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ABSTRACT

This study aimed to evaluate the quality and physiological characteristics of yakgwa
made with farro, an ancient grain. Yakgwa was prepared by replacing rice flour with
farro powder at 0%, 30%, 50%, and 100% levels. Salinity, water-holding capacity (WHC),
and density did not differ significantly among groups. However, pH and sweetness
increased as farro content increased. Leavening rate decreased, while in vitro protein
digestibility improved. Color analysis showed that the L value (lightness) decreased as
more farro was added, while the a value (redness), b value (yellowness), and 4E increased.
Texture analysis revealed that hardness, springiness, cohesiveness, gumminess, chewiness,
and resilience significantly decreased as farro content increased. In terms of antioxidant
activity, total polyphenol and flavonoid contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH)
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging
activities, and reducing power all increased significantly. Superoxide dismutase (SOD)-like
activity showed significant differences between the control and farro groups, but not
among the farro groups. Sensory evaluation indicated that yakgwa with 50% farro received
the highest taste score. Regarding flavor, color, and overall preference, the 30% group
received the highest ratings. Texture was rated best in the 50% group. The addition
of farro thus improved the antioxidant and functional properties of yakgwa without
adversely affecting its quality. The 30% and 50% farro yakgwa were most preferred,
suggesting that farro has potential as a functional ingredient.
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25| o]FojA|1L glow, ol= At AT
Foke ARAES 87E WE AE HAl
HHwang & Kim 2010; Kim & Kim 2019).
Sho] tEA Q] AE YAER] b= Alx W
of whebA fEat, F Ay, wH, o], S
So07 FEECHKim et al. 2023).

o] F oft= K] gt FFO| &ob=tl,
7 7S B Ee AE, &FE FARE v
=3 F 7180l 714, o]lF Eof FAsk= 1A
S AA Azx"cHLee 2001). GAHOR k=
Y ARAHEE 2AAH o] o]27]71A] 53t
A E7L|A ket A £71= g HAERE
A5t 2 (Cho et al. 2007). °F HA} =714
& PARIA S P A 02 A Fa, ARlEe
Ay &4, 7|7 2r L= 48] He7t
A= 9t (Lee 2006; Cho et al. 2007).

A Aol wet F71 ofab= HhEo AR E=
L7181 220 AMEE 7I152= QIS A ¢
Zo| o, o= AR F7Iet M w9

7ol JFE vlHHKim et al. 2013).
oA AMEE= 782 AbSt HHg= RSt
sy 5 Ad9] A& ofojd 4= Qlal, o]
159 41} &9 7HXE AsHAIZIEHKim
et al. 2013). o]ggt EAIFE 7HAdst7] sl 2
ol Q20 & 2yt AFEIL Q1o H(Jang
et al. 2009; Kim & Lee 2012), °ol&= 7|& AR
= 29 AT dFF W1 549 RS
=Y ¢ = dijte g A= ot T3t okt
9] 7158= =ol7] s 2 27t i Kang
et al. 2025), & WY7IFE 7%t 2FKKim et
al. 2023)9 22 A77F HIEAH.
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Triticum dicoccum? LRFE 0 & 12(farro)
U A d(emmer wheat)= £, AA A 7}
" g AH 2 5 shuE AT
(Arzani & Ashraf 2017; Cheng 2018). I=2=
A} 2T Aol 7t F5Ste] 715A A
o] Hold FEE H1uHT rKLachman
et al. 2012; Dhanavath & Prasada 2017;
Baek et al. 2025). &3] otZ2o= E&HE, 7
EEo|E 59 theRt Ak} Aol 2FE o]
o] HAY Fxlof aFpAoln, ofZir| 1Atk
I EAHE 79 482 g9 28 g
o E52 & 5 AUe A= 4¥A Ut
(Dhanavath & Prasada 2017).
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&oto] EOoRt & AlR= ARSI Ao}
L2715 47 3 g 57 30 mLE #3271
(SHG-15A, Scilab Korea Co., Ltd., Seoul,
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Scientific, Wonju, Korea)& AR&s}o] 80% ©f
E&(Daejung Chemicals & Metals, Siheung,
Korea) 30 mLE &WiE sto] 3024 33] §HE
FEoIth. FEHS o F 80% o F=

E(100 mg/mL)ZE ARSI

T, S, 2AN 9 2o ok
(%2 =793THtHAOAC 2023). & = 105°C
QE(HB-501VL, Hanbaek, Bucheon, Korea)
oA ARt 7HEHEH(950.40) 02 ZH5IAL
SR 2 600°C 3)$}=(CT-DMF2, Coretech,
Hwaseong, Korea)ollA 23 3]51%(923.03)2
2 gFoelet. A 3R Soxhlet $(991.30),
2ok SF2 Kjeldahl 1H(928.08)0.& %7ds}
Frt. BpolE SR 100014 7, 8, 24
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Table 1. Ingredient composition of yakgwa prepared with 0, 30, 50, and 100% farro powder

Ingredients (g) FPYQV FPY30 FPY50 FPY100
Rice flour 100 70 50 0
Farro powder 0 30 50 100
Sesame oil 10 10 10 10
Soju 30 30 30 30
Oligosaccharide 27 27 27 27
Ginger juice 6 6 6 6
Salt 1 1 1 1
Total 174 174 174 174

DFPYO :

Yakgwa with addition 0% farro powder, FPY30 :
. Yakgwa with addition of50% farro powder, FPY100 :

Yakgwa with addition of 30% farro powder, FPY50

Yakgwa with addition of 100% farro powder
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b. oflto| Oleketd EREHY

o2 F29E J7RE oo pH, 9% 9 ¥k
£ =451t} pH meter(pH-200L, Istek, Seoul,
Korea)E AMESIo] pHE =451y, ZHGTA
(N-1E Brix 0-32%, Atago, Tokyo, Japan)&
ol 8ol FE=E, FEA(ES-421, Atago, Tokyo,
Japan)— o]_Q_o].oq o A s zsz% o].och:} 01:34. _1?_111—
3 goll S5 30 mLE 7Foll w32 71(SHG-15A,
SciLab Korea Co. Ltd., Seoul, Korea)Z w34
3Rzt ¥, 3,600 rpmolA YilEeste] A2 A5
HE A2 ARSI oF ol&dl pH, Tk,
e L Hp

N

2(water holding capacity, WHC)

2 2o BAYL AR B9 dAw
5 e YUY TAE sl o 4L F

o
3] AF=31ATE (Lee et al. 2003).

AAETA(9)-ANEFA()
AEEA(g)

B4 (%)=

g B J7KeE o] Aw= AMAEA|(CM-
700d, Konica Minolta, Tokyo, Japan)& °]&
ot L(lightness), a(redness), b(yellowness)
= SFcIelh M= S Al ARGRE EAo)
71& 2 1=99.33, a=0.26, b=2.03°]%}ct. &
Aol tist A|Z9] total color difference(4E)
£ 2 342 ol&sto] ARSI

JE = J(AL)?2+(Aa)?+(Ab)?
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ok £4BS F7] A9 WE S 1L T okt
o L 247 235kl Y AR F7] AT
3% Aol8 73 1, the A2 olg3te] At
o

At B4 R|4x(spread factor)= AACC
(2000)= -8-&sto] S5ttt ol& fsl 2o
712, A2 Zole}t o|= Zkzt 2Aslo] HAZS
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ﬁg;_g’g(%:tl . = 5 0o g) % 100
w71 A ok w g AHe) Fe)

%7] }\}\]E % —
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Z(invitro protein digestibility, [IVPD)+= Jang
et al.2024)9] W HFsto] SAsIeltt. o
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a-chymotrypsin crystalline (BDH Chemicals
Ltd., West Chester) 3.1 mg, protease from
Aspergillus (Sigma-Aldrich, St. Louis, MO,
USA) 1.3 mge &35lo], ice batholA ¥dZs
™ 0.1N NaOH(Daejung Chemicals & Metals,
Siheung, Korea)g AR5t pH 8.0°0.2 %3



sto] Azttt 2 Alme ©@EEo] 312.5 mg
AREEE A
HS A5k
oA 2087t g5t
Z1 % 0.IN NaOH(Daejung Chemicals &
Metals)& ©o|&3to] pH 8.0°0% ZA5IAL.
IVPD £ fIste] A2 nd §ollof child 4
3} 4% 5 mlE g5k, 37°ColA 1081k vt
SAFH o]% pHE S4ste] 1VPD=210.46-
18.10x pH A4 o] whet Aliksto] Thifd Ao}
TE ARESHI

9. ofmo| =XZf

g B J7FEE 299t oo B4 S8
oo, Ax & 243 kAL texture analyzer
(TA-XT?2 express, Stable Micro Systems Ltd.,
Godalming, UK)°ll 45 mm discE A&slo] &
A5ttt Fx(hardness), 384 (springiness),
S5 4(cohesiveness), A4 (gumminess) E A
1’d(chewiness) 23] ¥zt AlFHS 0]-&5}o]
%]

Sttt 23 AL pre-test speed 1.00

Iy o o

mm/sec, post-test speed 1.00 mm/sec, test
speed 1.00 mm/sec, strain 20.0%, trigger
force 5.0 g2 AA3}qich

% Edie ¢F 3L Singleton et al
(1999)9] B -85} Folin-ciocalteud2.
2 =245t} 2% Sodium carbonate(Daejung
Chemicals & Metals) 10 mLe} &= ok} &
=9 0.1 mLE &% ¥ 2& ¥ 50% Folin-
ciocalteu’s reagent(Junsei Chemical, Tokyo,
Japan) 0.1 mLE 57} &9sto] 3027 A=l
A BEEAIA 750 nmolA FFEE S7F5HTh

HFE4L Ferulic acid(Sigma-Aldrich, St.
Louis, MO, USA)22 2 At FUsHA A
st F ZYHlE S mg Ferulic acid
equivalent(FAE)/g0.2 AASIALY.

Z EotE ol 3 4 Davis Hol o=t
2459 tHBirasuren et al. 2013). 93} &N
0.1 mLe] Diethylene glycol(Daejung Chemicals
& Metals) 1 mL2t 1 N NaOH (Daejung
Chemicals & Metals) 0.1 mLE &35t 37°C
shaking incubator(ISS-4075R, Jeio Tech,
Daejeon, Korea)ollA 1A17F B9t §E&A1A 420
nmoA  FFEE SEsHtt EEEHEE
Quercetin(Sigma-Aldrich)& ARgsto] 2 AlY
I 22 ypHo R 4% & standard curve:
245t & EetH 0|t & mg Quercetin
equivalent antioxidant capacity(QEAC)/g2
& Abslit

2,2-Diphenyl-1-picrylhydrazy (DPPH) =t
oz 274%L Shin et al.(2025)9] HHS HY
sto] Zsioith. = of 80% olehE FE=
100 «Le} 0.004% DPPH in methanol (sigma-
aldrich) 1 mLE S%sto] F4lolA 3081 §h&
AlZl & 517 nmolA SF=E SASIH
Trolox(Sigma-Aldrich) & EFEAZE ARgo}o]
L Ao RAsIglon, wka oFat 80% of
& F5E9 DPPH &tz 275 242 ug
Trolox equivalent antioxidant capacity (TEAC)/g
& Al4sHith

2,2'-Azinobis(3-ethylbenzothiazoline-6-s
ulfonic acid)(ABTS) 2tz 42752 Fellegrini
et al.(1999)9] W< o]&sk3ith. 7 mM ABTS
(Sigma-Aldrich)@} 14 mM pottasium persulfate

(Daejung Chemicals & Metals)S 22t S50
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ofAl 12~16AIZF &< W53, ©]% absolute
ethanol2 345t 734 nmolA9 FF=7}
0.70 £ 0.0027} H=% 3]45to] 243 ABTS
solutione A| &5l ARMESHITE o2 2k} 80%
et &5 50 xLet ABTS solution 1 mL=
S3toto] QHAoA 2,587 WESAIZl F 734 nm
oA FF=E d
ARgsto] U WReR FA5tlon, ABTS
B 2A5L pg TEAC/gZ AMESIAILE
=8 =HL Shin et al.(2025)9] HHHS #H
Holo] 4okt T2 oFt 80% olehE &
£ 50 pLoll 0.2 M sodium phosphate buffer
(Sigma-Aldrich, pH 6.6) 250 uL9} 1%
potassium ferricyanide(Sigma-Aldrich) 25 u
£ &3loto] 50°C shaking incubator©lA 20
EZF vRSAIATE °o]F 10% trichloroacetic
acid(Daejung Chemicals & Metals) 1.25 mL
£ A7ttt ¥k3H 500 ploll F7< 500 pl
@} 1% ferric chloride(Junsei Chemical) 100

pLE 713t 5§ 700 nmolM EJEE S5kt
HZEAL troloxEs ARRSlo] BYgH Whiog
gotgor, oz okt 80% ogte FEEY

¥HL mg Trolox equivalent reducing
power(TERP)/gC.2 AAFSIAALY.

SOD At 84 742 Shin et al.(2025)9]
o) ot S5kt TE okt 80% ol
F25 20 plo| Tris-Hcl(Bioneer Corp.,
Daejeon, Korea) buffer(50 mM Tris-HCI, 10
mM EDTA(ethylenediaminetetraacetic acid,
Jensei Chemical), pH 8.0) 0.3 mL, 7.2 mM
pyrogallol(Sigma-Aldrich) 20 pLE %35}
25°C shaking incubatoro]A 1087+ 9FAIH
t}. o]% 0.1 N HCl(Daejung Chemicals &
Metals)S H7loto] ¥h8-& HAAI7]1, 420 nm

oA FBEE Skt T2 pyrogallol
4l S75 0.1 mLE 76l 5Ye o s
575131t SOD FAF 842 th24lof wet
EE&%)E A=
SOD-like activity(%)={1-(A-B)/C}x 100
A T ok} 80% ofghe 22E HrlTo] &
A
B : Pyrogallol 4l 32} S5+ H7I8 =
T FB:
C: u+§ o} 80% g FE= T

nhe B A71eRe st ole) Wy Bk
oy F1E B9 AU F 2492 o 4
st B7he) duAds AEEE SR ¢
slof, Tswvlol 9N AW BT 7 B B2
(9, &, A, A7, A4 15E)e] oks e
hHES AFsha Asle ARE FUet ¢

o2 AFEAeH, B7F HHS 78 Ay(d,
o vhmck 27, R vk 33, vack 43,
BE: 59, 27 £k 64, 0k 74, W &
ol uje} d4atstolct. ME-OJ Apge makels 2
T Al A2le] USRS Rojste] S5t B
E AE2L AH A0 24A]71— A3 T A)5]Hof A
5A17 Azsto] AFatgt. B As|He] 4

w2 91€3] SAH WA Me 202506-SB-114-
01)= ot X3yst3ict.

12. SHEN

2 A9 AY Aike 33 vHE S B+
BREE  Uepfglen],  SPSS  28.0(BM,
Armonk, NY, USA)}& ©]-&5to] ANOVA EA5t
At o]F AF ko] fodS Poty] s &



942 0.05914 Duncan’s multiple range
test2 AR HFoIHh F A 719 f9482

Student’s t-test® A3}t

m 234 2 22

1. Q7R M2I71R9 £&8, 31&, &k, pH,
WHC 3! ML

A7IEe R #F, 3E, 3k, 9k,
pH, E5E(Water Holdmg Capacity, WHC)
2 M 274 Ai= Table 20 AASHATH S5
e A7IE7F 9.68 + 0.06%, TEZIE7}
11.16 + 0.02%92H, &
+ 0.02%, 2.09 * 0.02%= Lebgct utze} 7+
< 1 SU7FRY Bl TS 1.36%~1.77%=
H 1% o}(Unal & Ozkaya 2024) A Z o2 =
2 28 Yy} pHE 42 6.66 + 0.01,
6.59 + 0.00, B8 A7FE 91.90 + 1.92,
o27FE 58.75 £ 3.95%0 MEojA L g2 &
7}& 73.62 £ 0.16, H&E7IF7F 59.57 + 0.26,
a A2 ZH2F 5.40 + 0.099 14.54 + 0.16, b
e A71E 89.93 + 0.36, TWEIFE 76.75
0.30, 4E = A71% 547 £ 0.21, 9=71%

o2 44 0.77

L2 222 A T el Ut BESY W M2lE 237

2250 + 0.03°0% UEygch 2o gr:
46.26~48.25, AMEL 6.76~7.47, FMEE
17.11~17.83 HY=ZE B 1= o™ (Fatma et al.
2025), 3] A&7}t A Yehd olf= wHEo|
9 hREolE Mro] e W RS T
=it Dhanavath & Prasada 2017).

2. oo UghyE

T2 B9 H7FES 2 o] gkgE £
A Z3k= Table 3 AT RS 1t
B2 TS AUlehA] &2 diRelA 14.74 +
0.08%Z 7F¢ &=2%k2™ FPY30 12.61 £ 0.55%,

FPY50 13.74 + 0.67%, FPY100 14.18 +
0.52%& e th277} FPY 1000141 *H‘HZ—‘
2 22 A%S B I8 e 02 By
7FFol S7Ksol weEt fodos FrletaEd
(p<0.05), HIZFS 1.11 + 0.00%% 7% @k
ou, FPY1002 2.13 + 0.00%% 7F &2 &
< YERRQIE. ol=gt Ak= nf29] IE dgo]
AETh fou|stA =571 HEel(p<0.01) =
7FE 7K 7t wet 3R o] S A
o8 woHEth owE S FPYO 5.68 *

fn) uN'

Table 2. Quality characteristics of farro powder and rice flour

Features Rice flour Farro powder F value
Moisture 9.68 + 0.06" 11.16 + 0.02 3.042°
Ash 0.77 + 0.02 2.09 + 0.02 0.006™
pH 6.66 + 0.01 6.59 + 0.00 25717
WHC? 91.90 + 1.92 5875 + 3.95 1.007°""

L 73.62 * 0.16 59.57 + 0.26 1277

a 5.40 + 0.09 14.54 + 0.16 24717

Color -
89.93 + 0.36 76.75 + 0.30 0.243

AE 547 £ 0.21 22.50 + 0.03 3.208"

UThe values are mean + SD (n=3)

2% Significance by t—test compared to rice powder and frro powder (p<0.01), *

compared to rice powder and farro powder (p<0.001).
YWHC: Water holding capacity

, Significance by the t—test
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Table 3. General composition of yakgwa prepared with 0,

30, 50, and 100% farro powder

Features FPY(QV FPY30 FPY50 FPY100
Moisture 14.74 + 0.082% 12.61 + 0.55° 13.74 + 0.67% 14.18 + 0.52°
Ash 1.11 % 0.00° 1.33 + 0.00° 1.55 + 0.00° 2.13 + 0.00¢
Protein 5.68 + 0.00° 6.86 + 0.04° 8.21 + 0.00° 10.10 + 0.09¢
Fat 485 + 0.17° 6.15 * 0.13 596 + 0.37° 5.82 + 0.07°
Carbohydrate 73.62 + 027 73.08 + 0.60° 70.54 + 1.20° 67.77 + 0.59°

URefer to Table 1.
?The values are mean = SD (n=3)

Values with the same small letter (a—d) in a row are not significantly different by Duncan’s multiple range test

(p<0.05).

0.00, FPY30 6.86 = 0.04, FPY50 8.21 +
0.00, FPY100 10.10 + 0.09°2% =z Fio]
H7¥gol S7Htel Wt foulstAl S7Hstt
(p€0.05). ol HEE o I& d& oA &
w7 ghego] 3] %ot 17~18% <5< Hol= A
o2 IFHA 9Y(Giacintucci et al. 2014), &
o] chulg] Jhee WHh 2 vk, aojdel ot

= AtAoRE w2 dES oSkl 7 o
Fo=7 FoEriHwang & Kang 2014). ESt
22 gAEE AR APATEoANE T2
opAERS] Tl o] 100 g9 12.7 g~13.8
g(Carcea et al. 2017; Ozhamamci 2026)0.2
Uepgtth, AR 2 ti2ol|lA 4.85 £+ 0.17,
FPY30 6.15 + 0.13, FPY50 5.96 + 0.37,
FPY100 5.82 + 0.07°& 7kt izt 7t
AolE I AT ©HeIEe T
FPY100 67.77 £ 0.5922 713 wokon, o2
2 H7Igo] Fades o] folulstA &
7FFATHp<0.05). 2= YAILE ddf dHo
&=30] 2717} Aot WIRE A2 BF 24F,
odjE 2 7]ek 7ol Aol § go] s55= A
o=F AdHA UtHGeisslitz & Scherf 2020).
A mhE FE7IE= gt YRR IR ok

o %3, T A U E3 BHI Ymz

A
n
+

H 1% AHTekmile 2023). WEtA E JFo)A
T o2 2o Hriego] F7iee) weh ko]
&, o 9 2 3lEpo] FUKsE Ao =2 wth

= )

3. fite| Olsfety EX

o2 B HURe gEiet o] 9%, pH,
B4y dr 9 grl Table 49 UeRQlich

== izl 0.07 + 0.00, FPY30 0.08
+ 0.00, FPY50 0.08 + 0.10, FPY100 0.09
0.012 YEREa!, Hpg2 di2dto4 82.91
3.10, FPY30 81.53 + 1.16, FPY50 79.28
6.88, FPY100 73.59 + 5.22& UEhtoyt g
o Heg HE [OoF AjolE YEA] gigkt
Yo Ak {o0A 2po|7F YepbA] dotomn, o
24 0.92 + 0.00, FPY30 0.92 + 0.00,
FPY50 0.91 + 0.00, FPY100 0.91 + 0.00&
4=tk B2 ool pHE WX 5.38 +
0.01, FPY30 5.60 + 0.00, FPY50 5.74 +
0.10, FPY100 5.90 + 0.01% =& &2 H7}eF
o] I7FAFE oot F7lol= AFE UE
WATHp<0.05). Aolle F+A4E, WAL SEkE 5
9] f7l4te] A5, E3] A4S Jtgo] 7Ft
=2 Z0= HuEYI(Huh et al. 2013), T2

o= HEAR 22 Hed skl REol A

+

I+

+



Zo2 A#A JAHKim et al. 2025). wEkA|
Aol mE E H7Fgol S7Istel wet
pH7} A58 A2 Aol &R-F {7149 F3ol
AiAoR Faste] pH A5l 7|3t o=
ot o] gEl gz 147 + 0.05,
FPY30 4.13 + 0.09, FPY50 4.8 + 0.00,
FPY100 4.97 + 0.052 Yeht o2 B H7}
o] S7ketoll et folulstA 7ok AdE
YEFHITHp<0.05). T=oll= ZHEA, 2,
g, Wold, A 59 BR7F Fekal JloH,
1% Bolgo] 1.85 + 0.02 g/L2 7M &2 &
S Yehol(Kuznetsova et al. 2019), tFFst
IR A% & T AF SR US| w2 H7t
Fol Z7IdrE Bt SV 2o = wHtE,

v

-

H
i

e

©

3

=
= 2%t o] BAE, &

of WEhfgict okl

g ¥ mEy

I

l
]
W,
&
>
ox
flo
—
o
<
D
M

Hulo
—a=

P2ES 100%E 3t T2
30% 715t koA 87.60 + 0.83%, THE &
TS 50% 7K <fatollAl 86.78 + 0.00%,
100% 7Kt oktollA 83.47 + 1.79%= =HE
A7Igtel w2t Aokt BRES v
o] QBN FLYAH F7Iet Hujg MEEE
Rl 210 Z(AACC 2000), ¥H59] A4, o
A 9 5 ok BEo] e 2oE IEA 9l
HLee et al. 2015). O} B4 H71et koA
T oo B8 5347} ofe] Aol A yE
2 AYT Fde 2745 etk Lee & Kim
2014). Lee et al.(2013)9] dAollA = <kt gi=
Al D7bE diEo] FRHS Aot UrHR]
A7VFo] Wod4E 45 @] et Ao
Higlo] B At Antel A5

ofyto] SAFL 2 16.10 + 0.37, T2
Bak 30% F7lEo] 16.11 + 0.44, whg 2
50% 47kl 15.97 + 0.69, T2 & 100%

Holo
T':E]-E

£

Table 4. Quality characteristics of yakgwa prepared with 0, 30, 50, and 100% farro powder

Features FPY0? FPY30 FPY50 FPY100
Salinity 0.07 + 0.002% 0.08 + 0.00° 0.08 + 0.00° 0.09 + 0.00°
pH 538 + 0.01° 5.60 + 0.00° 574 + 0.10° 590 + 0.01¢
WHC 8291 + 3.10° 81.53 + 1.16" 76.28 + 6.88° 73.79 + 5.20°
Density 0.92 + 0.00° 0.92 + 0.00° 0.91 + 0.00° 0.91 + 0.00°
Sugar content 147 + 0.05° 413 + 0.09° 4.80 + 0.00° 497 + 0.05°
Leavening rate(%) 100.00 + 0.00° 87.60 + 0.83° 86.78 + 0.00° 83.47 + 1.79°
Loss rate(%) 16.10 + 0.37° 16.11 + 0.44° 15.97 + 0.69° 15.54 + 0.33°
Spread factor 5.46 + 0.07° 572 + 0.02° 572 + 0.01° 552 + 0.05°
IVPD? 73.74 + 0.17° 77.00 + 0.08" 77.67 + 0.08° 79.66 + 0.08

L 78.02 + 0.30¢ 70.64 + 0.05° 6552 + 0.52° 5452 + 0.23°
Color a 0.45 + 0.13° 429 + 013 6.32 + 0.24° 9.65 + 0.17¢
b 19.70 + 0.21° 2331 + 0.50° 2407 + 0.10° 2632 + 0.12¢
AE 26.17 + 0.34° 3437 + 0.33° 39.17 + 0.52° 50.10 + 0.11¢

DRefer to Table 1.

2The values are mean + SD (n=3)

IValues with the same small letter (a—d) in a row are not

test (p<0.05).

YIVPD: [n vitro protein digestibility.

significantly different by Duncan’s multiple range
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A7HEo] 15.54 £ 0.33=2 W23 A7 At
oA foulgt AolE UEhiA] gttt Hwang
et al.(2025)9] oK% HE Hrlgs 2 7
Aol A B 7ol F7ketol whet £AE0]
aohs Ao] FAR o] §hEate] szt
|07 B9 A5E FAUYCEN SR £4S
AAIsE7] WiEol2tal HirsttHHwang et al.
2025), 9kte] M2 ARES WSl 43
g 5, QEOA Fi= TN 719 Kol E
2] HAHA FAZ}F Aokl o] AR =
oz F719] 4 8l wje- 83 AR 2
3K (Lee et al. 2015). & AFolAe= o2 &
= 30% 7Rt SEET 50% M7l 24zt
5.72 £ 0.029} 5.72 + 0.01& {oFog =4
Yel(p<0.05), T2 2% 0% d7kta ohz
I 100% 7Rl fodos @A vt
(p<0.05) 29| FFHTH= w= IFoA9] ¥
@oll 93t Ajol& et

if

i

0.

5. oIto| HHHE ASiT

2 8 J7igS 2t o] o 45t
T(IVPD)E S4% 2= Table 49} &t w2
LS F7FHA] o2t ofve] o 45}
TE 73.74 + 0.17%°11, o2 Fgo] Hrlego]
S7reol wet FojulstAl S71ste] FPY100974]
£ 79.66 £ 0.08%% 7MY =& &85 yetdlth
(p€0.05). T&E T olgsf Axet IR F
AE4S 7] fs] @ 49=F three
enzyme method= £RI5}11, Telal 2 &
A9l trypsin, chymotrypsin, proteaseE Al&
of A=t} ZEdl YoM Y= pH &
2AE 4ok WA or dido] BojEe A4
& Aklote] A3t E AFEsthHan & Park
2014). goll= mglAl, TR EoR| AAA|, g,

ol 225 HAAAA 549 JIAES
713, SAlO Y FELAY] BE FAAA
W Ackes FIA7IE 8% 8 Z
StHH(Amanda & James 2024). F3t o2&
v go wlsf Aopt o & Hi FAES 9 /i
St= TldS Rokal Slti(Deyalage et al.
2024)31 Hire|o] wEo] Hrigo] FUIdE
chilE A5t S7IRE A0 g Helh

6. ofto| M

nE B2 RS 29Ed A9 Axs
Table 40l YetQltt. M= &7 A} L 3k 1t
2 29 Hrieo] 7IRtel wheh fojulshA A
Ste A3FE YEo], tixolA 78.02 +
0.30, FPY30 70.64 + 0.05, FPY50 65.52 +
0.52, FPY100 54.52 + 0.23°& UERgt} o]
= a2 A9 YE7} 46.26~48.2502 WA
B, B2 H7FF SVt e e it &
oulsHA Attt ACog W tH(Fatma et al.
2025). a ¥, b 4E 2 otz B Hriefo]
718kl w2t fojulstAl S7toke AdE YE
WATHpP<0.05). a 2> tREolA 045 +
0.13, FPY30 4.29 + 0.13, FPY50 6.32 +
0.24, FPY100°1A4 9.65 + 0.17=& YERHA, b
Fe gizZolA 19.70 + 0.21, FPY3091A]
23.31 £ 0.50, FPY50 24.07 + 0.10, FPY100
26.32 £ 0.128 YERgth 4E g2 ti2olA
26.17 £ 0.34, FPY30 34.37 £ 0.33, FPY50
39.17 + 0.52, FPY100 50.10 + 0.11& ue}
Wt 2ol Eol 8 7IEEko|Eg gl

H+

+



A A4 g Qlo] hFEofloY(Serpen et al.
2008), o= &9 F7FFo] F7HE ANl
a ¥ ZAERl b gho] Eokdl Ao g whE
&} T Triticum dicoccun& 7¥ste] M
5 =43t Ao A (Terletskaya et al. 2021),
AsHA F7Fgol 7P =& wollAl L

,a B2 B2 4T EA

i

d

[
ol o

=g, S84, A4, Al gEAEe &

= Table 59 eIt Hre=
FE7] A2 o 871E= 9 ou|st
H(Kim et al. 2019), FPY0 36,403.11 =+
1,952.23, FPY30 33,991.01 =+ 2,297.81,
FPY50 24,355.88 + 314.45°]1, FPY100
16,994.00 + 1,390.530.% m2 & H7Fgo]
SV E Aashs AE UEislth 92 vt
< 7t BE Y= ofto] s Hrrt Wrkal
H1E0(Kim et al. 2013), ¥ A+ A3} UX|

.

xR
|o
L
i

)

Ir

ol
rir

e A%S Jefiiglch 2 AgoAls drie o
191 S8 gHgo] S71etol| wet Wi g3t
FAJ=H(Hwang et al. 2025), W52l 715
| Z7Fety At 44ast Aoz g

AlEo] HEgH & A A= Bt
9ushy(Kim et al. 2019), = ok}
A2 FPYO 0.854 + 0.01, FPY30 0.81
, FPY50 0.76 + 0.03, FPY100 0.77 +
0.002.2 71 S71ol wet f-olulsiAl ZHast
AHp<0.05). S A&l ¥ FEHE &
AstE 1 k= o2 (Kim et al. 2019), FPYO
0.82 + 0.00, FPY30 0.77 + 0.00, FPY50
0.74 + 0.00°], FPY100 0.67 + 0.00°.& 1}
Egton, ntg 5 Hrkgo] F7istel wet {9
o]5HA Z45HAtHp0.05). AL HhuA A&
= A4 F e JHE Bsrle JEeR
(Kim et al. 2019), o= 2&9] H7lego] F71t
FE FousHA Fast=dl(p<0.05), FPYO
30,657.37 + 1,627.00, FPY7} 21,553.79 +
1,569.63, FPY50 16,652.38 + 1,094.480]1,

=3
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Table 5. Texture properties values of yakgwa prepared with 0, 30, 50, and 100% farro powder

Features FPYQY FPY30 FPY30 FPY100
Zji‘:;“ 36,403.11 + 19522379 33,991.01 + 2,297.81° 2435588 + 314.45° 1699400 + 1,390.53'
?ginginess 0.854 + 0.01° 0.81 + 0,03 0.76 + 0.03° 0.77 + 0.00°
g))hesweness 0.82 + 0.00° 0.77 % 0.00° 0.74 + 0.00° 0.67 + 0.00°
E—;‘;mmmesg 30657.37 + 1,627.00° 2155379 + 1569.63° 1665238 + 1,094.48" 677292 + 523.80°
(Cgk)lewmess 25762.83 £ 1931.92°  16,779.74 + 1.860.18° 14,660.96 + 771.59" 566633 + 291.26°
Resilience 062 + 001 0.52 + 0.01° 0.45 + 0.01° 0.39 + 0.00°

© 52 *

DRefer to Table 1.
2The values are mean *+ SD (n=3)

Values with the same small letter (a—d) in a row are not significantly different by Duncan’s multiple range

test (p<0.05).
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FPY100 6,772.92 + 523.80°2.2 uYeldct 4
A= w2 Fo H7igoe] F7ketl] wet A4
sto] FPYO 25,762.83 + 1,931.92, FPY30
16,779.74 + 1,860.18, FPY50 14,660.96 +
771.59, FPY100 5,666.33 + 291.26°.% e}
ot A7 7R dET Aol g ol
27 AE 7 ARlAdo] S7Fs=HI(Kim &
Kim 20006), ©HetA & Adojx] 7R Eot g
7FR9] M7kl F7Ketol wet A9l/do] Aast
Aoz gotHEch 3242 FPYO 0.62 + 0.01,
FPY30 0.52 + 0.01, FPY50 0.45 + 0.01,
FPY100 0.39 + 0.002.% 1tz Hdlo] =7}l
w2t gteldo] foulsHA Hasks AT UEt
Wol(p<0.05), T= H7tgo] Bars F20] 9

B gUe we § U AH s Sl
Pade BAT 5 Utk

g 2 JA7EE 2Rt of 80% olet=
4 ZetH ot S &
Fig. 1A%} Fig. 1Bo] YERHATE &
Z9= TF2 FPY100004 89.04 + 1.23 pg
FAE/gO & UER} thZ4 FPYO 25.89 + 0.81u
g FAE/g@ H| WSS F-ofn[sHA ok A&
RIS 4= AATHpP(0.05). ¥ EeHolE &
=4 A7} 49.83 + 2.18 pg QF/gO & UZR+
FPYO0 6.11 + 0.72 pg QF/gT} H@atdou &
oulsHAl Eohdl A& ERIT 4= AATHpL0.05).
He4 sRte2 A=A g9 £xsk= 234 o
AMAEE F SFHE phenolic hydroxyl(OH)71&
7, 4b5t ¥k3-2 olA|sto] Ak H S
YER 3z, ehalda) o A Bxjet A Agst
= EALS AUt (ung et al. 2012; Son et al.
2016). EEeo|E= O Aol FolFt &

A
il
ul
1o
e oy
1]
i)
-,
s i
N

ol

off

BN o

o 7|osk= 583 AEA IHEEE(Serpen
et al. 2008), YEHH o2 2L m SIFHE0]
SRS AoE dHA glow Him sRkEe]
TE9] ARSIl P4t 5o IA 7T
At Aol AFHAHKIm et al. 2000). ==
= Gallic acid, rutin, trans-ferulic acid, iso-
quercitrin, and quercetin®} Z2 H& IRHE
S 35813 QQA(Gabriele et al. 2023), HEAt
2 F1, F1, SESS Z3ol= brand] F2
Faxlo] 9lom wgo] Axe 4o A3d 3
HZ F2 £A517] gl&o(Serpen et al. 2008;
Baek et al. 2020) o2 7} wet Egds
I ETtHo|E9] Jgo] FUIe Ao E wWHE
o} g2ojA EefE o] tet F A} o] &

A8] A e 2H, ol Ad Fakst 2ol

(A) 100 - d

‘E _

2 80t c

8 _ b :

53 60 s

cuw

X ol
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52
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P 0
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S 40 |
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85 w0 | :
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2 20 ¢

% 10 - a I
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o H
FPYO FPY30 FPY50 FPY100

FPYO0, FPY30, FPY50, FPY100: refer to Table 1. The
values are mean + SD (n=3). Values with the same
letter (a—d) are not significantly different by
Duncan’s multiple range test (p<0.05).

Fig. 1. Total polyphenol (A), Total flavonoid (B)
of yakgwa with 0, 30, 50, and 100%
farro Powder.



TR AEL FEEA B2 B8 7FsS AR
StcHSerpen et al. 2008). 4ks &A4do] =&
Hmo] M7t o] F71edo] wet & HlE € &
giHro|E giefo] F7she Aol ERIFUS
o, olgfgt A= & wd IdIKKim et al
2023)9 ALF 2+ 2F2HOh & Sim 2025)%
A At FARE A Atk I=
9 Hlz2 FHT YESol F=2 A5, S3=
)l Triticum dicoccumPIX =2 4t S
7FA(Volkan et al. 2015), £ Aoz H&=
ol o= H7hgol S71l Wt f-oulsHA
S7kt A& wE

g 29 A7 2Ee ot 80% ot
$%%9] DPPH ¥ ABTS &% &A6S &
gt AI= Fig. 2A%}F Fig. 2Bo] YERSIT
DPPH #HjZ 27453 ABTS gz &AL

H

=

22 Ay

ol

o

(]

% FPY100004 7F} & &4 Ho 742
39.99 + 0.80 xg TEAC/g, 50.72 + 0.22 ug
TEAC/g O2 WERHTHp(0.05). DPPHE F4t
3t &85 S5t fIst 718 2A, flavonoid,
phenold 22 Hl=/4d E40f st A4S} 2h&
o] Xty I A AtHLee et al. 2011). 3
SRRtEo] AAY 4F AlFste] DPPH
= SHEAIA AAo] Zadhs U E HEe R §F
tHKim & Jun 2015). &, ABTS assaye
potassium persulfate®} ¥FgsHH ol gt
Zho| A=A, F4te}t E4of| ofsf A A= H=
Ao] A0 2 W3lol= BES5 of-83F Wolrt.
Fol Gz o g APHAct=rA, o
W0 g F49 §9 g ~Ask= DPPH
HHET AR 2N o w2 A BHS

Efd & Qe oz Hyd H YrkKim &

i

(C

Values with the same letter (a—d) are not significantly different by Duncan’s multiple range test (p<0.05).
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45
2 40 b c d
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5 3 b
22330 |
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LoF
E 22  a
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<
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FPYO0 FPY30 FPY50 FPY100
FPY0, FPY30, FPY50, FPY100: refer to Table 1. The values are mean + SD (n=3).
DPPH: 2,2-diphenyl-1-picrylhydrazyl
ABTS: 2,2'-azino—bis(3—ethylbenzothiazoline-6-sulfonic acid)
SOD: Superoxide Dismutase
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Fig. 2. DPPH radical scavenging activity (A), ABTS radical scavenging activity (B), Reducing power
(C) and SOD-like activity (D) of yakgwa with 0, 30, 50, and 100% farro powder.
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ol
)

Jun 2015). Z8)9|% gefo] =85 gils) g
A= F7oto] 7154 AEAY &8 7Hs/0]
£ 20 H1Eo] =tl(Lee et al. 2016),
weba] DPPH 9 ABTS &tz A7 %50] o2 &t
A7kl Z71stol wet ok ACo=E wthwct

o2 B A7RRE 9t o] et
SOD &AF 84S 243 A3 Fig. 2C, Fig.
2D YERI). SlEe nE w2 Bo]
7Fgol SRl weEr foulstAl F7lehH.
FPY10004 7F¢ =2 /445 Hof 129.52 +
1.77pg TERP/g2 2 WEFHTHp<0.05). SOD
AF B gizFo] 5515 + 6.17%°.2, o7
A7RE Aol foulgt ZolE Hth
(p<0.05). TYAFL 700 nm YA ferric-
ferricyanide (Fe' ") B3AI7F HA ZoA| =5 H
Z=4E dbo} ferrous(Fe’ N2 FYEE AH S &
BEE Bofl gRlohs wlog, Agattdd] A
A5 Agsto] ol5S ST 58S 9
ofn, S8 S7k= ol=gt 3 289 AEE
2 EthSa et al. 2010). SODE AlE oA
Zgot= kel iz IYAAE AAToR
AtSE AEEAZE Ao vX= HsiE JAeh
(Liang et al. 2024). E3] HFS-AJo| =& 24t
SHES QPYTE Akh BAE FHUAA, S4AR

Hulo
—a=

Q% st} g WS oot 7lofot
o2 d#A QItiSong et al. 2003). & —%1
oz 2 A7ke el SOD A B4, &
F} 22 A} FIIS 27| A oF Holch

r° IR

gl

9. o] HsHIt
oz &9 A71EE gEste] Az
7} A¥}= Table 63 2t} 77q
(taste)2 50% H7kEe] 5.75 + 0.75, H(flavor)
2 30% FA7HE 5.83 + 0.49%, M(color)>
30% A7t 5.71 £ 0.494, AlZHtexture)
50% H7RE 5.58 + 1.174, AAAQL 7|5%
(overall preference)= 5.79 + 0.808°F 7}
& =4 eyt B B7MlA 30% d7
50% A7H-S 7P ARsks Ao R 7= I
‘_l}i ”Jr§~ oAe 9 2EH & FHE A&
AtollA= 2 I=E FHAA 7P =
= 7]i—cl-— Yehd BHH, spAE FEjollA= 7T
H2 712 E Uehd ZAoE B1EQItKKucek
et al. 2017). ol=fet d3k= w9 71 FHol

N
)

o,

wet Bsd S4o] 2ok 4 98-S ek
okito] H9ol 30~50% A% olA Tl
Wt 715E F7t0l Flelshe Hoz mal

Table 6. Sensory properties of yakgwa prepared with 0, 30, 50, and 100% farro powder

Features FPYQV FPY30 FPY50 FPY100
Taste 408 + 1.177% 5.67 + 0.49° 575 + 0.75° 463 + 1.10°
Flavor 471 + 0.63 5.83 + 0.49° 5.71 + 0.80 517 £ 117
Color 438 + 0.89° 571 + 0.49° 5.58 + 1.26° 45 + 147
Texture 383 £ 1.96° 521 + 1.02° 558 + 1.17° 3.88 + 1.10°
Overall preference 3.75 £ 1.50° 558 + 1.02° 5.79 + 0.80° 433 £ 1.10°
DRefer to Table 1.
2The values are mean + SD (n=24)

9Values with the same small letter (a—c) in a row are not significantly different by Duncan’s multiple range

test (p<0.05).
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H A1 7154 A9 1 & ufg
T FEi= Z7HE o] 0, 30, 50 ¥ 100%=
7¥oto] ehbE Axgt & F4 B3 S &
5= Bkt T2 ke o2 29 Hrlgol
715l wet B 9, 23E 9 2o e
o] Z7letg o, AL tixtol| Hs| A7kt
oA E=A YeFge ;@.7 o ZH9] f-oJu]gt o]

i
U

ok A% el

j‘_q-i o]:jq_g pHg]. E]-EJ: j_q-i Huot 7‘(—17]—2]10]
Z71gel ket ejulshA F7RI9LE, 9, e
2 9 Wzt Aol ek gttt BB
Sk2 J71 B710 uret fojelehA A,
4B GoUIe Aol S vrehRA] glgiet. wh
4 asEr w2 2 kol Z7Hal uet
ReuIs] F71eke AT ehigln, At
L 22 foulshl 4459 a gL b g 2 4E
KelusA Sbstelct. 244 24 23 7
R, SN, A4 BN 2 ame =
She 2% H71F Z7N) ek gasie 4%

2 Uehgieh

flo

1

4n

P S 54 23 F ZeHE 3 &
ZglE w-olE &¥F DPPH 2z &A%, ABTS
g AAs 9 Y drieF STt ot

foH oz 718k SOD FAF B4tz
3} 712 7t golujst zjol2 Hgon} Hvt
o +9] Aol UERFA] FQIT. o]9t o] vz
LY A7he o] BRge FATe A
oz ZIFAch

okylo] s Bl A} 74 AL 7|04 gk
50% H7HE, I A2 30% H7HE, A= 50%
A, AAAHR] 7|5EE 50% A7l 7HE

Lm

=7 B7kEoq, 30% 2 50% H7hEo]

2 539 71555 UEgich
weba 75782 100% d7REelA 7P =4

Ueltow, 713 % SHAE 30% 2 50%

oo,

7HEol w7 ety 753t 71ees SEE 2
2 738 1] 30~50% A7 AAsict mekE
ot FolA m2E &85t AE AFE uuet

Aoz B ATOAL T Be WS 9
3 ohkE Azdle] sz 7
o, 7t 92 HE AEQ okl
st A0 ekt o]
e 99 T 88T 4 9 o=
7)o ek,
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