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e WA shedl Eed E0HEEZ 9, 2017). Taude 84 Aol
F7F B AEE O] AF AR} HeAiEd olzts AEel FAs St
of ool ¥ele] Aol Ego] Hi FHAHE S Folste] HiEel:
o] HH AojxAe] kg Fe AZEUS 98 EHERE FH}
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Lo A a-glucosidase, a—amylase®] Adl 582 Hgstr] Mo AlZUHE
= gttt oo g Atz A ujgEe] ot S2upo] HekE Abxd
o

g BHFL S0] F7h9 Ao Holk AWt tehgtt

flo L

filo

A 22 Ao #wt nF
D 2o 3% 9 54

S8 g2 WA et Aete] fAA THE Jr2 A e#jd ZHEO]
e gt F2 o] gd AT
Eo]9tH(Han JH, 2010).
g 9] g2 o] BFotA Althol] Lejuete] Algkxge] & 7]oE o}
on thofst AEEZ B FAOZ G Lt & theoR thek
SHAl aHPZE @2 ZAEEA A28 ARkolzt EE|1 SllotH(Park NK,
Q=4 o] EQEHA 2 W2 AT oA EFo=R
g Suff FHo= <l F45] APato] FASt] 1000=2] AdAitel 114
a0 Egtony 1991def AR 2] W AEr] Fo] AIRETA AR H
o fuf7t o]Foizm 2 WOl APikgFo] Friste] 2009d o= oF 5.54
Z7FsttH(Han JH, 2010).
S8 42 I gL gy sheol oot ALl Ao

=
2} g 3sh] thEel AT Al ke A9 A gk,

petE, WA, oAHE, dFSFRE T AL FYUET =1 o]§ 714
=2 Aol rEol At(Lee, et al, 1997).
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AHIAEA QI71E B3 AW, 2016).
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Aupo] AFe GFole & 4 Atk GRS AWAT B

o Fe
WRE RS 498 & oL, 29 J1&0] BEor AY €9 g4
A7) B g8 AR D §AF 5 Aok A mgow w7
=gt}

1, A, T "7 A9 gl © e (ean type)dt H7 B
] BFd(rich type)o] (Choi JM 2017), o] 9z Zriat &
o] JFS wWol Wkth A2 ol ‘AFFolgt= Tolgte ARA
AZE ZRtE o] Qo] o] W 3= IR ko] AupEy e
H(Park CI 2017). A%e] W2 oful= AAte] SHsh= Wolil, F4o=
B Wolth | Al sjMofA FACR B W FAAos WA Ao
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(one—loaf type)7tA] ol2] EF/E5°] WEol Uth. AW FH=l TWIHF,
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7= 4 ot (Shin GM 1999)
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A

A2 B2 A Zlereel dd o3 dH= HFT Bl BEn
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HE7h & A7h A AF S0 mAE JF(Hae TY 9, 2003041k
27 gl e B v 29A Aoldg AT FHA s
Qo] wstel o8 Aol golont AR 4 Aoldat & A

(David et al., 2000).

eEttdold g4 A ®

e 714 A5 iiﬁm 9 G B AAgo] gy oL &
o114 gelettize A AFAY B4
cl %ﬁwisﬂ %a—g— ot o] weh FAEA antioxidand: Q149

A7 A5 Y8 "Ha4Al E&-o|th(Fleiahauer et al, 2001). o]3sH
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olgigt E&]H=RF(polyphenol) Q] AWk ol 1% 3‘45\— 27H—4 Jlﬂe‘:ﬂo% B
G5t 9lom ZFZbo] H&® (phenol ring)olEs AT 7 Ao £A7E ZH

1 ) Fxo|th(Pandino et al., 2011).

AEo] Pasise %@s}% e cheksle, 1% b mEdoz A
S R iphenyl-1-picryl hydrazyD o2, AJeFe]
SHE elulgiel, DPPHE ASRe ol Mehde] ww Aoz A
Stz 2zkely 3711 2ATRE 7HA 9o (Kiers et al., 1976),
DPPH7} 2HE= HAEE =45 AVel=o wrist 2= 9ok
DPPHS| chtjzto] gelsm A2 Ao Ao Heptels e Fuoz ¥
ghe. Fxof mebA e & =+=71S(128~137C) 7HAaL glow, o
2 goze B Ef(rap) o2 28sto], DPPHY &Y AL S ZA5}o]
Algo] garst A& =A% 4+ dth(Kiers et al., 1976).
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AYR(2018) 02 mEyuhaFH (Aerobic Plate Count)©o] It} 3EF3 1wl
dH2 ARE peptoneT7t E0IE Fat(stomacher bag)ol]l Bl 18 FoF
w43 A & HE &5 ol8ste] A& iR SAsta, SMH AES
FEHAF /A (PCAE  o]8sto]  THshla, Ml 34~36TColA
46~50A17F FF HIFS & AAE H2 JgeE AL 5]'04 TPCe] A& (log
CFU/gd 224 JA4 9919 21 =4 yetdle oot 18y At
F(&EBe], 8%) 4 U mFFIiHe] HixlE PCAZE ofd

$ 5 WG PASES Adstel BEPesel S4NSE Botel WIS
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v

Gasls AYAT An2E Y2 270 gt wadael =2
AF(AAB], 2006) FolA =e] DPPH 2rze] 4750l
2 ¢ 4 dvtm BT SR, AmAtY, w3 AlolA] Bl
A7 w017 Gassol mAE FFEAY, 200304 Ametel
3 =ate] A7 A @y ghe] Adut Asrh mE o goHoR ofAg
A7, Gast 249 GHsL Aol Aok B sfArk. A 7AYe] AR
3 2280 13 #o FAsHsI AW At HlAE AREAA, 2001)
oA Aol 7rglo] AW AW FHASE lAeld] avtdeR Agathn
wasigon, S 99 AR Fasso] B AT(LEA, 1996)

AL o] 2Eole At Ase] vt GAs B S8 o] vt
drte B3 St gl olg A9 A7} gtk
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A3 AdA= 2 T

A 12 AdA=

2 AR AR AmRe f7E AEEEUA), It REYHY,
AL, Incheon, Korea), AR GFE®, CJAIYAY, Seoul, Korea),
AFEAE, CJAILAY, Seoul, Korea), EZE-7(Seoul Milk Co., Seoul,

Korea), Olﬂﬁ(Saf Instant Yeast Red, Societe Industrielle Lesaffre, Marcq
en baroeul, France), 21} 7}#(%1%)= NUC power mixer2 22 Z&
Gomesh A2 W2 F AFgaten AFolA Fstel Aot

o

A 2 2 zEw% 22 WK 4% AR A% Az 9

=254

D TR RS AR 471 WAT A

1,

A=

saut 7R H7KgE §71% Wrks Aol uighe Table 17 Zth. 4]
o] HIES nE PSS zZhzte] HlgR &dsio] HME7](A200C-2261,
Hobart Co., Tianjin, China)2 1902 12, 2gtog 2H Eof uix &

EYS Hrist ope ooz 78 3ttom 28 Zob ulAsie] HhES 914
sttt Bt & 12 HEE 2k 27C, ¥k 75

=
Daehung Machinery Co., Korea)ollAl 6023t 12 Hastal, 12 &4

R
1o
L
i
N
%)
<
)
5
w
(@)

e &
HhE-S 180g¥ Basta 527 shef, 2087 3 Ua & owEe A
P A (AW 21.5cm X 9.5cm, =o] 9em)oll T G 3MH B

L& 35T, 5% 85%% 308 FoF 22 wrastict. 22 #Hash v
B 180C, ofHE 190C2 ddw #7]9E (FDO-7104B, Dae Yung
Bakery machinery Co., Seoul, Korea)ollAl 30& &<t #+H11, 1% A2

N
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[Table 1] Formula of white bread with Fenugreek seed powder.

Fenugreek seed powder (%)

Samples
0 3 6 9 12
\’gheat 1500.0  1455.0 1410.0  1365.0  1320.0
our
Fenugreek seed 0 45.0 90.0 1350  180.0
powder
Water 960.0  960.0  960.0  960.0  960.0
Yeast 60.0 60.0 60.0 60.0 60.0
Sugar 75.0 75.0 75.0 75.0 75.0
Milk powder 45.0 45.0 45.0 45.0 45.0
Salt 27.0 27.0 27.0 27.0 27.0
Shortening 75.0 75.0 75.0 75.0 75.0

CON : Wheat flour 1500g , Fenugreek seed powder Og
WG-3 : Wheat flour 1455g , Fenugreek seed powder 45g
WG-6 : Wheat flour 1410g , Fenugreek seed powder 90g
WG-9 : Wheat flour 1365g , Fenugreek seed powder 135g
WG-12 © Wheat flour 1320g , Fenugreek seed powder 180g
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2) 3= 7IRE JA7IRt 7% EOHE AW 484 AT
S 2ot 7}—?— 5, 10, 15, 20%2 st P QuIAFS T3 S=2ut
JbEol AZVEFS 3, 6, 9, 12%= st9T, WERT(0%)S ZHEAS Hlws}

AT A 1)—4 oz Axsiglon, Ao A7 ¥ @it Fof 4]
Bl FHAEAS EASHh
3) f71% WIF A% W59 pH &3
S 2uf 7RO g whE AW W59 pH 542 AOAC ®of ot
7 100mLet §H 10g8S 2 7](AM~-7, Nihonseiki Kaisha Co., To
kyo, Japan)olA 10,000rpm e & 187 #Asksle] SerNS ALofA 308
b Wx)otal, Al pH meter (Starter2100, Ohaus Co., Kyoto, Japan)
75kt
4) A% ¥r=9] g Azt o fu 53
San A% A7l AW wEe) WA ge Yo dsh SHL 2
00mL HAA-AT W5 50g= gol AW wh5o] ¥wra 3 Fd9t 24
|4 raste] Hh=o] Fo] WHIE At 13} WAl 2L &% 2
7C, &% 75%°]9H 60% <ot wastey 22 waol 248 2x 357,
& 85%°1H 3023 TESHHH. BH9| o] HeE Z4ste 1 (ml)
= uEr i
5) A% w59 12 I8 § pH &4
iilﬂr 7ROl Hd7bgol webA Al drso] g Atte] wE pH 574
TRl 10g9] ®F5S Aol EEIS 308 FoF A2oA BA

100mL



5t] pH meter (Starter2100, Ohaus Co., Kyoto, Japan)2 Z%3it}.

6) Aol B, ¥x, vgd U 7] £4F 24

o & A 3

s2ut 7}2E A71e Age] Rult Campbelle] $74 A@Hon F4
2 olgate] ZASA. 24 8710 FHL U1 G & YA WP
Zobdl the doln §710] AW FWEe W A RS Foh He
Fel 5g wadade] §4 dob Z4ste] A RuE =3t

HgRe Au R tfet AW Fule] v(nl/gos ZYste] EAIS

et
32129 ni)

B7] SHAES WS FAS} AW 7AY Apol2 w Bt A" FA
o) Mge 78 Aoz AW

S anE - W5 8 100

Elas
7 A% #7] & pH 54
=z=2 X

S2nt 7159 MUtk & AWl 7] & pH 542 100mL S/
o 10g9] A& 7] (AM-7, Nihonseiki Kaisha Co., Tokyo, Japan)l

10 =2
A1 10,000rpm= 3 &<t detstol EEdls A2o)A 3027 "Alekal

ASHErS 3l pH meter (Starter2100, Ohaus Co., Kyoto, Japan)2 =
3t
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2 oA 7E 274

8) Aol ojg @
s bR Arlee] e Aol op 4L dAg et (EOS
nA7E 4ozt W

60D, Canon Co., Tokyo, Japan)Z Z%st.oH,
173 ATPLUS 5.0 EGVM-452M, Video Micro Scope System, EG TECH

Co., Seoul, Korea)o 2 ZH3ic},

R2}A] (CR-20, Koni

=20 A
1 o0+ 1

) el A= 7
™, Hunter’s value L (2144

S2n}t 7129 Ao w2 Alwo] Mx
Tokyo, Japan)E AR851.0.

ca Minota Co.,
T), a(@AE), b(FHT) 7 SHF

10) Ao B4 573
szt 715 Ao 54 SAH OS2 Texture Analyzer(TAXT PLUS), S
table Micro System Co. Ltd.,, Surrey, UK)E ©]-&5} TPA(texture profil
qme = g molel 2%
5o dolR force—distance ¢
534 (cohesivenes

e analysis)Z2 SAAL, 10mme] FAZ A=
(springiness),

At 24 242 Table 29 Zoml, 243
e

urve=HE Aol AT (hardness)
), A& (gumminess), B (chewiness)S 53] HHEoto] ZHd) HdgtS

S5}t
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[Table 2] Operating condition of texture analyzer for bread.

Classification Qualification
TAXT PLUS(Stable Micro System Co., Surrey,
Instrument
UK)
Test mode Measure force compression
Option Return to start

Pre—test speed 1.0 mm/s
Test speed 1.0 mm/s
Post—test speed 5.0 mm/s
Distance 50%

Calibrate probe P/36

1) A SE8%F 2%

B[}

FEdY SEeRE AW lgg It vw AdAd FEFA7IML-50,

A&D Co., Tokyo, Japan)E o|-&dl 32] HHEste] S Sof B gls
SFAT.

12) Ao AN 2%

=
o2 M(Color), Fo|(Flavor), BH(Taste), ¢|&(Appearance), A7 (Textur

e), AAAl Ao E(Overall Preference)® ZF EAL 154 line—scale® 3

_17_



ogut ol Fu-JatetdS A E7] fste UPLC-Q-TOF-MS/M
S 2 DPPH(2,2-Diphenyl-1-picrylhydrazyl, CI18H12N506) #f =tz
a7l Be SASHAH. a=2u H7t aFH2%, 30%) Fat-FAeHdol
71t F s FA Al mA e dFe =I5k fIsto]

qupe 43 717
AFFEYol, BB) APL WS

=~

Ayt gE A}

_1
KA}

o2
<

13-1) d¥my=E =4

ddnyE At 5= ot CON(Hz)eb 2=t 71+ 12%
A7t 22T 7HE 30% F7HEE Aol Este] 5% O}Oﬂo‘ﬂ < 29
O|E <= (TPC, Total Plate Counts)= A& AX o]lF 1YAFEEH 23Lx}7}+
A 39 Ao = 830 AH SAHEA. 2 2lxpE 34t
Aol At Aldt o] 542 AFEsd AEY 7+ 2
018) ZEF=HwujoFH (Aerobic Plate Count)ol] &Jste] AA|sIAT A& 25
gol 1% peptones~ 225 mL7} E°J31E= T+ stomacher bagel ¥<Sict. 1
2 T AESAT B, HE 22 AHESte] A% vz 545k ARRSHA
ot A AlE °of 1 mLE BEZPHAHTA(PCA)E o8&t =Tse]
o} i 35il°C°ﬂ/\1 48+ 2A17F KR & AAHHE F2 JHE+E AlLbst

@4 999 2O aEA Y
o} 33] RHESte] ZAstglom wiget o Yehhe colony+E Aot
log CFU/go2 YetiQltt. A% P& HASH] 9t A4 AA= 1
06 log CFU/ge = st3low o A2 & Al 47F 107 o4& Hloj
W B¢ sHekth

rﬂ
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2 o]
sttt HiA= ZHOIE HAiERQ= i%ﬂﬂﬂll(ﬂﬂﬂ 12)% o]-g-5F
P

13-3) DPPH(2,2-Diphenyl-1-picrylhydrazyl) A% =tdd &4 &4

Fsiet.

7

olt

sant b} a2k d7h Al distel Gushee 24
AAE tst 540l FRAsHA AM8EAL Sl DPPH 4tsh &4
SFRT}. Blois(1958)2] WS 5-85to] Choi and Shin(2015)%} Kim(2018)

HE AFH vt 5o Aottt ACL(E84 B2 itst &
E—ﬂ.) units ofAFZH AH(Ascorbic acid, Vit. C), EXZHE(a —~Tocopherol,
Vit. E)& AR&sto] nM ©9lE S5
95% ofet& %5 0.1 mM DPPH (2,2-Diphenyl-1-picrylhydrazyl, C18H12
N506) 5mLE 7+ 108} sS4t A= 1 mLe] ¥irh EEE nfo]a=
AE fF=of ¥ 53 ¢t AsHA A& 7t o]F, ofF& oA 302
S Ao A HiF V‘“‘E’r AR dE (
olatstdct. 1 §F=+E 1 517 nmollA EA=dch. DPPH 2tz 47
242 v 84S AMgSte] AntE I

A
ftlo

©
o
_,,

)

ftlo
L

DPPH &Rz 2715 (%) = {1-(FF= AE/FF= AloD} x 100

13-4) AAE B4

G- FAtE njF YRS Bk AdstA 24k
1 sttt Zunli at al.2016)7 Ui-Jin

S 2utof] gFEo] QL
Sl Z
o] UPLC-Q-TOF-MS/MSE HAEE

st A= )
Bae at al. (2018)4 S 380t

H 0 ].031—4-
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HAAE2] 4 24 HPLC AlAHl(Agilent, Santa Clara, CA, USA)¥ M
G C18 Z&H(4.6om X 250mm, 5um, Shiseido Co., Tokyo, Japan)& AH&o}%
ct.
o542 (AT ofHE HEH®B) T 0.1% oMEAC R FAH]lCe
T2 TH(AB)S 70:30, 20:80, 70:302.2 sttt #5452 1 mL/min, 5%
Hu 10yl 29 25X 35C2 $A519E A% 254 nme}t 322 nm
oA HEsHTE. HPLC #4 E554-2 Sigma—-Aldrich(St Louis, MO, U
SA)Z otgtt. HPLC AlAHle] S5 1.03~32.9 ppb H{9Y sk (B
Alg- 0.999)0llA 7+ #F9] 3|4 NS ARgste] A5
v OAA 242 2 145 A a=zrtEd e (UPLC) AlA" (Wat
ers UNIFI, USA)S Atgste] =t A9 2= 40 CToflA #550] 0.
SmL/min¢l UPLC HSS T3 A¥ (100mm X 2.1mm, 1.8 xzm, Waters)=
Argste] sty ol 8l ADW ZF 0.1 % ZE4) 2 8 B
CHHE YEH = 0.1 % X242 AR5t
ZF Nzl AL Sploltt. ZdolA &8d tirAMtES F(+)ol 4
()0l RESA s B AFEA7ISYNAPT G2 Si HDMS QT
OF, Waters)2 H=&% 31t
W= o] 20-40eVE ARESte] DHstEIT e ThHo| tigh JHE
FHPYOH A 0.2%%H. oy 3 ZEA|lAA HARE A &4
Eé s LE A127F W 3Zxuitt g=EIH @%L?_ A d5= {9,
Jol2([M+H]+ = 556.277D)3 2ol ((M-H]- = =
UEFsH7] f1s = 2xzelo] QlEHo|Aof ofs) e dAgFe= 10xL/mi
ne] Gol A st
F(+)o]2 BEO] e HAE At
ATk ()0l EEJ AS, Z2F kv 9 40V2 AAsin A 24
goleE 44L& Centroid MSE REZS A&3}Qict 712 A78L 50~1,200
Da ¥¢oln, A70 A|7H2 0.2%0]|t},
golg £ ¥ BAL Waters £AZEYO](UNIFI V1.71)E AF&3le] Ao
glom, MS & MS/MS REe] A7 #Hel= ZHz 50~1,200 m/zo]th.
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14) SAZA

2 A9 B A A= 33] o] WHESte] 545kl Hioly 24
2 SPSS (Statistical Package for Social Sciences, ver. 21.0, SPSS Inc., Chi
cago, IL, USA) =185 o|gaix Hd + EFHAE ALteit. iz
ot AP 7he] {o]H Q1 Aol Student's test, Y BiA] EAMEA (on
e way ANOVA)e g2 ZA5I3L, T R4S Bl A=o] #e54
W EA zpo] Ato]Q] correlation coefficients AFEsEATH L YHf |2 A
A 59 fo4 AAL Duncan’s multiple range testg& AA|ste] Z+F Alg

Zre] o)2l Aolg AFHeh,

O

A
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A 47 A48 9 xF

—

A1 525 RS WA 4715 AR A% EYEA

1) A% wEo] pH 54 Az

pH(potentlal hydrogen ion)gF ojH gt %%494 ArA o orZbalAo] 7}

20| 42
Asim 44 olgel Gaas el Fobn pHel AL Ackd, Ea
S47](OH-) olgo] Bg42 gzeigol Zakn pH AL Ak 5

2
ActElFA, 1997). o] F4do gloiA pHe ZA ko g3k mAw, pH
7} ZAT45 aminocarbonyl

pH7} 4852 CO2 WAFo

I FA= #AAaske 9ol Hor(E G5, 2002).

S 2u} 7o Hrigre] we A =S| pH 54 dits D= JhE
9~12% F7FolA 5.228 0= =A UEgen, 6% 7t pH @t 72
St #ol7b lAtHp<0.05). TE21 712 3% A7FEet (CON) R A=
pH<] ako] 511~5.139] H2 foHoz e Ang HATH(p<0.05).
ol wh Ht=Eo] HE pH 4~69] HQ} H|55t] color, Hul. FAlof w3}

-
)
ofg
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S
=}
filo
-‘—l
N
N
oll
ol
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oE
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it
X
|
ox,
rlo
N
e

FE WIET W pHUF B RePIE AT Ba §AT 9
HY

Mr i o Ao

A o] %@—E—é( sk 9], 2015), H2E
=8e AR AW B2 9 AR ST, 2019, AEolHA
& Arke Aol wra B4 (1A% €, 2009) 9-1; M= 2 Aet At

3t AAE HYo
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[Table 3] pH of bread dough using Fenugreek seed powder.

Samples PH
CON 5.11+0.01V%2
F-3 5.13+0.02°
F-6 5.2140.00°
F-9 5.22+0.00°
F-12 5.22+0.00°

F-value 106.218"""

" X0,001.
DAl values are mean=SD.
YMean+SD with different superscript within a column are significantly

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

5.24
5.22

5.2
5.18
5.16
5.14
5.12

51
5.08
5.06
5.04

[Fig.

CON F-3 F-6 F-9 F-12

1] pH of bread dough using Fenugreek seed powder.
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2) TEv} 742 AW WEe] WAz BE K W

wol Hul= drtRo] 4, 2589 34, SFH9 AFo] wt Ik
& #rerry S THKim SK et, al. 1978).

SR 7FF AW grEo] SR At wE 21 §ists S43 A7 Tab
le 4 9 Fig. 29} 7ttt ¥b=s 2|59 Al bb=o] Hul=
olglom, Al ZHe] f{of3t Aole U (p<0.05). A 30EA M= 2=
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[Table 4] Changes in volume of bread dough using Fenugreek seed

powder during fermentation.

Fermentation Starter(%)
time
(hr) 0 3 6 9 12 F-value
0  4833+0.58Y? 51.33+0.58" 51.33+0.58° 50.33+0.58”  50.33+0.58" .000"""
15[ ) . i
lizrtrir(l)in 30 109.00+1.00% 126.00+2.00"" 127.67+0.5%8% 124.33+0.58"C 123.67+1.54" 0007
60  136.00£3.61°° 144.33+3.06* 148.00+2.00** 145.00+1.00** 135.67+0.58"* .000"""
- 90  57.00+1.00° 62.67+1.53C 6333+2.08" 61.33+1.53" 57.33+0.58" .001”
Fermen
tation
120 140.67+1.15%* 141.33+1.15%* 142.67+0.58" 138.67+3.06"" 136.33+1.53% .009
F-value 1,694.930"" 1,726,519 3,368.964"  2,249.087°77  5976.429"""
%k ok
£<0.001.

DAll values are mean=+SD.

?Mean+SD 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). **Means

Duncan's multiple range test for fermentation time(column).
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[Fig. 2] Changes in volume of bread dough using Fenugreek seed

powder during fermentation.
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3) s2u 712 Aw ko] 12} @E § pH 4 A3

BHE9] pHE AW Al o]AE9 Wg £k g3FS u|x|=, pHE A7}
H GG TR, B 9n9 AR, AEY 5ol oo 9FE werial st
ActMoon SW et, al. 2008). 13]3l o|AEQ] A&xASZE pH 5.0 A
Lo, Iart APEUA pHe AstE, Fa A pH At e d=
T o] ekEakgof ofs] JgS wherhil HuEtH(Magoffin CD et, a
L. 1974). T AW A] ¥h5o] dhg & ERVEA HG22 pH 5594
AdgHolAgt, pH 5.0 oJstolA amo] ZHgo] "WojHA JtA EFEo]
oFolH T stAtH(Magoffin CD et, al. 1974).

SEut 7hRo] Hrige] o2 AW ghso] 13 s & pH 4 dd:
Table 5., Fig 3. ¥ Z<tt. pHE CONMIZT) 7} 5.042 717 @k, F-
3~F—12(§§_Tﬂr A7FHES 5.06~5.180|%1eH, T2t Hrlgo] F7HES
oja|stA] F7tete datg EA ol ZEn 7FEe] pHYL |
] T+ Zo2 Atmdd, o]zl ﬂﬂ% PEx 2

i Alw gb=9] pHoll F3FS
e ol8ot Al SRS 2018)°l14 12} &a % pH 54 23
2 CONMIZRE), 3%, 6%, 9%, 12%7} Z¥7F 5.29, 5.46, 5.39. 5.29, 5.

4
72 CON(HzPIS 717 Aolol ol@ Aold BALH(X0.05), £
Fo fAKR ATke Bor,
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[Table 5] pH of bread dough using Fenugreek seed powder after 1st

fermentation.

Samples PH
CON 5.0440.0194
F-3 5.06+0.01
F-6 5.0840.02°
F-9 5.1240.02°
F-12 5.18+0.01°

F-value 46.922"""

" X0.001.
VAll values are mean=SD.
’Mean+SD with different superscript within a column are

significantly different (p<0.05) by Duncan's multiple range test.
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[Fig. 3] pH of bread dough using Fenugreek seed powder after

Ph

1st fermentation.
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[Table 6] Weight, volume, specific volume and baking loss of bread

using Fenugreek seed powder.

Samples Weight(g) Volume(mL) volfr%%?ﬁi /) Baki?oi )LOSS
CON 495.334+0.58"2  1821.00+24.06°  3.68+0.05"?  8.27+0.10V?
F-3 496.17+0.29" 1781.00+14.73 3.59+0.03" 8.12+0.05%
F-6 496.67+0.58" 1774.33+23.54 3.57+0.04 8.02+0.11%
F-9 497.50%0.50° 1676.33+20.60° 3.37+0.04° 7.87+0.09
F-12 500.17+1.76° 1587.67+16.86" 3.17+0.02¢ 7.38+0.33¢
F-value 12.602°"" 65.507""" 82.642""" 12.501°""
"7 0.001.
YAIl values are mean=SD.
YMean+SD with different superscript within a column are significantly

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

specific volume

1850.00

1800.00

1750.00
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1650.00

1600.00 [
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11

con F-3 F-6 F-9 F-12

1450.00

[Fig. 4] Volume of bread dough using Fenugreek seed powder.
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con F-3 F-6 F-9 F-12
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350
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[Fig. 5] Specific volume of bread dough using Fenugreek seed

powder.
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[Fig. 6] Baking loss of bread dough using Fenugreek seed powder.

Baking loss
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Sgut 7} Hrbge] wE AWl 7] & pH =42 Table 7., Fig
7. T Zdr

271 & pHE: 21 718 12% H7}77t 53302 7% &9, s2uf
7VE 3% H7P7F 52302 P W2 3e UEReH, Alm 71 {93
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[Table 7] pH of bread using Fenugreek seed powder after baking.

Samples PH (%)
CON 5.2740.01V5<?
F-3 5.23+0.00¢
F-6 5.26%0.00°
F-9 5.28+0.00°
F-12 5.33+0.01°

F-value 412277

" X0.001.
DAIl values are mean=SD.
?Mean=SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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pH of bread using Fenugreek seed powder after baking.
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[Fig. 8] Shape and cross section image of bread using Fenugreek seed

powder.
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7) Mg Ax 27 Az

Aol ME= HrbEd 2o A, o &, pH 2 2E 59
Aog deA QIti(Shin GM 2], 2008).
s2n 7t w2 A(Crumb)e] Mk =74 ZAto|Al= Table 8., Fig
9. ¢ &yt s=2u} s wE Aol LMME) g2 CON(HE)7}
772002 7P =9, SR JFE 3~12% H7MES 70.93~76.630]%
o, 3Rut 7}F Hrigo] TS fojHor FAstrh(p<0.05).
a(AA L) e CONMZRZF 0.072 7P Joty, s=2uF 7158 3~1
2% AZMTEEL 0.50~1.070190eH, s2n JtF Hrlgro] Z718HE 8.9
Aoz F7FsFATH(p<0.05).

b(EFAE) g2 CON(HET)7F 143702 7P Wiy, 2= 7h% 3~
12% #H7FFEL 14.83~21.300191eH, S21 717 Hrlgo] S/1E845
Foldor F71oTh(p<0.05).

S 7tFo] wE A(Crust)] ME =% ZioA= Table 9., Fig
10. 7 Zoh. 2ut 7t mE Aol L#AE) 3t CON(HE7} 6
3.072 7P &9t1, S2uf 71 3~12% H7HES 44.97~52.830]910H,
SRt 7HE HJUFge] USSR foHoR Fashks AWE UERTHp
<0.05).

a(AME) ZHS CON(MIR)7F 13.972 7 Iy, 21 71% 3~1
2% H7M PSS 16.07~17.270190H, S &1} 7tF H7lgo] 7145 &
ojH o7 Frkete AaE HATHp0.05).

bEAME) 2 CON(HET)7} 354008 71 =9k, S22 712 3~
12% A7Wt52 27.47~32.7301310H, S=ut 71 Hrlgo] Fr7tdes

]
Fo|H e g fgashks s HERH(p0.05). ol S2m}k 712 flavonoi
d 7 Hart Ao ggFs miAls AR wadn o=t Axte
AxAFAD) S2= A e FA5YQEe 9, 2013), A4z 7H+
A

S Ak AMe FASHEASA 9, 1999), AnFete Arke Aol
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e o, 20100 FARE 29E 2
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[Table 8] Hunter’s color value of bread using Fenugreek seed

powder(crumb).
Samples L a b
CON 77.20+0.90V+? 0.07+0.06° 14.37+0.47¢
F-3 76.63%0.40° 0.50+0.10° 14.83+0.60¢
F-6 73.50%0.44° 0.67+0.12° 17.03+0.45°¢
F-9 72.67+0.38 0.70+0.26% 18.07+0.47°
F-12 70.93+0.45¢ 1.07+0.35° 21.30£0.10°
F-value 70.610"" 8.977°"" 114.280""
T 0.001.

YAl values are mean=SD.
YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 9] Hunter’s color value of bread using Fenugreek seed

powder(crumb).
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[Table 9] Hunter’s color value of bread using Fenugreek seed

powder(crust).
Samples L a b
CON 63.07+1.53"%? 13.97+0.65¢ 35.40+0.78"
F-3 52.83+0.60" 16.07+0.15° 32.73+0.31°
F-6 50.90+0.17° 16.57+0.49% 32.13+0.31°
F-9 49.57+0.57° 16.93+0.21° 30.93+0.21¢
F-12 44.97+0.78¢ 17.2740.25° 27.47+0.68¢
F-value 180.210"" 32.044"" 96.240""
™ P0.001.

DAIl values are mean=+SD.

?Mean+SD with different superscript within a column are

significantly different (p<<0.05) by Duncan's multiple range test.
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[Fig. 10] Hunter’s color value of bread using Fenugreek seed

powder(crust).

- 44 -

F-12
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SR 7hR rbgel wE Ao 24 WHIE AT A= Table 1
0., Fig. 11~15. ¢} Zt}.
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|
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0842 e AWE BYow, AR k9 feld Holrt UUTHp0.05).
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2 Boron, 12% ATIAE 0332 4 Bolth AL e s

o] Aol S7HEE SUeke Bde EHiew, Ams e foldt A
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[Table 10] Changes in texture characteristics of bread using Fenugreek

seed powder.

Storage 0 3 6 9 12 F-value
Hardness DD . b b . -
o 0.27+0.01 0.29+0.00° 0.35+0.01" 0.36+0.01" 0.37+0.01"  113.979
S‘r’fcf;gl 0.95+0.02° 0.96+0.00° 096+0.01° 096+0.00° 096+001° 0891
hesi
Con;sswe 0.86+0.02%  0.8840.01° 0.84+0.01° 086+0.03" 0874004 1913
Gumminess 0.23+£0.01°  0.25£0.01° 0.29+0.01°> 0.31+0.02® 0.33£0.02°  37.299"""
Chewiness 0.2240.01°  0.24+0.01° 0.28+0.01°> 0.29+0.02® 0.31£0.03*  32.368"""
% %k %k
£<0.001.

YAIl values are mean+SD.

YMean+SD 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).
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[Fig. 11] Changes in hardness of bread using Fenugreek seed

powder.
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[Fig. 12] Changes in springness of bread using Fenugreek seed

powder.
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[Fig. 13] Changes in cohesiveness of bread using Fenugreek seed

powder.
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[Fig. 14] Changes in gumminess of bread using Fenugreek seed

powder.
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[Fig. 15] Changes in chewiness of bread using Fenugreek seed

powder.
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[Table 11] Changes in Moisture content of bread using Fenugreek seed

powder.
Samples Moisture
CON 35.70+1.75V
F-3 39.13+0.64°
F-6 40.83+0.40°
F-9 41.13+0.64°
F-12 41.83+0.21*
F-value 22.123""
" P0.001.

DAIl values are mean=+SD.
?Mean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 16] Changes in Moisture content of bread using Fenugreek

seed powder.
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10) Ae] WA 24 A%

Sz 715 A7t Aol IsAA

17. 3 2.

A (Color) F=ollX= 221} 71 3% A7t 6% A7HE7F 11.10%2
2 7P Haerr Bgton, Odrgor CONMIE)7F 10.40%°]11L 9% A
ZHE7F 9.50%°1H, 12% 7H7F 8.10%C.2 7H Wetal, Als 7re] {9
St ztolE HATHp0.05). 21} 7F27F 3%8F 6% H7HE 2AHe] Aol o
S 28E Mg W] iz S dFe nRl Ao=m AlmEHTh

F(Flavor) FENAE 6% H7HE7E 11.50%=2 7 =943, 1 o=
3% H7F+7F 10.90%, 9% H7F7F 10.60%, CON(HETH)7F 10.00%°] AL
12% A7v7F 9.30%= 7V 2o, A= 7o) {ofet ztelzt Adok(p
<0.05).

SH(Taste) FEoNM= 6% A7M7F 11.20%= 7P &%, Aol =
3% H7V7F 11.00%, 12% H7FE7F 1.20%2 78 9erow, Alg 7He]
FoIgt AfolE HATHp<0.05).

2] (Appearance) FEANA= 6% H7FE7F 12.00%2 71 =%FeH, 1

208 3% HIF7F 11.60%°]11L 12% H7V7F 8.20% 2.2 71 Ykl
A& ZHe] folgt Zpol& H rH(p<0.05).

A7 (Texture) FEoNME 3% H7HF 11.50%2F CON(HZT) 11.40%
7} Zro) 7};& =3 a2 o g 6% H7F7F 11.30%, 12% H7F+7F 1.6
0%= 71 @gtom, Alg 7ol folgt 2}o]7} A ATHp<0.05).

A Al AT = (Overall Preference) =A== 6% HA7F7F 11.40%=
EQtom O o2 3% HI7FE7T 11.00%, 12% H7FE7F 7.90%0 2
7V 2, A= 7He] fofRt AfolE HATH(p<0.05).

A (Color), FF(Flavor), 9H(Taste), J& (Appearance), AA A2l A3 = (Ov
erall Preference) =X 6% HA7F9] ASE7F 7V =9tow 12% A7}

7o ATt 7MY WokES & & Aot &, S=2u 7ERe MUl 6%

AN

A Ao A= Table 12., Fig
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[Table 12] Seosory evaluation of bread using Fenugreek seed powder.

Start Overall
artet Color Flavor Taste Appearance  Texture
(%) preference

Con 10.40£2.07* 10.00+2.21° 10.10+£2.47* 11.10+£1.45* 11.40+2.22° 10.60%+1.51°

R 11.10£1.45" 10.90+1.20° 11.00£1.25* 11.60+1.65* 11.50£1.58" 11.00%1.25"

F-6 11.10£0.74* 11.50+1.08" 11.20+1.14* 12.00+£1.05* 11.30+1.56* 11.40+1.17°

F-9 9.50+1.78" 10.60+2.22° 9.80+2.53" 10.30£2.54° 9.50+2.84® 10.10£2.33°

F-12 8.10+£2.47°  9.30+3.47°  7.20+2.57° 820+297°  7.60+2.55"  7.90+2.77°

F-value 4970 1.459™"" 5.822""" 5.322"" 5.920""" 5.153"""

" X0.001.
VAIl values are mean=SD.
?Mean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 17] Sensory evaluation of bread using Fenugreek seed powder.
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[Table 13] Total plate count (log CFU/g) in the Horppa added Bread d

uring storage

Treatment

Storage CON Horopa 12% Horopa 30% SEM p value®
lday 1.46' 1.26' 1.368 0.058 0.425
4day 2.40° 2.10° 2.10¢ 0.071 0.125
Tday 2.59¢A 2.39%AB 2.00® 0.107 0.039
10day 2.46° 2.59¢ 2.469 0.046 0.452
13day 3.48% 2.77°8 2.30%¢ 0.179 0.001
17day 4.34 3.10"F 2.98F 0.220 <.0001
20day 5.68%4 3.30" 3.48% 0.386 €.0001
23day 7.89% 4.87°® 3.83% 0.616 <.0001
SEM 0.414° 0.208 0.162

p value® <.0001 <.0001 <.0001

SEM: Standard error of means.

CON: Control of Organic Powerful Flour 100%; Horppa 12%: Organic

Powerful Flour 88%, Horppa 12%; Horppa 30%: Organic Powerful Flo
ur 70%, Horppa 30%

§ the result of treatment effect; ¥ the result of storage effect;

ABC the result(treatment) of Dunnett's t test for multiple comparison ver

sus control at confidence level 0.05; abc the result(storage) of Duncan's

test for multiple comparison at confidence level 0.05
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[Fig. 18] Number of microorganisms during storage at room

temperature of Horopa added bread
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[Table 14] Total fungi count (log CFU/g) in the Horppa added Bread d

uring storage

Treatment

Storage CON  Horopa 12% Horopa 30% oM | 7 value'
lday 0.00° 0.00¢ 0.00°¢ 0.000 -
4day 0.00° 0.00° 0.00° 0.000 —
Tday 0.00°" 1.00% 0.00® 0.167 <.0001
10day 3.28% 4,39 0.00°“ 0.661 €.0001
13day 4,51 3,710 0.00°¢ 0.696 <.0001
17day 6.16° 6.50°" 5.04°¢ 0.224 €.0001
20day 6.49% 6.50* 5.69%¢ 0.138 0.0001
SEM 0.607 0.591 0.543

p value® <0001 €.0001 €.0001

SEM: Standard error of means.

CON: Control of Organic Powerful Flour 100%; Horppa 12%: Organic
Powerful Flour 88%, Horppa 12%; Horppa 30%: Organic Powerful Flo
ur 70%, Horppa 30%

§ the result of treatment effect; ¥ the result of storage effect;

ABC the result(treatment) of Dunnett's t test for multiple comparison ver
sus control at confidence level 0.05; abc the result(storage) of Duncan's

test for multiple comparison at confidence level 0.05
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[Fig. 19] Number of fungi (yeast, mold) during storage at room

temperature of Horopa added bread
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S  DPPH(2,2-Diphenyl-1-picrylhydrazyl, C18H12N506) Z- =ttt
A &4 2 1.13 mg/lge] = Ut (Table 15, Fig 20).

[Table 15] DPPH antioxidant activity of Horopa

Dilution
Sample nmol factor mmol/L | mg/L | mg/5mL | mg/lg
CON 0.495 10 0.495 87.12 0.44 0.44
Horopa 12% 0.499 10 0.499 87.82 0.44 0.44
Horopa 30% 0.502 10 0.501 88.35 0.44 0.44
Horopa powde 1.2779 10 1.2779 225.10 1.13 1.13
80
T ,{J
60 t __;.-"-"-.
= vl
I 7
iml e
g w0 =
j ] ‘.-__.-"
20 - . . ./,./I

o
00 02 04 06 OB 10 12 14 16 1B 20 23

WE) = -3 BAB0E * Kok & 5T 17203 = X - 8 G d
wyll = G BHGH AT = 0 53T

[Fig. 20] DPPH Antioxidant Crystal Model for Horopa

_65_



11-4) 3200 dAE BA Ax}

Sgutof] R Qe MDA Fu-atet nFAES Eok AEstA £
AFel7] YJete] HAE AAgE A3t Horopa ES-oflA 1,4287H¢]
A=A, ES+olA 1,263719] HAZHo] AE QI - it He
F9 AESHS F 25%F o|9lem, ES—+= Table 16., Fig 213 o, ES+
+ Table 17., Fig 229} £t

og2up oo ehEo] e T8 Fu-GAe AAEELS
D(25S)—5 B —Spirostan—3 B —ol-3-O— a ~L-rhamnop—yranosyl(1—2)-[ 8 -
D-glucopyranosyl(1—4)]- 8 ~D—galactopyranoside,
@14-Hydroxy sprengerinin C,
®25(S)-Ruscogenin—1-O-[ 8 ~D-glucopyra—nosyl(1—+2)][ 8 ~-D—xylopyran
osyl(1—3)]- 8 ~D~-fucopyranoside,
@Acacetin—7-0-(6"-O—acetyl)— 8 ~D—glucopyranoside, Apiin,
®®DAtroposide E, G, H,
®Genistin_1,
@lsoescin 1T a,
O@®Macrostemonoside F, H, K,
®Methyl ganoderenate D,
®Neotigogenin—-3-0O- B ~D-glucopyranosyl(1—2)~[ § ~D-glucopyranosyl
(1—3)]- B -D—glucopyra—nosyl(1—4)- 8 —D-galactopyranoside,
®Pennogenin—3-0- @ ~L-rhamnopyranosyl(1—4)-O- « ~L-rhamnopyran
osyl (1—4)-[a ~L-rhamnopy—ranosyl-(1—2)]- 8 ~D—glucopyrano side,
@®Polyphyllin G,
@Protogracillin,
®Prunose 1I,
®@Soyacerebroside 1, T1_1,

@Terrestrosin F,
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@@Timosaponin B-2, E2,
@Trigoneoside 1 & 24F°|H, 48 HHH dA=de & &
Z]H g2 87,644,191 counts (ES—: 56,234,027ES, ES+: 31,410,164)7}
A=A

andoz sl depstn Sug YiehgF A9BAL Fg
Fig 199] A% A% 7|13t & & nA=
A TS rReH, T HAE #Fol w2 5 5 Aol ay

ot.
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[Table 16] Major antimicrobial antioxidants of Horopa using UPLC-Q-
TOF-MS/MS (ES-)

Observed
Hggcip 2 Component name neutzal )rnass Det(ci;tt(e);s;(;l)mts Main functions Journal
Da
Horopa ACa_cgﬁ_nD'z;Sc'égy;g;;f;wl) 4881327 | 1,970,796 Antioxidants Leéoagzil'
Horopa ACaf;ti_“gz;ﬁggy;ﬁ;gﬁyl) 488.1325 | 1,779,887 Antioxidants Neuyen at al.
Horopa Apiin 564.1492 | 2,445,468 Antioxidants Song(z%lsc)he“g
Horopa Apiin 564.1489 | 2,208,667 Antioxidants Sath“hé%?g{ at al.
Horopa Apiin 564.1483 1,465,198 Antioxidants Zhjgglj‘f) al.
Horopa Apiin 564.1484 | 1,979,307 Antimicrobial Menc?zegfé) at al.
Horopa Atroposide E 902.4892 4,041,146 Antimicrobial Saj‘?(]ziolfg%“m
Blaxgoa Atroposide G 1048.546 4,026,976 Antimicrobial Lattserds
ES_ trOpOSl € . y N ntimicrobia (1997)
ngso_pa Atroposide G 1048.5475 4,622,652 Antimicrobial L?ftgsg%js
Horopa . Antimicrobial, Sakamoto at al.
orl Genistin_1 432.1061 1,302,894 Boimicrobi: oS
Horopa Isoescin 1T a 11145551 | 2,023,271 Antimicrobial Patl"(%aofg) kg
Hoopa | Macrostemonoside H 948.4946 | 3,104,945 Antimicrobial Zhi’%%‘}%)” al.
Hoopa | Macrostemonoside H 948.4944 140,415 Antimicrobial Pe“(glg‘%G)Yao
Hoopa | Macrostemonoside K 950.5086 | 2,632,200 Antimicrobial Zhi’%%‘}%)“ al.
Hgg"}’"‘ Methyl ganoderenate D 526.291 2,912,276 Antimicrobial
Neotigogenin—3-O- 5 -D-glu
copyranosyl(1—+2)~[ 8 -D-glu
HORP2 | copyranosyl(1—~3)1- #-D—glu  1064.5409 | 1,419,753 Antimicrobial Ch(eznof(g)al-
copyra—nosyl(1—4)— 8 -D—gall
actopyranoside
Horopa P illi 1064.5414 | 1,545,606 Antimicrobial Zhanga at al.
ES_ rOtOgraCl m . N N ntimicrobia (2016)
Horopa Prunose 1T 656.1949 | 1,058,073 Antimicrobial Mitj‘zf&gg al.
Horopa S broside T 713.5436 | 1,078,486 Antimicrobial Chiu at al.
ES_ oyacereproside . N y ntimicrobia (2016)
Horopa Soyacerebroside I_1 7135436 | 1,078,486 Antioxidants J“‘(%’Ogj)al'
Horopa Terrestrosin F 936.4945 | 2,632,001 Antimicrobial Bedi(rzgéo()})(ha“
Horopa Timosaponin B-2 9204986 | 3,015,469 Antimicrobial Ya?zgof%al-
Horopa Timosaponin E2 9505073 | 1,457,570 Antioxidants Jia?zgofj)al'
Horopa Trigoneoside I a 906.4836 | 6,292,485 Antimicrobial M“méa()%‘("))“ al.
Total amount 56,234,027

_68_




Horopa ES- 1: TOF MS ES-
16.84 BPI
100 43 604 16,00 3.00e6/
409 | 527 608 1667
1 4.00 1080 16.9».,‘
11.40
= & . 1021 1360
I 870
328
‘051 321 16 68
310 1006 166
1 P58 20 664 g5al (090 1225
L joss 704 1286
0 . TrapresaprrerprTep Ty, R R R T e R R LLAR] AR LR haaaa i - - - 4 -
2.00 4.00 6.00 /.00 12.00 1 16.00 20,00 2200 2400
Horopa ES- 4 Diode Array
Range: 3.728)
303
253
2 2.0
1.5
1.0 404
3
E 432
5.08-14 46
= 62
0.0 T T ilRiS Ciiasasiss T T T T T T T T T T T T T T T y Time
2,00 4.00 & 800 10.00 12.00 14.00 16.00 18.00 20.00 22,00 24.00

[Fig. 21] Horopa ES— UV_Mass Chromatogram
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[Table 17] Major antimicrobial antioxidants of Horopa using UPLC-Q-
TOF-MS/MS (ES+)

Observed

Detector

Main
Horopa Component name neutral counts : Journal
ES+ mass(Da) (Intensity) functions
- QSISJ)_ﬁﬁ ~Spirostan—3 ,[I?(IOIE)S —[%— y |
oropa a —L~—rhamnop-yranos 1)~ - L - 1 at al.
ES+ D-glucopyranosyl(1—4]- 8 ~D-gala 886.4942 4,521,483 Antimicrobial (2006)
ctopyranoside
- (25%)*?113 —Spirostan—3 /fdoli)%[%f Vanal
oropa a —L~rhamnop—yranos 1)~ - LI . anala at
ES+ D*glucopyranosyl(l*4{] -B-D-gala 886.4917 2,342,164 Antimicrobial al. (2016)
ctopyranoside
—Hydroxy sprengerinin . ) N timicrobial i .
Horopa 14-Hyd inin C 870.4627 1440009 |  Antimicrobial | Yifg atal
25(S)-Ruscogenin-1-O-[ f -D-gluc .
Horopa | Gpyra-nosyl(i—-2)1[ # -D-xylopyran | 870.4633 1,600,637 Antimicrobial Iilzc&l%‘;s
osyl(lﬂﬁ]— B ~D~fucopyranoside
Song & D
Hgfs‘ipa Apiin 564.1481 1,736,444 Antioxidants Chen
(2015
H . - Zh 1.
Por? Apiin 564.1483 1,386,988 Antioxidants i
Horopa Apiin 564.1484 | 1,280483 Antioxidants | 5086
e ropa Atroposide E 902.4888 4,423,426 Antimicrobial | Sajeli Begum
ES+ oposide . 5 R timicrobial (2010
Horopa Atroposide G 1048545 | 1854574 | Animicrobial | LAtrserds at
L Atroposide H 10465319 | 2480985 | Antimicrobial | SHgiBegum
Horopa Atroposide H 10465325 | 1459563 | Antimicrobial | JOSSBE <t al
Horopa Macrostemonoside F 902.4882 944,802 Antimicrobial | Zhi~Hone
- Penﬁ(l)gei)inb?rof La *}%*rhamnopyrar% 71 1
oropa | osyl(1—4)-O- a —~L-rhamnopyranosy - ang at al.
ES+ (1—+4)-[ a ~L-rhamnopy-ranosyl-(1— 1030.5371 1,049,491 Antioxidants (2010)
2)]- B ~D-glucopyrano side
Horopa Polyphyllin G 1048.5452 2,927,229 Antimicrobial C’;‘izoa‘fgfl'
Horopa Murakami
ES+p Trigoneoside I a 906.4838 1.107.244 Antimicrobial at al.
A0 (2000)
A Mitra
Horopa . . Anti—oxidant,
ES+ Trigoneoside I a 906.4835 854,642 Antimicrobial at al.
(2016)
Total amount of antimicrobial 31.410.164

antioxidants
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[Fig. 22] Horopa ES+ UV_Mass Chromatogram
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ABSTRACT

Evaluation of Baking Properties and Antioxidant
Ability of Bread made of Organic Wheat Flour

Containing Fenugreek Powder

Yeom Yu—]Jin
Major in Food Service Management

Dept. of Hotel, Tourism and

Restauurant Management

Graduate School of Business

Administration

Hansung University

The purpose of this study was to investigate baking properties and a
ntioxidant ability of organic wheat bread with fenugreek powder added. The fe
nugreek has been used as a medicinal herb for a long time, as an edible legumi
nous plant in Middle East. Also, it’s been used to treat bladder and kidney. In
Korea, it's often used as the medical herb and thus, an experiment was carried
out in order to examine the applicability of fenugreek for the functional foo
ds.

The fenugreek powder was added at 0, 3, 6, 9 and 12% to make
breads and also, pH of the breads significantly increased generally. The r
esults of volume measurement depending on the fermentation time of bre

ad dough showed significant difference between samples in all fermentati
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on times except the time immediately after making dough. Especially, wh
en the 6% of fenugreek powder was added, the fermentation power incr
eased as much as the fermentation time increased. The more the fenugre
ek powder was added, the more weight significantly. But the volume, s
pecific volume and baking loss rate decreased unlike the weight. The ap
pearance and fine structure were likely to become darkened, while the h
oles were not consistent. In the chromaticity measurement, L(Whiteness I
ndex) decreased and a(Red Index) increased while b(Yellow Index) slight
ly increased. The hardness, gumminess, chewiness of the bread significant
ly increased, while there was no big difference in the springiness betwee
n the control group. The moisture content was likely to increase signific
antly, if more fenugreek powder was added. There was inhibitory effect
on general microorganism, if more fenugreek powder was added. When
the inhibition of true fungi such as mold and yeast was measured, it’s d
iscovered that it could inhibit growth for about 6 days, compared to the
control group. The more fenugreek powder was added, DPPH radical s
cavenging activity increased more than the control group, resulting in hig
h antioxidant ability. In addition, the results of natural substance analysi
s showed that there were 25 types in the major detectable amount relate
d with anti—bacterial effect and antioxidant ability. According to the sen
sory evaluation, the color, smell, taste, appearance, texture and preferenc
e showed low scores, if the more fenugreek powder was added. Among
them, 6% of fenugreek powder showed highest preference and there was
no big difference with the control group. Therefore, it’s confirmed that s
helf-life of the bread and antioxidant ability successfully increased by ad
ding the fenugreek powder. And it's expected to see that this fenugreek
powder can be applied to increase shelf-life of the bread and utilized as

various health foods.
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