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Abstract

In this study, a natural fermentation starter formulation was developed for functional bread products by substituting
baker’s yeast with naturally fermented sourdough added with sea buckthom leaf (SBL). The quality and antioxidant
properties of morming bread (MB) with 0%, 10%, 20%, and 30% SBL added to sourdough were investigated. The
pH of MB dough decreased when the mixing ratio (MR) of SBL was increased. The dough-raising power by incubation
time (20-60 min) increased when the MR of SBL was increased. In the MB containing 30% SBL sourdough, the
height was lowest, and the baking loss rate was highest. The specific volume of the control was the highest. The
L value decreased, whereas the b values increased, when MR of SBL was increased. Hardness was the highest
in MB containing 20% SBL sourdough. Total polyphenolic and total flavonoid contents tended to increase as SBL
increased. DPPH and ABTS" radical scavenging activities and reducing power of MB were also elevated due to
addition of MR of SBL. The sensory evaluation results revealed that MB containing 20% SBL sourdough the highest
overall preference. Collectively, these results indicated that sourdough with 20% SBL was a very useful substitute
for baker’s yeast when making naturally fermented functional bread.
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BS7HE AAE o] ARIAQI ZAI7F EAL QAEH(Choi}t Cho,
2018; Park 5, 2018). AB[A=2] A7) thgt T4lo] ot
AHA 21733t 2o ARt FlstalAt AejEAdo] 94
e 227} 7K A7 7167 AR 2871 SRRl Al
T AN Wel 754 Ao B8 ol B
A2E Helol 7154 SIS RS Sashl] 4715
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FARE A7IRE A A2 vE 4 A7 Hdi(Back
S, 2018), HIEFIUS Gui7}+ 27} Al (Lee?t Kim, 2020),
o} 7K R 37} AR (Yoon 5, 2020) 5 Tkt A7
7t M=

A E9+= B.C. 200097 oJHEA fefiE U B= 5
4 7155 23 @ S9deiA daAIR] Algte] U= A
9g 508 FAAYo] fEoE HsiFlthCapelle 5,
2013). AR ES+= Ao] o]-85= MAEE R Yol
opF Ao} FAktol| ofsf "oy T 7FRFO] BpdlEo]
Bof= 1, FAMER lactic acid, acetic acid, ethanol 2 CO,
7t FAE]o] LubH o g o] AEES ARSI HIk= 2 E
9] SH7F AeHKulp?t Lorenz, 2003). AFY == 2%
wo] 31 Pl A Qo ¥ 4 E, 58]
A5 Al = BREo] o} Wo] w3kE R|AAF|ER
AL FIA7 = Aol Atk ES vvIEY] S5 5
A7 BPGAGE AAA7I= B} ltk(Sakandar -5,
2019; Siepmann 5, 2018). | AH|AEA AFIES-Y
BT 4730l gk 71s7do] YA HA Aol S7tstaL
ULk ARRIE=R-0] F8o| S8 FFE PA= [RI0EE
Hrlei Aash 87 9 £ o) Slom, HIE AR
5 we] 7Hs A4 Bt 181 9 7Rl s AR
o ofsf 7l}4do] 7s-shek(Sanz-Penella &, 2012). 2| AR
T9 7Fs Ao tigt AdF=2E SHLee 5, 2007), AEE
A FRA(KimY Chun, 2009), EFH2] HA TaAF
(Choi, 2013), BFd2|(Yoo G5, 2017) 5°] o™, 7|5/
3t A2+ o2 Yo} sourdough starter(Sim 5, 2019), Ak
=2t Fleol £ (Jung 5, 2020) o] Stk SEAIRE A
UE90] 71 Aol otk AT 1 %7} M3 754l
i A v FES, BT 28 o83 A9
£ A= ZF]E Aol

H]EMIU(Sea buckthorn, Hippophae rhamnoides)y= &
PbRle) URigel PR WA A1 Ykl $
Fsto] A E Bt ol AR, A YUl :
FHE(EY, 3, F3) 9 A71(ZH) Aol Auistar 9l
o}, eIV = Ao U, AR 5 THgRE o] &
07 E8HGuan 5, 2005; Kim 5, 2009; Park 5, 2010).
HIERIUF= 4159 29(oly g, 4 ¢ #e] 5}
Fglo] 71730l fott IFE 2 Vs BEol o
F=o] Slof s e E ot 5 B0l =2 4
Eo|tiKallio 5, 2002). £3] HEIUF -2 polyphenol,
flavonoid, carotenoid 2 ascorbic acid®] gFefo] =o} FAls}
o] Hold 7|54 AlEoE YR =704 o8 Folh
Feutoll A el HERIUR o] SZollA A=
ZE T} polyphenol gFgo] SHlUF B #rhal H = {THPang

= 2008).

webd £ Aol HERILE Qo] uigulee e
3 AESE Azle] B AZ A o] A=Y ARE
Ask WAAR IS B3 HERILR 9 AR
ARt mdue] B4 54 U At TS 2ste] vt
T 9 AIESE o] 83F 15 L st o

tobr} Arpatle] @4gste] 7lelskd st
M= Y

=

2 Ado] AREE Ame HEMILT I EH(Samsung
Herb Medicine Agricutural Co., Chuncheon, Korea), X
(Wooriga. Inc., Yangju. Korea), 738 Q7}(CJ Cheiljedang
Co., Yangsan, Korea), d8HCJ Cheiljedang Co., Incheon,
Korea), A E-8(Seoulmilk, Yangju, Korea), A~F(Korea salt
manufacture association, Mokpo, Korea), ¥E|(Lotte Food
Co., Cheonan, Korea), E&to]o|AE(Saf-instant, Lesaffre,
Lille, France), @22 H5F Al5olA F+Ast3ich

W= 9 sourdough 2% A=

HE A= AXEE 30C E2 7PEA B 7 A &
2] AEESL 22 13 M8 YU AR} B BUE
& 99 3.5%%] g Arieto] F4e Bal 45| wht
St & 26C 2 175 incubator(C-SKI-1, Changshin Scientific
Co., Seoul, Korea)ol|A] 24A|7F 12} WG AT} AATES
Siste] 1At 4 ofRe 5 F5| Wisto] 124]
7 22 A FLE TRt T A2 60 mesh sieve(Chung
Gye Industrial Mfg., Co., Seoul, Korea)= 2 2/Jo}3Tt.

Sourdough= /e AFI W7HFE i1 ¥R Adatd
el Y W 5339 1% A HrIsle] 1534
o7 FU5HA 4L F 26C incubatorof| A 24A|7F 12} ¥ta
Al Sourdough®] 22} R e} 32 R = 12 YRel 5
Ugt 207 Astgict DAdE sourdough= ARL0]A] 24
A7 AZRAZ H E45to] 35 mesh sieve(Chung Gye
Industrial Mfg., Co., Seoul, Korea)o]] W& & A2 W51
(DF9010, Tlshin Bio Base, Gyeonggi-do, Korea)ol] X 3o}H
A AgBlsict

HIE}RILIR Q! 27t sourdough A=

B35} sourdough, 715 9 E& 7:15:22 HIEE A
G 42 3 & F9 1% 452 FUsl] 1RF
o7 FU5H AL H incubator(26T, 24A7HA 12}
85 X135t sourdoughs S/JSAIFt 12 Hart £

oo
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 sourdougho]] W72t E& 1:1:1 HERE Y2 & W5

=2 T 5F9 1% La& A8t IFFA0R &
A5 412 F incubator(26T, 24A17Hof|A] 22} W A|Z T
32} ¥hg = 22 et 5t 207 Zd¥sto] sourdough
£ Azstgieh 331 wirt Ty sourdough®} WrFRE(L7E
o] 0%, 10%, 20%, 30%2] HIEFILLE Q1 H7}), 2L
122 W82 AE G20 ¥ T & 2O 1% 428
HA7¥oto] IEFAO0Z HUSHA 42 F incubator(26T)°
A B3} 29} B WA REAA B 9 2
sourdough starterS A| X5}

2y 3z
ek Alxsl] gt et B vhaat 2k 9ot
300 g, AFHES- 120 g, & 90 g, AR 45 g, =79 g &
55 g HIE] 30 g, O]AE 45 g, B 60 g= °-&sto] A5t
k. HEZ A5t BE AFZ ¥=7|(5K5SS, Kitchenaid,
Joseph, MI, USA)|| @11 #4002 387+ S AE|7} &
£ W Ohg HEE 9 Aol 6ugk st
Eof H=g Y11 U4a7|(EP-20, Daeyoung Co., Dagjeon,
Korea)ollA] 12 LR(30T, SE 80%, 90E)S XH5ct
12F arh Sy vk 30 g Edsto] 3T BYeR
A% & A200A 3081t HAERE F 22 Hae 13
aet Ut 2102 Zggsiyitt davt $d WS SiE
190C, oFEfE 150CE of|gE QE(FDO-7102, Daeyoung,
Dagjeon, Korea)ollA] 88 5<%t 17, ¥/ Hue AL
oflA 1AZF Hggt & ET]oEdl H[dE ZASo] A|lR=
g1,
2UN viEo| pH U LAY 27

2 W] pHE V1 3 goll F55 27 mLE Y1 1
B #27)(Omni pH Homogenizer, Omni International,
GA, USA)Z #4355t 3 of#}x](Whatman NO. 1, Whatman
International Ltd, Maidstone, UK)Z o]Z}5to] pH meter
(Orion star A211, Thermo Fisher Scientific Inc., Waltham,
MA, USA)E ZA3}%c}.

SR AE O 50 mL conical tubeol] R WS 10 g2
Y7 Ewol T2 wuel @ %, 208 3202 12087
ST 300, S 80%)A71HA 2Haieic oy BE
AR 5T 30 mLoJH BES AL, 208
How wizo] Waslo] LEL TP RS B2 £AE 2
514K Lee, 2015).
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| ohat o) vlmLig ARt
TEIFE A= QFHO5 g W)= Ao & Ao
2B =27](MB-45, Ohaus, NJ, USA)Z 105C, 1087F =

B M =4

o] M= RS QAR A7|(7FE 2.5 emx A&
2.5 emxz°0] 2.5 cm)E ATt YR EHS XA X 777,
Juki, Tokyo, Japan)E ©]-85}o] Lik(lightness), agf(redness),
bgk(yellowness)= 5753t < WMo Lgk, agh, bk
L 717} 98.50, 0.09, -0.46°]|4ct.
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R 227 =
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2ol ZRAIZRS texture analyzer(TAXT Plus, Stable
Micro System Ltd., Surrey, UK)E ©]-83}o] TPA(texture
profile analysis) test® =745}H.9H, probe= 35 mm
cylinder probeS ARESl0] AL&A 07 23] EHS I Poix]
= YA FACERY 4EH gHo = Ik (hardness), Tt
2 X(springiness), -2-%4(cohesiveness), %E14J(chewiness)
9 AA(gumminess)S SA5FFcE EAZAL  pre-test
speed 1.0 mmv/sec, test speed 1.0 mmvsec, post-test speed 5.0
mm/sec, test distance 14.0 mm/sec, trigger force 5.0 gO =
St ofuff AlE+= AR A71(2.5%2.5%2.5 cm)= FEHA]
Al
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ek 20 gof] 80% oEhS 100 mLE @17 20T shaking
incubator(SI-900R, JeioTech, Dacjeon, Korea)ollA 24A17k
235)0] 3348 AT}, F2UL ojTAR ofzt T A2
Aoz A8ttt

S¥lE T2 Lind} Tang(2007)2] WS S-8510] 54
s}tk 2yd =5 100 ploj Folin-Ciocalteu reagent
200 pLet 575 2 mLE E3t6to] 357 ®A|staL, of BhE-
Hof| 10% NaCOs 2 mLE ¥l AofA] 6082 52T HEGA|
71 & 765 nmollA| G T=A(EMC-18PC-UV, EMCLAB
GmbH, Duisburg, Germany)Z 4TS =759t EE
FAE FEERE TRAIY gallic acid Ho2 HYERHOH, B
JE 100 gd mg gallic acid equivalent(mg GAE/100 g)=
A3 Vet

FETEL0E S Lee 5(1997)9] WS 585
2451y A& 89 100 pLlof 1 N NaOH 300 pL2}
S Esto] 37CoA 1AI7E BEGAIZ
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it gon
g, oM
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F 420 molH FHES SHsHGIch B IHL ez
BEGAIZ] naringin gho 2 UERHom, BEl 100 g mg
naringin equivalent(mg NE/100 g)2 ZIS YERHT.

H1

@dwo| DPPH 2iC|Z A7 s &4

DPPH 2}0]Z £75-2 Lee 5(2007)] WS -5-8510]
S5k AR 8A2 FHE U S-S ol R
A Azt Y LS S ARRSI9oH, AR B
50 mgmL=E 3]&sto] ALESIUT A& 8 500 pLoj
DPPH £€9(1.5x10* M) 2 mLE 75}, 3027 4ofA]
HRSAIZ] 2 517 nmollA S3EE S7513ith DPPH it
Z AA%L o9 Aoz AAkste] YERfQITh

DPPH radical scavenging activity (%) =
[1 - (A/B)] x 100
A: absorbance value of sample

B: absorbance value of control

SYmo| ABTS' 2CjZ A% 33
ABTS' 2HHZF 2752 Re 5(1999)2] ¥Hio] 385

SISl Alm &R FulE E FEE | I
Al Az Y A RS ARSEoH, AR B
50 mgmLZ S|Asto] ARESIETE. 7 mM ABTSS} 2.45
mM potassium persulfates 14:1 H| &2 &3 & 4ofA
20A17F ¥FSAIA ABTS solution A 253}, Whgo] £
ABTS solution2 734 nmojlA] &4 Zko] 0.70+£0.027}
L& SRR SAsto] Age ARESIelth Als &9 100
uLol ABTS -89 1.6 mLE 21 5& 5%t ¥HSAIX] & 734
X FFEE S7GoI3T). ABTS' 2Hjd 4752 off
9] Alog AAklsto] LERSIT

ABTS' radical scavenging activity (%) =
[1 - (A/ B)] x 100
A: absorbance value of sample

B: absorbance value of control

muititol siola =A

3I8L Wongd} Chye(2009)2] HHS 3-835lo] =435}
Ak Al GRS Fls d FETE olE oA Axgh
T S LRt S ARSI, AlR e 200 mg/mL
2 3Xst] ARRSISITE AR 89 500 plofl 02 M
phosphate buffer 0.5 mL(pH 6.6)2} 1% potassiumferricyanide
500 uLE 3510 50T OllA] 208 BESA|ZL) o] Hk-S-oio]
10% TCA(trichloroacetic acid) 89 500 pLE 7}5tal &35

3t H 1087+ YAE=E](CF-10, Daihan Scientific Co., Wonju,
Koreaydle] 4% | mLE H3hch. o]7lo] 222 1 mL
= 7}k 5 0.1% FeCly 200 uL2 E3+5t0] 700 nmojA] &
B=g 245,

e

ZHsEA
HIEFIURE 9! sourdough 3471 Hd#He] Ts-AAk= 4]
A 715 = BrIsrTRItetn AE-a2 4o s &
QIS 1040656-202104-HR-01-03). A tH(20-30t))7} vl
ot wAY 9 skl 157 AAste] TeE7ME AlgsH
AR]9] 54 9 HAE FE0] A¥stal, F7HRE
WA & FHA] SO SISl B A=
FHo=E Hto g et UrHE o]8sto] Al AP SAE H
21t Sl Zejoldd 138 Ao UjF-e] Alo] Kol o
o} FAlo Algsal, 748 HA=R(1F: tis] Wol 4ofgt
o}, 77: tits] Eol EoRithE ol-&sto] AH|R; 7]k
tisto] B7ISHES SIQit:. ARA; 7|55k B7FdE2 ARHY
Q1 7155, o, A, 3], gt 9 2270 tjsio] AAJsiith
ojmf & Alm B7I| vlA= FAS S04} v|A TRt =
= AlEste] g 9 AlEE AFIE & A%k PIAIER 22
FEoH A T U AEE FIIES Siith

N,
)
=2

SHAZ|

2 A7) i 33] oo Nk ddom AL IS
SPSS statistics(ver. 26, IBM Co., Armonk, NY, USA) E4|
2% $o SARAANOVAIOR 2} AR 2 91
22 ojgom, BRRENAZ eIk Ro14o] 3]
Aol AFESCE Duncan’s multiple range testE

A1 TH(p<0.05).

1,

rr o

>

Y nH
o ko] pH L Uawaty

HIERTILER 9 vigha] &) w2 AR H7} mdu st
9] pH ¥ HagAe =74 Z3H= Table 13} 2t LREY
o3 Hk50] pHE Aol g o] 22|7t3} Hojo &
FEFE AL Ee] 7kA B59 9 HRE Aok 8110]
THLee 5, 2003). §¥159] pHe tixto] 5.55, HIEFIUS
9l AREL 10-30% H7FLo] 5.27-5.458 HEFIILE 2l Hj
ghlgo] 1S 8907 Z4sthp<0.05). ARY
T90 Fiicot £ H7t mdH 7 (Jung 5, 2020)°4 %=
A& 71| S7FERE pHY7L Aaolks HE Ho 2 A
9 A} FABEITE Tae 52015y B ¥H=9] pHi= 37t

= A=9] pH 9 A 5ol 93RS =l Basiils
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Table 1. pH and dough raising power of moming bread dough added with sourdough starter according to the mixing ratio of sea buckthom leaf

Control" SBLS 10 SBLS 20 SBLS 30
pH 5.55+0.01%% 5.45+0.02° 5.38+0.03¢ 5.27+0.01¢
20 min 9.00:£0.00°™ 9.50:£0.00°° 9.33+0.29F 10.67+0.58*°
40 min 11.00+0.00°E 10.83+0.29°° 10.83+0.29%E 14.00+1.32%P
Dough raising 60 min 14.00:£0.00°° 14.83+1.04C 14.17+0.29°° 17.83+2.02%¢
power 80 min 17.50+0.00™9¢ 18.33+1.445C 17.00+0.87¢ 20.67+2.528
100 min 21.00+0.00™P 22.17+2.938 20.83+0.29° 25.004+2.50*
120 min 24.67+0.29™A 26.17+4.25% 23.00+0.00* 27.3343.25%

"Control, sourdough starter without sea buckthorn leaf; SBLS 10, 10% sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn leaf
sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough starter; SBLS, sea buckthorn leaf sourdough starter.

DResult are mean valuestSD (n=3).

Sd\feans with different lowercase letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.
YAFMeans with different uppercase letters in the same column are significantly different by Duncan’s multiple range test at p<0.05.

ns, not significant.

g, HIEMIUE Y- acetic acid(6.19 mg/g), lactic acid(6.50
mg/g), malic acid(2.83 mg/g) 52| F7I4to] o= o] 3lof
HIEHILHT 9 HiitH]eo] S71d= pH7L A4agt 208
At EtHLee 5, 2018). ESF Kim 5(2011)2] X110 w}=
b HREL pH 5055 WA 7 S4atod, o]
E 242 pH 47914 7} Hotal slo] o] AEE thiAd
AR A% A SR Qg Bk AL dige
Ao Az,

dhg B8 ukE=9] gluten AYA]

_1:_
T v o O
L::]

3 2 % 72 BA
S o, Wo] £25% A 4]

o2 HIFETH Yang 5., 2010). 50| SEwe wE
Azlo] Aojass F7kste A% Rk HERR o
AR 0] waggee Bast Ages 1202 59t
208 7140 $3)S Sokgly], TE AR 20608204
30% A7ko] 10.67-17.83 mLZ 7F8 w9t} wha A|7k 80-
12080 ok AR B2 719 ol gIiet: Lee
(015 W] pH7} B7184:% CO,9) Wggo] Ridsslel
we] Rajr} ghasika BIsigih ofo] & oA of
2320] pH7t AR 7} ot CO, WA aavt
Aol sk v e v Aow BeE

=23, T O o
HIERILRE 9 HifghH|Eof whE AN H7F o]
0], 971SAE, B84 B 2% 574 2= Table 2
o} At} o] ol 10% 7o) 4.62 cm= 7Y F
o, 30% F7Rte] 425 emZ 7H Wol 10-30% AlE H7}
of weh Fasks %S HA: 9z ARE(Yoo 5,
2017), ot 7HFE £ (Yoon 5, 20202 H7I%t 4]

ayYmo| 0|, F7IANE, HISY U LEEY

WSS we oA =2 g UE S A8 I
E49] gFoz A3t oldf vk Wo] AdH 7|5l 9
Sff A =83} 7o) T SHehaA AR w7 &4
o] TAFFHKim 5, 1978). HJ¥o] H7|&AEE 30% 7t
0] 10.02%2 7 =4 Yepith &2 0|83t sourdough
bread(Lee 5, 2007), oF=ZUYo} sourdough starterE ©]-8-5F
TJEkSim 5, 2019)9] AFoAE AR H7iEo] 7K
2 7|48 0] Zyfsltta B yste] BlERTILEE 9 30%9]
HiEHE&L o5 Ao} fAlSH o] H7EAES
7H71= Aog AZtETh E3 Fujiyama(1984)= HHE0]
F7|EAFLe qubE o Z 7-13% YIS Y H slo] Het
U 9 vighe]gof w2 ARIES- H7F ko] 7]
AE0] 8.63-10.02%= U¥HARI w7]|<EAE Mo 235
o] Jth= AL & 4 ANTh

o] &AL tiEo] 4.04 mL/gO & ow, 10-
30% #712o] 3.62-3.81 mL/gO& 9-9]2Q] Z}o]E Hol|
Ak}, AME=S-2F Fieot B H7F By A (Jung 5,
2020)914 % A& H7lEgo] S7HRE H8A o] Ak
Ao Yepitt olgt Avk= B viso] Sl W Aot
4 7kA BRE 7hAR wpAleh, 22819 5l4o] e |
ok Barseltt 2 Aok veiIuE o HigulE
o] Z7VdrE WY o] Favste] SFHI9] o] A
StE|1, kA BREo] A mguo] vl8-Fo] 7hAast A
o= AgHh

ROl wo] £53), Frgle S Folsha, we

o+S rlel=g] 283t 8 40|tHCzuchajowska S, 1989).
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Table 2. Height, baking loss rate, specific volume, and moisture content of moming bread added with sourdough starter according to the

mixing ratio of sea buckthorn leaf

Control" SBLS 10 SBLS 20 SBLS 30

Height (cm) 4.40+0.167%) 4.62+0.18" 4.33+0.09™ 4.25+0.13°
Baking loss rate (%) 9.01£0.21° 9.42+0.28° 8.63+0.40° 10.02+0.28°
Specific volume (mL/g) 4.04+0.13° 3.81+0.23° 3.6240.05° 3.69+0.17°
Moisture content (%) 30.61=1.39™ 29.95+1.11 30.53+1.03 29.25+0.85

DControl, sourdough starter without sea buckthorn leaf; SBLS 10, 10% sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn leaf
sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough starter; SBLS, sea buckthorn leaf sourdough starter.

Result are mean values+SD (n=5).

J+Means with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

“ns, not significant.

o] Sugeke gaTa HERILE o AYES 17t
2 7k9] Fol7t giie.

2o M=

HIEFIUT 9 HiiRiH|&o] wheE ARRI=S- 7} Hduke] A
T 34 A= Table 33} 2t} A2 wo] ok H7Ie of
- S83%F 84 F SR Mo| Lo HIAAHA EHY
2k ofujel, Bo0] w9 FPAAI % QUTH(Kim 5, 2011), w1
Ho] L3 tiEato] 61.33°0% 7F ¥iQLaL, 0-30% 34710l
413446142 A5 BNo] SIS OFAIE HFS
BT} agre ol Vo) A2 A7FEo] T BSHL bt
2 AR Wil 2718% 710 Jung 5020/ 7
o] Miet 715k HAjme] M) e Hrt 1)
0w, AR Aol Z718KnS L3to] 74317 agh bRES
S7RRickaL Barsto] 2 A9 Axel fARII: & Aol
ARG BIERILE Q10 =m0 2 chlorophyllA] M47} Tk g+
fElo] QIth(Park, 2020). S22H-2 kA = 60T ©AF9]
E2 7I5PH 2B 1M (pheophytin)o] FJE ™, A&
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Table 3. Color values of moming bread added with sourdough starter according to the mixing ratio of sea buckthom leaf

Control" SBLS 10 SBLS 20 SBLS 30
Hunter L 61.33+1.9399 46.14+2.01° 44.86+3.55° 41.34+1.98°
Hunter a -0.68+0.287 1.77+0.27° 0.944+0.39° 0.59+0.39°
Hunter b 14.75+0.78° 20.85+0.49° 28.55+1.61° 30.52+1.26"

UControl, sourdough starter without sea buckthorn leaf; SBLS 10, 10% sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn leaf
sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough starter; SBLS, sea buckthorn leaf sourdough starter.

Result are mean valuesSD (n=5).

Y+dMeans with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.
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Table 4. TPA (texture profile analysis) of moming bread added with sourdough starter according to the mixing ratio of sea buckthorn leaf

Control" SBLS 10 SBLS 20 SBLS 30
Hardness (g) 228.16+27.387%) 174.63+39.90° 301.54+54.91° 250.38+54.51°
Springiness (%) 0.46+0.11™Y 0.50+0.03 0.47+0.03 0.49+0.02
Cohesiveness (%) 0.45+0.08™ 0.49+0.03 0.44+0.03 0.47+0.03
Chewiness (g) 48.35+17.56™ 42.06+6.15° 61.87+7.52° 57.33+10.13®

Gumminess (g) 101.28+19.13%

84.48+15.87°

131.01£18.30° 116.74421.03%

YControl, sourdough starter without sea buckthorn leaf; SBLS 10, 10% sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn leaf
sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough starter; SBLS, sea buckthorn leaf sourdough starter.

DResult are mean valuestSD (n=10).

Means with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

ns, not significant.

Sz ¢ SEINE 0| T &4 ATk Fig 13 2t
duko] Zults RS HiRL-30% H7kLo] 16.62-106.84
mg GAE/100 gO & HEFTILHE 9 Highe|&o] S71ds
ooz F7IekATH(p<0.05). Park(2020)2 H[EFILRE
9lo] 2EZajHlts $teFo] 133.75 mg GAE/gO 2 Q- &=r}1l
Hsieh. ool HIERIVERE Q1 vighel&e] 37t R
9] = AT SVl YIS " A= AlEHT
ko] FEeE Lot FRRS HRFE-30% H7RLO]
6.32-44.36 mg NE/100 g & thRLo] H]8} 30% H7}o]
oF 7.028 S7Foto] 7MY =2 RS UERITE HEFIUE
A7k 7t A A4(Lee?t Kim, 2020)014] Al&of &
5% catechin, rutin @ quercetin 3550 A4lo] Zu|= i

120 OControl HSBLS 20 ESBLS 30

Contents (mg/100 g)

Total flavonoid

Total polyphenol

Fig. 1. Total polyphenol and total flavonoid contents of morming
bread added with sourdough starter according to the mixing ratio
of sea buckthom leaf.

Control, sourdough starter without sea buckthorn leaf; SBLS 10, 10%
sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn
leaf sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough
starter; SBLS, sea buckthorn leaf sourdough starter. GAE, gallic acid
equivalent; NE, naringin equivalent.

“Means (n=3) with different letters are significantly different by
Duncan’s multiple range test at p<0.05.

off Y2 Fol A= H7Igel wet Ao Juls ol
27Kt Basielr e Qe tekt 154 2
A QAL A Qe 7 viE H SRt
o]t EZ & gallic acid, isorhamnetin, quercetin, kaempferol,
catechin 2! myricetin 5°| 21 EAHKim 5, 2010). =t
A e Al Al BIERIUE Sl EiRhES S5k A
wigupe] st BAL F7HA ol et PAIS B
71 4 e AoE Az,

O L0 =
7‘(——_]-‘@ %]:"rro

@yl DPPH L] AAS
HIEIUE 9 vigulgo] o AMES- H7} mduko]
DPPH @z 475 &4 A¥k= Fig 29 2ot djx7o]

O Control u SBLP20 m SBLP30

Radical scavenging activity (%)

ABTS® (50 mg/mL)

DPPH (50 mg/mL)

Fig. 2. DPPH and ABTS" radical scavenging activity of moming
bread added with sourdough starter according to the mixing ratio
of sea buckthom leaf.

Control, sourdough starter without sea buckthorn leaf; SBLS 10, 10%
sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn
leaf sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough
starter; SBLS, sea buckthorn leaf sourdough starter.

*Means (n=3) with different letters are significantly different by
Duncan’s multiple range test at p<0.05.



628 F=AFAGRENEA A28E A52 (2021)

9.99%= DPPH 2}t|Z &750] 7 Wokom, HIeHILHE
QA AREL 10%, 20%, 30% H7HEo] ZH2t 57.91%, 88.29%,
95.24%= HIEFYILHE 919] vighal&o] 71 47 50]
X2~ 5.80H0f| 4] Z[of 9.538) STkt v A H7F 2
#hBaek &, 2018), o240} sourdough starterS- 0]-&3+ &
J¥(Sim 5, 2019), To} 7HHE £ A7} Al#(Yoon 5,
2020) AN B A Aot S Lk, of
Sig Aok A7leke AR SHish 2o] DPPH 2]
2 2750l QRS Fol e ABT BTG, Lee 5
(2009) 33l T 9 BZelo|= gkl DPPH 2]
Z &2AG0] B2 ¢ AHIAE 2=t Basiel=t],
ol & Ao BIENILE Q1o vighalgo| S7IdE
FHs 9 FESE ol gHgo| S7Iskl, DPPH 2z
AL F7IRE Al X513

Zdwo| ABTS' ZlC|Z A7

Wbl ) vl gel e AES H7t migupe)
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6.68%2 470l 7 wgron], wehlLke 9lo] Hya
20| S7FLFE 2750] oA or STk tHp<0.05).
o} 7HFE % (Yoon 5, 2020), HIEFILT G717 (Lee
o} Kim, 2020) 47} A ALl Alm H7kgo] S71es
£ Auko] ABTS' ]z &7%50] Z7RRitha Hilsle] &
AY Al ARkt oiRt 2 AoA ABTS' 2oz
4715°] DPPH 2z &7 sHT 27 Yetge=d], o=
ABTS(cation radical)@} DPPH(free radical)®] radical x}o]o]|
ofs}) Sk} B2 radicalo] 2gste] AATHE o] 2
o|7} EAste] Uehd A AJZEHMeir 5, 1995).

2yl 3oy

SHAH-L free radical A&0] reductone @ ZEE AlFE=
Gragito] ofstel BaEEA AZee, ST S 2
Al=9] SIS Kol=t, Elo] &2 4o WSS
3= gl #7 S € th(Jeong} Shim, 2006). HIEFIILE
= 9 vjghlgol me YRS B/ mduo] dele 27
ZAil= Fig 33 Zth gjZ&0] 0.61 0.D.C.& 714 9o
o, BRI Q1 AR 10%, 20%, 30% H7kto] 2zt
1.23, 1.86, 2.38 O.D.E HEMILIEL Qlo] Highu]go] Z7fgt
% BUE S7I200h Leed} Kim(2020)2 HERILE:
Qiee A4S el U] Skt Bt
of 2 4% ATjel Al A% B

5y 22
MERILR o) vighlgo] T ALIES 7t wiguo)

m SBLP20

3L O Control m SBLP30

Absirbance at 700 nm

Reducing power (200 mg/mL)

Fig. 3. Reducing power of moming bread added with sourdough
starter according to the mixing ratio of sea buckthorn leaf.

Control, sourdough starter without sea buckthorn leaf;, SBLS 10, 10%
sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn leaf
sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough starter;
SBLS, sea buckthorn leaf sourdough starter.

“Means (n=3) with different letters are significantly different by
Duncan’s multiple range test at p<0.05.
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Table 5. Sensory scores of moming breads added with sourdough starter according to the mixing ratio of sea buckthom leaf

Control" SBLS 10 SBLS 20 SBLS 30

Overall preference 5.71£1.149%9 5.79+1.05° 6.07+0.73" 4.93+1.27°
Appearance 6.07+0.73™Y 5.79+0.89 5.64+1.01 5.07+1.44
Color 6.07£1.00™ 5.79+0.80 5.36+1.01 5.14+1.46
Flavor 5.21+0.97™ 5.64+1.15 5.79+1.89 5.50+1.40
Taste 5.20+1.14™ 5.64+1.15 5.79+0.89 5.07+1.14
Texture 4.71£1.27™ 5.64+1.15 5.5040.94 5.43+1.09

UControl, sourdough starter without sea buckthorn leaf; SBLS 10, 10% sea buckthorn leaf sourdough starter; SBLS 20, 20% sea buckthorn leaf
sourdough starter; SBLS 30, 30% sea buckthorn leaf sourdough starter; SBLS, sea buckthorn leaf sourdough starter.

'Result are mean+SD (n=15) using 7-point hedonic scale (1=extremely dislike, 4=normal, 7=extremely like).

Means with different letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

“ns, not significant.
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