W) Food Sci. Preserv., 32(6), 1234-1248 (2025)
pISSN: 3022-5477, eISSN: 3022-5485

Check for
Updates

Food Science and Preservation
https://doi.org/10.11002/fsp.2025.32.6.1234

Research Article

Antioxidant and immunomodulatory effects of the white bread
supplemented with blueberry and apple peel

=5H|ZIQ} ARFEES F

Yeon Ju Kim®, SooJung Lee

2o’ - OB’ - FOIR

ﬁ OPEN ACCESS

Citation: Kim YJ, Lee SJ,
Chung MIJ. Antioxidant and
immunomodulatory effects of the
white bread supplemented with
blueberry and apple peel. Food
Sci. Preserv., 32(6), 1234-1248
(2025)

Received: June 09, 2025
Revised: September 08, 2025
Accepted: September 13, 2025

TThese authors contributed
equally to this study.

*Corresponding author

Mi Ja Chung

Tel: +82-62-670-2049

E-mail: mijachung@gwangju.ac.kr

Copyright © 2025 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

7 I-ol' AldtO ;ﬂl.

- 10

Shist o BoixH

., Mi Ja Chung*

Department of Food Science and Nutrition, Gwangju University, Gwangju 61743, Korea

Abstract We hypothesized that phytochemicals contained in blueberries and apple peels possess
antioxidant and immunomodulatory properties. To test this hypothesis, we developed white bread
supplemented with blueberry and apple peel powders. The freeze-dried extracts of white bread
containing 3% blueberry powder and either 3% or 5% apple peel powder were designated as
BP3APP3 and BP3APPS5, respectively. The freeze-dried extracts of the control bread, blueberry
powder, and apple peel powder were designated as CON, BP, and APP, respectively. Antioxidant
activity was evaluated by measuring total polyphenol and flavonoid contents, DPPH and ABTS radical
scavenging activities, Fe*" chelating activity, and reducing power. Both BP3APP3 and BP3APP5
exhibited significantly higher levels of polyphenols and flavonoids, as well as enhanced antioxidant
activity, compared to the control (CON). These effects are presumed to result from the antioxidant
properties of BP and APP. The higher antioxidant activity observed in BP3APPS5 compared to
BP3APP3 is due to the increased content of apple peel, which exhibited stronger antioxidant effects
than blueberry. Furthermore, BP3APP3 and BP3APP5 demonstrated immunomodulatory effects by
increasing nitric oxide (NO) production in RAW 264.7 macrophages under basal conditions and
suppressing NO production in LPS-stimulated RAW 264.7 cells. These findings suggest that white
bread supplemented with blueberry and apple peel powders has potential as a functional food with
both antioxidant and immunomodulatory benefits.

Keywords antioxidant activity, apple peel, blueberry, functional bread, immunomodulatory effects

1. ME

| AElollA Ateh AEFH A WY EtES ThRt THY Aee] F8 HURle®E AEHA fle

o E3], A AbAZ(reactive oxygen species, ROS)Q] Tt AL A ASta &£41-8 (b6}l
=0 WAIAZ 2 9 HEA ] I= QlRfo|thPizzino 5, 2017). T3t ROSE FZAZE 1
okl AEF4 ’\}0157}01 & T7HA d5e 8T & AU (Ramos-Gonzilez 5, 2024).

A W99l A A|ZQl T A E(macrophage)= HYAS Tt £4EH RS A|ASHH,
$58 oINS Bl 9% A TS SR FaU ATE APV 3, 2009

HAA L S TA A AAIE = nitric oxide(NO)= HAA| A|A L AJA|E Z-&(phagocytosis)
of DA Hojst, PANZ 7]5Z B7Ioks 8 ARE LEHH(Green 5, 1982; Jain 5,
2019; Kim 5, 2025; Seo?} Shin, 2012).
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8 A7 27914 NO9| 571 iAo B3l wHg
ShH, ol Al AA 583} AAE 2S5 23
A 732 YehdthLee 5, 2019). 814, 434 S A= &
29 el g0 218 NOvE HESHA A4E % ov
olelet NO TS 24 £4 W Twat 9% We e fuu
(Lee 5, 2019). webd] 9% 29 NO 44 Ol 4%
o7} Q1Ae] #Est HH|E FAAA 3 (anti-inflammatory)
B8 Uehie, ol @24 489l 24 9 A7 ol
293t 7|Ao&E QA ET Q).
A Bt WY ¥ oetal, HAAAY 43S F
A ¢ Qs "R A 2471 AR ookt 7R
F el 289 &+ A= Aotk

kMl il oI5 SIS A1) AR
e = D Sl A} 48]7F BaL AEfE A o] WkKim
5, 2021). Ae YheETH Ao E2|vE o] of 294
=90 H(Park 5, 2021; Youn 5, 2017), 0|5 A& ABIAAE
i 52 ARFCE oAshs Aor FEA UthKim 5,
2014). At Adofl= vlEpdl CHE ofyzf, F2A|€(quercetin),
of| =7 }el|7] (epicatechin), LZA]OF]H By(procyanidin B,) 5 T
%3t o] EAv] 2 (phytochemical)o] F5-317 4|5t} thok
o AR Utde Aoz ¢4 AthKim 5, 2014).
TEhA 22, W, 98, 44, 523 52 /1B 3 £ ¥
S AT W12 Beslel SRt 7154 AE A
o] 7R Aol

EZH)2](blueberryy= g2l IH(Ericaceae) ArYLfF-<
(Vaccinium) 222 Eolv|g)717} YAR|olH ANJA 10t A7}

AF 5 shuoll ZAEHA 11 $87F F55H AL, =uiol
£ 20009 ZHtof| %o M=ol A= ATH(Hong
5, 2011; Zheng¥} Wang, 2003). Hx4 E43} EgtH 0|
A M40l EAJoFd(anthocyanin)o] F-535t EZ2H|E]+= FHo]
g ghaks), ajok gtk gk @ AR AH anbt B
%Jth(Martineau 5, 2006; Papandreou 5, 2009; Parry %5, 2006;
Ramassamy, 2006).

4] 47580 ek 4ol T8 5749
o, 712 W% F4 ABANA Holt PS4
24 B40] A7k A7 A Aol et #87} B71et
SIEHKo2} Lee, 2022), S8 AM-e ZHHaHA 43T 2 A
Fit 754 URE 48307
o Aget = —v—%‘:‘}i ATHKo®} Lee, 2022). wehA &
AT AL B 2L 4F S B85
s 9 eIz 15 VA 754 e el
AHE AT A4 g A BE RS LoknA

otch.

ox,

o ki

9
3

o o

£

¢

ol
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2. Mz H
2.1. AtHEE & S2He) 22 HZE

B Ao ARSH ARl A BAKMalus pumila Mill)
¢} =24 Y5 S| 2)(WellFresh Co., Seongnam, Korea)=
YO Granglo, Korea o= FUststeh. 2
L 4ol 442 0.1 em FEZ A ASFYT, BRvlls
35 & AlAstoich APE AT} EFH| P 50°Co|A] A zst
At A A2 floiMe Adx 3 Edsloto] ARESHITH

2.2 Ao HZE
A AZE el WS B 2Re WIS 5
32 /KT AT 3%k %8 7ketel ou) A3
Askg Fustel Az UL Table 134 2. o] 4
2 Bl Wi ol distel B Tk 3o} Ak
3%, 5% A1e Bgsl] Awe Az AZ e
HEE A%t A A=E ¥H57](DHLB-303A, Softmill, Dae
Hung Co., Seoul, Korea)o] Y1l #4072 15 3
S DAA ‘ﬂﬂ‘:" 797%}0# _?n 1027 ¥k
0}%’1‘:}. WS SRt ¥ 2971 & & 2of gor &
T 30+5°C, & 75£5%92] }_744 ‘:”'_8_7](SMP—204 Softmill,
Dae Hung Co., Seoul, Korea)ol| A 404 59t 12} ©EE A4
gtk 12 a7 B BEESE 450 ¥ EI6te] 7HAE i1 5
29713 & BldE gof A2ofA 1587 S HaE sigith
HHE0] ZEAE Wi WS Al S0 WS &7 F 2% 38+
I°C, 5T 80+2% ZRAA 4087t 22} Ha S AA|5}ch 27}
9 9E & 180°C 2E(DH02-2312S, Softmill, Dac Hung

ool o
b ot 1o

0% ZoF 53}

Table 1. Composition of white bread dough supplemented with
blueberry powder and apple peel powder (g, w/w)

Ingredients CON-B" BP3APP3-B  BP3APP5-B
Strong wheat flour 400 376 368
Blueberry powder 0 12 12

Apple peel powder 0 12 20

Sugar 20 20 20

Salt 6 6 6

Dry yeast 8 8 8

Butter 12 12 12

Water 240 240 240

DCON-B, control-white bread without blueberry powder and apple peel
powder; BP3APP3-B, white bread with 3% blueberry powder and 3%
apple peel powder; BP3APP5-B, white bread with 3% blueberry
powder and 5% apple peel powder.
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Co., Seoul, Korea)olA] 3027t F+Hct.

AxgE A2 A7|9F 22 W o2 Axsto] Eafjobyltt.
u B2 2 A 2 AR S 20819 70% o
eH2-5 718t & 60°C shaking incubator(JSSI-100C, JSR)OJ|A]
3AIZHA 23] HHE: F&51ITE &5 Whatman filter paper
No. 2(Whatman International Ltd.)E& AM&-5}o] oj¥}st & 7}
U5=71(N-1200, Eyela)E AHEsto] 25 &5 AASISIH
=20 = AAZ7|(Clean vac8, Hanil)Z SA4Z §t &
& -20°Cof| HHotdA ARGl EFH et At d 2
o] =0 QA g2 thxt AW, EFH[E] 3%t AlgE
3% 7R A, E5HE 3% ARHEE 5% J71eE Ao
&, 55 9 52153 A== 22 CON, BP3APP3 17
11 BP3APP52HYL oFgitt. E5H| 2ot A 559 52
AZ AZE= BP9} APPEA oFgich.

)

2.3. EEHE/9} AFHZES EUfeF Al SEO/h=
2 SE2HR0/C 52 5X

ZEZY Y+ =S Folin-DenisH(Gutfinger, 1981)0] uwha}
S7ol8ith &2 s TFE AlE(1 mgmL) 1 mLo| Foline-
Ciocalteau A|2F Z 10% Na,CO; S4L 7+ | mLA 2=
7RRE v ALoA 1A BAFE & 760 nmof| A FBEE &
Ast.oH, gallic acid(Sigma-Aldrich Co., St. Louis, MO,
USA)E ALBalo] B REATHoRRE 3 Beds U
< AE3H9THLee 5, 2018). A& 1 g 0| mg gallic acid
equivalents(GAE) &0 2 Aot}

FETEL0|E S Moreno 5(2000)9] Wl w2}, Al
FY(1 mg/mL) 1 mLO 10% aluminum nitrate 0.1 mL, 1 M
potassium acetate 0.1 mL & 80% ofgk 4.3 mLE A2 7|5}
of ZRt%t oy A29] oA 4027t HFEAIXL & 415 nmo]]
A SPEE £451% 0, quercetin(Sigma-Aldrich Co.)& AR
Slo] U EEUPHOR & Behulcol= ke A
THLee 5, 2012). ¥ ETtH o|E g2 AR 1 g S mg
quercetin equivalents(QE) I=F0 2 A AlS} Y.

2.4. SFHE/Sf AFZZES EOfeF AlES sttt i

5y

ol

2.4.1. ERHI2|9} ARAPHES FIt
HEE
2,2-Diphenyl--picrylhydrazyl(DPPH; Sigma-Aldrich Co.)
gz AATE HEZol 59l 94 520,01, 1,2,5 71
21 10 mg/mL) A/ EH 180 puL A5} Wer2o] =91 DPPH
A19K(1.5x10% M) 120 uLE 7hste] & & 2014 3087F
HESAIRL & 517 nmoflA FFEE S45H3IT(Blois, 1958;

b Aol DPPH 2tC|Zt A

r
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Lee 5, 2023). DPPH t|ZAALAL tiz7o] tet A=
A7V EUEE Hwete [1 - (A8 SFE / fRT79
F9E)] x 1000 ofste] %= YERHSICH(Lee 5, 2023).

242, SRHE| MUAHES HIIot AE2| ABTS 2tCiZ &

s &3

ABTS[2,2-azinobis-(3-ethylbenzo-thiazoline-6-sulphonate)]
g o] &3t FAER59] 242 potassium persulfate2}O]
HE3oll o5 A/dE ABTS -2 gitizdo] &= W9 At
=20 o5 AA= ] etz 52 AQl FEAo] FAlE =
AL 0|83l o @ Re £(1999)9] sl wat 7 mM9]
ABTS -£9%9] potassium persulfates 2.4 mMo| EHEE 83
AR B oA 12-16A17F E9F HEGAIZ] 2 415 nmojlAf
STt 1.57)F HEE S5452 245 ABTS €9 3 mLoj
2= | mLE 716to] AL20AM 1027 HEAIA 415 nmofA
FYEE SHSATHRe 5, 1999). BT 2752 AR
PR e AR A7) ST vonz At
(Lee £, 2012).

2.4.3. ESH|2I MIAES HIFSH Aol Fe* 20|
2y 23

Fe*' Z#lo]d &4L AR 355 02 mL, HE-Z 0.8 mL,
2 mM FeCl, - 4H,0 €9 0.05 mL ¥ 5 mM ferrozine[3-(2-
pyridyl)-5,6-diphenyl-1,2,4- triazine-4,4'-disulfonic acid] &
0.2 mLE 95to] A-Lo]A 1027t ¥HEAIX] & 562 nmoj|A]
S ZYSk(Yen 5, 2002). 58] Fe* Lalo]y
e AR BAATe] et A W7ol SUE v et
HATHRyu 5, 2011). & Zo]g 4L Algd FH7H
dek ARe /1T FHE B0 AN

2.4.4. SRH2|Q} AMPHES HIet AlYo| Sl £

A2 Fe''o] FAtst AIHE 7M1 FEE 9%t Fe?”
2 A B ZolE YEH L, o] ZlolE o]&:
lete

B2ujelol A3EE 12T o RS0l BRT AU FEE
o] S Oyaizu(1986)°] ol wt A&, 200 mMO]
OJAF =M (pH 6.6) L 1%9] potassium ferricyanide 80
S0 T3lolo] 50°C9] F24Z(JSSI-100C, JSR)OJA 20
ZF ¥R AIF T o]7]9] 10% trichloroacetic acid -89-S 7}5}
HH8= AAIAZIAL 5,000 rpmo A 587 YAEE|sto] A
A5do] SF 9 0.1% ferric chloride WS FFO 2
7 700 oA 2T FYES Anoje] gegon
U ithLee S, 2012).

ool rlo 2 He
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2.5, SSHE9f AES FIfoF ALk BIGEE 2
=5
25.1. ME HYQF

A AA Q] RAW 264.7 Al Al 2523
(Seoul, Korea)ol|A] £ofto} Al2351ITE RAW 264.7 A|Z &=
10% B]&H43} L-lo}d #(fetal bovine serum, FBS; WelGene
Co., Daegu, Korea) €9 2 1% penicillin¥} streptomycin
(PEST; WelGene Co.) €92 333t Dulbecco’s Modified
Eagle Medium(DMEM; WelGene Co.) HjZ]& ©]&-5}o] 37°C,
5% CO7} 355+ 8]¥7](BB 15, Thermo Fisher Scientific,
Waltham, MA, USA)O]A HloFstgtHKim 5, 2023).

25.2. M ¥Z8 &4

A BEES Potwr] 918] RAW 2647 AE(1x10°
cells/well)E 96-well plateo]] EF3}0] 24A|17F B AZE 5
ZFA)71 & CON, BP3APP3, BP3APPS, BP 18|11 APPE Z+
Z+ 0, 50, 100 18|31 250 pg/mLE 24A17F B9t A 25T
1 % vjRE AASIL 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-
2,5-dipheylterazolium bromide(MTT; Sigma- Aldrich Co.) &
A3} 1% PESTHE $H-%l DMEME 1:109] H|&Z 42 "X
£ TABIATHKIm 5, 2023). 4A1ZF & A= 3] AAt
o2 dimethyl sulfoxide(DMSO; Sigma-Aldrich Co.)E 100 uL
A A7bekal, 30% F &3fet Al&E DMSOE blank® 5o
microplate reader(AMR-100, Allsheng Co., Ltd., Hangzhou,
China)7| & AR&-ste] 570 nmojlA FF=E S45HATHKIm
S5 2023). AIE BEE(%)S AR AT FFEE T
o] FEEE o] 1003 |3 gholth

2.5.3. NO 44% =4

NO A% 242 93] RAW 264.7 A ZZE 5x10° cells/well
2 24-well plateo]| E53}0] 48A]7F vjoFst & 1% PESTR &+
¥ DMEM HiAZ WARE T 2417 &9t B =it
CON, BP3APP3, BP3APP5, BP 18|31 APPE 50, 100 12|
a1 250 ug/mLE 18A17F Aottt FA HRF2 2+ 0.01
ug/mL LPSE 22 7oA 22 Azt ALl 35 &
7= Qoli7| 93] CON, BP3APP3, BP3APPS, BP 121
APPZ 50, 100 121 250 ug/mLE 37 4] 2 0.01 pg/mlL
LPSE 18417 AIZH Aelslalck

RAW 2647 MEZRE 44 NOY| L Hjof 4SS
EZloto] 0.5 mLof| 53] GriessA|2K(1% sulfanilamide in 5%
phosphoric acid?} 1% o- naphtylamide in H,O) 0.5 mLE 21l
Selo] 0g Aga T 1080 ALolH WA F Uvis
spectrophotometer(Ultrospec 3000, Pharmacia Biotech, Cambridge,
UK)E o83t} 540 nmol ] SHEE SAeSTKim 5,

https://www.ekosfop.or.kr

2023). NO9Y| 5%+ sodium nitrite(NaNO,, Sigma-Aldrich
Co)2 EZE AL Aot NO I AH&Eshit

2.6. EHAz/

2E A= 33] o)A} HEESko] SPSS package(IBM Corp.,
Armonk, NY, USA)Z o] §3t0] Ba-BZHA}2 Lehfolch
ZF AldAtoll Higt R-ojAk A A EAREA] (one-way
analysis of variance)& St & p<0.055F0]A] Duncan’s multiple
range test= H|I A4S ottt SEHE I, SETHE
o|= =, DPPH 2ttiZ 7%, ABTS ettjZ &74%, Fe*' 4
gojg &4 9 U 719 A= Pearson AR

(Pearson’s correlation coefficient)S ©]-85}o] 4519t}

1. SEHC/Sf AYZES EOfRF AlgS) ofZfa

BRdjele At SR A0 (phytochemicals)
ool St BABHR A TS Uehdt Xia 5

2 BV W PR 54 Aol Al (synergistic) L}
debe Salsit. shY AT(Xia 5. 2024) TR 4%
X SR 1 JBAge] AR AU AR E4E Kol
Folon] ol AZ7ISAE U 7154 A% Aol Fa% of
£4 242 AZserh. ojo] £ Aol B2uet A
B0 B9 7154 A9 AuA TS T, £ Az
S BUT 2TL BEA /1Y AWS ALt sk

Aee rhso] SRuE Bu 3ush Andd 2ue

7 3%t 5% AR AP Azstel 78 5 WA 5 9

7} SRS Bofe AT Fig 13} 2o} 99} g wy

st A B0 242 3% WSS ) 2
‘|.

O Hr g g AN
]
=)
ic)

H2] 2293 A E 2 A7 g2t Ry
37F S AEE BEE 5% A B2 W H £
S A

t

2 Ao A= Ak A 9 W EAS Atstal,
SAO AE FARE gL 7S HESH] fiste] & 7HA
YEE Zoto] Hrleilth AEE S 4 5

oA oF HAots FAER, EYHE ¢ AojdR7t
Sto] 7154 A=A 7HA7F Eh(Park 5, 2021). EFHE
£ QHEAloRd, HEl, F71d 5 Hget 7158 8L IR
oF A=, AR 9 |95 At BaEo] lti(Hwang
= 2018; McAnulty 5, 2011; Reque 5, 2014). ESH E5H]
2]9] M Maet = AR 2 7= QIR Mt &
0] Halo]] FAHAQl 7]oiE & 4 Urh(Lee &, 2014). WEbA

1237



Healthy bread with apple peel and blueberry

A)

Control BP3APP3-B BP3APPS5-B

Fig. 1. Appearance (A) and surface (B) of white bread supplemented
with blueberry powder and apple peel powder. The control was
white bread without blueberry powder or apple peel powder.
BP3APP3-B was white bread containing 3% blueberry powder
and 3% apple peel powder. BP3APP5-B was white bread
containing 3% blueberry powder and 5% apple peel powder.

E Ao Al g BET(3%, 6%) 7154 959 B
H2] B (3%)S 23oto], JFH BT 71548 AYA|

A Sefsloln, S0 4014195 5
=Estug sk

Lee 5(2014)9] AAtolAe EFHE £9E 6% A7
o 7P et 8 54 HElow, AWEQl 73 kol
3%, F27F 6% & 7F FA7E )IleH, 3% H7REE
7HET Y FARSEAT. Nakov 5(2020) ARPEE &
Fere o Seo geisiel e 771014 %47}401
g2t giv] Fikst &4o] S8l s FEo] FES
115199t} Valkova 54(2022) T3t 1-10% Aldp HARS %ﬂg Zd
7PF 4 9 s B4 A0l AdE AAlstdt & A+
of culdg L BRueie Agd Bee B A%
2 FH|5to] Q] (appearance), M(color), FF(flavor), X2&7F
(texture), ‘El(taste), Zdt4 7] S (overall preference)S H7}
o Ay}, E7HE] 2293 AREE B Hi 33571 HEol
6-5% %917} Alck1 HEHHS]cdat not shown) ol 7

HolA A& 4

1238

& A 2t & AF du] e ZAR EFHE £2S
3%, AP BT 247 3%9)F 5%9] F fEoE Hrleto]
71674 Ae Az
SZEHE/2f ALEES EUFSF
2 F2fEE0/E BtEF
EFHE] 2 3% AREE £ 3% B S%E %7}6&
A 2259 %%ﬂlﬁl% 2 ESE ol FHgE AR
Ih= Table 291 Zt}. E5H2] 2 9 AREE ‘:‘“EP 7z
3% FA7Fst At —’,‘—E(BP3APP3 2.50 mg GAE/g)2 o]0
SR E]R] RO TR AMF 2ZE(CON, 0.82 GAF/g) Xt &
s dFo] fFolXlor oItk EFHY £E2 3%E &
A st A d 2 S 5%E S7HA1Z] BP3APPSY] &
Ze s T2 3.59 mg GAE/go| . %$ |2] +Z=(BP)
I AP E FE2(APP)Y] FEL s TS 47 444 mg
GAE/g®} 9.37 mg GAE/g& CONXT} BP3APP32} BP3APPS
o] FIEYHE Il w2 AL EFHES AEE 2T

t AJFO] EZEDIM

a.lf ru&

AT E'_‘l"
el oA Aoleke A% @ % 99t
FHe) B A B T 22l

Wzl A 2

CONZ EetH ol Ert HEEA] L, EFH 2] 22 3%
AAEE 3% = 5%E F7IRE A% 25521 BP3APP32}
BP3APP59] Z&tE o= TR 0.25 mg QE/gd} 0.77 mg
QE/go]lth. E5H|E] Y Al d 2559 ot lolt 3
22 037 mg QE/gS} 3.42 mg QE/go| At} Wb BP3APP3

Table 2. Total polyphenol and total flavonoid contents of white
bread containing 3% blueberry powder and varying levels (3%
and 5%) of apple peel powder

Samples Total polyphenol Total flavonoid
contents (mg GAE"/g) content (ng QE?/g)

CON? 0.82+0.029Y 0o

BP3APP3 2.50+0.08" 0.25+0.01%¢

BP3APP5 3.59+0.03° 0.77+0.02°

BP 4.44+0.01° 0.37+0.03°

APP 9.37+0.12* 3.42+0.36"

UGAE, gallic acid equivalent.

JQE, quercetin equivalent.

JICON, freeze-dried extract of white bread without added blueberry
powder or apple peel powder; BP3APP3, freeze-dried extract of white
bread containing 3% blueberry powder and 3% apple peel powder;
BP3APPS, freeze-dried extract of white bread containing 3% blueberry
powder and 5% apple peel powder; BP, freeze-dried extract of
blueberry powder; APP, freeze-dried extract of apple peel powder.

YAl values are meantSD (n=3).

“Mean values with different superscript letters in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.

https://doi.org/10.11002/fsp.2025.32.6.1234
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o} BP3APP59] et 0|t T2 EFH| Y Al A
7ol oJgt Aolgte Ae & & A
HE4 SRIEES A4l EAsks 23} gAMKREY skt
o]il, EH|=3HE-2 48| (-OH, hydroxyl 1&)E &%
FaFoet HEigro 3 Hgstol 9t Fitst 5
= UEHdTH(Yusof &, 1990). St o|Ee Hu4d SRbE
FolA AAH o2 BAhEE= & IF 5Y stuolr, St
ol=o| Yeighye Sehutolse] o et A Ao
& HuHY glon, E5] £A57)eF ] Aot 9x|ek 1 4
7} 2% 947 Z8el QlE AC0® BIEI QIti(Heim
5, 2002). AFE] = B 249 EgfEolEE: HA
siRHER A Gt LA YTHYu 5, 2006).

Lee 52016y ATHZE)VAEL 70% 374 589 TE
2| =3} ZetE o]t ko] 21.6 mg/gH 4.6 mg/go]2} 5F
et 2 AT AR =U0T AARPEE 80% ot =
9| FEYHE AFE AR A= g T 72.6 mg GAE/go|9]
o, Ao ehRE EERolE T2 X AR g T
34.2 QE/go|UTHLee S, 2012).

Hl2 & A9 HEletEd ot A 5ol e T At
3} a3}, I 5(Seeram 5, 2006; Tosun 5, 2009)0] L&A
U3, Youn 52 A(2016)°14 EFHE] FH& 2 |
A EFH Y B Sjito] B =A UE AL SHlH Park
5(2022)2 A4 EFHE & 559 JHlw FFS 6.34
mg GAE/go|g} S}Gi=t] & A+l AREE vl=4t EFH|E
Sl I (444 mg GAE/gHT =3t Park 59 AT
(2014914 EFH|E dF FE2EY F S0t Fgo
5.2 mg QE/go|etal Bt =t] & AFo|A] ARESE u|=4t
EFH|7] S2hE o] & 9FE(0.37 mg QE/g)Ett 108] ol =
At

o

19F &2 Aol FF, A, 35 W, AFAdS 245

e

)

—

Sfet E22 59 Aolo] gt Flolek L. ot v
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A 7hzo] AFeka A FYol e FHE 7T 9

7] gEolct.
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Al BN EAHAZ 7FsAel dZ ALE F4H0
3.3 SEHE/2 AYZES EIfeF 4/ES) DPPH 2fC/Z

27 &g

DPPH 2tz &7 282 HA &4 kst 84 5482
91zt Wi 232l Bo|th. DPPH:= H b o] okt R
s A g3 7H BT 9ot g E o] kgt
A9l 2, 2-diphenyl-1-picrylhydrazine(DPPH-H) 2.2 H3}% o]
54T Fo] ZAsttH(Dudonne 5, 2009).

EFHY 9 A B ok AlY 559] DPPH 2
Z ARG Fig. 29 2tk EFHEet A J71et
Algtol 4] DPPH 2tt)z &~AZ-go] 74l th 2743} Bl
sto] fojH o R =t EFHE 2 3% Al dE 2
3% FE 5%S H71sh AW 2% 29 BP3APP3S} BP3APPS
E 5% 9EH 02 DPPH 22 47%H80] 371519t 10
mg/mL % %04 BP3APP39} BP3APP52] DPPH 2Htjzt AA
282 26.7%2} 47.7%019=T o= AlEE B ol F
7Fe4=E DPPH 2o}z &AZREo] Hojurh= A & 5 3
At 10 mg/mL FEoA EFH|E FZEBP)Y AHEE 5
ZE(APP)2] DPPH ] AAZLL 50.9%8} 71.7%0] 2t}

Lee 51(2020)9] Aol|lA= 3714 &(FF, 70% ofet
=, 80% HEE ARSI & FEEZ AR &, 4 2585
of i3 1-10 mg/mLe] %= & DPPH &tz 44 A4S
gotith. ERE Kim 5(2014)2] AtolA= =W A A&
25 13552 JAC 2 | mg/mL HEoA DPPH =tz
AsZ B7hstlem, 1 Ax Ad49] AE7E 30% H|FHY

T2 UEth & Aol ARESE Aeke] A EFH|E
T} A B8 ot ggo] Ao 8% EXfstE
=, gyt A2 2250 v Ats a7F dAs] EE Ao
2 JAEJ. o]0 & AtoAs FARE AFZ A 10
mg/mL FE7HA] AAste] Akt &S Hrlskeith

Lim 52015y v]=p4t 34219 70% oehE 529
125 pg/mL, 250 pg/mL, 500 pg/mLY] sxof DPPH =tz
ARGl 25.7%, 28.9%, 32%C|ATHL SII=T, & A
A= 100 pg/mL 504 DPPH 2Htjzt A7 Z-80] 11.7%E
w$orth WA E2HE9 80% HERE FEES o835t
DPPH #tZ AAZE-S £743t Ail= 5% 10 mgmL EF
H2] 204 92.60% AALS EATHL 519 2 t(Jeong
5, 2008), & AFAE 70% oJehS EFEHTY FEE 10
mg/mLo|A] DPPH 2| AAZREL 50.9%E Wtk tE A
Tol A= 80% oghE FEEOIA FWA EFH2]7F 93.48%,
n)=rAb EFH| 2|7} 84.32%9] DPPH 24 &AM UE
Wyl HsHEH(Moon &, 2013), °]F Zik= Wit &
FH|2]9] DPPH 2tt]d AAZREo] nl=Al EFH| YT =0
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DPPH radical scavenger activity (%)

Concentration (mg/mL)

Fig. 2. DPPH radical scavenging activity of white bread containing 3% blueberry powder and varying levels (3% and 5%) of apple
peel powder. CON (control), freeze-dried extract of white bread without added blueberry powder or apple peel powder; BP3APP3,
freeze-dried extract of white bread containing 3% blueberry powder and 3% apple peel powder; BP3APPS5, freeze-dried extract of white
bread containing 3% blueberry powder and 5% apple peel powder; BP, freeze-dried extract of blueberry powder; APP, freeze-dried
extract of apple peel powder; AsA, ascorbic aicd. All values are meantSD (n=3). Mean values with different letters on the bars are

significantly different at p<0.05 by Duncan’s multiple range test.

stedl o]Ale] & 3t A3}t EF e :&E9] DPPH 2t
Z Az E}—E— AE9 DPPH Uiz &A% 2iE
Hro} @2 o]f F sy Aolzt g4t

A A —7—%%—4 DPPH 22 427282 10 mg/mL
A 85.5%(Lee 5, 2016) 1)1 93.1%(Lee &, 2012)2t1L 5}
e 2 AT B 22 504 71.7%E Wokth Algk=
IsHT ZEoA DPPH 2tHZ &7 &40 24 &3t
(Bang 5, 2015).

w}2kA] BP3APP32} BP3APP5S7} CONXC} DPPH &tt]Zd
472g0] £ AL Bvlzieh AT o7t Holzhe

= ¥ AL W Az Y F A ave AEHE

3.4 B2a(9f AFHZIES ISt Aol ABTS 2fC/2t
27 &

ABTS &tz 9A] 2L Uelyo], gAsHA9F HRS A]
gAo] Hn| FFglo] FastA wHed, 1718t &
15 |olE 5 ol A4 & 44 =Y s 4
E—[— g7t 4= Qe Aol c},}Ji‘r(Dudonne =, 2009).

S5 2 AP E 2 ok A 559 ABTS #HY
Z /\71 A8 Fig. 33 At EFH| 2o} AR ES et

olr

){E‘I

Aol ABTS et 27 282 F7kgel st v
W3fe] ABTS iz 47 442 ABEQ. mgml)E A
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e HE SEOA FF o R =Tt EFHE BT 3%t A
WAZ B 5% H71sE Aldk 2&59] BP3APPS= & o9&
Ao ABTS #tZ &7 28-S Yt 10 mgmL &
ToJA BP3APP39} BP3APP59] ABTS oz AALL
23.3%%} 27.3%= BP3APP57} BP3APP3HT} §ojzog =
ottt BRH|E] 2 E(BP)I} Al 4 FZE(APP)9] ABTS
2ol &A 282 55.3%, 89.4%°]th. o= A AT &
=48] 717} BP3APP39} BP3APP5O| ABTS oz 4&A &
B0l IS PIA L, A E Y dbgo] $7FESE ABTS
gz &7 ZA8o] ¥ Hojuths AL & 5 ATk
Lim 5(2015) Aol vl=4t EFHEQ] 70% o=
ZZ5o0] 125 pg/mL, 250 pg/mL, 500 pg/mL leOﬂH 15.6%,
28.8%, 59.8%2] ABTS 7 A7 28-S K1, Jeong &
(2008) AtoflA= WA EFHIY 80% HEhE: FEE0]
10 mg/mL SEoA 99.1%2] ABTS gz A4 28-S HY
=8 2 doA= ol AFEY W2 ABTS 2oz &4
28-S YEHHISITE Lee 5(2012)2 ARPEEL] 80% ofehE
ZZ50] 10 mg/mL E%o|A 80.1%2] ABTS gtz A7 =t
&2 Yoot 53l ol & A+ Z3E Wolth

EEH2(9f A ZEES EfS A8l Fe** 220/
g/ gg
FH(Fe™) 9 F(Cu™)2F 22 27F F&ol2 Alx Y Ad
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Fig. 3. ABTS radical scavenging activity of white bread containing 3% blueberry powder and varying levels (3% and 5%) of apple
peel powder. CON (control), freeze-dried extract of white bread without added blueberry powder or apple peel powder; BP3APP3,
freeze-dried extract of white bread containing 3% blueberry powder and 3% apple peel powder; BP3APPS, freeze-dried extract of white
bread containing 3% blueberry powder and 5% apple peel powder; BP, freeze-dried extract of blueberry powder; APP, freeze-dried
extract of apple peel powder; AsA, ascorbic aicd. All values are meantSD (n=3). Mean values with different letters on the bars are
significantly different at p<0.05 by Duncan’s multiple range test.

8IS FAAT Ferrozine Fo'o} BYAS GAsle] gl @A) AEst S48 Adoly F4o] Auz 27}
Foug A Hed, ofu) kol e oy wHE A Foleom A AW TS oI 4 vk

2o] ZAste BA FAHS WoRoRA BeMo] BN SRue @ AUE B G A 2229 F Qo]
HRA STt 74 YoiHang 5, 2002). WP 220 W WA Fig 49 2o SRueloh AnARE AU A%
80

[0ic]
=
=.

Fe?* chelating ability (%)

LSS E
S SSSSSSSLo
LA 2,

Concentration (mg/mL)

Fig. 4. Fe** chelating ability of white bread containing 3% blueberry powder and varying levels (3% and 5%) of apple peel powder.
CON (control), freeze-dried extract of white bread without added blueberry powder or apple peel powder; BP3APP3, freeze-dried extract
of white bread containing 3% blueberry powder and 3% apple peel powder; BP3APPS, freeze-dried extract of white bread containing
3% blueberry powder and 5% apple peel powder; BP, freeze-dried extract of blueberry powder; APP, freeze-dried extract of apple
peel powder. All values are mean+SD (n=3). Mean values with different letters on the bars are significantly different at p<0.05 by
Duncan’s multiple range test.
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ZZE(BP3APP39} BP3APP5)S 7129l T2 Al &
ZE(CON)HT} Fe' oy &Ao] fozoz gt
BP3APP39} BP3APP5E= B& 9|EH 0= Fe?* Aoy &4

£ YEFYSlY, 10 mg/mL 5XoA 54.6%2} 67.4%%T}. 10
mg/mL BP2} APP9] Fe** ZAd o8] B2 61.5%2} 62.9%F
%914 Aol7} it

Fe** Zdole] T2 A He] H(lron, Fe) 0]-29] 7}Joz
3 o] &(Fe*")o] TARBGA(H,0,)2} BHS51= fenton reactiono]]
olsf A== =gt g’*é’;l’d:%— % hydroxyl radicalgl A=
A3t Fe** Aeold A 2005)

Chung(2014)& %141&} ‘:‘-'T:Hﬂmﬂ,] 70% e 2ZE 05
mg/mL, 1 mg/mL, 3 mg/mL, 5 mg/mLoA ZZ} 37.22%,
41.22%, 49.45%, 64.81%2] Fe*' Zdo]g] &AL Bty &}
o, & AFolAE 70% og-E EFH|E FE5 5 mg/mL
2} 10 mg/mLo| A 38.7%%} 61.47%% =St

REo] Za|f=33tE 9 ZelH ot A o]&(p&*)
I} ﬁ?:}o}oq GAAAZ A I 2 F A HES-S AR5
IS o= AoZ LA 3loj(Perrony} Brumaghim, 2009;
Yoshino?} Murakami, 1998), Al}4 4 94 B2 o) -8-5
2ZdHs 9 ZetH 10]=7} BP3APP3Q} BP3APP59] Fe?*
Zeoly Ao ¥ mFE AoE AYZHT

OO

6. SEHIZIS MAZIZS BIIE Ao EHEE

AL ferric ion(Fe®)-ferricyanide 23S ferrous(Fe’")

Reducing power (O.D. value, 700 nm)

AHE A7 58S 2A5E HhHo g ARE =
o] Z5F ferrous(Fe™) A40] Eob F24g WA =,
700 nmofl A 9] FFEE 7HAH oY FFE A=
A7} A8 ¥8S YehdthKim 5, 2010).

EFHE, AAE, EFH Y Al oh g Al 5E
9] UEE AT A= Fig. 59 ot EFHE £ 3%
o} AFAA B 39 El 5%S HA7KEE AW 22EQ]
BP3APP32} BP3APP5S:= T RH(CON)I} H]w5lo] hieo]
LolAog =9t} 10 mgmL =%o]A BPS} APPY] 3+
2 1.019}+ 1.820]19t}. 10 mg/mL BP3APP3S} BP3APP52] 3t
HY2 0.757} 0.822 ARHEE H71go] 3%HET 5% o &
oHo g F7Istltt.

Jeong 5(2008)2 HUlAF EFH[2] 9] 80% HTH-E FEE0]
20 mg/mL oA 1.989] 22 HATA sHitt. Chung
(2014)& =4k EFH29] 70% Uﬂ%ﬁ %2%50] 0.5-5.0
mg/mL9] 5T HPo|A] 0.06-0.539] TS L}E‘r At
St & AollA 70% ofgkE ETHﬂﬂ =59 0.1-10
mg/mL BEo4] 0.18-1.019] SFPo = ¢ =9t} AlTkE
=) 249 70% F4 259 982 5 mgmL FEOA
1.41(Lee 5, 2016)2 & AF A7H0.96)E T} =9t} Kim 5
2014y AlHAd ghedgo] Zuegd 9 v g AT Erial

SIRAL, Kim 52014y Y 49| HEo] =2 &A= 25
7191 > X > Al > TR7]9] > Bsob > ejear siqith
2 Ao ARGRE B=AE WE EFH Y= AEsHA

Concentration (mg/mL)

Fig. 5. Reducing powder of white bread containing 3% blueberry powder and varying levels (3% and 5%) of apple peel powder. CON
(control), freeze-dried extract of white bread without added blueberry powder or apple peel powder; BP3APP3, freeze-dried extract
of white bread containing 3% blueberry powder and 3% apple peel powder; BP3APPS, freeze-dried extract of white bread containing
3% blueberry powder and 5% apple peel powder; BP, freeze-dried extract of blueberry powder; APP, freeze-dried extract of apple
peel powder. All values are mean+SD (n=3). Mean values with different letters on the bars are significantly different at p<0.05 by

Duncan’s multiple range test.
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FYste] A Az G S Uk Aol YA 45
L 3y, Sh5stel Azeke Y Sl PASH ENE v
L geigy B A% ssel Fast i) G v
2 Aoz 47,

3.7. ESHC/S AHZES EUfoF A4 SHtef 2o
A2

DPPH #tZ 475, ABTS 2tz &A%, Fe** ZHo|¥d
24 g kgL 7kt 0.1, 1, 2, 5 183 10 mgmLe] %0
A ABIAE BSIIT Pearson ATAL(r) £4 A,
ABTS 2]z A7A5(1=0.912), Fe>* Zd o] &4 (r=0.701),
4 32 (=0.876)2> 5 DPPH &tjZ &5} 733 ¥
FEEAE UESith ABTS 2oz &7A52H] 483
EA40|4= DPPH 2oz £745(=0.912)3 2H(1=0.917)
| 7%t o] AUHAE, Fer Loy E4(r=0.663)2 F&
o] ATAE UehQith Ferr Adold] B4 uke] AraA
A0l A= DPPH 2tz 47 5(r=0.701) E $H1(r=0.736)
| 7%t o] JHEAE, ABTS &z AA5(=0.663)2 5
SE9 S Yl S22 DPPH 2 44
5(r=0.876), ABTS 2tt|Z A75(1=0.917), Fe** Z#o|q &
(r=0.736)7 BT 75t o JHAE Btk £ e
W50 FOASE(YS pA) p<0.05%, F ¥4 49| A9 A&
AL BAHCE Folgo] FRl= it
2Zdu ekt 22dH ol RS 3 179 Bk
ARt £45197] wiZol, DPPH 2tz 475, ABTS 2t
5, Fe* Zdo|g &4 4 2489 10 mg/mL ZIE
JTRHAE 2401t SEvs S A4 24
A3}, FEgHrolE $H(r=0.943), DPPH 2z &A%
(r=0.942), ABTS 2}tz 47A5(1=0.969) 121 A (=
0.993)2 L% 7J35t o] ALTAE Uehlon, Fer 2
olg &4(r=0.615)2 5= JHHAE At TETUE
Lol JgHe] AiA A= SEHE AF(=0.943),
DPPH #H)Z A4 %5(1=0.826), ABTS &tz AAS5(1=0.875)
83 L =0.919)0] st Fo] AHLAE, Fer LF 0]
g B(=0464)2 L9 HEAE YEUIH DPPH
gz AAGTO] AIEA EAoANE FEHE T
(1=0.942), =5 o= 2K(r=0.826), ABTS ttjz 47
5(=0.912), Fe* Zdo|8] 24(1=0.808) ~12]17 T (=0.939)
LI 75st oFo] ATTAE Bt ABTS &2 &4 57
AT B0 E FEWE F0=0.969), FZE o]
T 3EK(r=0.875), DPPH 202 A4 5(=0.912) 181 3+
2(r=0.962)0] 75t F9| FHBAE, Fe* ZHo|gd EA(=
0

=
o

O

i

)

Py

-

B L

ox P

(
536 F5ES] ABTAS tehdslnh. Fer Aeold B
2 DPPH &z A4 5(r=0.808)T+= 733t 49| ATAAE,
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FEE TH1=0.615), SSH o= F=Hr=0.464), ABTS
oz 2A5(1=0.536) 181 L (1=0.645)T= F5E 9
AHAAE BolFth SR JHAE EA% A F
Z8)¥l $EK1=0.993), 2Za}E o]t 3HF(r=0.919), DPPH
)zt A7 5(1=0.939) 183 ABTS )7 24 %(=0.962)
2 735t & AHIAIE, Fer Aeo]d E4(= 06452 55
T O] AAIAE YeQIth BE W4=0] GolghE(F= pgh)
2 p<0.052, F W 719 AY AT SAKLE {9
& ERlstATh

3.8 SEHZIS} MIZES EOIS Aol HATY EY
EFHE, AEE 9 ol g AW FEE9 HYxd
A4S dotE7] 93] CON, BP3APP3, BP3APPS, BP 18|11
APPO] N 54 o5 A4 FRlstoitt. Al2=/d<= g2lst
7] 93] RAW 264.7 tjA & Zof| CON, BP3APP3, BP3APPS,
BP 712|311 APP ZZ}2 50-250 pg/mLO] B2 2447t A&
o & AL BEES S7YsISiH Fig. 6A 239t o] CON,
BP3APP3, BP3APP5, BP 18|17 APPL HE %L o)A RAW
264.7 thAA| o] gk Al E FA4do] gl 2R W Eof o]
T Adxd &/ Aol 50-250 pgmLo] FEE A5t
HY 17 F NO= HAANZE, AAE 5 Thet AlzoA
, U 22 Ao AYH o o5t
o|th(Smyth 5, 2004). 121} NO= 2730
Uetls 248, A5 9431E fdixe ol
of ot1l HYHZ =0]7] A= o|& Ldo]
Z7}5jloF Stt}(Sahebnasagh 5, 2022; Smyth &, 2004).

b 2 AqtoAs AAERl 2 dF 2AA
BP3APP3, BP3APP5, BP 18|31 APP Z-Z+9] A&7} NO9| &
A2 oA A=A ottt 11 A3}, LPSE A6t
A 22 RAW 264.7 tHAI A 29| A2 Q1 2710] 4 BP3APP3,
BP3APP5, BP Z12]1 APP ZFZHo] A2l 272l CON
gl Blaste] f-oj4 08 F7lekgith(Fig. 6B). 100 ug/mL
9} 250 pg/mLojA] BP3APP3 A 2]+ BP3APPS A& H L}
FoH oz F7IelEt(Fig. 6B), o192 &2 A= AR
2 g9 F7te gt Ao g AYZET 250 pg/mL FEofA
BP3APP3, BP3APP5, BP 18|11 APP X2 & NO A FHL
0.45, 0.56, 0.49 18] 0.72 pg/mLo]gich.

RAW 264.7 tjAA|3zo] LPSE A23t A5 2AolA+=
100 pg/mLe} 250 pg/mLoA] BP3APP32} BP3APP5:= NO
dFE FoH g AarZIthFig. 7). BP9 APPE= ZE 5
TolA LPS T AT Hlwsto] foF 08 NO ol
ZIAAAI, BPET= APP7 § E7& 02 NO 3RS 7HA
AlZi.
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Fig. 6. Effect of white bread containing 3% bluebenry powder and varying levels (3% and 5%) of apple peel powder on (A) cell viability
and (B) nitric oxide (NO) production in RAW 264.7 macrophage cells. CON (control), freeze-dried extract of white bread without
added blueberry powder or apple peel powder; BP3APP3, freeze-dried extract of white bread containing 3% blueberry powder and
3% apple peel powder; BP3APPS, freeze-dried extract of white bread containing 3% blueberry powder and 5% apple peel powder;
BP, freeze-dried extract of blueberry powder; APP, freeze-dried extract of apple peel powder. All values are mean+SD (n=3). Mean
values with different letters on the bars are significantly different at p<0.05 by Duncan’s multiple range test.
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oz Y N7t ke A2 Hel Fork

4. Qo

2 Aollxs EFHEet Atg Aol S-E TolEAWE
(phytochemicals)o] @4Fet 9 W2 E EAJE 7tk 7Hd
< AlFt. o] 7HaE AFs] Yo e EUt AHAE

o] Hrtd Aurs Jfdsiict. EFdE] B 3% Akt
A 28 3% Ee 5%t X AP F2e9 s8N =ES
Z+Y7Z} BP3APP39} BP3APPSZ HHE|Qch iz Auk B2
g B, AAEE BO 25E9 FAAxEL 4
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Fig. 7. Effect of white bread containing 3% blueberry powder and varying levels (3% and 5%) of apple peel powder on nitric oxide
(NO) production in LPS-stimulated RAW 264.7 macrophage cells. CON (control), freeze-dried extract of white bread without added
blueberry powder or apple peel powder; BP3APP3, freeze-dried extract of white bread containing 3% blueberry powder and 3% apple
peel powder; BP3APPS, freeze-dried extract of white bread containing 3% blueberry powder and 5% apple peel powder; BP,
freeze-dried extract of blueberry powder; APP, freeze-dried extract of apple peel powder. All values are meantSD (n=3). Mean values
with different letters on the bars are significantly different at p<0.05 by Duncan’s multiple range test.

CON, BP, APP= YE Ut} ilst 4L F E2ve 2
ZatEo|t 3F, DPPH 2 ABTS @HZd A7 &4, Fe*
2oy B4, BUAL 2ot] WISt BPIAPPISH
BP3APPS H% fETCON)e] 3} Eejsa} Seputeol
E gl G5l £ FAS BHE FHE A0 ekt
o}, oleigt &3k BPSt APPY| FAISE B4l 7|IF Foz
74t BP3APP57} BP3APP3ET} T &2 Alst &S
9l AL AIAE Feol o 7] wgolu, AhAL BR
HZEe o g3t Fatel avns etk £3 BP3APP3S}
BP3APP5= AT ATEfC] RAW 264.7 HiA]A| oA NO AJA]
< Z7H713L, LPS A2 E A=E RAW 264.7 thAA|3Zo] A
£ NO 42 oMsle] Wzl ang Ryt o] AnEL
Edjeiol A Y Bl Avke Aol FAet B W
4 AN BE 2% 7154 AEoRA ARjEo] U8 A4t
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