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[Fig. 17] Seosory evaluation of bread using Fenugreek seed powder
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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 73.0 73.0 73.0 73.0
Milk powder 45,0 43,0 45,0 45.0 45.0
Salt 27.0 27.0 27.0 270 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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Z7h 2% 5, 10, 15, 20%= YT AuddS S, Z27t 2
LIETAS ot

3,6, 9, 12%2 M, RAFEOBL BASHS
Wy DO Mo Azstgon, Ageld 147 $y Fof

3) A wrEe] pH 27

melsl Rurel Askael WE AW whEe] pHEHS AOACH(AOAC,
1984)e] met F/HS 100 mLet ¥ 10 g¥2 3 7](AM-7, Nihonseiki
B E9 sk

Kaisha Co., Tokyo, Japan)ollA4 10,000 rpmo= 1
SERS ALoA 3087 WA A5 pH meter (Starter2100,

Ohaus Co., Kyoto, Japan)2 =735}ttt

4) A Rz WEAZ] G B 24
mejsh B KR AW wEe] MEAGY] dd Ru @sh 5%

o
o,
ol rlo

Mo m
H

>
juy
g A
bl
fol
ot
lo Y
o Bt

HIAAHAE 200 mLe]l WHE S0 g& ¥, AW
Z oA Hast & 9 .

271C, &% T5%=
EE 85%=2 3087
2o (mL)E e Sl

foh
EN
r}i
lo
Htl
rir
rfo
H1
&

Hir
o
rE
i
i
AN
o
ol
o
£

5) AW el 14 WE F pH 5%
mesl BT A7kl 2 AW wEe] WAzl weh pH ZHe
e 308 E

SR 100 mLe] W= 10 g& Fol A2 o, EF
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L
fu

I

AeoA Wt & pH meter(Starter2100, Ohaus Co., WE, I
7okt
) Aol BA|, Fuj, H84 9 grieds 574
o7 2YS A7ReE Aol BAIE 180 g9 WS 3E Al o
o] & Fof AoA 1AZF et & SA sk
a7t EES Hret Aol Ruj= Campbell®] FAFX2HH (Pyler, E.J,
197902 F&< ol&st SAstt. &4 &7l F8&< 7H5 "ot
AHS FHHSHA v oE dolwd, mert 2T ViR AMs 574
|71 42 F FE4S 7FE AN B2 d9E BEsHA skl de S
HAddE o %A "ol Aol BujE S5kl
Hl-g4-2 mezt 282 A7ie AW Sl oitt mert 2dE HUKE
Al RuoE S4sto] Hl(mL/g)= FEAISHIAT
W] 73] (mL)
H]- 2 A ° N X
w7l EAEL BE AR mEpt Ee A AW FAY] Aol
AAEE e EAE FA9Y Hl&s ALbste] YE It
B7] &4 = L R X 100
k=5
7) AW w7] & pH 574
a7t 28 A7Fel g AW ¥7] & pH $42 $F%4 100 mL
of A 10 g2 wWA7|(AM-7, Nihonseiki Kaisha Co., WE, UE)ojA
3%27F 10,000 rpm= FESRE §F SEHHRZ ARoA 3087 X6t
gt dojijo] pH meter(Starter2100, Ohaus Co., WE, dE)Z
- 15 -



=759,
) Auo] olg B ATz &4
e Ao op 24e fA" FueHEOS
AWz FYsgon, wWATE  EFL
,  Video Micro Scope System

me7t 2ol A7k
Co.,, 1E,
EGVM-452M
oz et

Canon
5.0
A ZFA(CR-20, Konica

60D,
w4 (ITPLUS
(F)olAH A, AE,
9) Aol Mr =4
A7t 2 Aol M =22
]u;ﬂ 1T % 1;11%94 L a b71—0 7V 7} 9323

mels} g
y T
sttt o

@) B =4

-1 O
[e]
Minota Co., E, dE)E A}E35}o], Hunter's value L(BIAE)Q} a(AA T
=t HFF
0.27, 3.420]9t}.

< Texture Analyzer(TAXT

E:
nos BEe Ak
=45

24
F=)E AH8stal TPA(texture profile

AN

=4
=3
74 I (hardness) 2}
jui]
=

ke Aol B4
o
AR %

10) Ao
o7t Eue
PLUS, Stable Micro System Co
analysis)2 Z7Aotg o™, 10 mm9]
T 2o SAskd. 54 2702 Table 29 ZoH
force—distance =~ A OZHE  Au
2214 (cohesiveness) A2 (gumminess)
Bt T-5F3it.

Al BHO]-%
- 2o
e A (springiness), -3
514 (chewiness)2 53] HH2 =A35lo] HAZHS

T
=
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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

A7l Alwk

2 dojrfe] A9

O
471€ML-50, A&D Co., A E, &&) ol&4dl 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 B7ieteh. 1382 i £2] & oA 1582 Wi¢ E3'0=

B2} A skt
14) EARA

2 d79 »nE A4
SPSS(Statistical Package fo
IL, USA)Z20H-S o|gstla P+ + ETHAE Axberalch. A@<t
2ol folAQl Aol Student's test@t LY EAFEA (one way
ANOVA)e 2 ZAstgon, dedARAe 5o 24 Alsite] B2 54
I} ZZxfo] Atole] ArTHAS(correlation coefficient) S AF=E5SHITE AAH]A]

2 g0 thF HY(Duncan’s multiple range)

VS o
test® AAISE] 2 AR 7F FOH Folg 3 Srk.

i)

T 38 oy B ZAsiglon, dojg BAL
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 wpte] QloiAw Wh=o] pHel whet Z2Zd A
= Table 3., Fig 1.

FH7E izl =2 pHE 5392 7 @7 Yehdew, ZErr 2
3% 7t pH 543, 6% A7FEelA pHe 5.44, 9% 7oA pH
5.46, 12% A7V olX= pH7F 5.48% 7 &2 = UEhUH, A= 7t
Folgt Zpol7t AATHp<0.001). ¥¥txo=z # wrxo] pHE H7 d=o
pH, A5 Tl dFS Tom, o|AES A& 72 pH 50 AZolx
Harzt AYP=HA pHe Aot =i, FR Al pH Aot Y= A= 9]

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.

YAl values are meanESD.

“Meant3D with different superscript within a column are

significantly

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

55 1

5.48 |

Ph

546 -

5.44 |

5.42 |

5.4

5.38 |

5.36

534 L— — o —— —— —

CON F3 F& F3 F-12

Fig 1. pH of bread dough using Freekeh seed powder



Au urge] WE Bk o AE(RR)Z W 50 9 Beljstel vt
2o} FTSL WEL, o] BAZIATL 1B mope] I U e WIE
2 B2 AT, 2009)

ol

B
ZE|7t RS Adrbete] Axe AW B TFAIZE 30RE9E Hows
ZA%F At Table 4 9 Fig. 23} Zth

Hhs 2139] AwE wbEo] Hnl= tiR47F 48.33 mLolgly, =Ert R
3% 7 oA 46.00 mL, 6% Z7FollA 46.67 mL, 9% Z7FollA 47.67
mL, 12% A7} tolAE 48.3 3mLE AlE7te] G2t 2fol= ¢igith

12} 2ta 302A oA HF50] Huj= dizolA 78.33 mLo|3iy, =27t
B 3%, 6%, 9%, 12% H7FtellA 78.33 ml, 78.67 mL, 79.33 ml,
87.67 mLZ 12%E7} 77 7P =9ka, Wha 6024 ¥hEe] Rok ozt
olA 132,68 mLelglx, =27t B 3%, 6%, 9%, 12% B7FT-olA
126.33 mL, 124.67 mL, 120.67 mL, 119.67 mLZ FH7} giz17t 714
=7 Wbt

HAEAZE 00EA AL FHEEA ¥EEo] Bojs tfR2TFo|A 92.67 mLo]
A1, =ZE7t B 3% H7FEolA 91.67 mL, 6% F7FolA 91.33 mlL,
9% 7oA 90.00 mL, 12% Z7HFellA 83.33 mL= ¥R 602AHot
Aaskda, IR 12084 224 dacAe ¥ Rurl RE A|so] R
7F oAl F7FehH iRl A 146.00 mLolQl, Ee]7h B 3% 7ol
A 143.67 mL, 6% H7FFolA 143.00 mL, 9% 7oA 138.67 mL,
12% A7Vl A 137.67 mL2 F347F 247 7P =4 Yepstoh

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
a5 EH 7P W2 gagE Bon, Hre o] HL4E Uay

o] F7tste A¥tE Hh ole F3HAFS o83t sourdough bread®]
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SHEAAFEAH, 2016)ATollA HE=5o] HRAZ] oE Fojo] ¥t s
AE A AatE BRI o] WaA|Tto] Ag4E HhEo] 4HJsut
H fashs Aibe OE, AR/ 282 A7 AW bixo] 24 EAAA
A=, A& AR 2008)04 AR EE2 o|AE &S dAsta A
Fhgol Zkgel ek ks Agee] gar WaBAHo] Tastdtts o
Tk fAE AT Bt
Table 4. Changes in volume of bread dough using Freekeh seed
powder during fermentation
Fermentation Starter(%)
time q
(hr) 0 ! 6 g 12 F—value
0 43.222058YF 48.00£0.00° 48.87+0.53% 4T.ETH058F  43.33+05%° 16.823"
131
Fermen 30 7833+058% 7833+058% 78.67+0.58" 79.33t0.58° B87.67+058¢  147.300™
ranon
B0 13283£1.15% 126.2342.89™ 124.67+2.89"F 120.67£4.93"F 119.67£2.08% 8.654
ond 90 92.67x0.38°C 91.67+0.52% 81.33:0.58% 90.0020.00° 83.3310.38% 91.625
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 4482.408™ 2417107 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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g i CON
g 80 e F-3
2 0 el -
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
5200= 7P 2A yeEb z27t 29 3% F7HolA pH 5.57, 6%
H7Hol A pHE 5.58, 9% @7};%% pH 5.60, 12% H7}olX+= pHZL
5688 7V w2 2 UEUH, Al=ZEe] {o7t Zol7t A (p<0.00D).
12 e & A ub=o] pHE =7t 299 Hrigo] S7tga5 pHE
RS FEANE 28 HArbdS gt 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 A, Buf, Hl-gA 9 FU]EAE 54
me)7b BEo] Hrhegel whE Aol Aol Kl HlgA wr]E
=72 At Table 6., Fig 4., Fig 5., Fig 6.1} Zt}.
Zejzh BT Hrbgel wE AW RAE Zert £ 12% H7HL
499.50 go2 71 worom, 9% H oAl 497.83 g 6% A7FElA
495.33 g, 3% 7OlA 493.50 g, FHIME tXTE 487.67 g2 MY w
A vergem, Als 7k foJgt ztolzt ddtH(p<0.001). & 1129 @
ol oaf gxg AW, £ T, sibvts S 5o dger eyt
B At wE Ha B £8 S8 A4 o BAE S Ao
2 mehEn
wol Bulo] JFE F= a1oE A YRl o|AE, AF, &g, O|AE
FE ARSIt Ghso] A, pH, WE X, FEESE, YEHE 5O
Fage]| TootH, A2 ASAEE SRR JtAE ARG X
HI5FAHel AT, viES, 2015).
ze)zp Be] Hrbge] wiE A Rus R¥7M7F 1710.00 mLE
M a1, megt By 3% ) 6% > 9% > 12% H7M o8 1666.67 mL
> 1639.33 mL > 1574.33 mL > 1474.67 mL& 12% Z7}FolA 71 ZHA
Uepgton], mejyp g4 Hrisgo] SR fojHor FASta A=t
Fogt ZpolE ETHp<0.00D). ol ZMAAZ BEg Hriet A
FAELERA, 2019) AFelA R ARETE F2 Aol o5 §h=E]
o] Wall o Rurp wopxl d3Zit Hohe sEn JtRE HUe
71 WIEE Aol A A4 W REks BrHERX, 2018) Aol
S2u JpRo| dpE Aoldfe] By o5 Z2Fd g4 e, A
37 olitstgta A oFst F Fu PO fho] JFE T Ao=
e A A 2 A7} fARE A AaE B
Aupo]  HmE AR U HEAH2 95 1 go] AX|sHe FoEA AE
o] Ax= AF EAS mofd 4 Aok sigich. AF9] H&Ae W] I
Uetdie, ool At of ZREe] WY Yol AW gkl 7t
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(

X (BR)9] &0l
ol e KLUt =olA H-8A 9 A7t AA S Zﬂﬁi Hojg o,
2 AT AN AW o] JArtEe FARY F Foll FF
2 ZAo7 HojAth
w7l e 7P Sest HFH FHeR HU] &4 daiE T A4
=do] I 7ol FHste] Wo] FYX = T FAVE Eolte AN
oz #7] &4 JFE A= 8R1e2E AR 7], 3= 2= 9 A
7 5ol AT, 2009).
Zej7t Bel Mrige] wE AW w7 S4&2 T 9.609%=
7V =otod, mEyt B 3%, 6%, 9%, 12% A7FEolA 8.61%, 8.27%,

~

81%, 7.50%= AIZS Jety Hrlsfo] 271 42 #7] &40] Aol

L Aol ngow, AR o] fola zolrk Yerkp<0.00D. ol =
b Bu H7te] WhE AW o] R i 0F dof whgeh: EwHo]
2o} F W Fol 8 FTo] ol F7] £UFo| Wopdl ZoE By
At

mejsh B AAF] wmE A SoAe Bu), 0gH @ 37 SUEY
24e FYste] HH, ko] F/HP4E WA HF L SE L A
Jaid BAL FrletAn, Aoldf@el FUkgel wet 3R Faw ¥
a7t o} 7k WG] AsjElol B, v, F7] £48L gAY
AETFE A7M Awe B 5 o
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(39, f54, 2014), FABY P A Awe] FI SHELA,
F9%, 2016) 5 WAT oAl BT vlgo] £L5E AW T, R,
7] &4 BYSA SAT A7ARE Bac

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

using Freekeh seed powder

Baking Loss

Samples Weisht(g) Volume(mL) *\folfr?lg%iélifs’g) (%)
CON 487.67£1.15° 1710.00+38.00* 3.51£0.08° 9.69+0.21°
P=5 493.50*+2.29" 1666.67+5.13"  3.38x0.01° 8.61£0.42°
F—6  495.3310.58" 1639.33%£5.51°  3.31%0.01°  8.27%0.10°
F—8 497.83+0.76° 1574.33+6.66°  3.1610.01¢ 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™ 79.6627 105.589™ 411453

** P<0.001.

UAll values are meantSD.

“Mean®tSD  with different superscript within a column are

significantly different {»<0.05) by Duncan's multiple range test.
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Fig 4. Volume of bread dough using Freekeh seed powder.
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Fig 5. Specific volume of bread dough using Freekeh seed powder.
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4

2

0L R I L ;
con F3 F-6 F-9 F-12

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

Baking loss

5) 4w @7 5 pH 2% Azt

melzb Ee] Hrkgel wE A 7] & pH £%4& Table 7., Fig
7.FJr .

ol w7 & pHe Zg7t B 12% H7M7F 5.47%°22 7V =%ke

n%, 9% A7tFNA 5.46%, 6% H7FolA 5.43%, 3% H7FAlA 5.41%,

FA7H 2T 5.39%= 7 Woten, Alm 1] {ol3 ZpolE HAt

(p<0.001). 2]z} EEo] Hrheko] 6‘7]'02]'"/!\‘% pH7} EolA= ANE HA

o ol 437z F5 2¥e AV Ao 54 EAEIRE, 2018)A+

oA Aol pHE tET 6.50, 2% H7F 6.52, 4% H7} 6.59, 6% A7}
6.82, 8% %7} 6.942 HIlgo] S7FdsE pHIE fodoR motq 2 4

Toh gARE AT e

QAo WEe| pHE el FAe| GlojA] pHE AAZe] Fake w%
o, B pH7l ZAT4E olitshas W] Zrletel 3] %, Wl
Hi Frbetn AL 7haste ebgAe] Welxi wdlel Hrb (94,
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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
2t
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
Wel= A4 Wt R gEe Agel sbg Hotm, 1 ooz
mejst B 3% FAE, 6% AV, 9% FAT MR olRHm, 12%
A7} g olE AR, AR 7he] njulg AolE ®er
OATES B G AW, PAZ dERPe Zest BE 3% AT, 6%
A PoAE 71350 IR x40 AL Wb Ul B
9lom, 9% AT, 12% FAT w0z F1FEe] Aol 2o
wet Qs el ol ohlel BAsy U4 glol Aelstn
% oqgith Husk ZolW 7139 A/ Holx
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Fig 8. Shape and cross section image of bread using Freekeh seed

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

e

zZ27b %ol wE Ao WAazES yslle  Lg2 diETollA

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

%A 1327 12%= 71.87 B mElyl Baro] Hrleko] 27t d4E

Gojdor ZastEth(p<0.001). ol ZErl Bue] Eg o] Lzghe

H2AA oFdA = 2IE B

AL s YetlE azle 47 diz7t 03728 7B w9ty =Ejst

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

-0.172 717§ ¥okor, Al 7] folgt 2tolE HAth

FAZE HeElle bl FA7F izt 140302 7P Weky, ezt
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]fFo]2= AE HrH(p<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]
A7bgel 571 @45 9802 F7FsHATHp<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).

=0 Zjyt BEe] Hrbgel wE AW

Blerusne] AEe H7bgel S7HEs5 a, b2 I7Mhded Lak2

1o

1 5 oAzo] Wsks BAE7}
A3 Qs Aol oste] Brtel FAHE4E oAtk YNGR,
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4 9 st 54z,

ne,
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O,
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A
N
i)
rir
A
2
il
1o
o
N
N,
ol
=
=)
)
=

ol Aol Mog late] A colore] Mol FFL = Aow AzhH,
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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% 0.3740.122 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®S3D.
“MeantSD  with  different  superscript  within column  are

significantly different (2<0.03) by Duncan's multiple range test.
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8) Aol 24 wal

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
Arlepol Z7404% Boplt AgS Hdon, gz Hu A Awe)

=2 B4 mAe FFEFTE, g, o=, 2008)o 5 o] 2

olelgt AL Wol £RUF W Hulo] wet s1go] W A Ruo|
: gt 2 Yl WAR gy mept wuw
Fastel Agol A ABL UehiuA

&2 (springiness)& 578% Ax, TR 3%{7H7F 0472 7P
A GEREL, 6%t 9% A MOl AE 0.56& YERHCH, 12% H7HA

0.580= 7 =t AWe] ed4de ez Zel Hrbe] S7tedas
FA7FeE BeE A=A A9 Z2 AHFe How, Am IF FoRt
Zpol7F gl3AT.

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
tol7h - gle Hush  fAtglod  ohE REE AR 4w
FAEACIHE 2018) ATl FH5] FTE Fgo] HobA L, o]z s
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o
2l xZo] otd ©EAM SF/do] HoiA
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i
&
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r
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o‘;f
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A4 (gumminess)> FHZFE dIZFAA 0112 7P @k, 3%, 6%,
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W] A4S A S Aoz muEs dTAvet §AG A4S Bk

WA (chewiness)  F@71EolA  0.052 7% @ka, 3%(0.06),

6%(0.07), 9%(0.08), 12%(0.09) #H7}Fol= ZFHW o
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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 . ” WL T N o
(.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 0.05x0.01% 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. 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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16.3 7t

Aol SHSEES A9 Ayt mEyt B 12% HUFEOlA 41.57=
M o LERSERES Ueyon, 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}
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Table 11. Changes in Moisture content of bread using Freekeh seed

powder
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Fig. 16. Changes in Moisture content of bread using Freekeh seed
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10) DPPH =& 475

et

zE)7b BEE Uit AW DPPH g a7eS AT Ads
Table 12.9} Zro] urepytet.

x21e] 79 DPPH 2tz A7F0] 12.08%=2 Uehgon], 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
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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+0.215%
F-3 15.4640.274
F-8B 22.4840.38°
F-9 3551+0.55°
F-12 425740442
" P<0.001.

YAl values are meanSD.
IMean+SD  with  different superscript  within a  columm  are

significantly different (p<0.03) 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) FEAE ZE7t BT 6% A7FE7E 12302 7H =2 97tE
gy, 1 2o ® 9% H7F- 1090, 3% HI7FE 10.80, FHEIM
10.6001T, 12% A7}t 7.908 71 werown], Al® 7ve] 4ojA ztols}
AATHp<0.001).
THtaste) FEAE Zaj7t B2 6% H7H7F 11902 7 w3kew, 3%
HA7FE 1140, 9% HA7FE 10.70, FHE7FE 10.208 YERHoH, 12%
A7FtelMe 8.10%= 7 WA uEdH, Al=m He] {93 o)zt
9l9lee o 4 9TH(p<0.001).
9] (appearance) FEo|AL Tzt Bt 6% HI7FE7E 12302 7P
=, O ggo® 3% ™7 11.90, FH7F g2+ 11.20, 9% A7
1090011, 12% d717F 6.802.2 71 w@ofom, Alg 7to] {214 zpol7t
AATHP<0.001).
A (texture) F=Fo|A= Ze7t 28 3% 7ML 6% H7H7F 11.90=
Zol 7P =k, agrgoer BEEIE 11.30%, 9% H7H 10.800]a
12%  H7F+7F 6.302= 7 w@toew, Am  He] /oA Aozt
AATHp<0.001).
AA Al AS %k (overall Preference) FEoAE Tzt BEH 6% H7ME7}
12202 7P =9tom 11 t2o2 3% HI7Met FdE7E7F 11.20, 9%
A7l 1110017, 12% A7 7.0008 744 woron, Az 79
oAl ztolE HATH(p<0.001).
M (color)¥ F(flavor), Bh(taste), 2] (appearance), AAA Q] A& % (overall
Preference) }Z=ol|A a7} B 6% A7e] ASEr 7F =9, 12%
HA7He Aert 7P Hae & 4 Stk S, ZEppt 2o HJrEgel
6% Aol A9 oh 9y FEAAME TPF E2 TE dS8le
A Aee® A dewth a9y, =z 2% 6% J7He
FA7FE Atolells & ztol7t AT, §HH 12%5 A7keh Ao e
FEo] e A E At

Zasl BEg 6% Avksll Awg



Table 13. Seosory evaluation of bread using Freekeh seed powder

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

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 12.00£0.47* 12.30+1.25° 11.90%x1.10° 12.30+1.57° 11.90+1.73® 12.20+0.78%

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.
“MeantSD 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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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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