHRRE S7HA717] g & TH
AE o] dslo g Qb Buks HUet WS AR5 &
4 B4, st 24, 713k 9 B4 A=E 39 7164
A EA 5ol GBS FRIsta, 9] uiFgH|E A A5
7157 AE ALY 7x2ARE AFEEIA St

2. M=z 2 2H

2.1. daie

E A1 $4] AR WA71Z(Ssarijai, Jeongeup, Korea)2}
2 BN (Gimcheon Wasong, Gimcheon, Korea)2 20244
1040 QIEIYIS Edf £U5}3 L, AF(CI Cheiljedang, Shinan,
Korea), &H(CJ Cheiljedang, Incheon, Korea), =4 2| (Seoul
Takju, Jincheon, Korea)= A|Zo|A Lsto] ARR-5IFTT.
Folin Ciocalteau’s phenol reagent, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), gallic acid, quercetin, diethylene glycol, potassium
ferricyanide, ferric chloride 59 A]2F2 Sigma-Aldrich
Chemical Co.(Seoul, Korea)?] A& ARE-5}%1, NaOH,
59 /\101:3 Daejung Chemcals

o AHgHsict 1 9ol

potassium persulfate, Na,COs
& Metals Co.(Siheung, Korea)Q] A&
AREE AR 15E ARESHRT

2.2 ZH9 HE

ZH9] HigHlE Ko 5(2023)2] Fe Fas) 2o
o, ou|Alg A3 O B WAL o] 10% ol Bl
A Zwel Feprl 23" Are 2Ao] Thwslr AsiEo]
% WjEH]E Table 1] UERQITh Ok Bure wuvle fu)
2 A71etol Azeigct WEIIRe} ol Rk 32 mesh 7]
of 2% WA ZelalA, At e Ao] 40°CR K
22 H7)8) ARG Soixqnt. wAeE 27°c= Y Auka)
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Table 1. Mixing ratio for making jeungpyeon

Ingredients Capacity

CON" OJ 2% OJ 4% OJ 6% 0J 8%
Rice flour (g) 500 490 480 470 460
Orostachys japonicus powder (g) 0 10 20 30 40
Sugar (g) 100 100 100 100 100
Salt (g) 5 5 5 5 5
Malkgeolli (mL) 150 150 150 150 150
Water (mL) 150 150 150 150 150
Total (g) 905 905 905 905 905

YCON, no O. japonica powder added; OJ 2%, added O. japonica powder at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O. japonica

powder at 6%; OJ 8%, added O. japonica powder at 8%.

27| 5 5o goi& 7, FHlE WAVIRS o5 B
Hojzgih wEo] ¥HEW WE A8 870 ol
incubator(LTI-700, Eyela, Tokyo, Japan)of] g1l 37+1°COo]|A]
4AIZE B 13 WA E SIolth 44]7to] AU RHEZ 7 of
U8 Yol FEE 7IAE FALE & AojA] HiFIL, THA
incubatoro] 211 2A]7F &9t 37+1°CoA] 22} HEE AA|5}
ek 22 Az gaE BEE 7HAE vAY e R w1
25 mL A& E(WSKS570, Sillymann, Seoul, Korea)o]] 25 g
W At 9, YR 2EF 35:2°0CE W& Q7| (HY-2020,
Hanyang Guemsok, Pocheon, Korea)ol|A] 3%} &8 E 20&7H
AAIsHGIT. 32 Havt EEE A7]9) 255 120°CE 22
2087 AL, 1087 52 591 F 3087 Wasto] AR
gt

2.3 &0 +E5Y 55

o} 2 A7l 42 FH FRUTL NS 05 ¢4
Q¥ &2} infared moisture analyzer(MJ33, Mettler Toledo,
Zurich, Swizerland)S 851911, Z719] A& 53] HHE =

Aol BageReutE Yehisct

24. H9 5 2 ZA E pH FE

ok BT A7) B2 FHY pHE WE 4T, 17 28,
2, U pHAA] F 48 ST HEE 3 o]
FF5 27 mLE 7ol 2348t A& oA (Whatman No. 2,
Whatman Ltd., Piscataway, NJ, USA)Z 351913, pH &4
7|(FEP-20, Mettler Toledo)Z =75}t HAE SHL &1
5 g9l 5% 45 mLE 7}5fo] homogenizer (Polytron PT 2500
E, Kinematica, Luzem, Switzerland)Z w8IslH ). wHkE &
HE oj7iA|Z 8elo] ojzket + SYsHA pH meter 27
S9et. 212te] AR 38 W Sst] WIEEUAR

https://www.ekosfop.or.kr

dehfeiet.

25 ZHY HAEY Y YHE 5

ok% 29 Hlol i W) HIAAL FAAIHAACC,
200002 2§3te] ZAHIoAct HAHolg we) W AHe
Uehe], SR 20 S45T A9e S4E
el that 2319) v(mLigE olehe] A8 Fg3te] Lehpg]
o RS FH AT F4 A4S ST ¥ @ kol ¥
F3He AFgsiol olze] Ao& ekt ZHo| ulAHz
BHES 53] v S4sle] BGEEBAR LItk

' Volume (mL)
Specific volume (mL/g) = ——F————

Weight (g)
Expansion ratio (%) =

Height of the highest part (mm)

. - x 100
Average height of both sides (mm)

2.6. ZHO M FZF

s B Arto]| WE FHO) M= colormeter(CR-400,
Konica Minolta Co., Osaka, Japan)E ©]-83}o] =75} ct.
21 Q)59 Lk(lightness), aZf(redness, +red/-green), bk
(yellowness, +yellow/-blue)& Z}Z2+9] Al&ott} 203] HHE =
Asto] HRGEZHAZ Lerfoich. A8 WaTe] X2
e 1-94.64, a=-0.45, b=4.110]tc}.

2.7. &MY XXzt &

k% B F7lo] B2 SO 2L 2x2%2 om'E 4T

315
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rok

ZHS texture analyser(TA-XT2, Stable Micro System
Ltd., Haslemere, UK)Z 275} ct. 24 274 Table 29] 24
07 Z(hardness), $-24d(adhesiveness), E+2}4(springiness),
3% A (cohesiveness), 74(gumminess), %314 (chewiness)&
Ztzte)] Aol 155] W 24elol HRPLREBAR Lhe}
weict

28 ZHO HEH ¥ I/ FF

oS & 7ol WE FH9 °H 9 7|F 4L Choi
5(2022)9] WHOE JH|AAS APRF thF & AFA Al
Fotact. 4 SHY FdH2 oA EF7I(SL-M2680N,
Samsung, Suwon, Korea)2] A70 752 53l 600 dpi 52
2 AJR5}t0] 344x344 pixelZ &2} Image J program(Image J,
National Institutes of Health, Nethesda, MD, USA)°.2 7|&
o] s} 3712 RS} 7139 4 9 2] A2t AR
ojt} 53] ¥HE SActe] PAFEESHARE YR

2.9 ZE0ms, E2HE0/E B8 & el 2N X
2.9.1. 3t A|RH HZ=

o} BT A7lo] 2 Fue) 22 Zu 10 go] 0%
ethanol 90 mLE 7}3] stomacher(HG400V, Mayo International
SR., M, Italy)Z 2827} A o3 shaking incubator(SI-900R,
Jeio Tech, Kimpo, Korea)o] 20} 130 rpm 522 24A]7F
FEoI5Ith FEHL ojTtsto] AmHoE ARSI

29.2. EEoN=E ¥ E2iEL0|E & 53

7} FH| FEYHE P2 Hillis?} Swain(1959)9] ¥
o7 ZHstFt A=Y 100 pLof 2 N Folin-Ciocalteu’s
phenol reagent 200 pL9} ZF< 2 mLE 7}3] vortexing 3t
T 357 AN WSAIFHT SEHE F S8Y dix
22 AR Al FHSE 100 pL 23 AAJEIGIE 380] #]
SIS 0.1 M NaxCO, 89 2 mLE 3712 7kt 1417F
B¢ G RESAIATE HRSo] YREW EFETA

Table 2. Conditions for measuring the texture of jeungpyeon

Measurement Value
Strain 70%
Test speed 1.0 mm/s
Pre-test speed 2.0 mm/s
Post-test speed 5.0 mm/s
Trigger force 50¢g
Plunger 75 mm/s
316

spectrophotometer(Libra S22, Biochrom Ltd., Cambridge,
UK)olA EdHE o 345 1% S8 765 nm= A7t
5 SActAt SEYHE S8s At REEEEE allic
acidE AREsSte] BEIACE YESIth FET s T
242 mg gallic acid equivalent(mg GAE/g)Z HA|5}%1,
Z17Ye] A mHuitt 43] WHE ZA5to] Yo d+RSHAE Y
i Qlet.

7t ZHO| FEYEo|E 2 Davis A HYFT
Um} Kim(2007)] BPHo] &sto] S7g6150eh A= 100 uL
o] 1 N NaOH 100 pL, 90% diethylene glycol 1 mLE 7}5f
vortexing St 5, 37°C2] sousvide machine(SVC-AC2E, Polyscience,
Niles, Illinois, USA)OlIA] 147 B 8RSAIAH T FE2hH o]
T o 349 xS AR Bl SF5E 100 uL Hof A
Aottt Wgo] Y= % A|EE vortexing & spectrophotometer
o] EehicolE WF S4L 9% BUE 420 nmz A3}
of ZAskqlrh. FEGELCIE S 93 REEEEE
querceting AR&St] EFFA 02 et FEetH o]
T 3=F =742 mg quercetin equivalent(mg QE/g)Z HA|S}t
91, Zi7te] A|zotlet 43] W8 Zgotel BRPERHR

2 Yehfct.

2.9.3. DPPH radical 2/ &d =4

Z¥ ZW 9 1,1-diphenyl-2-picryl-hydrazy(DPPH) radical A
A E43L Lee 5(2007)9] #& F5510] 273}9itt. DPPH
8010 (.15 mMO] ethanol 99.9% 100 mLE 3-&5}o] A|xs}
At Al 1 mLo] DPPH 89 250 uLE 7}5}al vortexing
Sk 7 3027F AA BHEAIF T DPPH radical &7 24
Z40| g2 A7 Y thAl 70% ethanol 7}5t0] Z451%
o}, Hk3o] &R E A|FEE vortexingE 5}9] spectrophotometer
oA TFE 517 nmZ 75141, radical &7 T4 ot
9] Ao g AAbeltt. FBL= 77t Almduitt 43] ¥hE
SAoto] PR HAR eI

DPPH radical scavenging activity (%) =

: Sample group absorbance after 30 min ) x 100
- X
Control group absorbance after 30 min

2.9.4. ABTS' radical £+ &M =X

Z} W9 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS) radical 47 @42 Siddhuraju®} Becker(2007)
o] S E5sto] 451t ABTSE S/l &3fish Al
%3St 7.0 mM ABTS"9} potassium persulfateS ZF<=0] &3]
o AT 245 mM 539] §94g Bt 16412F o] I
oA WA Z Tk ¥ES-A1Z] ABTS solutionS 99.9%2] ethanol

https://doi.org/10.11002/fsp.2025.32.2.313
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2 3|4 A]A spectrophotometero| A 33 Fro] 0.70+0.02 &=
Z07 HxE AA5IYTE Al 100 pLo] ABTS' solution
900 uLE 7}5}9q spectrophotometero| Al S33% 734 nmZ =
g3t ABTS' radical &7 &4 49 ti272 A2
41 70% ethanol 100 pLE 7}sto] Z4stqct 4L 12
AR F 6% 7t ZRAAL, 42 Azoduit 43] w2
2% 32 ol AL A8l BRGLEZHAR ek
et
ABTS" radical scavenging activity (%) =
Sample group absorbance after 6 min

1 - — ) x 100
Control group absorbance after 6 min

My

295, &dy ¥
g

7} 219 322 Oyaizu(1986)2] WS 24510 24
SHAtE Al 1 mLof| 1% potassium ferricyanide 1 mL, pH

£ 6.6°2% Y& 0.2 M sodium phosphate buffer 1 mLE 7}5}
o] vortexing 3t & 50°C sousvide machine©|A] 2027+ BF-3-A]
ZAct vr2o] &z = A ZHo] 10% trichloroacetic acid 1 mLS
7F8}al vortexing & QA2 7](Combi-514R, Hanil, Daejeon,
Korea)Z 1057} 3,000 rppm $F0 & AA|5ko] A5 2 mL
£ U= Foldth. 57 2 mLof] F3F &Y 2 mLe} 0.1%
ferric chloride 400 uLE 7}5lo] 275199t} Spectrophotometer
o4 A8 SHEE 700 nmol A 2T, 21249] Azl
ol 43] w2 24te] BRGBZUAR )

2.10. 7|22 ZAt & 54 2= T

o

5ol YukelS fio s AaPsiqict. A A Ay 54, H7}
FEol Bl dgstalon, Abd W82 AAJSE
7F ZHL AR T 20°C 4204 30827 WEeka, 2x2x2 em’
712 A% ASS AN EFogd HAo] Eof Y
el AFSATG. 204 5% Wt R o
(appearance & color), ¥U|(flavor & taste), 27 (texture),
A& Q] 7] 5 & (overall acceptance) & 4714 FEo 7 HH
ST, 7 B 78 AR A U, 43 BE, 7R,
WS $8)2 olgsiel BrlaT B4 A% B 715k
A7leh BLetA 78 AEA(E: S ofgh, 4%: 2B, 7H:
o9 Agho= AAstal, El(sweetness), 2] FF
(flavor of makgeolli), 29] F(flavor of O. japonica), Y
A(chewiness) 2.2 % 4717 &=2-& B@rlsiqt}. & 1=
Zsti AEeI9Usle] $eg W Ao et g
ATHKNU IRB 2024-117).

d

u 1o

Ol off mok o

https://www.ekosfop.or.kr

2.11. SHx2

2 @0l AT BE ¥ 27te] FAL BM PSS
statistics(Ver 27.0, SPSS Institute Inc., IBM Corp., Armonk,
NY, USA) ZE IS AMESto] B g+ HlAtE UL
o Z2adeld 4219 A7) SOE stere] Sl 2
Qv R BAFELAQ] ANOVA AA 3} Duncan’s multiple range
testz p<0.05 SZO1H RO4L AT, T3 B4 4
T HA = pearson AFHA S (Pearson’s correlation coefficient)
2 28310l 494 I,

3. 7 ¥ 1%

3.1. gf& 22 AW E SH v gE

ok 2 A7t wE S| S Table 3] YER]
At SH] FEIAFE CONO| 46.04%2 ZHHIUL, o5
Bk 2%, 4%, 6%, 8% A7F Al 247 45.57, 45.05, 44.21,
43.08%= o5 Y H7hEo] SIS grol dastelth
(p<0.001). & 7oA AGH WETIF} ofE 2L 7
T2 27} 39.74, 6.60%2 S SHY FEAFOl
At A2 of TH9 o] WAZRRD Wol 9%
I H7tol S71ds a2ddo] 4ot 2o= ARd
Ok B-S H71et A A9 (Hwang, 2024)0A4 2 2k
A7Fgo] S7rdel whet e ol aste] £ Aot
2 A3 YErdigled, ol FAEZ 7ML Qe =
T3 FAZE Sohal HAeglt. Ko 5(2023)9] w2 o4
T S ATolA sHp B AUE] 71 SHe &
gtegol Aastlon, SH HiEo] SokE= oA B8
sk e FARS AoldRrt Edl sETEOl
ek Aol shalet. whEkA 2 Ao o] hadt
= 9ol Efotil Sl= AoldR7t S8 sE& F=

s1907] Wolet Az

o~
P

e,

Jo fz L AL
=

o~

hu Mz Az ook

[¢]

3.2. 9% 28 EOM) mE FHS pH

% B A7t W& FH| pH 5% ZIE Table 3]
UEbRQl). 12 HEE AAE7] A HEC] pHE CONoJ
5442 7P 9A 2AEIY, ok B Hrlgo] FUESE
5.76-6.00°0.2 271513 tHp<0.001). £ Ao A A& w4
2|9} ok Bl 10, 20, 30, 40 g& T3S A|59] pHE ZHzt
4.89, 5.03, 5.08, 5.152 ZAEc}. vloy] B HUlst &
H A+H(Choi 5, 2021), A9} 7I+E A7FeE SH A (Kimd}
Park, 2010)9| M= 23 F7}efo] Z7V42 pHYL 71 &
AFolNE ob BT H7lFo] 371e4E §52] pHYF ot
A AoR Hojzith 123 IRt &= §HE9] pHi= CONF
B ok Bk W7} 8%71A] H7t A] 4.99-5.660.8 H7leko] &
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Table 3. Moisture contents and pH of jeungpyeon according to the amounts of O. japonica powder added

Moisture pH
contents (%)
Dough (0 h) Dough (4 h) Dough (6 h) Jeungpyeon

CON" 46.04+0.61°2% 5.44+0.01° 4.99+0.02° 4.68+0.01° 4.8620.01°
o7 2% 45.57+0.09%° 5.76+0.02¢ 5.36+0.01¢ 5.12+0.02¢ 5.26+0.03¢
OJ 4% 45.05+0.45% 5.88+0.01° 5.53+0.01° 5.28+0.02° 5.40+0.01°
0J 6% 44.2140.59° 5.9240.01° 5.59+0.01° 5.39+0.01° 5.47+0.01°
0J 8% 43.08+0.59¢ 6.000.00° 5.66+0.00° 5.48+0.01° 5.55+0.01°
F-value 18.467""9 1,017.214™ 2,300.464"" 1,690.615™" 1,234.296™"

YCON, no O. japonica powder added; OJ 2%, added O. japonica powder at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O. japonica

powder at 6%; OJ 8%, added O. japonica powder at 8%.
DAl values are meanSD (n>3).

Values with different superscript letters (*°) within a column indicate significant differences by Duncan’s multiple range test (p<0.05).

™p<0.001.

7FEaE S7HHA o (p<0.001), 27 a7} S W=
pHE 4.68-5.48% ﬂ-’ﬁ FIE RS =4 8=
(p<0.001). 29| Ht=2 vg P AXHA pH7} T45
=T, ”‘ﬂﬂ Z”}oa 223t 28 A7(Kim 5, 2022a), 4
A A7t 2 A S8 A7 (Ko 5, 2022)°A4 = W
| AZto] dojge] wet pH7}F fashs AWE Hilstel 2
Aot fARE ATE Uef oIt EuE BdE JUeE 5
H AH(Lee?}t Kim, 2018)904 pH7} Fashe olf= Ta 2l
3 IgolA] ¥ ofd A8 9 A TEe] 93t Ao B
J15tSITt. Park¥t Suh(1994)= SH W50 H71et g7t &
| AFto] Aol wt ZAte] gheko] F7tsto] pHYL ZHAagt
TH 5F313L, Han 5(1997)9] €9 AollAe 2HdelE A7t
slal WA AlFk] F7HESE F AR gl F7tsto] pH7E
AAastiTt . Bttt mba] & AFoAE SH HEEol
I8 AJ7ko] Ao whet vhdejof EAshs {714 3 &
7F 9 9 oA sigak-go] WAgsto] pHYF Asitk
Atedh S & SHO pHiE CONYE ok BT A7t 8%
7] 22 R 90 pHETE 2 4.86-5.552 S UT
(p<0.001). Ko 5(2023)9] &< 25 &Y ><47} SH Aol

i

\l

mlI

= A 5 SHO pH7E 22 FaEy w2 e YEiglE
dl, o= A2oA SABk= Y T R4 Ad 2 AL
stofl 7Rl Aoz Huste] & Ao FARE AIE Heh
At

3.3 9L 22 FOfo mE ZEO HIHE L HEE

ok B A7to] M2 ZH HAAL Fig. 19] Uehp
o $HO H]AZ2 CONOJ 1.44 mL/gl. 2 7} =7 &35
a1, ok B 2%, 4%, 6%, 8% A7} Al ZHZF 1.39, 1.32,
126, 123 mL/gO.2 B H7}eko] Z71bo] wet gho] 744
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Fig. 1. Specific volume of jeungpyeon according to the amounts
of O. japonica powder added. All values are mean+SD (n=5).
Different superscript letters (*°) on the bars indicate significant
differences (p<0.05) by Duncan’s multiple range test. CON, no
O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added
O. japonica powder at 6%; OJ 8%, added O. japonica powder
at 8%.

1A THpP<0.05). 2] Wh=2 W40 A TR} FA o
dges A 18 IYT ¢ . 43¢ T4 52
o] oA g9 25 Pl dEA A
(OhQ} Oh, 2009). £ E] 22 H7Ist 28 AF-(Min, 2024)
oA BT Bo] 27184 Fuo) uAHo] Fasigs
H, A B 2] $23 E4dtel 719 A )
7} A4S 202 RS} ESE Lee(2015)= HH=9] pH7F
23] 9 BB J Ak S, pHA ST
§H29] CO,7} gHastol Ruv} Zasttin Busis. 2 o
FOANE 915 B H7leo] 7HASE HAHo] 4t ol
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S W% o] AR ok BUE de AR ZotEst
FASEOM, 2 Bol 45 HoIA £ B4 % pH
o) 3718 SRl hEolety BeEr

FHS] BYEL Fig 20 Uehfsick CONe| ¥4 59
SH| 155.23%=2 7P &AL, Q5 B 2%, 4%, 6%, 8% 7t
Al ZYZ} 153.17%, 152.75%, 151.73%, 149.79%% H7}5Fo] &
RIS G ZA3H0P, CONTE 4%7HAE £I59 4
o7k YA, 6% o BRI f2IFjel Holrt ekt
thp<0.05). BHES 1Y 52 4o Ruo] BYE Jrg 3t
Q3ke Folx, Y FAZ ol A SRS Hui7} 57}
THE PHBE EOMILHT BISCHKo 5, 2023). £ &
FolAl Sk B Akl FHAE BHBo| BAT AL
ZH| Rt BABOIE 9L & A0 ARt

34. 8% 22 Fo mE FH9 Mx

ok Bt H7to wE FWO] M= Table 40 UERASICE.
L7t CONo| 72.722 71 &7 S74=9la, o B A7t
20| Z7}3E 59.03-34.092 FFo] 7HA8FATHp<0.001). agt
< L3 230 & CONo| -1.33, 2% BES J7idss
3.67-7.192 Zko] Z7}stAth(p<0.001). bgrS CONO| 1.452
S, o B F7hol S7FEEE 13.05-15.392 3t
o] Z7}5199tH(p<0.001). Hwang(2024)9] 9k B24-& H7}5h
AW AFoAE k& B H7kgo] S71E4E Litol &4
o1, agtd bt S718] & Aol fARt 2IE YERASL
o} Lee 5(2009)9] 9k% F2& oA o2 2222 4
EetH ot Zhe A4 AJEo] tiFo s EXS) Lgko] A4

a ab ab b
150 — — L b

— 120
9
i
=
§ %
[z}
f =y
©
a
X
d e0

30

B . N . .
CON 0J2% 0J4% 0J6% 0J8%

Fig. 2. Expansion rate of jeungpyeon according to the amounts
of O. japonica powder added. All values are mean+SD (n=5).
Different superscript letters (*°) on the bars indicate significant
differences (p<0.05) by Duncan’s multiple range test. CON, no
O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added
O. japonica powder at 6%; OJ 8%, added O. japonica powder
at 8%.

https://www.ekosfop.or.kr

Table 4. Color values of jeungpyeon according to the amounts
of O. japonica powder added

L a b
CON"Y 72.7240.79  -1.33+0.04° 1.45+0.16¢
oI 2% 59.03+1.00° 3.67+0.49¢ 13.05+1.06¢
OJ 4% 52.76+1.38° 5.88+0.28° 14.25+0.91°
0J 6% 49.66+1.23¢ 6.62+0.30° 14.72+1.18°
0J 8% 34.09+4.62° 7.19+0.69* 15.39£1.22°
F-value 1,086.829""  1,992.438™" 1,015.695™"

YCON, no O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O.
Jjaponica powder at 6%; OJ 8%, added O. japonica powder at 8%.

DAl values are mean+SD (n=20).

»Values with different superscript letters (*°) within a column indicate
significant differences by Duncan’s multiple range test (p<0.05).

D p<0.001.

313, aZld b3S SIS A0 R HustYth FH A Fof| AF
3 WA7IR] LR 89.72, agt -1.32, bFhe 2.83% UER]
lom, okb BakO 7k 57.63, agl 5.54, b3k 17912 24
At £ AFolA AMSH oks B2 WTER| Hg| Lgto]
W1, aghdt bgko] ot ok% BT 7P FTH R LS
HAAZIT, agfTt bats S7HAIZ Ao AlmEnt

3.5 o/ 22t & GE 5

ok B2 Alo] U2 FH| 2AZRS Table 50 gl
ok 2270l Ago] AES K A8 Bt B4 &
HuoR AR o Q) 2712 A2 T 5 W 428 7l 4
F9) 842 251 WHolHKim 5, 2020). 2 (hardness)
L CONo| 71009 gO2 7H WA 249, o 5 2%,
4%, 6%, 8% A7t Al Z+ZF 766.80, 828.84, 897.37, 1,055.17
g0 B Fskepo] 7Kl wet o] Z7H5HATHp<0.001).

Zmo X312

S
o] SETE FHIN SR FHTAAN FES FTHIAC}
A7kt 23 A7(Kim, 2022),
np7HE] £ J7RRE SH A (Lee, 2020)0014 = 2o
Whgol F1B48 22FS Taoka A7t B4k
2 a70] 2ol ARIch Tk o 22 Akl 57}
2 Sugio] 2ottt ARst 2% AR Wt
Hrt. FZA(adhesiveness)> CONO| -1,046.042 714 Wk
1, 9% B Aylgro] 271842 -1,098.95—-1,392.812 ZF
o] S7I5FA LB (p<0.001), Yang 5(2022)2] =3} SH
ATINE A7t S7184S BIAE S719 2 Q79 %
AR AAE Y AT B34 (springness)> 250 2=

T xR 7
ne,
=
=
=l
=)
o
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Jeungpyeon quality added with Orostachys japonica powder

Table 5. Texture of jeungpyeon according to the amounts of O. japonica powder added

Hardness (g) Adhesiveness (g-sec) Springiness Cohesiveness Gumminess Chewiness
CON" 710.09+90.53%9) -1,046.04+.131.19° 0.36+0.09° 0.39+0.02° 274.50+57.30° 99.17+42.75¢
0J 2% 766.80+55.05¢ -1,098.95+173.18" 0.46+0.12° 0.38+0.01% 297.77+26.59% 135.57+39.16%
O 4% 828.84+71.68° -1,262.78+132.14° 0.48+0.13 0.38+0.03® 316.00+46.66™ 154.61459.87"
0l 6% 897.37+71.91° -1,342.25+298.00° 0.52£0.11" 0.38+0.02% 337.51+36.48" 177.59+46.66°
0J 8% 1,055.17+115.20° -1,392.81+207.40° 0.57+0.13* 0.37+0.03° 388.64+55.63° 224.52+66.88"
F-value 38389 8.702"" 7.350™" 2572 13.753™ 12.114™

'CON, no O. japonica powder added; OJ 2%, added O. japonica powder at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O. japonica

powder at 6%; OJ 8%, added O. japonica powder at 8%.
DAl values are mean+SD (n=15).

JValues with different superscript letters (*) within a column indicate significant differences by Duncan’s multiple range test (p<0.05).

Hok

p<0.05, “"p<0.001.
FE 32 7F e Wgo] & AATD Al AUE R 3
Eahs 41g gt

=
=6, CON©J 0.36, 245 &% H7Fgo| &
2 gro] Z7FF9thp<0.001). Kim(2022)
9] dufju} £ FH Aol FH2 HE oA YAYol=
CO7} ¥H=59] A HABA71 1L, SAF Aol Fa= = 4
59 #4g0 sl FEglR TR FAEHL Siith 2
Aol A &gl F7RE ol ok B Wi E SH
o] WA & FAo] oA Aot F7IsH| whieel e
T Yot SUtekitta ABZET. 334 (cohesiveness)>
CON©J 0.39, 2k Bt A7lgFo] Z7184-E 0.38-0.37= %
o] §ojulgt zto|E YEhfZl QItANE, CONZ} ok =
7F 8% -2 u]gt 20| & UEHTH(p<0.05). Kang 5(2012)
o] fjFRTE H7IRE "ol g AFoA REAYE9] Ao]HdF
ot F57t 3= AAAIZ 4 okl Harskgle). E5E A
AR A7t S8 A+(Lee 5, 2012)°04 = A= 7ol 2%
29 ofglE SOl S4o] Attty Hgt vivt Qle
o, & ALolA AREE ok o] 3RSkl Sl AlolAdRet
2 A7Hge] WhE 299 AR S0 Had Aow
AR E A4 (gumminess)2 CONO| 274.50, & H& 2%,
4%, 6%, 8% A7} #o| 22 297.77, 316.00, 337.51, 388.64
2 9% £ J71ESE #ho] $7FsHth(p<0.001). 342
A&t #elo] Qletl, Arert Sl wet A= 2ol St
st Zo g HQIth A3 A(chewiness)> CON©o] 99.17, k&
B2 2%, 4%, 6%, 8% A7} o] 2+t 135.57, 154.61,
177.59, 224.522 71513 tH(p<0.001). A3l dolsh 114 A&
< AHS ) A =2 F= b 283 A I3k AP
< AL, #E4Y 22 1330l EAF Bl e,
Kim(2022)2] guju} 242 H7FgE S8 Ao E Hret
o] S71etol met elAdol S7kste] & AtollA: &
ASHA St A o B9 J7IEeE A, 77
3, &, A4 2 AP ST S348E Adch=

Rl

320

237} Yepdet.

3.6. 25 Z& UM WE SHO HE ¥ J/F +

oF% B 7ol mhE SH| @S Fig 30 UERHIL,
7159 4 ¥ 37]%= Fig. 49} Fig. 50 Yepfdct. 7159 &
+ CON©°J 100.3371% 7% A SAH=HUL & 2 2%,
4%, 6%, 8% A7} 20| ZzF 75.33, 65.67, 48.33, 39.6771&
Fhol A43kith(p<0.001). 7159 271= 715 2 H=H 2
= CONoJ 2.65 mm’2 7H 2gtow, ol £t Hrlego] &
7142 4.459.13 mm’E 2717} $7181 9 thp<0.01). SH
Az A FARR AEEE A7HE= D717 e 259
o] glof t&49] 22 Fgsl7] ofHA, FHS TR

24
& AAR7) dRo] WiRE A2 3t R 24 71

t}1 5}dch(Parkd} Jin, 2023). Choi S4(2013)9] th=4 & 7}
T8 S YT FW ATNN S0 /13 Bx L 2%t
AXE ol Wa I Aol Yot Atz SAsA
FoH COZ B XA o) T2t B3] o]t
o, U B9 @ uAFe] 245 /13 4, A%t
A3 12 BREGT ST B 2 ARoAE o B
o il /K4S AR Pl A COE XY
% 9l 52o] Wolx|x, ofo] uhet ¥3 ul HIAAE ke
Hhego] ZNT4E FRY 713 47 BAshL DNE 571
3 R0z Bzwh

3.7. E&4/lj=, SCHEX0/E 23 X g 2

3.7.1. &5 2 Hol M2 FHe| S22 X S2tE X0

[ = =1
-—Emo
& 22 Hrlo] w2 ZH9| total polyphenol contents

(TPC) ¥ total flavonoid contents(TFC)+= Table 69 LYEFH S
ot TPCx 9% E4& H7IehA] g2 CONOJ 96.33 mg
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Fig. 3. Cross-sectional measurement results of jeungpyeon according to the amounts of O. japonica powder added. A, scanned images
of cross-sectional on jeungpyeon; B, binarized images of jeungpyeon by Image J program. "CON, no O. japonica powder added;
OJ 2%, added O. japonica powder at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O. japonica powder at 6%; OJ

8%, added O. japonica powder at 8%.

a
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S
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GON 0J 2% 0J 4% 0J 6% 0J 8%

Fig. 4. Number of pores of jeungpyeon according to the amounts
of O. japonica powder added. All values are mean=SD (n=5).
Different superscript letters (*°) on the bars indicate significant
differences (p<0.05) by Duncan’s multiple range test. CON, no
O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added
O. japonica powder at 6%; OJ 8%, added O. japonica powder
at 8%.

GAE/100 g0 8 ZAHT, o BT HA7IFEES 126.33-
546.33 mg GAE/100 gO & H3o] H7}dko] WoldE Zho]
571t tH(p<0.001). TFCOA X CON©] 42.15 mg QE/100
g0 7P uoron, okt Hul M7} 85.78-237.90 mg
QE/100 go& Z7lsl= AL HYthp<0.001). Jungd}
Choi(2016)9] 9}% 2ZE AFo|A 25 phenolic acidd}

https://www.ekosfop.or.kr
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Fig. 5. Pore size of jeungpyeon according to the amounts of O.
japonica powder added. All values are meantSD (n=5).
Different superscript letters (*°) on the bars indicate significant
differences (p<0.05) by Duncan’s multiple range test. CON, no
O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added
O. japonica powder at 6%; OJ 8%, added O. japonica powder
at 8%.

22 st BAEE tannin acid, gallic acid®} 22 EA}
ﬂ@%%ﬁg HRASHIL Qlo] FAeE Aol Brddt 752 7HA
AT ELF Lee 5(2009) 9]"“0] SHrstal

A= s Q‘?J’E-’] Fakst 2-go] HAE B 4 3oiE
A ST HA Frste] PSS AT shloH, 9
9 FE=ER Y Ee ST 29 A5 AFEAE



Jeungpyeon quality added with Orostachys japonica powder

Table 6. Total polyphenol and flavonoid contents of jeungpyeon
according to the amounts of O. japonica powder added

Total polyphenol Total flavonoid

contents (TPC) contents (TFC)

(mg GAE/100 g) (mg QE/100 g)
CONV 96.33423.629% 42.15+1.38°
0l 2% 126.33+2.88¢ 85.78+1.38¢
0J 4% 251.33+2.88° 135.78+1.38°
0J 6% 428.00+5.00° 184.57+0.52°
0J 8% 546.33+7.63 237.900.90°
F-value 857.500""% 13,104.040™

YCON, no O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O.
Japonica powder at 6%; OJ 8%, added O. japonica powder at 8%.

DAl values are mean+SD (n=4).

Values with different superscript letters (*°) within a column indicate
significant differences by Duncan’s multiple range test (p<0.05).

D p<0.001.

FOIME & g2 Uehirky Busteck. tetd 2 A
A8E oM B Hrkwrol S7kte] wet SHo) TPC @
TFCE Z7I5t Ao & Holth

3.7.2. k5 2 Holof| M= SM2| DPPH radical £ &4

okE B 7o wE FHO] DPPH radical &4 €4Z
Fig. 69 YEFHRITE. DPPH radical &7 2432 DPPH A]2FS]
o] Arst S48t ghgotH Yo R Biglely, o] I

80

S @
=3 S

DPPH radical scavenging activities (%)
N
o

o 1

CON 0J 2% 0OJ 4% 0J6% 0OJ 8%

Fig. 6. DPPH radical scavenging activities of jeungpyeon
according to the amounts of O. japonica powder added. All
values are mean+SD (n=4). Different superscript letters (**) on
the bars indicate significant differences (p<0.05) by Duncan’s
multiple range test. CON, no O. japonica powder added; OJ 2%,
added O. japonica powder at 2%; OJ 4%, added O. japonica
powder at 4%; OJ 6%, added O. japonica powder at 6%; OJ 8%,
added O. japonica powder at 8%.
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ojdE XL &
thAhn 5, 2015). ZHE 2.5 mg/mL S04 B4 A},
CONO©| 3.67%, 95 BT 2%, 4%, 6%, 8% A7} Al 22}
21.01, 41.21, 54.53, 69.21%% Huto] Fr}eFo] Z7}ato] u}
2t @40l FolFor F7FSHHH(p<0.001). Hwang(2024)°]
k% 2 H7F A9 Aol A DPPH radical &7 /82 2%
2 FJ7Fgo| 7S 716l o, ol ok 2 4]
E79] Aejed/dE-o] DPPH radical ¥-gof 542 0|1, 2}
4 k] wt AAso] F7RRT A Balstoith 2 Ao
ME o% BEEE A71ek=& DPPH radical &7 2/d0] 37}
st ole o 27t gaolal Al ekl E8HE
=32 913 DPPH radical &4 &4Jo] Z715tatka A5 = th

A WolA| 1 AL oL wgo

L.

—

I~

3.7.3. A5 2L U0 W2 FMO| ABTS' radical 27 &4

ok% 2 7o) whE FHO] ABTS' radical &7 /32 Fig.
79] YERHSITE ABTS = 2,2¢-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)(ABTS)2} AFSHE2 Q1 potassium persulfate2}
ghEote] A& HEMS w=t], ol ABTS' radical &7 &
/32 ABTS'9] HEMo] A7} 714l Alst 5ol ofsf Shx
o] FPMoE Halsh= Y] o|th(Kim 5, 2024; Lee 5, 2011).
ZHS 25 mgmLE B4 A3}, CONO| 1.08%, & 21t
2%, 4%, 6%, 8% A7t A 242+ 19.95, 38.87, 52.31, 75.01%%
2 A7t weEh ol fYFHo®E  F7hekAth(p<0.001).
ABTS" radical 24 &4-& DPPH radical &4 A3} 7
SHAsl 58 9] g A HZE AREE A4, DPPHE free radical
£ 3HA]7]1 ABTS':= cation radicalS AASH= HAlog

100
80 a
60 b

40

d

20
2
0 —_

CON 0J 2% OJ 4% 0J 6% 0OJ 8%

ABTS* radical scavenging activities (%)

Fig. 7. ABTS+ radical scavenging activities of jeungpyeon
according to the amounts of O. japonica powder added. All
values are meantSD (n=4). Different superscript letters (*°) on
the bars indicate significant differences (p<0.05) by Duncan’s
multiple range test. CON, no O. japonica powder added; OJ 2%,
added O. japonica powder at 2%; OJ 4%, added O. japonica
powder at 4%; OJ 6%, added O. japonica powder at 6%; OJ 8%,
added O. japonica powder at 8%.
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Zpo|7} ZAttaL 5FthH(Jin 5, 2016; Lee &5, 2014). Lee
5(2012b)9] o3} FHor EolE9] Ay AFolA %
252 ABTS' radical 27 &4Jo] 1,000 pL/mL STojlA]
7004] B ehiio] ool efei 47 WAo] 9t w3}
7} Upehdeha B msjo] 2 QoM 94 R Hvkgo] ot
A 22 ABTS' radical 27 &4Jo] 2713t Zoa wrhdc)

% ML) ME SOl He

=Y o

ok BEE A7l WE SHo| FLH2 Fig. 80 LiER
Atk B 700 nmofA] Fe'' 7} 45 Folotal A 2

& P OoR HSIAA Fe'R S A FHEE U
Bt AolthSa 5, 2010). Choi 5(2007)2 E2|=R77t §
S5F Fe''olA Fe'2 TUA7]= S8l ErhL ot o
€ 29 EAlsle EHlERt o4 SARAY] 9
stk Huskgich S$HS 0.1 g/mLojlA 243 A}, CON
0] 0.07, &5 BT A7} 2%, 4%, 6%, 8% J7F Al 242} 0.53,
0.94, 136, 1.86°2 SHArH(p<0.001). TAH2 FIF=
sHgh=o] 7HAAL Q)= hydroxy7|9} |8t 5ol 9JE3kaL 9l
I, e dkE A w2 o] Aol SHthKim
5, 2004). & AL A ARGH of% B2 Tt S
HleRe SRk 1L, FE2 e IFol £7] qEe]
B9 7kl S71EE Sdgo] SV Aog Held.

L

24
=

)

3.7.5. gitst Y 7he| YA
it 24 AJHaA ] ditt 374 Z3E Table 70] LER]

25

2.0 a

Reducing power

d
0.5

e
0.0

CON 0J2% 0J4% OJ 6% 0J 8%

Fig. 8. Reducing power of jeungpyeon according to the amounts
of O. japonica powder added. All values are mean+SD (n=4).
Different superscript letters (*°) on the bars indicate significant
differences (p<0.05) by Duncan’s multiple range test. CON, no
O. japonica powder added; OJ 2%, added O. japonica powder
at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added
O. japonica powder at 6%; OJ 8%, added O. japonica powder
at 8%.
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9lch. TPCS} TFC7} ABTS', DPPH radical 24 &4, 3¢9
7ro] AksE G/ digh AtAlE nhetetr] flsf p<0.01 &
Fog BAsIgIch TPCO| i3t TFC, ABTS', DPPH radical
A7 &4 4 o] ATTAE =0.982, 0.968, 0.961, 0.976
o= 9 AHHAE UERHIT. TFCO ofigt ABTS',
DPPH radical A4 @4 9 32 7t9] AaAE =0.995,
0.990, 0.9992 H+)<] AHLAE HeFH T Kim 5(2024)
9] 9k &1 A% TPCO] thst TFC, ABTS', DPPH
radical &7 €4 9 L] JAAAE B9 =T, &
& BUS A1SeE A 249719 AT FHY &
< Yeiio] & Aol fARE BAE Bk E3L Park 5
(2007)9] & gAH|E] Fakst @4 AtolA EdHE 3
E2 free radicalo] $45 ZHH o2 Fojsf ik} &/do]
Lol e ATE Bustth £ AFoAE o5 Eus
SlekE obgol thgo g EA s Akt &4 11 oA L
= vepstom, o]t ek AR /o] L4oh| wiiE
of THS AXT of Hrlef Faket E0] =2 71548 AE
Oog2A olgd & U A= Adr

3.8 2 22 FOM mE SHO Jlsk & 54 2T
57/

ok 2 W/lo] BE FH9| 7]k 9 B4 7% W7l 2
I Table 80| UEHHQITE 7|2 B7F @5 5 2 4 42
O BUE 4% A7k o] /1% A Wrhugen, sv 2
9] 715 %= 7MY RA B7HE AT p<0.001). FHl= ok &
T A7t 4% o] B 50l Hls) MY =2 H5E Eile
o, 8% £ 7P %2 7|35 YERTH(p<0.001). Kim
5(2024)9] AT A efFo] RS U= B Frl7t 7]
S0 g kL Huslo] 2 ATOINE okl Fol
S 79 Aol WebHrh 247 FRAAE 4% B
TS H7KE 4% o] B2 7|5 UEhiod, ok 2 3
7} 8% -2 712 7F Ak tH(p<0.001). H¥HAQl 7|5 %
£ B W 4% o] 7P =2 VISR R SAEUL, o4F
B8 7H ol H7hE 8% T 715k b ol B4
AH(p<0.001). & Ao A FHE texture analyzerZ =43t
2A7 24 A3, 2AE ok BUS BRE S8
A9, A 7ho] RLsHA F7lotH HetAel 71 5ko] 2] &
o Qe 2%g Aolz A=t

o
fl

stk BrhEQly, ok But Hylefo] Zrjskeg oFslrbal
B7FtAThp<0.001). ok5-S H7IEH FEA AF(eon T,
2022)014 9458 A7IeE gt ZAsion, o=

o 2Aok= ol W& oA {714 FEE T 2k
oy Bustyich b B dFoAE: vhg 11 = 9]
23730l ol pHe} & Fgol Fasl @ute] o] gk
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ok o
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Table 7. Correlation between antioxidant activities of jeungpyeon and the amounts of O. japonica powder added

Polyphenol Flavonoid ABTS+ DPPH Reducing power
Polyphenol 1
Flavonoid 0.982"h2) 1
ABTS+ 0.968" 0.995™
DPPH 0.961" 0.990™ 0.989” 1
Reducing power 0.976™ 0.999" 0.994" 0.988" 1

DSignificant at p<0.01 among groups by linear regression analysis and correlation coefficient comes between -1 and 1.

2"p<0.01.

Table 8. Sensory acceptance and characteristic intensity of jeungpyeon according to the amounts of O. japonica powder added

Acceptability Intensity

Appearance Flavor & taste Texture Overall Sweetness Flavor of Flavor of Chewiness

& color acceptance makgeolli O. japonica
CONV 5.73+0.78"%  4.63+0.93° 5.17£1.02¢ 4.77+0.82° 6.23+0.57° 6.03+0.93" 1.83+0.79° 3.47+0.82°
OJ 2%  5.83+1.09° 5.43+0.82° 5.57+0.90 5.40+0.62° 5.97+0.61% 4.77+0.73° 3.87+0.68¢ 4.13+0.73¢
OJ 4%  6.33£0.55 6.23+0.68" 6.13+0.78° 6.030.72° 5.83+0.75" 437+1.10° 5.13+0.73° 4.63+1.03¢
0J 6%  6.03£0.56™ 6.03+0.85° 5.97+0.85™ 5.93+0.64* 5.67+0.61° 3.67£1.27° 5.97+0.56 5.13+1.01°
0] 8%  5.07+0.87° 4.47+0.73° 4.87+0.78¢ 4.17+0.91¢ 4.93+0.78° 2.93+1.174 6.63+0.49" 6.23+0.77°
F-value  10.482"™ 29431 11.205™ 334627 16.0317 36.834™ 249.153™" 42287

YCON, no O. japonica powder added; OJ 2%, added O. japonica powder at 2%; OJ 4%, added O. japonica powder at 4%; OJ 6%, added O. japonica

powder at 6%; OJ 8%, added O. japonica powder at 8%.
DAl values are mean+SD (n=30).

Values with different superscript letters (*°) within a column indicate significant differences by Duncan’s multiple range test (p<0.05).

D p<0.001.

o

fr
to ri
=
R
o
e
=)

i)

- 9EE & P2 CONo| 71 &3tor, o
T4 A7t 425 3ITh(p<0.001). 252 T
CONo| 7Fg @A SA= AL, 25 28 H71gol S71l
o2t 2] ALt S7HHATHp<0.001). MY FE2 SH A
F A A A=) 9& U1kt 2=, CONo| 74 ofstal of
S Y A7l S7HEE Adsithal B AT (p<0.001).
Kim 5(20222)2 2H2]of|lA L2 o]F]e} glo] 7|kedf F
ARl A 7HAE S Yokl Baste] 2 oA CON
9] ©gto] 7 wstot, e ol uie- Asf Adwta el 7]
ow7b WA g7bE ACE AlmEn & A9 Ve W &
A A= 54 AYE SR e 1, SH Ax A o5
Y 4%E ittd 89 Ve 371 9 7154 AEL
EAM9 ZREE ST & Sl Aom AZEH.

|}
1=

flo ofr »x
Az |
il

fol
H—l

TS WRZLR U] 2%, 4%, 6%, 8% F7Ist TS ARs}
o] 24 B4, st e st 713 E Brleth

2 of% BIhg HUFSIeE gro] 7hastgi)
pHE ok B Hrlgfo] 3715 gho] Z7let3la, da
FAo| 4] pHE ¥ FFETE BE AT S2 3o
£ 27 UK vAdT BAEL ok Y-S e
£ LE 7Askes A4S Btk Axe ok 2 "7k
o] Hle] Lgko] FASIAAL, agtdt bt 25 3716t
o} 2o ok B Aol S7iso] vt Ak, £}
4, &4, A4, Aol SR, SR8 Hadhe A
< B9tk SHY dH, 7% & 2 37|18 &% 23}, CON
9] 7]go] 7H Aldsta Ewokon, ok Bk Aol 371
5 7139 e AAs9Y 27 Sk SHY $F
gHEy} St o|E R ok B Hrigko] FUpek
& £/ 74532, oo wat DPPH, ABTS' radical &7
LA} TP Zo] Z7H oS 7154 AAREA] 7Hgol
NE Ao IRIHLE 7|5 % &4 At ok BEE 4% F
7kt o] RE FoA &2 7|3 xS YEt B4 Ax

https://doi.org/10.11002/fsp.2025.32.2.313



Food Sci. Preserv., 32(2) (2025)

Q& Bl Hylgfo] Z71epE 73e 7} okslE 9l @ko] &
R BT 7ige] 7Kl met BErt ARtk B

=

=
7Fotact. 2 A9 WE-S SaES o, TH AX Al 75
d BARL] &S 4% HA7lol= Aol SHY 4 AT T
AFS} gHo] ©4:3 AlZE o g B8E 4 gloH, o]= & 7}
T A& 29 /o] 7 ZAREE AFGEo] & Ak 2710

e € 7 UE eE AgEn

Funding
None.

Acknowledgements
None.

Conflict of interests

The authors declare no potential conflicts of interest.

Author contributions

Conceptualization: Hwang JM, Choi HY. Methodology:
Hwang JM, Choi HY. Formal analysis: Hwang JM, Kim
Ye-Ji, Kim SB, Kim Youn-Jin, Choi HY. Validation: Choi
HY. Writing - original draft: Hwang JM. Writing - review &
editing: Choi HY.

Ethics approval

This study was conducted with the approval of the
Institutional Review Board of Kongju National University
(Approval Number: KNU_IRB-2024-117).

ORCID

Jung-Min Hwang (First author)
https://orcid.org/0009-0000-7921-0841
Ye-Ji Kim
https://orcid.org/0009-0005-2511-3858
Soo-Bin Kim
https://orcid.org/0009-0006-5254-970X
Youn-Jin Kim
https://orcid.org/0009-0002-2481-5055
Hae-Yeon Choi (Corresponding author)
https://orcid.org/0000-0003-4569-7924

References

AACC. Approved Methods of the AACC. 10th ed. American

https://www.ekosfop.or.kr

Association of Cereal Chemists, St. Paul, MN, USA,
Method 10-50D (2000)

Ahn HY, Choe DJ, Cho YS. Antioxidant activity and
chemical characteristics of Orostachys malacophyllus
and fermented Orostachys malacophyllus. J Life Sci, 25,
577-584 (2015)

Choi CO, Shim KH, Jeong HN, Choi OJ. The quality
characteristics of jeung-pyun using high yielding type
rice and processing type rice. Korean J Community
Living Sci, 24, 221-231 (2013)

Choi GY, Kim MH, Han YS. Antioxidant activities and
quality characteristic of jeung-pyun with the addition of
loquat leaf powder. J Korean Soc Food Sci Nutr, 50,
1065-1073 (2021)

Choi 1. Reactive oxygen species and cancer. Hanyang Med
Rev, 33, 118-122 (2013)

Choi JH, Woo HE, Choi HY. Quality characteristics of
modified jeungpyeon prepared with the additions of
different quantities of won-ju (Raw makgeolli). J Korean
Soc Food Sci Nutr, 51, 1185-1193 (2022)

Choi JY, Choi JY, Lim HW, Kim J, Kim SY, Han CW.
Research on immune enhancing effect and safety of
wasong (Orostachys japonicus) extract: Study protocol
for a single center, randomized, double-blind, placebo-
controlled, clinical trial. Herb Formula Sci, 25, 135-143
(2017)

Choi KS, Kim SY. Quality characteristics and antioxidant
activities of rice cookies with added black ginger
(kaempferia parviflora) powder. Culi Sci Hos Res, 30,
18-27 (2024)

Choi YM, Jeong HS, Lee JS. Antioxidant activity of methanolic
extracts from some grains consumed in Korea. Food
Chem, 103, 130-138 (2007)

Han EH, Lee TS, Noh BS, Lee DS. Quality characteristics
in mash of takju prepared by using different nuruk
during fermentation. Korean J Food Sci Technol, 29,
555-562 (1997)

Hwang SJ. Antioxidant activities and quality characteristics
of jeolpyun added with Orostachys japonicus powder.
Culi Sci Hos Res, 30, 19-29 (2024)

Im EK, Yang JC. A study on the antioxidative effect of
Orostachys japonicus A. Berger ethyl acetate fraction. J
Korean Appl Sci Technol, 38, 118-125 (2021)

Jeon JY, Kim MH, Han YS. Quality characteristics and
antioxidant activities of kombucha added with Orostachys
Japonicus during fermentation. Food Eng Prog, 26,
247-256 (2022)

Jeong YZ, Jin SY, Han YS. Functional and quality
characteristics of glutinous barley jeung-pyun added
with beet (Beta vulgaris L.) powder. Korean J Food
Nutr, 27, 1-9 (2014)

Jin DH, Kim HS, Seong JH, Chung HS. Comparison of total

325



Jeungpyeon quality added with Orostachys japonica powder

phenol, flavonoid contents, and antioxidant activities of
Orostachys japonicus A. Berger extracts. J Environ Sci,
25, 695-703 (2016)

Jung DJ, Choe TB. Antioxidant activities and anti-aging
effects of Orostachys japonicus A. Berger extracts. J of
Korean Oil Chem Soc, 33, 361-373 (2016)

Kang HIJ, Park JD, Lee HY, Kum JS. Quality characteristics
of topokkidduk added with soybean flour. Korean J
Food Preserv, 19, 688-695 (2012)

Kim DS, Choi BB, Kim YS. The effect of kafiwa
(Chenopodium pallidicaule) flour addition on physical
properties and retarding retrogradation by shelf-life of
muffin. Culi Sci Hos Res, 26, 150-163 (2020)

Kim EY, Baik IH, Kim JY, Kim SR, Rhyu MR. Screening
of the antioxidant activity of some medicinal plants.
Korean J Food Sci Technol, 36, 333-338 (2004)

Kim JH, Jeong HJ, Oh WK. A literature review investigation
collecting and cooking methods of Tteok (rice cake) in
gyuhapchongseo. Korean J Food Nutr, 25, 1061-1067
(2012)

Kim JS, Choi JH, Choi HY. Quality characteristics of
Jeung-pyun with different amount of makgeolli. Korean
J Food Sci Technol, 54, 196-202 (2022a)

Kim JS, Choi JH, Choi HY. Quality characteristics of
Jeungpyun with different amounts of meringue. Korean
J Food Sci Technol, 54, 614-621 (2022b)

Kim JY, Jung EJ, Won YS, Lee JH, Shin DY, Seo KI.
Cultivated Orostachys japonicus induces apoptosis in
human colon cancer cells. Korean J Food Sci Technol,
44, 317-323 (2012)

Kim MH. Quality characteristics of jeung-pyun added with
air potato powder. Culi Sci Hos Res, 28, 1-8 (2022)

Kim SH, Park GS. Qualitative characteristics of jeung-pyun
following the addition of lotus leaf powder. J East
Asian Soc Dietary Life, 20, 60-68 (2010)

Kim SH, Park HY, Kang MH, Kim JW. Development of
microwave-assisted extraction process for enhancing
extraction of bioactive compounds from Orostachys
Japonicus. JKAIS, 25, 483-494 (2024)

Kim SM, Park JH, Boo HO, Song SG, Park HY. In vitro
comparision of biological activities of solvent fraction
extracts from Orostachys japonicus. Korean J Plant Res,
30, 133-143 (2017)

Kim YJ, Choi JH, Kim SB, Hwang JM, Choi HY. Quality
characteristics and antioxidant activity of rice muffins
added with Orostachys japonicus powder. Food Sci
Preserv, 31, 660-672 (2024)

Ko ES, Choi HY, Choi JH. Quality characteristics and
antioxidant activity of jeungpyeon prepared with cheese
pumpkin (Cucurbita moschata Duch.) powder. J Korean
Soc Food Sci Nutr, 52, 403-413 (2023)

Ko ES, Woo HE, Chu JH, Choi JH, Choi HY, Park JD, Sung

326

JM. Quality characteristics of modified jeungpyeon with
different amounts of makgeolli. J Korean Soc Food Sci
Nutr, 51, 960-968 (2022)

Ko MS, Kim SA. Sensory and physio-chemical characteristics
of jeungpyun with pleurotus eryngii powder. Korean J
Food Sci Technol, 39, 194-199 (2007)

Korean Stastical Information Service. Annual grain consumption
per person. Available from: https://kosis.kr/statHtml/stat
Html.do?orgld=101&tblld=DT 1ED0001&vw cd=MT
ZTITLE&list_id=&scrld=&seqNo=&lang_mode=ko&ob
j_var_id=&itm_id=&conn_path=E1&docId=000070026
5&markType=S &itmNm=%EC%A0%84%EA%BS5%AD.
Accessed Jan. 26, 2024a.

Korean Stastical Information Service. Rice consumption by
business sector (10th revision). Available from: https://ko
sis.kr/statHtml/statHtml.do?orgld=101&tblId=DT _1EDO000
6&conn_path=I12. Accessed Jan. 26, 2024b.

Lee BG, Kim JH, Ham SG, Lee CE. Study on biological
activities of extracts for cosmeceutical development
from Lagerstroemia indica L. Branch. Korean J Plant
Res, 27, 29-34 (2014)

Lee JA. Quality characteristics of jeungpyun added with
maqui berry powder. Culi Sci Hos Res, 26, 247-256
(2020)

Lee KJ, Choi BS, Kim HY. The effect of modified starch
(acetylated distarch adipate) on the quality characteristics
of jeungpyun. Korean J Community Living Sci, 23,
233-243 (2012)

Lee KO, Kim K. Quality characteristics of jeungpyun added
with blueberry powder. Culi Sci Hos Res, 24, 96-104
(2018)

Lee KS, Lee HS. Anti-obesity effects of the water extract
from Orostachys japonicus in high-fat diet-fed mice.
Microbiol Biotechnol Lett, 45, 284-290 (2017)

Lee SH. Quality and antioxidant properties of white breads
enhanced with broccoli (Brassica oleracea L.) powder.
Korean J Food Cook Sci, 31, 614-622 (2015)

Lee SH, Lee IS, Lee HJ, Ryu SI, Kim JE, Kim Y]J, Park SH,
Jang KT, Lee MH. The antioxidant activities and quality
characteristics of Actinidia chinensis and Orostachys
Japonicus mixed juice. Culi Sci Hos Res, 28, 46-52
(2022)

Lee SJ, Cha JY, Shin JH, Chung MIJ, Sung NJ. Antioxidant
effect of wa-song (Orostachys japonicus A. Berger)
extracts on edible oil and fat. J Life Sci, 18, 1106-1114
(2008a)

Lee SJ, Shin JH, Kang JR, Hwang CR, Sung NJ. In vitro
evaluation of biological activities of wa-song (Orostachys
Japonicus A. Berger) and Korean traditional plants
mixture. J Korean Soc Food Sci Nutr, 41, 295-301
(2012b)

Lee SJ, Song EJ, Lee SY, Kim KBWR, Kim SJ, Yoon SY,

https://doi.org/10.11002/fsp.2025.32.2.313



Food Sci. Preserv., 32(2) (2025)

Lee CJ, Ahn DH. Antioxidant activity of leaf, stem and
root extracts from Orostachys japonicus and their heat
and pH stabilities. J Korean Soc Food Sci Nutr, 38,
1571-1579 (2009)

Lee WH, Cho JC. Quality characteristics of fakju added with
finger root (Boesenbergia pandurata). Culi Sci Hos Res,
24, 39-49 (2018)

Lee YM, Bae JH, Jung HY, Kim JH, Park DS. Antioxidant
activity in water and methanol extracts from Korean
edible wild plants. J Korean Soc Food Sci Nutr, 40,
29-36 (2011)

Lee YR. Quality characteristics of rice cookies using rice
flour. Korean J Food Nutr, 31, 571-575 (2018)

Lee YL, Huang GW, Liang ZC, Mau JL. Antioxidant
properties of three extracts from Pleurotus citrinopileatus.
LWT-Food Sci Technol, 40, 823-833 (2007)

Lim SM, Park HJ, Cho YJ. Antioxidative and biological
activity of extracts from Orostachys japonicus. J Appl
Biol Chem, 60, 293-300 (2017)

Min SH. Quality characteristics of jeung-pyun with added
black tea powder. Korean J Food Cook Sci, 40, 19-26
(2024)

Oh CH, Oh NS. Quality characteristics of jeungpyun prepared
by rice sourdough. J Korean Soc Food Sci Nutr, 38,
1215-1221 (2009)

Oyaizu M. Studies on products of browning reaction
antioxiadative activities of products of browning reaction
prepared from glucosamine. Jpn J Nutr, 44, 307-315
(1986)

Park GS, Kim KE, Park SY. Quality characteristics of purple
sweet potato muffins containing rice flour. Korean J
Food Preserv, 19, 833-840 (2012)

Park HY, Jin SY. Quality characteristic of jeungpyun added
produced with the addition of unripe apple powder.
Korean J Food Cook Sci, 39, 346-355 (2023)

Park YK, Choi SH, Kim SH, Han JG, Chung HG. Changes
in antioxidant activity, total phenolics and vitamin C
content during fruit ripening in Rubus occidentalis.
Korean J Plant Res, 20, 461-465 (2007)

Park YS, Suh CS. Changes in pH, acidity, organic acid and

https://www.ekosfop.or.kr

sugar content of dough for jeungpyun during fermentation.
Korean J Dietary Culture, 9, 329-333 (1994)

Sa SH, Lim SH, Jang HW. Quality characteristics and
antioxidant activity of dodam rice cookies prepared with
pomegranate powder. Korean J Food Sci Technol, 55,
470-476 (2023)

Sa YJ, Kim JS, Kim MO, Jeong HJ, Yu CY, Park DS, Kim
MJ. Comparative study of electron donating ability,
reducing power, antimicrobial activity and inhibition of
a-glucosidase by Sorghum bicolor extract. Korean J
Food Sci Technol, 42, 598-604 (2010)

Siddhuraju P, Becker K. The antioxidant and free radical
scavenging activities of processed cowpea (Vignaunguiculata
(L.) Walp.) seed extracts. Food Chem, 101, 10-19
(2007)

Sim SJ, Kweon M, Ryu HK. Quality characteristics of Korean
steamed rice bread (jeungpyun) added with grains.
Korean J Community Living Sci, 29, 33-47 (2018)

Sung JH, Han MIJ. Quality characteristics of jeungpyun
manufactured by ginseng makgeolli. Korean J Food
Cookery Sci, 24, 837-848 (2008)

Swain T, Hillis WE. The phenolic constituents of Prunus
domestica. 1.-The quantitative analysis of phenolic
constituents. J Sci Food Agric, 10, 63-68 (1959)

Um HJ, Kim GH. Studies on the flavonoid compositions of
Elsholtzia spp. Korean J Food Nutr, 20, 103-107 (2007)

Yang EY, Kim MH, Han YS. Antioxidant activity and
quality characteristics of jeung-pyun containing Rudbeckia
laciniata L. powder. Korean J. Food Sci Technol, 54,
414-421 (2022)

Yoo CH, Shim YH. Quality characteristics of jeung-pyun
with tipioca flour. Korean J Food Cookery Sci, 22,
396-401 (2006)

Yoon SJ. Characteristics of quality in jeung-pyun with
different amount of raw yeast. Korean J Food Cookery
Sci, 21, 399-405 (2005)

Yoon SY, Lee SY, Kim KBWR, Song EJ, Kim SJ, Lee SJ,
Lee CJ, Ahn DH. Antimicrobial activity of the solvent
extract from different parts of Orostachys japonicus. J
Korean Soc Food Sci Nutr, 38, 14-18 (2009)

327



