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Abstract

In this study, bread was prepared using various amount of ‘Fuji’ apple juice, and quality and antioxidant properties
investigated. Bread was prepared with water, butter, yeast, salt, sugar, wheat flour, skim milk powder and 10, 20 and 30%
(w/w) ‘Fuji’ apple juice. Leavening ability and pH of dough were also investigated. Volume, pH, specific volume,
baking-loss rate, chromaticity and texture were investigated as quality properties, whereas the total polyphenol content, ABTS
and DPPH radical scavenging activity as the antioxidant properties of bread containing various amount of apple juice. The
pH and leavening ability of dough were observed to decrease with increasing amount of apple juice. In the quality properties
of bread, pH, volume, specific volume, and baking-loss rate decreased. Regarding chromaticity and texture of bread prepared
with increasing amount of ‘Fuji’ apple juice, L (bright) values at crust and crumb of bread decreased, while hardness,
chewiness and gumminess increased. Total polyphenol content increased with increasing amount of apple juice, while DPPH
and ABTS radical scavenging activities showed no significant differences. Consequently, these results support the possible
use of apple juice for baking foods in food industry, as addition of apple juice enhances the quality and antioxidant properties
of bread.
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$ a5t oA Eut ofye}, il A 52 I
sk, v Y22 HEH B, vulE, e, AlE
3}8HE (phytochemicals) 52 35 3FcHDewettinck 5 2008).
Tt A wEE oA Gepie] FaEslE o
o, A% F o2 71 &9 - 3k A Bl L
2 wsiyh WagEo] W AT} YRt watEA el 4
g 71 REE AE A, F Y &4 FY 2
W37} WA ScH(Dewettinck 5 2008; Das 5 2012). o]t
Ao AL AN ) AAEE A7HE 7154 A
"WH(Han 5 2004), b5 7F Ao E4 9 A% a7KLee
T 2009), S A7ERE AMHOh T 2011), o2 &%
Z7¥et A (Park LY 2015) 5 Aol thedst 7154 &
BN QA7 BAET Yk Eo Ago] iz
Sfetel By FRAT B Wolol B wop Anl W} ¢
29 ko) sk 2|1(Kim 5 2008), WA HEE WA A
o] =3} A A(Kim F 2015) 9 ol =S H7Fe w59 g
222 9w HE EHKim YS 2016) 5o T A7t 2
FE A= A B 7]&o] AAHA = 3 A
A 0]1:]-

A K Malus domestica)= RE3+2 BRZ An|& 70'13]-14-
B Lot (Pomoideae)l £3h= A& B 11 FUlE 4
A= F&EE 2R go| 1, FA= A AAZ L= de XH
v =32 Qlth(Jeong DH 1998). Abth= edha, Tfd ol A
ol Qo= 7714, Ao, vlEl Fo] FHHA Ti-H
o] QI(Lee S 2000; Lee S 2018), ¢-7]At & ol zre
7187 423 viEl 9 EYussRtesn 22 A9Ed
EEAES RS Ql=dl, I Sl = 2224 FHAL

ooztell, A=A, E223} 22 Edus 280 &
4 bzl ok WA ARo] A5 4ol elsjol S
TR}, G, LEAS HIESHY Z4F F T2 HIA
22 oo amrt glo] kst 249 £2 FadeR
&2 A AthHyson DA 2011; Kalinowska S 2014; Hyun &
Jang 2016). 18|31 ZUjof| A AjufjFo] 7};%1- Mo «Ex
S el S wie RO noke AFIYe
e AEAE Ho), wue] $8 AT 9, ol
o sl 1415 °Brix® =1 AFE7} 04% Wejolct
(Shin & Kim 2010).
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1. RI2 L A|QF

A Aol AREE A= 2017d )] FEOA 25t < F
A" A Malus domestica Fuji)E T4t A1, A
YR Z AFE 78 E(Dachan Flour Mills Co., Seoul, Korea),
e (Beksul, Seoul, Korea), A& & X (Seoul Milk, Seoul,
Korea), BX]E-3(Seoul Milk), ¥ E|(Seoul Milk) L A+F(Hanju
salt, Ulsan, Korea)> 558 HFA] SEZH A £t At
gakeieh TelT Anbe] ShAH BAS RS st Aok
© = Folin-Ciocalteu's phenol reagent, DPPH(2,2-diphenyl-1-
picrylhydrazyl), ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid), gallic acid @ potassium persulphate= Sigma-
Aldrich Chemical Co.(St. Louis, MD, USA)ol| Al J-¢]3} 9L
Na,COj;(sodium carbonate) -828-2 Samchun Pure Chemical Co.
Junsei Chemical Co.(Tokyo,

(Seoul, Korea), L-ascorbic acid+

Japan)oll A F-elto] A8t

2 BX AE ME L BF 54

‘T2 AHELS AME 2FE7](HQ-IBF13, Hurom, Gimhae,
Korea)2 uh4) @ 253 0 THEL AAste] A2ty
o 2elm Az AR} 28 pH, B4, BE U MRS
2o} T AT BLS BANAT, FEATE F
2, DPPH 2}tZr 474% 9 ABTS g2 245 & axgs}
of ibst 542 AT Al2E ARES 80T 9] dee
freezer(MDF-399, Sanyo, Tokyo, Japan)oj|A] X 3+5}1H A /51““0
A= v AgSA ATHEe $&e AT FAE 9
2 Ame] AR Uiee] WEgE Fetgon, pHE pH
meter(Orion 4 star, Thermo Scientific, Beverly, MA, USA)2 &
Aoty 121 ATEe] 24 AR 10 mLo] R4S
7Fste] 100 mLZ 83t & 0.1 N NaOHE 7}5}4] pH 8.39]
= 714 AA3 & A2 % NaOHQ] mLE lactic acid2 $HAF
3tach e ZAYLEAE o]85te] A5ty on, e
= A2}HA|(CR-300, Minolta Co., Tokyo, Japan)E ©]-&3lo] &
A5lRa, old) F&E WA ZH2 [=92.7, a=0.314, b=0.396°]
ot AlEE o] FALSE EAL Alwro] dpAlsl B4 KA HbY
3 FUI PPOR FYsHect

3. 'FX AIHE Eot Aol M=

T2 S A7F AMS Yoon S(2014)F Han 54(2004)
o] WS o] &3t YRS OR A|xstgon, 11 gt
H|-&-2 Table 19] Ve Sith U7H= 20 mesh A2 A A3}t
o YA 27|19 B Ao, ‘A AtaEe] A
7hEE QA vl tiH] 10, 20 30%(ww) AFHES A7FHEA
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Table 1. Formula of the bread containing apple juice

(unit: %)
Ingredient Control  AJ1I0"  AJ202  AI30Y
Apple juice 0.00 10.00 20.00 30.00
Water 35.72 25.72 15.72 572
Wheat flour 54.96 54.96 54.96 54.96
Butter 2.75 2.75 2.75 275
Yeast 0.71 0.71 0.71 0.71
Salt 0.91 0.91 091 091
Sugar 3.30 3.30 330 3.30
Skim milk powder 1.65 1.65 1.65 1.65
Total 100.00  100.00  100.00  100.00

" Apple bread added with 10% (w/w) apple juice.
? Apple bread added with 20% (w/w) apple juice.
 Apple bread added with 30% (w/w) apple juice.

EFE FUD MY BoAA AL WY vEE 2
AR, ke AR e DY HIES S 4

W A 2= WA HEES7](WSS-6835P, Joongsankorea, Seoul,
Korea)o| HE|S A3 2= AY2E YL —F_#Z_P =99 A=
A B e WEE Woksk] 1587 wukste] Alw
WSS A ZsH T 283l ¥WE 7](OFP-202, Daeyung Bakery
machinery Ind Co, Seoul, Korea)o]] HF2 €11 27T, 80% %

= 204 5087} 13 FastEr 13} TE WS 140 ¢
P Hal—a-]-on] T2YU7IE BT th ALo0A 1587 $3
utg 3 7pau)y] 9 ARSI T2 A WEo] Y

Ela:s ](27C 80% AHiEE)ol A 45827t 22 L asH . 2

2 dtE & S5 175C, oF=lE 160C2 d|EH 2-E(OFP-202,
Daeyoug Bakery Machinery Co., Ltd, Seoul, Korea)of| 4] 30&
2 P8 Tk Aol 1AHES Wste] A Azt

.

FA AHES A4 A v phE 9 g 3e) |

S 775 o T g ER4 35 mLS
7Vsle] 2 7)(IKA Ultra-Turrax T25, Janke & Kunkel, Staufen,
Germany)ol| o} 327t w8 37| 1L, 3,000 rpmof| A 1027t
YA 22 (Union 5kr, Hanil Science Industrial Co., Incheon,
Korea)sto] 92 A5 NS pH meter(Orion 4 star, Thermo
Scientific, Beverly, MA, USA)Z 33| "t =23} th(Park
LY 2015). 283 ¥a WAL H=E A5 o] uhE 25 g2
100 mLe] AN R 71 F Bl 2getn, W)
Q7°C, 80% S E)o)A] 4587F uHFE A7l ThS wrze] B
wE Z4ste] Wi Aol u AjolS WA BIHML)L.
Z At Yoon S 2010; Yoon S 2014).

5. Ajlo| pH, HII|, Z7IAAS U HISY 57
pH

‘TA AHRE A7F Ao pH 342 HHEY] pH S W
W3} SAsLA BA3Hg cHPark LY 2015). 12|31 AJwke] B
e FEE ol & TAAE o83t 33 WHE £F

st o, Aol H7] EHEL vhESAdE o 4 9] S (dough
weight) Tt G- - 2417t A3t & o] Fg(bread weight)S
2g5to] 4 (o] o) ARSI, B §HL Aue] Yl
EAZ Yo AAIHtHJeong & Park 2006; Kim & Lee
2015). Z17te] ZRL 33 Wk Zgole] FFo vehy)
Ack.

Baking loss rate (%) =

(Dough weight —Bread weight)
- x 100
Dough weight 0))

ML

o

6. Allto| Al Ol XX|Z} =X
TR ATES A7hE M) AEE Yoon 5(2010)9]

WS WP skl S WA AWE A4 2413t
¢t 4131 T crust®} crumbE Lol B3 3 £t

petri-dishof] Fo} M}A|(CR-300, Minolta Co. Tokyo, Japan)E
o]-&3}od Lgk(lightness), agk(redness), bgk(yellowness) S &3
Sk, AEZHAAMDS A (2)0l A3l Abstgch 223
Ag EE AT e AT ME ZHS 99 B2
AT 2 e ALgalalc.

AE= AL+ Ad2+ AV )

TR TS W Ao 2T Aol FoF 2
HLE 2.0x2.0x2.0 cm A7| 2 A2 thS texture analyzer(Text
analyzer TA-XT2, Texture technologies Co., Scarsdale, NY, USA)
£ 083}t 7 =(hardness), 734 (gumminess), %3] Ad(chewiness)
2 -3 (cohesiveness)S EA5t 4t BT 33 & Z75}
Hon, 24 A& Table 20 eI

7. A5l EM BMS Q5 AlTFE U Alto| M3

A W Awke] ghate} B4
Rupasinghe 5(2008)9] &

A SEAAX7|Z AET A T2 AE3 oS B4Rt
210 gof] 100 mLe] 70%(v/v) oE-=(OCI Co. Ltd., Seoul,
Korea)Z F7}slo] 2A]7F 5<F W HFIKA Ultra-Turrax T25,
Janke & Kunkel, Staufen, Germany)3}iZ, 2,500xgo| A 10 =
oF 945 2] (Union Skr, Hanil Science Industrial Co., Incheon,
Korea)3t th A3 8S dof 4t B4S A ARE A
Z3}ek a8l z+Zbo] £H| % Al&+= Whatman filter paper
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Table 2. Operation conditions of texture analyzer

Classification Conditions
Type TPA (texture profile analyzer)
Probe type 40 mm cyclin probe
Test speed 1.0 mnvs
Pre-test speed 2.0 mmy/s
Post-test speed 1.0 mmy/s
Distance 10.0 mm
Trigger force 5g
Time 3.0 sec

(No. 2, GE healthcare, Buckinghamshire, UK)Z o] 1}5}o] Al-&-
sheict.

8. ATISTH Almo| SEaiTlE 52

ARSI Aol o SR UL 22t A2 50
ULol 2% NaxCOs 894 1| mLE H7H3t F 383 A 2ol A
w281 Th. 18] 3 50% Folin-Ciocalteu reagentE 50 pL 7|3t
F 302 B WA FUE 7S 750 oA St
HEEAZ gillic acidS AHIEoH, £ Zos TS
A& g @ mg garlic acid equivalent(GAE)& LJERH I thDewanto
S 2002). ®E Al=o] dfste] 33] vHE SA5ATH

9. AlnfED} Alto]l ABTS ZICIZ AHS

Al 2ol tigt ABTS gzt &4 %-& ABTS cation
decolorization assay ol oJ3] =83}t WA 7.4 mM]
ABTS®} 2.6 mM 2] potassium persulphate S 1:12 53 £33t
T FAANA 12A17F ¥HEA]7]AL, 735 nmof|l A FFE ghol
14157} IE8 2R 4590 Teu AgETL 4
W) A% 50 \LE 545 ABTS £9 1 mLe] 7}ate] 3082k
HHEA17]12L 735 nmoll A SFEE SAsIEen, REEER
L-ascorbic acidS £ H7}stgch & A4S -L ascorbic
acido]] 3lg3sl= aHAFS}FEI(AEAC, L-ascorbic acid equivalent
antioxidant capacity, ug AE/g)2 2 YEMJAHKim 5 2016).

10. Al2pE2} Alwo| pPPH 2IC|1Z AHS

Ajzig3 4ol ojg DPPH 2htjzt 4752 ) DPPH
€95 0.005 100 mLE 99.9% g0l 343 & 247k
o] Yranoll A WAIEEAL, 520nmof| A FFE Fho] 1.5 A==
HAsto] FHstGtE 223 Atkg 9 Al AJR 0.2 mLoj|
DPPH g9} 0.8 mLE Yol @ulah the, A Lo)A 3087t
WARE 3 520 nmo| A FFEE S, REEEE
L-ascorbic acid® % 7}sl¢ich. DPPH & AALSL
AR o2 vl BEA517] 5t ascorbic acido] T = &

Ak o A FE 9 AkeE 54 101

AFS1E(AEAC, ng AE/g) 2.2 LER $ITHBIois MS 1958). 1
231 mE AR tiste] 33 vhE ZAstgich

1. SH =4
= A9 23e] FAAE it et (Mean)dt EEH
ZH(Standard Deviation) 2 A A|8}F2. 1, SAS(Statistical Analysis
System, Ver. 8.01, SAS Institute Inc., Cary, NC, USA) program
S 0]&3to] A7k 2ol SEE one-way ANOVA(analysis
of variation)2 413t F Duncan’s multiple range test2 -5-2]
A= A ATHp<0.05).

=}
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1. ‘X[ AfLEQ| Olatety E& &4

TR AMEY o|3tetA FE E/dS Table 30 YERHRL
o} WA ARG jH] AE ] el OF 83% AER 2 T
&5 UL, T2 AHEY 4R 0.35%, pHE 4.44
AeE Yetllen, 3= = 1545 °Brixs HEFH L
=4, o]l= ‘TR AlE9] pHY| 4.29, HEE 14.7 °BrixE
B $ich= Falguera 5(2011)¢] H 119} fARE A5 Lt
Wtk T8y M=o e, vhaf A %o = gr2 A4S UhE
WA, 227F AlLS whafjsha A 2 o] WA shH A A
o] ZAE HAEItH= BI(Kim 5 2016)5 H|Foj= o
TR AbEO] Ao A= AJZko] HufarE Zwo] WAy
sto] ZM oz Wske Zoz AZHET weba Aol Ao
FIFE FA &7] YA A 2 SHAARE 2 W
A71eE A-8o] dasirta YzEr

TR AMEO] FASE EAS AT A, HA
& 3RS 3.18 mg GAE/g, ABTS gHt]Zt A4 %2 0.81 mg
AE/g, DPPH t|Zt £7%2 042 mg AE/gS Uety it

Table 3. Physicochemical and antioxidant properties of
‘Fuji’ apple juice

“Fuji’ apple juice

Yield (%) 82.9+5.7

Total acidity (%) 0.35+0.07

pH 4.44+0.11

Sugar content (°Brix) 15.45+0.18

L value 96.92+0.57

Chromaticity a value 0.27+£0.16
b value 1.67+0.38

Total polyphenol content (mg GAE/g) 3.18+0.22
ABTS radical scavenging (mg AE/g) 0.81+0.11
DPPH radical scavenging (mg AE/g) 0.42+0.12
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(Table 3). o= ‘FA At A FE2 s FFol 3.71 mg
GAE/g& UE$lth= Drogoudi 5(2008)9] X119} G-Als}
AL, “FA"f| A 1.34 mg GAE/g= YEHH It Vieira &
(2009)} 87 Abat EF0 A 0.7~1.2 mg GAE/ge] &g
Tk 1S Uehfgltts Khanizadeh 5(2008)2] ¥k ch
£ =4 Uebdth webs FE2EE ol w2 A A
TEom Aug Az A Awe] Fibst 54 i Al

Z e
2. 'FX| AHLES &7 A HS0| pH 5 @e WS M)
TR AR AH7EEO] whE W] pH % UE B

H3LE Table 40 YeERf ek WA Ta 9 k=9 pHE
5.10~5.14 R ejoll Al AASHA FA E ol A= W, TE 59
"k 0] pHE Al#E H7leko] Z7184=E pH 52204 pH
51002 frojHo g AAs] FaHrhp<0.05). £, TE
AT O] vk 27 WE T pHY} pH 5.228 Eopz
WA, AR H7Egel S7MdeE a & ukse] pHY
Z717) FolA S Foldt & Qigich ES urRo] vy W
T AHEQ bl $7FEE 34.67 mLoj|A] 24.33 mL
2 YREFo] Aasttt. ol= H7HEE Alg dgel s
WS B /o] AA|H | CO, 7hAe] T o] HobA
WS AbS] F3t 2o AojR| L HkEo) PAk-so] Hast
7] WEo g2 YZH. o] AR Ed- H7FeE Aol A
UE o] Z4astgtE Yoon 5201002 Hiel AR
S H7ERE Ao MF o] o]AE &S At
arg Y3 o] 74t Shin $(2008)2] H 1ol FA}
bl

suaﬂ
e,

3.BX| ARKE &7t Alo] pH, &
85 s}

FA AR H7Re] mE Al pH, §7]84E, 1
2 .22 WIS Table 59 L}EMP*E} WA 2] pHe
A Hlge] 7S BE F M5 pHY {AE

JleNg, 2 Y b

4 FYetalA
A =T pH 5569041 30% ALekg H7h Alme pi 5.3

2 94 AAE U gehp<001). 133 ;71*42
= 1236%) Lol wlsko] 30% ATHES /LR A%
8.51%= UelJjo] 9-old o g 7astHthp<0.001). E3,
Bl Rujo} v AW o] FAHALE nE
43Hs L Ui Urhp<0.001). o ofzUo} Burg
BABSE Age] F71E488, ¥ @ W gHe] BE g
43FEHE Yoon $(2014)] B¢} via] B2re H7HRE 4
ol A oot v A W F7lEAEo] BE Fashrks
Yoon 5(2010)9] ¥ 119} GAMSFGCh

o] pe H7HE AE] s 2R Bl oA
WA W AHEo] ZA A4l A o] Fabt 27
H517] o= Azreckshin 5 2008) el w F71EALS
WEAE F LY BAo] B7] B Qo] s Fshu
A 4io] ZurEolx)7] RO &elA gIrhleong & Park
2006). whebd Abnkg H7bol o3 Al Sie] Fio] 2
A MASHE) TR 7)Aol Wol 3, Bzl Fhx
Aol Holzel wret $3)7t FashAA v HE G
a3t Aoz gzEc:

o J>_", rlo m;lo

sl

d

rir

4. 'FX| Al2tE FIt Aol M gl XX[Zh BiS|

SR AME F7bg] o Alwe] AEekn YR mF
o] ¥3}E Fig. 1] Uehgl o, Ao M 9 227} ¥
3HE Table 50| Yeh At Atzkg 71 A)Ho] MmoflA £
B (Crust)@} YE(Crumb) 2 5F L-value7} §-2F o=z ZhASH
HhH, a-value$} b-value= 59 ¢l HIE YRR A9dth
AtHE9] 7S, dA AtstE|o] ZPsH| wfjiZo] AW vk o
77 BHE AXHA ZHE o] 29| L-value(brightness)©]]
FF= U= Ao AAHT of2 Yot F4 E4 "&

0 0= T R=

o of2Ujo} B H71EE A9 L-value7} 714313
Th= Yoon 5(2014)9] Hiie} &R Aol Fer-g Hrtdes

L-value7} ZH43Hthe Kim 5(2016)9] 21 2 w7 gHeko]
S7VEE A9 27 (Crush et W FH(Crumb) B L-value7}

Table 4. pH and leavening ability of dough with increase of apple juice content

Control AT10Y AI207 AJ30” F-value

- Before fermentation 5.12+0.03 5.10+0.06 5.1440.06 5.14+0.09 0.28
P After fermentation 5.2240.02° 5.16£0.03® 5.13£0.04° 5.10£0.07° 4.11°
Leavening ability (mL) 34.67+4.93° 33.0045.00° 32.33+0.58" 24334252 455

D Apple bread added with 10% (w/w) apple juice.

2 Apple bread added with 20% (w/w) apple juice.

% Apple bread added with 30% (w/w) apple juice.

Each value is expressed as the meantstandard deviation (n=3).
* Significant at p<0.05.

*® Means represented by different superscripts in the same row are significantly different at p<0.05.
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Table 5. Physicochemical properties of bread with increase of apple juice content

AE TR A EY

12}

=

103

Control AJ10Y AI207 AJ30% F-value
pH 5.56=+0.03° 5.52+0.03° 5.43+0.03° 5.39+0.05° 14.00™
Baking loss rate (%) 12.36+0.44° 11.95+0.12° 10.03+0.15° 8.51+0.36° 107.54™
Volume (mL) 1,514.33432.62°  1441.11£38.63°  1,240.67£69.37°  1,060.00+65.57° 4325
Specific volume (mL/g) 4.13+0.08" 3.91+0.11° 3.29+0.20° 2.76+0.19° 49.46™"
L-value 91.28+5.40° 92.13+4.41* 90.35+2.47° 81.46+3.91° 0.03
a-value 4.5243.68 4444334 4.75+3.90 5.99+2.72 0.13
Crust b-value 10.58+7.53 11.49+7.08 12.08+6.98 13.39+6.71 0.08
AE - 1.24 1.78 10.32
Chromaticity " - " " =
L-value 97.26+0.34 95.67+1.09 94.44+0.26 93.43+0.35 21.95
a-value -1.29+2.20 - 1.86+2.51 -2.05+2.86 -2.46+2.85 0.10
Crumb b-value -2.8349.18 -0.98+8.45 0.59+7.80 3.26+8.74 0.27
AE - 2.50 4.49 7.29
Hardness (g) 50.73+3.93 62.32+£14.29° 89.46+23.60° 99.73+2.30° 8.03"
Chewiness 41.29+1.63° 46.81+13.15% 65.11+14.26® 70.42+3.34° 6.07"
Gumminess 38.57+2.85 44.09+7.31° 64.86+15.61° 72214263 10.02"
Cohesiveness 0.76=0.06 0.760.02 0.73+0.05 0.72+0.01 0.73

D Apple bread added with 10% (w/w) apple juice.
2 Apple bread added with 20% (w/w) apple juice.
9 Apple bread added with 30% (w/w) apple juice.
Each value is expressed as the meantstandard deviation (n=3).

EE

Significant at p<0.05, p<0.01 and p<0.001, respectively.

*° Means represented by different superscripts in the same row are significantly different at p<0.05.
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Fig. 1. Images for (A) side and (B) inner shapes of bread
with increase of ‘Fuji’ apple juice content. AJ10: Apple
bread added with 10% (w/w) apple juice. AJ20: Apple
bread added with 20% (w/w) apple juice. AJ30: Apple
bread added with 30% (w/w) apple juice.
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Table 6. Antioxidant properties of bread with increase of apple juice content

Control AJ10" AJ20” AJ307 F-value
Total polyphenol content (mg GAE/g) 31.564+0.838°  32.243+0.958°  39.506+4.310°  47.008+0.160° 31.12°
ABTS radical scavenging activity (ug AE/g) 7.916+0.974 8.495+0.811 8.682+0.422 8.910+1.465 0.55
DPPH radical scavenging activity (g AE/g) 2.778+0.472 3.300+0.011 3.236+0.107 3.272+0.318 2.18
D Apple bread added with 10% (w/w) apple juice.
2 Apple bread added with 20% (w/w) apple juice.
9 Apple bread added with 30% (w/w) apple juice.
Each value is expressed as the meantstandard deviation (n=3).
* Significant at p<0.05.
* Means represented by different superscripts in the same row are significantly different at p<0.05.
5& §oHQ Ao|S UeryA ggtth ol AR AL vl BeFS S7159.01, ABTS 2t 4A7)% 9 DPPH
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a50] w9 A yehd Ao 2 AZE T(Table 3, Table 6).
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7ol Eot ABol= FFE & 5 ANS AL gk
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o] 7= 9l2(This work was conducted during the research
year of Chungbuk National University in 2017).
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