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[Fig. 17] Seosory evaluation of bread using Fenugreek seed powder
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2017). Zake WE H23 FUUe Q@ oo A 2] 49 o 2
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oo ZAelA B 5 gt G54 FeFo] B Wolth 1 W ohel, x
Gl g Age] Egol Ht F2 AYH ALY HolHgE Frop
Sof GITHMBN A7I+4, 2016). Zelzhe 4o wluig 848 53, 29
A5t rov], ke HoldR WHT Miw A Y 5L oYt 7154

FA]Eolet Bdth(D'Edigio, Cecchini, Desiderio, Cervigni, 1998).
njztolls S 12.7%, 5SS 77%, AoldR 16.5%, HIER A, H]
EfRl Bl, HIEbYl B2, HIERl C, wiavls, Zs, ool < 9 ofddt 42
njyjgo] F7HA 450 JomBird & Mular, 2003), 4tal
2l gof Blsf o o ol eiEol At 53], =¥
v g AHgol e FHIY, HEFIER, Aopdd Fo ditst &=
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JM, Khachik F, 2003; ol&A, 8F419, 7¥-f, 1994).
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2AA AEHor Fagt ARog dax 9lom(Sabater—Molina, Larqué,
Torrella, Zamora, 2009), 28082 += 7Ix}7] @ ok A3 & AL A
olidfr MIHFE Qsf Hioll 7tA7E AAY BE W AAet 22 o A
o7t vebd 4= UtH(MBN 7]%4, 2016).

2) Zej7te] w3t YA

nejzt B A Aol X8 WY 5 A7l e 3tehA
°] M3H(Ozkaya et al.,, 1999), =7} AX HHo| w2 3}t HJE
(Ozboy et al., 2001), Al7]ol @& & &5 WEH(Maskan, 2001),
AR EABird AR & Mular M 2003) 2+ A4t 2198 JF A&
(Carsanba et al, 2017), & A]7]°] E}% w4t 7 AR
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o x

7kt e ] A5 kst oA W gitet 54 AFEHAA 2 2018)]
A BE7HE 100gs 7IE2R ZE7h E8s 0~20% SRR HUtet & il
ol & F= 500go] HES Axste] A Aoz zEpt 2Es St
&5 o deeEy s dxaat vlustel S pHel At
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staou, Al e AR, A8, Ax ® FAAol gastada, 2e
7b 2 5% A7t wo] ks, ¥eRrt W AHAF Ve ko] wEA 4
S 71573 Tt Alxrt 7he e Aok weEdH (A 9] 2018)

Toh, ne)rh FEe A7k 7719 34 54 % e 24, An Ve
T 2AR ATEARD 9 2018)014  WIEF 100gell ZEFF 2o &
0~20%= F7Fste] F718 Az Avz zept ges S7Hdes 9719
ABe Aastglon, FAE S7bRAA, HYAY, 938 9 w7l EdEe
R R “54 B A AelS Holx] ggd. 771 5 W=
FEGFE FAHoR SN, pHe FoAHOR Hastirt. ol e
AR F7)el 5% Zeppt FEE Hvbehe Aol 2 202 PEEglth
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S Sreln Ae 130009 A8l LoICIALE, 200
2) Aol Aast 57

Al (oaf bread)> H7| HestA vy Heted WS woketl, W 9
g2 AAF o W2 W2 oopr|stal, &2 ouEs B Y41 F& @
#H(White pan bread)& Tetth(Xl £, 2018). U7FFo =3
T ouES & 1Y W AeR U we 44, &4, B, 43, 49,

4 MR, 55 TR %% A7V Gt o Ame @A B
1=

OlIE

fol

)

B3 7t o) A5V} WESH) 2} o, 24 el 290 kel Ael 2ok
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o Yol 7 WS Awolekn FTHIA, 2000,
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que] Exe guuw, So] FAL 9T WA Fe B Aw
(Pullman Bread), ¥r&52 AAAHA Zast o= © A#(Open Top
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Bread), W2A(Buns), 3 golzj= Tof 4P o == A% (One Loap
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Al (Rye Bread) R 7|8t &, S544, HE] T I&E2 o8 FEAW EO]
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%5, A BT Fob 154 ABoRA B ST O ARHL, B
23t 422 A7t AMERA, 20190ME D7 7154 B Gt 7]
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o] Qo AZte] FAEE TRt AMrE AN 714 A okl
3 A7l AaEe] ST FoRE HLE WL A7s} Hlojo} Fh}

kel ARRlE AAlRttE 2 7HRAA 9low, Azl kot I 9
Tof ot owe AR o SHshE Mde R, AFe 252 FSte] Al
ol S0l Atae Aol Bast A TEE Fo F2 A8k SHA|
gk, o A dAo FX] 2 o7 2 Atad] BA4A( FEE
Z, ZHetdZ, Free Radica)7h A4S o|gA] AA4H &84t AU
At AIZE s4ste] 4% A 9 Leoto] folog AEstu, whehbA o]
GANAE AASHE Aol Al k3t(EhHE = WHolH, olFA Al
o] AetE At Aol FAiteto|th(pmg A A A A4 2018)
82t (free radical, radical2 S Ex= 1 olAe] BiAAE ZH=
7 52 EAE FokH, #dZ(radicaDel#tik Tk 1900d M.
Comburg®ll &J&f| triphenyl methyl @ttjZo] falgjtd=2A o=z ¥
5 o, wol AFEol Fe A4 59| ofe] 44 Wge] YoiAl &
gepre] o] siFEen. FYHAHAE F=r AAY olF e

ng
Mr A
e}

homolysisel] &afiA] AT, 11 Y102 A= YAAES), F-=5f,
5% & £ At F2RASKGE, =274, disulfide, mercaptan,
hydroperoxide, azo $}et&E, YMtskE, f719% olbeE SolA Feetzol

7171 Ao wElEtHZos 4 AR AT debEoze RS0l F
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AZA4 59 e 47 5o
Ol Aol S7F % 5 21213%, 2%9] QafjAtaoA AE 9
Ade] FitstR Qg Almute] &4, DNA @4%olz 1 Hgades =

A
% ALy ol %‘ﬂa%}ﬂ%, oF, Mg, Jﬂrﬂé] 5, SHAs 4244
=

dutdos GasEe 2ot He Ble ke 1 Hows% |2
steslo] gt AZe] PuEEL 2SI 1Y P Wyost e
3} g}

AA, DPPHYZ Fitetss SAsk= 7P HEAQ Hwoer 2
2-diphenyl-1-picrylhydrazyl A]2Fe] ¢kzt2 DPPHoltt, DPPHSO] AJek2
23] olFR HepA rjefoz SHPt fu 2o £4fo|i, DPPHE 3
7HA] o] AAFEE YL Slow, Fxof A HE &0 5=
(128-137C)2 7FAH(Kiers, De Boer, Olthof, & Spek, 1976).

=4, ORACH (oxygen radical absorbance capacity)©2 o] "o |5
setEd 9 AlEo] HietE's 4T 4= Ity (Ou, Hampsch—Woodill,
and Prior, 2001; Cao, Alessio, & Cutler, 1993). o]= Al&7}
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AA|, FRAP(Ferric reducing ability of plasma H+= Ferric ion reducing

antioxidant power)H o= Ztstyl Al&sHA pitetel s 24T 4 e

Moz ZomEs $hRstn gt AE 2 APWEA metal reducing
powerg SAT 4 = WHo] A1 (Benzie & Strain, 1996),

EXSIRHALS] 27] AHE =45k FTC(Ferric thiocyanate)#-2
219 At AbE peroxide(@HitelE)oll &Sl ferric ion7t ferric thiocyanatesr
AAARE Z1& 500nmef] A sk= WHol o™ (Lips & Mcfarlane. 1943),
AR =2 A 4SS ESAok= TBARSH (Thiobarbituric acidreactive
sudstance) 0.2 B3} HFALS] H]EAMSt Ao A A= hydroperoxide (¥t
AFSH=E) 7} thiobirbituric acid®} ¥F8-5Fe] FA &= malodialdehyde (MDA)
S 532nmoA SAsto] A A E SAsk= wHolth(Daker, et al.,

2008; Marnett, 1999).

3) Fteksel et AYA+

Edlast B3 GalEel =2Y @UISS o Be ¢S Baz o] o
To] SABRE 1 WaFS s F3AQ 4 glo] AsiHoEdE HE
o] WasthAAH, 2012). oA WA Y L AELY Aol =g
2 FL U4 BAS AN ARQATEE NARTS B Awe] 3
E4(@01F, 9 20100014 HAREe] FAT BYL A4S AxG Fol=
ot glon], MART GFe Z/kgel utet st Bl Fse &

oE2ut Hr7t Ao A 7% F
A3, 7mlg], 201D)As Am=
2752 IC50 gho] HAst= A 3l
2L} Hrleko] ez o FASIALS 71 Zlo g AlgHct
ZAZ A7 Awko] gk 1) = 3 4
ool H=m4 dtEe] Eol Qo] =& AikEt avE UEUL, ¢
5

kel
T 71548 aAEA A% VIR Al Alx Al oM =g
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A3 F AddA= 2 99
A 1A A=

2 Ao AR Almrs ZE7t FR((F)FEAE, ofJE)2 N
power mixer2 Z2 Z& 60 mesh A= W 3 Argston 7l

= e
@GP, BE HE

JEAFAD,  HAEGRHEE, (F)CJAILAD),
A2FEALF, FCJALAD), 2AEFE@AL), ©]AE(Saf Instant Yeast

Red, ZefA)olw, AZFo]A FLelste] AH8slsict

a7t Bahe Hriet Awe] uijg-2 Table 13 Zrh i A 2
AHE=H (straight dough process)oﬂ ot AR 1500 g, = 960 g, °|AE
60 g, A& 75 g ARG 45 g AF 27 g £EY 75 g& Z4Z+o] AT}
o], WkE7](A200C-2261, Hobart Co., 75%1, Z@H 2EYS Aeld B
E AQaes sds6te], 1gteg 18 2dhog 287F HFES H

l

s£EYS A7

< geoto] tix Al 42 %“%.ﬂﬂi Zlitﬂ?&t}.

b2 S 2 270, &% T5%°1A 6087 12 Hasd
3 FEE7] ¢ % 308 F3 HasHth S Ha

- g ZHell 3784
HL 85%°14 3027t 22 IR E oflrh. 11§, 23 98
180°C, oFHE 190TC=E odst #7]eE (FDO-7104B, (5

A&, =olAl 308 S T AR A ARofA 1AIZE Byt

o
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Table 1. Formula of white bread with Freekeh seed powder

Freekeh seed powder (%)

Samples =
i CON 3 ) 9 12
Wheat 15000 14550 14100 13650  1320.0
flour
Freekeh seed ) 3
0 45,0 80.0 135 180.0
powder
Water 860.0 960.0 980.0 980.0 960.0
Yeast 60.0 60.0 60.0 60.0 80.0
Sugar 73.0 75.0 73.0 73.0 73.0
Milk powder 43,0 45,0 45,0 45.0 45.0
Salt 27.0 27.0 270 270 27.0
Shortening 73.0 73.0 73.0 73.0 73.0

CON : white bread without Freekeh szeed powder

G—3 : white bread with Freekeh seed powder 3%
G—6 : white bread with Freekeh seed powder 6%
G-9 : white bread with Freekeh seed powder 9%

G—12 : white bread with Freekeh seed powder 12%
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malzl B 5010, 15, 20%% AT AHAFS i)
9, 12%% ®H, FHF0%)S FHELS a]ﬂa}gqq,

Do ez AxsiHon, d2oA 1A ¥y S

3) A wrEe] pH 27

ZaE|zh Bge] Hrlske] whE Al §hse] pHEA-2 AOACH(AOAC,
19849 wet FH4 100 mLet ¥ 10 ¢8-S & 7](AM-7, Nihonseiki
Kaisha Co., Tokyo, Japan)ollA4l 10,000 rpmo=z 18 Bt 235t
SErlS Alox 3087 WAsty ASAT pH meter (Starter2100,

Ohaus Co., Kyoto, Japan)2 =7%s}3itt.

4) A Rz WEAZH G B 24
mejrl B RS AW wEe] EEAGY] dd Ru @sh g
WAARE 200 mlel WE S0 g Wi, AW WE TEZUL FAD
oE zPoRE R

Z700lM Taet & §HS Fo] Ws}

27C, & 75%=2 6087t Wastygoer, 22 ¥g AR E 2% 35T
EE 85%=2 3087t Hasiych. ¥a & HbE o] HSE =% 5|
Bu(mL)2 ey o
5) Al w0l 12 8 ¥ pH &34
gyt B MU w2 AW gbxo] drg A7k wmeEt pH A2
e 308 HoF

FHS 100 mLol ¥ 10 g& ol 4l dhd, EE
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2R

o]
=

pH meter(Starter2100, Ohaus Co., I E,

=74 871

7t
HEA|SFATE
X
=% (g) Y
e H7ie AW BA9 Aolg
X 100

A9 Ble= Aldrste] yeb e

rz mAe} mejzh
Al — 2w A
=57

mL

o

(Zl4d

A
T—
==
Hk=

A2oA 3023t
Co.,

S Elofl. &
=S

T+ 7)1 (AM-7, Nihonseiki Kaisha Co.,
k3

dojijo] pH meter(Starter2100, Ohaus
- 15 -

g7t 2

of A% 10 g

3EZF 10,000 rpm=zZ  HFA3FF
Al



= o
zxe

tx4d 7h=HEOS
System,

Z st
8) Ao ol @ HHTE 23
malsl o] W] we Awe] oy ZHe
Canon Co., MWE, &)= FHYsiglen, nAtx
50 EGVM-452M, Video Micro Scope
AX

60D,
w4 (ITPLUS

(F)olAH A, Ae, s+)oz Zostyct
maj7p E0o] Hrbee] wE Aol M £A2 MHA(CR-20, Konica

9) Aol M =74
Minota Co., IE, dE)E A&sto], Hunter's value LB L)} a(AM L)
BE WO L, a, b@t2 42 93.23

al

bEAE) = 574 skt o]
0.27, 3.420]1ict.
10) Aol =4 &4
a7t B24e Mt Aol B4 AL Texture Analyzer(TAXT
PLUS, Stable Micro System Co., 9=9)E AF8st1 TPA(texture profile
analysis) 2 S4stler, 10 mme FA=Z A& mgrt 2T 7R
AS = A Zel SA4sklet. 54 22 Table 29 gon, SA%r
2 dojF  force—distance ZAorHE Al A (hardness)2}
et A (springiness), S (cohesiveness), A 2Hd (gumminess) gl
J(chewiness)S 53] WHE =Aslo] TAFzHe Fstsch

Q94
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Table 2. Operating condition of texture analyzer for bread

Classification

Qualification

Instrument
Test mode Measure force compression
Option Return to start

Pre—test speed 1.0 mmfs
Test speed 1.0 mm/s
Post—test speed 5.0 mm/s

Distance 20%

Calibrate probe P/36

TAXT PLUS(Stable Micro Syvstem Co., Surrey, UK)

12) DPPH #Hd 4275 574

A7t Alwk

2 dojrfe] A9

O
471€(ML-50, A&D Co., I E, &&) ol&dl 39 ¥hE Z4sto] 1

F4rel €42 DPPHOl(,1-diphenyl-2-picrylhydrzyl) wste] ZA}g-of
5 (electron donating ability) 22 =4 sttt 100 L A=) 100 #M &
M 900 uLE HIISH & A4 3087F WS 2jdgt o] T8 3Lo|A, 517

o

nmo|A 58 7tAo=

oF 245 UEhdH.

FEE S, AMEE offel Axtrer it

DPPH =tz 27184 (%) = (1-Am9 F3&/dx29 535) %100
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A B7HEE2 A(colon) ¥t m(flavor), B(taste), £% (appearance),
HAAAA AS k(overall preference)® ZH2te] EAS 154
line-scale2 B7FstAtt. 182 W% £2] oA 1582 ¢ EF o=

B2} A skt

14) FAEA

—

SPSS(Statistical Package fo
IL, USA)Z2T0H-S o|gst}la P+ + FTHAE Axboralch. A@et
hx7ke]l folAQl Aol Student's ~test@t A YuiR]EAFEA (one way
ANOVA)e 2 ZAstgon, ddARAS 5o 24 Aleite] B2 54
I} ZZx}o] Atole] ArTHAS(correlation coefficient) S AF=E5SHITE A8 A]

2 g0 thF HY(Duncan’s multiple range)

S o
test® AAJSE] 7 AR 2 014 HolE FW st

B 7o RE AYARE 33 ol v EHsigow, Holy BAe
r So

cial Sciences, ver. 21.0, SPSS Inc., Chicago,
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A 12 =7t 22S JA%

rst
1

2
lo
HH
1)
A

%)

D AW WEe] pH 574 A3

pHE =0l Hokdle aol2( HY) s=8 T4, 2000). pH7T
i ammocarbonyl HkS o] folste] Mo] AGA T, CO2 WAY=o]
AES Baking F, We] BAE 716t Fule fZaste 9<lo]

TG4, 2002). W wpate] loiA = WEo] pHel wheh 27d A
= Table 3., Fig 1.

A7 2AelA ¥h5e] pHE 5392 7 WA YErton, Zegt 25
3% H7FollA pH 543, 6% H7FFolA pHe 544, 9% H7htelA pH
5.46, 12% RA7FFolAE pHZE 5482 7MF &2 3t uehfu], Ala 7t
frolet Aok AT (p<0.001). F¥rHor W wh£o] pHe H7h A=l
pH, A7 S0l & won, o|2ES AL 272 pH 5.0 Hkoln
drazt APEAA pHe Ash =1, & A pH At Az 9= gyl

9% 2go] AT Wt SATHE|E, AAS, S8A, 2015).
ol wulsl, A4S, 8FA (0159 $9 BT AT AMq 99
Bur gojero] Z7hge] wet wEe] pH 471614 5112 pHIb Z7lehs
Avie} %xno] Bub 7} Aol U EARIEF 9, 2016) ATIAE
Znmo] B M7kl Z7FR4E WES| pHrE 520~533% Zkshs
AT G A ehgnt
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Table 3. pH of bread dough using Freekeh seed powder

Samples PH
CON 5.3940.0174
F—3 5.43£0.00°
F-6 5.44+40.00°
F-9 5.4610.01°

F-12 5.4810.01°

F—value 104.630""

" P<(,001.

DAl values are meanESD.

YMeantSD with different superscript within a column are significantly

different {(2<0.05) by Duncan's multiple range test.

55 g

5.48 |

Ph

5.46 -

5.44 |

5.42 |

5.4

5.38 |

5.35

534 L - » . — ;

CON -3 F6 F-9 F-12

Fig 1. pH of bread dough using Freekeh seed powder



B
|7t BEE drkete] Axe AW BHES WFAIZE 30RTE Fojwist
ZA%F Av= Table 4 9 Fig. 23} Zth
W Aeo] Awh wb=o] Hul= o7 48.33 mlLolqlal, =gt 2
3% ZA7FElA 46.00 mL, 6% H7FrollA 46.67 mL, 9% A7FEOlA 47.67
mL, 12% 7}olA+= 48.3 3mL= AlmTtel]l {23t Zpol= Sl

12} 2| 3024 0A RE59] Fuj= dixolA 78.33 mLo|3ly, 547}
2ot 3%, 6%, 9%, 12% H7FolA 78.33 ml, 78.67 mL, 79.33 mlL,
87.67 mLZ 12%d7} 77t 7F4 =9ty dha 6024 ¥hEo] Hulk ozt
oAl 132.68 mLelgla, =7t B 3%, 6%, 9%, 12% ZHA7FrolA
126.33 mL, 124.67 mL, 120.67 mL, 119.67 mL® 237} tiz17t 71
= Ut

HAAZE 00RA A FHTRAA FHEe] Ru= thRollA 92.67 mLo]
A1, =Tzt B 3% H7FolA 91.67 mL, 6% F7FFolA 91.33 mlL,
9% 7oA 90.00 mL, 12% H7HellA 83.33 mL= ¥R 602AHot
Aaskda, IR 12084 224 dacAe ¥ Rurl RE A|so] R
7} A Z71she giZ2 oA 146.00 mLolgly, a7l B 3% Hr1o
A 143.67 mL, 6% F7FFolA 143.00 mL, 9% H7FEolA 138.67 mlL,
12% 7t tolM+ 137.67 mL= “Xﬁ} Nx77F 7HE =A U

B 220 RuE AQg BE YRARMA Alm THe] {9l ztol7t gl
R, TL A=A TEAZE] whEbA {oJgt ztolzb SIHH(p
<0.001).

Ze|7h 2 vkl wE AW REEo] Huwist:= 12% H7bo] HhEol

A& Below, H7He] o] HAe4E Uad

o] F7tste A¥tE Hh ole F3HAFS o83t sourdough bread®]

WE 27196 Vg Re wae
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SAEAAEAH, 2016)AolA ¥r=2] HEAT o] TE Fu]o] Hate] o3
e AR ATe BAAE ol Wa AR US4 WE AT} §
H fashs Aibe OE, AR/ 282 A7 AW bixo] 24 EAAA
(Kl=d , A& Aldeh 2008)04 A7 £E2 o]lAE &S AAstar A
Thgol Zokgtel weh sta A4 gaz wraggee] asiir: o
Tk fAE AT Bt
Table 4. Changes in volume of bread dough using Freekeh seed
powder during fermentation
Fermentation Starter(%)
time [ o 1} >
(hr) 0 3 0 9 12 F—value
0 43.33%0.58YF 48.00%0.00° 46.87x0.33% 47.67£0.38°F 483310380 18.625™
]31
Fermen 30 7333+058% 7833+038% 78.67+0.58" 79.330.58 B7.67+058¢  147.300™
ranon
B0 132.83+1.15% 126.23£2.39"8 124.87£2,39"F 120,67+4.93"F 119,672,085 8.854
ond 90 92.8720.38%° 91.67+0.58% 81.3320.58C 90.00:0.00° B8333x0.58% 31625
Fermen
TaUOR 100 145.00+178% 143.67£0.58%5 143.00£1.00% 138.67+2.06 137.67£0.58% 20,611
F—value 4,482.406™ 2417.107™ 2.008.677™ 648.932™ 3.107.647™

" P<(.001.
VATl values are meantSD.
Meant$ with  different superscript are significantly  different

¢

(p<0.05) by Duncan's multiple range test. Means Duncan's

multiple range test for different addition(row). *EMeans Duncan's

multiple range test for fermentation time(column).
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140

120 |

100 K

g i CON
g 80 e F-3
2 0 —F-6
e ——F-9
i F-12

o 30 &0 a0 120

Fermentation time {(min)

Fig 2. Changes in volume of bread dough using Freekeh seed powder

during fermentation

A= Table 5., Fig 33 2t

12 g & A gk pH 54 Ay, FH7F 2ol 99 pHe
52002 7B @A yergtorn, mZalyp BaF 3% HIEto|A pH 5.57, 6%
A7} A pHE 5.58, 9% H7FollA pH 5.60, 12% A7F oA pH7F
5688 7V w2 2 UEUH, Al=ZEe] {o7t Zol7t A (p<0.00D).
12 e & A ub=o] pHE =7t 299 Hrigo] S7tga5 pHE
IE 5 AT FAE B Hdrbgs geeh A
4 AFFHAY, 2018)°A4 wETe] pHe 411=
Lehgo o Baro] HrieFo] 39%9] pHE 4.17, 6%2] pHE 4.30,
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9¢] pHE: 441 % 12%° pHE 4452 Foxc BHZo] Hyleko)
71 12 IR WE0] pHE F7bote] 2 Aet

[e) o

IT =

HAA G o]k 1z} waE § ¥k=Eol HA pH 5.5 ~ 57Kt *e Aus
=]

Hol RAAEI pH= vepgou, mazl 2k Hri AW wkEo] 1%}
9g & pH 557 ~ 5.63° & AWNE Ho AW wrg HAd  AFS
pH= yetyth Egt AW gt pH Wstel Zo] Mr Hrieke] weha] 13}
AE Fol W] pHE Az kgl wlElstel  pHIE Sk Aom
Hol Fct

i 2 O0E AeE & 5 9on], pH o] wet wrEe] sha
B4 wael S %aﬂ%1pHﬂqumig§ﬂﬁw%w1ﬂii
Ao

bolol 413 Sol ueht Bl e
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Table 5. pH of bread dough using Freekeh seed powder after 1st

fermentation

Samples PH
CON 5.2010.017¢%
F—3 5.5740.00°
F—6 5.5810.01°
i 5.6010.01°
F-12 5.63+0.00°

F—value 2118.220™

" P<(.001.

YAl values are meanxSD.
“MeantSD with different superscript within  a column  are

significantly different (p<0.03) by Duncan's multiple range test.

5.7

56

i
54 ‘
|
52 ‘
5.1 \
49 L L L . A i . re— 1
CON F-3 F-6 F-9 F-12

Fig 3. pH of bread dough using Freekeh seed powder after 1st

n

Ph
u
w

w

fermentation
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23t
489

4) Aol 5|, Fu, w82 gl wrEdE 54
zZa|7b BEe bl we Awe] RA9t Fu], v, F7)E
=72 At Table 6., Fig 4., Fig 5., Fig 6.1} Zt}.
Za7h 2ol Avhel wE AWl FAe mEpt 29 12% H7HL
499.50 go & 7P =Qtom, 9% H7bollA 497.83 g 6% H7FLol|A]
495.33 g, 3% H7HolA 493.50 g, A7 ti2FE 487.67 g= 7P W
A vergeH, Alg ke fofet zFel7h AAH(p<0.00D). ol A2 &
ol ofsf &3 e, 29 FE, ke T T dFer =Tt
v bl whE da BE3 2 Y Al o) #AVE SR Al
2w
gol Fulo] e FE 89202 AT Y= °o|2E, &F, &4, O|2E
FE ARFH w=Ee] AH|, pH, WE 2%, FEETE, 2aHE 5Ol
daggde] By, Mz AdLAEE stER JfAE TAARIHL
BIstgoe|4s, WEs, 2015).
a7 2o Hrhgel we AW Fie FH7b7F 1710.00 mLE
7B 33, m2Egt B 3% ) 6% > 9% ) 12% H7MF42 2 1666.67 mL
> 1639.33 mL > 1574.33 mL ) 1474.67 mL2 12% H7}olA 74 27
Uehgos, Zej7t 2% d7igo] SUMdes foAor Hastia A3t
oot Apelg HAth(p<0.00D). ol ZAAAD o= Ikt A%
FASRRA, 2019) AFolA] G7HT YAEG F2 Aol ofsf W=
ol Wl wHol Ruyh ol AFAN Hue TERI JMRE QK
715 L7 Aol A A4 9 tete WHERA, 2018)9l
Saut 7hRo fE Aoldfrel EaEel os) 2%d 4 wWel, 7A
7 oltsteta WA ofst 5 Hu P fad JFe Fe o=
wotEs A9 die 2 79 AR d A3E 2t
Aare] BulE BAR U H8H2 B 1 go] AAshs FujzA AF
o] Ax= AFE 54& g 4 Aol st AFe] vgA2 el o
Letde], wejde] A o, 2799 e et AW vl ¥t
- 26 -



= AR FRe gl ol FFS Tertal EusHArHE Fel, 2005).
ze)7h 2o 147}11‘:011 e Ae] B8 F377F 3,51 ml/g= 7h
%A, neyt B 3% H7HE7E 3.38 ml/g, 6% H7HE 3.31 ml/g,
9% F7HelA 3.16 ml/g, 12% A7H7F 2.95 ml/ge2 7P Weken, =
d47F 2 A7t SR folHer Haste Zdae eI
<0.001). ol= FZ= HAulg b Aol FHEALRAA, 2018) Aol
M 7kt o83 Ao HgZo] Faste] 2 AFduel AR A
T Uetisley, ol Adgo] o]2E@ERE)S] diARA Aol TR

o1 g
of Qe Ft Agel wa TaEe wnlze] 9 ol AE(

2 (mm)e] FAel
A0t U8 KL oA W8N 27t A 29T Ao weifen
B A7 AvelA A el AHlt RARe] TRe o] TS W
2 zoz Hojdrt

7] WS Vg FaW AFA BHOR B/ &4 WANE F IUA
20| s 2o Fuste] Wo FHAL B RAF Foltt AN
o=, 3] é”f)ﬂ G WAL QQloRE AE A7), Fr & L A

G
=7t %‘%*94 A7Fel ‘IP% Aol 7] Edes T 9.69%%
P ESten, ZErt £ 3%, 6%, 9%, 12% A
81%, 1.50%= ZAIS Jero HrlegFo] Z71 42 27 C’“O] 0]
Fol Hew, Am 7+ {22 |7t AU (p<0.001). o= =
Arlo] whe AW o] R a0 go wgelt EMz
7

iy
=2
we Tl 2 Sl HofA #7] EdEe] worl

~

rr

A
-

R
O
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Table 6. Weight, volume, specific volume and baking loss of bread

using Freekeh seed powder

Specifi Baking Loss
o . . Specific
Samples Weight(g) Volume(mL) = ST 5 )

CON  487.67+1.15° 1710.00+38.00° 3.51+0.08%  9.69+0.21°
F—3  493.50+2.29" 1666.6715.13" 3.38+0.01°  8.61+0.42°
F—6  495.3310.58" 1639.33£5.51°  3.31£0.01°  8.27£0.10°
F—9  497.83+0.76* 1574.33+6.66° 3.1640.01°  7.81+0.14°

F—-12 499.50+0.50° 1474.6716.11¢  2.95+0.01° 7.50+0.09°

F—value 40.715™ 79.662™ 105.589™ 41.143™

™t P<(.001.
VAN values are mean®SD.
IMeantSD  with  different superscript  within @ a  column  are

significantly different {»<0.05) by Duncan's multiple range test.
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1600.00
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1500.00
1450.00

1400.00
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Fig 4. Volume of bread dough using Freekeh seed powder.

3.60

350

340

330

3.20

310
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260 - —i b i .
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specificvelume

Fig 5. Specific volume of bread dough using Freekeh seed powder.
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10

g |

6

4

3 |

0 — Ll i i ;
con F3 F-6 F-9 F-12

Fig 6. Baking loss of bread dough using Freekeh seed powder.

Baking loss

5) A% F7] § pH 54 Az

ze7h 2Ee Hrbge] we AW w7 & pH 3742 Table 7., Fig
7.3}
Aol 7] & pHe ZEl7t B 12% H7M7F 547%02 7 =3e
o, 9% FAZFEANA 5.46%, 6% FAIVTLONA 5.43%, 3% A7FFNA 5.41%,
FA7M 2T 5.39%2 7P 33ten, Alm 4o {92 ZpolE Hlrt
(p<0.001). maj7} BEEro] Hrigko] vﬂ%%% pH7} EolA= ANE HA
o} ol EFAx HEF EUS Hrie Ao B4 EHGEGRE, 2018)A+
oAl Aol pHE TR 6.50, 2% H7F 6.52, 4% F7t 6.59, 6% B7}
6.82, 8% H7t 6.942 7lo] F7tE45 pHZF fojAo= Foby & 4

Toh gARE AT e

Ao W% pHE o] Ehe] ol pHE HAze] ek mly
o, EG pHZb FABLE olitsha BAF] Fiste] 3] 5, W ¥
M Fobsta SAE gaste el "olxi: el Hrt (PG4
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2002).

Table 7. pH of bread using Freekeh seed powder during storage

Samples PH (%)
CON 5.3940.011%
F—3 5.41+0.00¢
F-6 5.43+0.00"
F-9 5.4610.002
F-12 5.47x0.01°
F—value 100.832™
™ P<0.001.
YAll values are meantSD.
“Mean+SD with different superseript within a column are

significantly different (p<0.05) by Duncan's multiple range test.

548 r

pH

546
544
542
5.4
5.38
5.36
534 - = ¥ g + f
CON F-3 F-& F-9 F-12

Fig 7. pH of bread using Freekeh seed powder during storage.
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6) 4wl 9w W vlg7x 54 A%

-

mejsh Bare] Arhgel npe A el A 7x 24 AvHs Fig 8.9
et
e BEAY FRe TA Y7o mest BT 3% AR, 6%
WAoo Busl g Aom aokgoR 9% WAE, 12% WAAFIL w02
A Aok, AR zhe] ofzre] Folrh Qigith ER, lgom HLS
Mol Mg wE BEsL gETY Aol b Mekn, 1 ohgow
mejst B 3% FAE, 6% AV, 9% FAT MR olRHm, 12%
A7} g olE AR, AR 7he] njulg AolE ®er
OATES B G AW, PR dERPe Zest BE 3% AT 6%
A TAE 71350 AR 240 AL T Ul B
gom, 9% AT, 12% FAT w02 71FEe] Aol x|
wet Qs el ol ohlel BAsT U4 glol Aelstn
% oqlgith Hush Zol| 7139 A/ Holx

AN
= 2345 Eoled, ol uteHl 222 7Rt A%

N
N
1o

)
F

AN Ih)
kT o >

Y

BN
N o
e
S,
o
ol
Ll
R
o U
ol
el
O

= 018)A+et AFYE=S-(Sourdough)et Flcof B-S H7ieh
gl FAEAY 9 RS AS, 2018)AEet FAKE
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powder
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7) Aol M =4 Ay}

olff, Lzt(lightness)e TWE, WALEZS  agi(redness)e ZHMEZ, b

Z(yellowness)> FA TS LERHTE

nezt £ge] we A E(crumb)o] Mk =4 Ay Table 8., Fig 9.9F

et

Zeyh el wE AW wiNEEs yehfls Lgke diETelA

78230= 7P wA, ZErt BY 3%olAM  76.13, 6%°lA= 74.00,

9% A 73.27S 12%= 7187 & =Ty} Buo] Hrlgo] Z7p 4=

gojFoz  ZHASATHP0.001). ol ZEyl Hwe] EQ Mol Le

HEANA oFYPA= 2HE HATh

AT s YetlE agk2 7371 di277F 03722 71 =9a, =zt

2o 3% 7} 0.13%, 9%7F 0.07%E Yerdom, 6%t 12% 717t

-0.172 7}F dokon], Az Tto] folgt ApolE HALt.

FAZE HeElle bl FA7F 277t 140302 7P W@eky, mejzt
T

24 3% ) 6% > 9% > 12% H7VHE2 ZZF 1470 > 15.63 > 19.00 »
190702,  mest Bl Askgel b #5E fozHom
%75tk p<0.001).

Zalzt Bl Hriago] w2 AW crumbe] Ax: Hriefo] Fr1E4E
O

[e)
AZfe Godoz uATE ol HIYOowW, bIFE ZUlstan Lk
melzh Bare] wlE A Rlcruso] ME =3 Aol Table 9., Fig

mE7h ZEe] w2 Aol LML) g2 FHE7F 277 69.002 =
7V Eoky, mEjgk BY 3% (66.93), 6% (65.63), 9% (61.30), 12%
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(57.672  mEjyt Bd HrlRFol IR feoxozm AstY
o]Fojz= AIE EHp<0.001).
a(BA ) e T dizpoh 93707 P Wk, melyl Bd 3%
(9.97) > 6% (10.27) > 9% (11.83) > 12% (13.33)08 maj7} Huto]
Hrtegol Tt T4E folHoz FUbekAtH(p<0.001).
bEAE) gt BH7 vt 311702 7P 9oy, melzl B 39,
6%, 9%, 12% HAZVTEL ZHzF 3227, 32.37, 32.50, 32.770=, a7}
=4O Artgol F7F @45 foHog 7ok lrh(p<0.001).
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AE A o] Moz <late] At colore] WSte| JFE F Aoz AztHct,
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Table 8. Hunter’s color value

of bread using Freekeh seed

powder(crumb)
Samples L a b
CON 78.2310.421% 0.37+0.12° 14.03+0.40°
F—3 76.13%0.29° 0.13%0.12® 14,7010.60"
F-6 74.00£0.36° —0.17x0.06° 15.63+0.23"
F-9 73.27+40.25% 0.0740.21% 19.00+1.28°
F-12 71.87x0.21° ={).17x0.12° 19.17x0.642
F—value 190.878™ 8.712" 33.545™
™ P<0.001.
YAl values are mean®SD.
“Mean*SD  with  different superseript within a  column are

significantly different (p<0.05) by Duncan's multiple range test.
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Table 9. Hunter's color value

of bread using Freekeh seed

powder(crust)
Samples L a b
CON 69.00+0.3014% 9.3740.45° 31.1740.97°
F-3 66.93+0.40° 9.97+0.75° 32.27+0.76®
F—6 65.63+0.38° 10.2740.45° 32.37+0.35%
F-9 61.30+0.36¢ 11.83£0.90° 32.50£1.13%
F—=1¥ 7.67x0.74° 13.33+40.90° 32.7710.15%
F—value 293.048™ 15.079™ 1.924™
™ P<{.00l.
YAl values are mean®SD.
“MeantSD  with different  superscript  within column  are

significantly different (2<0.03) by Duncan's multiple range test.
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8) Aol &4 Ws}

Ze7t 2 AUkl mE AW =49 ®Hels 54t Ey= Table
10., Fig. 11~15.9} e}
A% (hardness)= Tzl B A7leF 12%7} 0.56 kgo= 7P =9k
9%, 6%, 3% <o& 052 kg 045 kg 041 kgoz olHe
27 E 039 kgoz 7FF WA yeEgrth o] =gy Huto
WOl S5 woe ATE WSO, B LY W A9

U, ol4l=, 2008)ol Mk o] oo

olelFt AN Weo| £EUF L Hulo] wel )T W st HEo|
gk 2 APAA WAR gy melsh BuE
Fastel 71Bol e AFS VehRwA

&2 (springiness)& 578% A™, FH7MeF 3%{7H7F 0472 7
A UGEREL, 6% 9% A HolAE 0.56& YERHCH, 12% H7FFA

0.580= 7 =t AWe] e84de ezt Zel Hrtge| 7S
FA7FeL BE A=A A9 Z2 AHYe How, Am P FoRt
Zpol7F gliT.

537 (cohesiveness)-= 12%4E 77} 0.310=% 743 oty
9%A7F LA E 0.30S 3%A7FEAA 0298 Uehdod, TH7M 6%
77 0282 7 W2 AVE UEWen, Ag Tt foA Aol
it o= smAdEetotAdl M7t dn] Aoldf AW Fdof A=

HA
BF (@AE 9 2016) ATIN SHAW BEyol fEFw foH
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r
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A4 (gumminess)> FHZFE dIZFAA 0112 7P @k, 3%, 6%,
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WA (chewiness)  F@71EolA  0.052 7% @ka, 3%(0.06),
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Table 10. Changes in texture characteristics of bread using Freekeh

seed powder

Storage 0 3 (4] g 12 F—value
Hardness . » _ . _ ) .
(.39£0.047% 0.41£0.00™ 0.45£0.00° 0.32+0.02* 0.36x0.01* 13.088
(ke)
Springi ) )
0.47+0.08% 0.47+0.08° 0.36+0.24° 0.38+0.19° 0.53+018° 208
ness
Cohesive ] )
0.23£0.047 0.2940.04% (.28£0.04° 0.30£0.02° 0.31x001° 414
ness
Gummines . . U
0.11£0.02% 0.12+0.02°° 0.13£0.03%° 0.14%0.02% 0.16x0.02° 2.669
5
Chewiness 0.05+0.01% 0.06£0.02% 0.07£0.03° 0.08%£0.03* 0.09x0.02* 1,457
** P<(.001.
YAl values are meantSD.
IMeantSD  with  different superscript are  significantly  different
(p<0.03) by Duncan's multiple range test. *%Means Duncan's

multiple range test for different addition({row).
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Fig. 11. Changes in hardness of bread using Freekeh seed powder.
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Fig. 12. Changes in springness of bread using Freekeh seed powder.
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Fig. 13. Changes in cohesiveness of bread using Freekeh seed
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Fig. 14. Changes in gumminess of bread using Freekeh seed powder.
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Fig. 15. Changes in chewiness of bread using Freekeh seed powder.
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9) Aol e 24 At

e

ZEzt 2] Uil we AW sEdde] 2d= Table 11, Fig

16.3 2t
Aol SHSEES A9 Ayt mEyt B 12% HUFEOlA 41.57=
7 o LERSERS UeWon, 9% AHrFEOALE 41.03, 6%, 3%

A7FFolE 40.60, 40.4002 FHEIF YRFAL 40272 JolAH

7ol S7tEsE folHor SUtete A HERITH(p<0.001). =7}

Biro] Hrtego] SKEE 3%, 6%, 9%t 12%2] FETFo] w2 AoR
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Aoz Ho Ao, ol =i} JIRE AR {7 WHE AW AW
29 9 et BIHERA, 2018) ATl TRT}; 7hR o] whE Al
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FETEol Wob AW crumb® FEFHO] w2 Zom wHEH:e
AFAer FARE AFS How, FHFE o8 AW FHEA
T AFA & 20189004 FHlF EES HURRE Aol o g2 a7
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Fig. 16. Changes in Moisture content of bread using Freekeh seed
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10) DPPH =& 475

o

zE7b BOE H7ist AW DPPH v a7sS AT ZAde
Table 12.9} Zro] urepytet.

x21e] 79 DPPH 2tz A7F0] 12.08%=2 Ueton, L2zt By
3%( 15.46%) < 6%(22.48%) < 9%(35.51) { 12%(42.57%)& hZFHT} &
ooz opzl AL A THp<0.001). ol AGF 5(2008)2] 4l& F
Z29 oete ARo] FisiAo] iy HIH 7|E At AIF T
(2016)9] AelA FEHE FEFol 222.5mg/L, EEtHlolE gEF
101.7mg/L.DPPH 2tz AA%5o| 15.43%0 2 et 2 AF A1Le} A}
g 475 YeRloh

8 2 QA WA Tl B 28 53 Adote] AstE o)
7] #4199 DPPH ]z 4752 HeEpdo] Hluwz gzl 2}
A ohFet AAN 2 RE FAist EAS A
g Az Folsol o HHE AAGHL dxdd gMEE Jo] wet
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<Table 12> DPPH radical scavenging activity of bread with different

addition rate of Freekeh seed powder

Sample DPPH (%)
CON 12.08+0.21%2
F-3 15.46+£0.274
F-6 22.4840.38°¢
F-9 35.5140.55°
F-12 42.574+0.44%
" P<0.001.

YAl values are meanSD.
IMeantSD  with  different superscript  within a2  columm  are

significantly different (p<0.05) by Duncan's multiple range test.

1) Aol WAL 57 2

i)

Al IR HAre] =74 Axb= Table 13., Fig 17.3

Za7t 2= A7kt A o g
£
Hl(color) FFollMe =7t 2 6% M7 3% H7H7F 12.009F

Z7F =9tow, 1 trgoz BAHIVIEZE 11.40011 9%
12% A7F7F 79002 7V drow, Alm 7Ho
g7t B 3%t 6%7F H7bE A

11.900 =2 7].;<1— 14

A7F7F 10.900]H,
oAl ApolE HATHp<0.001).
de Aoz et 344 4P nxl Aer £F drt

o] o7 2
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F(flavor) FEANAM= =87t B 6% H7H7F 12302 7 =2 HUTE
wory 1 theo2 9% H7F 1090, 3% H7FE 10.80, FHIME
10.60013, 12% H7F7F 7.902 7HF $ekom, Az 7ke] {2 zpolrt
AATHp<0.001).

Sttaste) FEAAE Zej7t BE 6% A7FE7E 11.902 7 &9kem, 3%
HA7FE 1140, 9% HA7FE 10.70, FHE7FE 10.208 YERHoH, 12%
A7t 8.10%= 7P WA yeld, A= 1he] {94 Zolrt

AASS & 4 UH(p<0.001).

¢|9(appearance) FEAM= ZE7t FF 6% H7H7F 12302 71
=N, I 9o 3% H7E 11.90, £¥7 dERTF 11.20, 9% H7H
10.90013, 12% 777} 6.8002 714 wgpom, A= kel fod zpol7}

AATHp<0.001).
A (texture) FHoA= ezt BD 3% HA7HEet 6% A7F7F 11.902
Zol 7P =gku, avkgos RBHIEL 11.30%, 9% H7HE 10.800] 1,

12% H7t+7F 6.302= 7 w@ten, Am He] /oA Aozt
91 21H(p<0.001).

HAA Al AS Ik (overall Preference) FEoAE Tzt Y 6% H7H7}
12202 7F =qQtom 1 to2o2 3% H7FeE FE7ME7F 11.20, 9%
HA7ME 1110011, 12% H7M7F 7.0082 7P w@ekor, AR Zhe]
GojH el zpolE HPHp<0.001).

M (color)¥ F(flavor), Bh(taste), 2] (appearance), AAA Q] A& % (overall

Preference) FEHA Z7t B 6% H7H AZTrF 7P =943, 12%

A ABEst b Ree & 4 gtk Z Zelsh Bue] Hsbagel
6% Aol A, % 9F FHAIME Y B HIEES Fglo

AAA MSEE A vepgch J8l3, =Ty B 6% Frret

TR Aol 2 Aol7h fIAE, BHE 12%E A7kt AWode BE

o] e ATEE A9t
et 240 Ane deor meyt BUg 6%z Wttt AMe
Azshe Zlol HAE Zoleky Wehe



Table 13. Seosory evaluation of bread using Freekeh seed powder

Starter Overall
- Color Flavor Taste  Appearance Texture
(%) preference

B

Con 11.40=+1.26% 1080+1.07" 1p.20+1.32" 11.2041.40% 11.30+1.70° 11.20+1.40°
F—3 11.50%0.88% 10.20%1.43" 11.40+1.25% 11.90+1.37% 11.90+1.29°% 11.20+1.40°%
F—6  12.00x0.47% 12.30%1.25* 11.90%l1.10* 12.20%1.57* 11.90+1.73* 12.20£0.792

F—9 10.90x£1.79* 10.90x1.66" 10.70£2.16% 10.90%2.18% 10.30+1.9%° 11,10%1.67°

F—12 7.50+0.83% 7.90+1.85° 8.10%1.66° 8.20+1.83" 4.30+1.38% 7.00%1.41°

F—value 21.754™ 11.5354™ 8.857 16.435™ 18,4787 19.777™

** P<0.001.
YAl values are meantSD.
“\Mean®SD with different superscript within a column are

significantly different (p<0.03) by Duncan's multiple range test.

Appearance
e GO wig=F-3 “&=F-§ o =i -12

Fig 17. Seosory evaluation of bread using Freekeh seed powder.
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ABSTRACT

ABSTRACT

Quality Characteristics and Antioxidant of White Pan Bread
add with Freekeh Powder

Woo, Souk—Lee

Major in Food Service Management

Dept. of Hotel, Tourism and

Restaurant Management

Graduate School of Business

Administration

Hansung University

The quality and anti—oxidant characteristics of bread with Freekeh
powder added
In this study, bread was made by adding Freekeh powder at a
concentration of 3%, 6%, 9% and 12% to analyze the chemical and
sensory characteristics and review the application of Freekeh powder and
its impact on the quality of bread.
The pH level of bread was found to increase in proportion to the
amount of ingredients added. The volume of the dough showed a
significant difference between samples at all fermentation times excluding
the 46.00~48.33 mL immediately following the kneading. In the same

sample, too, there was a significant difference across different
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fermentation time. When the weight, volume, density and baking loss rate
were measured, the sample with a concentration of 12% was measured to
be highest in weight at 499.50 g, with the weight increasing as the
amount added increased. Meanwhile, volume, density and baking loss rate
decreased as the amount added increased.

In terms of appearances and fine structure, as the amount of Freekeh
powder added increased, volume gradually decreased and the color
darkened. When the volume decreased, the size of air bubbles decreased
and the structure became uneven. As the amount added increased, the L
value (white color) of the crumb and crust fell while the b value (yellow
color) grew. The a value (red color) fell in the crumb and grew in the
crust as more Freekeh powder was added.

With the increase in Freekeh powder added, hardness and stickiness
increased, while there was no significant difference in elasticity,
cohesiveness and chewiness.

As the amount added grew, the moisture contained in the bread
significantly increased. When 12% of Freekeh was added, it delayed
aging.

With the increase in Freekeh powder, compared to the control group,
DPPH radical removal increased, indicating a higher anti—oxidant
function. In terms of sensory features, bread with 6% Freekeh powder
added was most preferred in the category of color, aroma, taste and
appearances, as well as overall. There was no big difference from the
control group. As such, it was found that by adding Freekeh powder, the
storage period and anti—oxidant function of bread can be increased. This
would be conducive in storing the bread and presenting the bread as
having various health—promoting features.

Key Words] Freekeh, bread, quality characteristics, anti-oxidant

function, sensory test
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