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ABSTRACT

This study compared the physicochemical properties, antioxidant activities, and
cytoprotective effects of peels from six major Korean fruits (apple, pear, grape,
peach, tangerine, and persimmon) dried by hot-air drying or freeze-drying. Peel
extracts were evaluated for moisture content, pH, sweetness, total polyphenol and
flavonoid contents, DPPH and ABTS radical scavenging activities, reducing power,
SOD-like activity, and cell viability in LPS-stimulated RAW 264.7 macrophages.
Freeze-drying significantly reduced moisture content in all fruits except grape, and
significantly increased total polyphenol content in all fruits except apple. Total
flavonoid content also increased significantly with freeze-drying in grape, tangerine,
and persimmon. ABTS radical scavenging activity and reducing power were generally
higher in freeze-dried peels, particularly in grape, whereas DPPH radical scavenging
activity varied among species and SOD-like activity was generally higher in
hot-air-dried peels. The non-cytotoxic concentration range of freeze-dried extracts
differed among species, and within this range, all extracts significantly improved
the viability of LPS-stimulated macrophages compared with LPS treatment alone,
with tangerine showing the greatest protective effect. These results indicate that
peels from all six fruits have potential as functional food materials with favorable
antioxidant activity and possible cytoprotective effects under LPS-induced conditions,
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and suggest that the drying method could be selected according to the target
functional component or activity to maximize their value as functional materials.
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(Garcia-Alonso et al. 2004), 1A= A&

d AlEol SRS Exsts Y EE) &

s GHALE AATCEZHN(Ding et al

2020) HEH A, IS, AAERAY A,

o T 59 Aol feldt anE UEh=
Aoz H3F v} 9tHAbbas et al. 2017).

AlEo] QA A%l TS A= FHE 71A

SRl TEHAAE B2 X9 AEHA 8

of digt FoJgt 4§ ¥ &5 71412 3

3 = A4t Wang

Wang 2025). | A+ ©E2H E8HsS

273t AlFolA Z=mAA a7t YSE ] 4t
3 AEFH A %52 Z2EotH(Perrone et al.
2025), AlZES HRE S/ =n T ¢
%, tAF Aol 417 E9 5 ot v A
T2 YRIE FAsk Tl F8% AT o= AL
2 FE4k QItHCasanova et al. 2023).
ojzRl EHle2 &Y HIIERE AYEHE %
d Ao IEEY £ =2 dFE Slof
FAEE Y R ¥ & ZoE HiuEgit
(Ranjha et al. 2020). 1 A AAZCc=w
i Bd 7Hs oA sk AEE HIR
gt BARE tiEE2 EoE 28 et glo] mi™
A2 #7]E3 JAcHMalik et al. 2023). 2L}
1o S sHFAREROIA AHT HE 6t
AN AR, Y, X%, Ezof &, Zo] U]
AT oF 84%F AHAISHAL 1ol(MAFRA 2025),
A7 AH|Eo] =2 v 7HS 3gollA] A=
Ao e G Aor FHHE o= &4
292 7T & otz EYuls, E9bEeo]
, 7I2Eo|E 5 S 8ol FHe A
3ok AR ojojZith= HolA a&AQl
& HIot mAjo] AlFsithMalik et al. 2023).
Aeey o] FRMHAL 7 ol &
2 A2 mBE F4, BA S B A4S 5 o
et HE 219 =EE7] FEE, RS AA
sto] Fujjel WS AAlstar A% P9 E
T WS FHA A7l AR 382 7164
24 7ol qlol ARl 7 dAlR 4y &
L7 Itk (Park et al. 2014). SEAZRE AX
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4, 34 B9 2 A% 1 9 59 olFo]
SZ)\X]E‘J'(Lee et al. 2014 Plscopo et al. 2014)
F4% &

o) Waslel 1) BN LA 55 1
al.

= k= A7 THKim et 011; Kim et
al. 2014). e SEAARE AES 58 = 1
o 2HoA =2 SEAA RS AATH= T
Aog Azl M, F 9 2AZS Hjwy &
FAStL JF JR9] &A4lo] Hom E/go] £
ottt o] glov, Al 9 9 HEo] =

= o] th(Litvin et al. 1998: Park et
al. 2019). webA D AA9] 7|54 AES
e HES o Q= AR Ax W el Hddo
a5t

oo & A tolA= =l 6th Ll At Hj,
2k, BESoh &, 49 AEE e E 45z
9} 47z Yo e s 24 9 LPSE
Z70A 9] Nz PE& HIE 59
6&"3% 24 7Fed= H]i’- BrRto2x, 2l
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1. A R U U

2 Aol AR ARKFuji, S5 540, Hl
(Pyrus pyrifolia, 71%= HJA)), Z=(Campbell
early, A5 ZHAl), B5oHPrunus persica, %
2 ZFA)), E(Citrus reticulata, AIFE AFE
Al), #(Diospyros kaki, 3 AsiA) & & 6F
9 J—’Jroko— ] = e HFuEf A Falistad
on, 52+ &9 7jRe] Aol E71E AATT o

< o} I3 Fsto] vt Fsto] A4

%9} 5AAZES AW FEARE AE

)
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Z7)(ZFD-C281, ZAIGLE, Seoul, Korea)E ©|
83t 60TAA At Hi, &, Esok= 8417,
Hob 2R 11X ARSI, FAARE 52
AZ7|(Wisedry SFD-16, Scilab, Seoul, Korea)
£ o]8sto] 85T, XFY 0.15 Torr ©Jste] &
oA 48A17F B9t S AAZSIY o o5 zkz}h
AE  Ea7](SFM-SJ200R, Shinil, Cheonan,
ol-gsl FLZ AXsIAt. AxH
1] B 3 gofl 80% ollekE 30 mLS H7Iste] 15
E7F 223 AIF71(DH.WUC.A03H, Analog
Ultrasonic Cleaner, DAIHAN scientific, Wonju,
Korea)2 257 & F oIfol= S 39
HHESEIT} of3keS- 13,000 rpm, 4TOlA 20
7+ AAEES A2 A5AS 80% olHER
& 79 20 mLE %ol AT F2H(150
Aol ARgsHATh

Korea)&

Hn:

B

mg/mL)<

2. HOjo| =8, pH, - &3

o] SERtERS AOAC(2016)°0 whet tu)
1 g& A=olo] 105C 2E(HB-501VL, Hanbaek,
Buncheon, Korea)ollA AZRSI= ARI7IEAZR
Hog Z4siqict. 9] pHe Ho &
o 37+ 10 mLE 7ote] #4skst & 3,600
rpmoIA 3087F YAEEs] 42 ASHS
pH meter (pH-200L, Istek, Seoul, Korea)&
o]gsto] FFoI, B ZHTEAN-1E
Brix 0-32%, Atago, Japan)& ©|-&3lo] 73}

o °BrixZ H7|5FHTh

3. ne| & E2inis ¥ S2EL0|E S EX
Huo) F Ejus g2
(1999)9] "iHol w2} Folin-Ciocalteu'so] B0
2 &35 2% NaxCO; (Daejung Chemicals
& Metals, Siheung, Korea) 5 mLol| ¥1] &

0_..

Singleton et al.
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¥ 0.05 mL& EFSHL AF200A 28 ¥ F 50%
Folin-ciocalteu’s reagent (Junsei Chemical,
Tokyo, Japan) 0.05 mLE &7} &3toto] 30&
ZF ¥FS-A171 § Microplate spectrophotometer
(Multiskan SkyHigh, Thermo Fisher Scientific,
Waltham, MA, USA)E ARg3to] 750 nmojlAl
EIEE =459t Ferulic acid (Sigma-
Aldrich, St. Louis, MO, USA)E EEZR A}
835 AFH(y = 2670.3x — 119.85, R? =
0.997Do2R¥ o] F iz g A
AFeto] mg ferulic acid equivalent (FAE)/g2
Z el

T EgHLolE F A2 Davis? HH
(1947)°l w2t S7gstoict. T =29 0.1 mL
o] diethylene glycol (Daejung Chemicals &
Metals) 1 mL2 1 N NaOH (Daejung
Chemicals & Metals) 0.1 mL2 &35t & 37C
shaking incubator (ISS-4075R, Jeio Tech,
Daejeon, Korea)ollA 1A17F WFSAIZ] F 4=
#2420 nmolA S4st. STt o|E 9t
F2 querceting EFEHE oo 2 A
< YHoE AT F FFA(y = 2868.9x -
134.59, R? = 0.9904)& A&3}o] mg Quercetin
equivalent (QE)/go& Aot

4, Ifm|e| 2tClZt A & "ot

Hujo] st &S S45H7] flsl DPPH
(2,2-Diphenyl-1-picrylhydrazyl) 2z 27%,
ABTS(2,2'Azinobis (3-ethylbenzothiazoline-
6-sulfonic acid)) oz 427%, 98, SOD
(Superoxide dismutase) A A4S =431
t}. DPPH & 2452 Brand-Williams et
al.(1995)2] WS §-&sto] Z7gsiqlct. oy 5
Z9 0.1 mLoll 0.4 mM DPPH (Sigma-Aldrich)

89 1 mL& o] PN 3087 8R4I

517 nmolA F3% g& SASHAH. Trolox

mg Trolox equivalent antioxidant capacity
(TEAO)Z gHilsto] Yehfiict.

ABTS 2z &7 52 Re et al.(1999)9] ®
HE WPste] S5t 7 mM ABTS (Sigma-
Aldrich)?} 14 mM potassium persulfate
(Daejung Chemicals & Metals)E 2tz S5
Z 0] 5 ml : 88 pLo] HIEE E9s) 12-164]
ZF 3t Aol A5t} ABTS ol 44
21 ¥ FF% ol 734 nmolAl 0.7 £ 0.0027}
HLEE 100% o= 3]4sto] ABTS solution
= Alxste] ARESIIH Ho =594 50 plet
ABTS solution 1 mLE &%}
AlA 734 nmolA FBEE

ot
-[oln
N
e
ML
a9
o
2}
olo

BT B

=
A& troloxE o]gso] B Agy} 72 Hhyog
5798l o] ABTS #HuZ &7 B/9E mg

TEAC/go2 A5ttt

=5

SIS Oyaizu(1986)2] HHZ 0|85ttt
o) &9 50 xLo)l 0.2 M sodium phosphate
buffer (Sigma-Aldrich, pH 6.6) 250 x12} 1%
potassium ferricyanide (Sigma-Aldrich) 25 uL
£ Zgsto] 50T shaking incubatoroA] 20%
7t ¥RSAIZI & 10% trichloroacetic  acid
(Daejung Chemicals & Metals) 1.25 mLS A7}
Siqith. 11 % SRS A4S 0.1 mlol &
0.1 mL, 1% ferric chloride (Junsei Chemical)
0.02 mLE ¥°ol& th= 700 nmolA F=E
Aottt BFEALS troloxE 0~100 pg/mL

o bz Axsle] 25003} g Yo BA
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Dulbecco’s modified Eagle’s medium (DMEM)

(SolBio Pharm Co. Ltd., Suwon, Korea) 8JA|
£ 0|83} 37°C, 5% CO,&E RAH incubator

slalom, o|25E gHEolzl e JA(y = 4004.7x
- 828.68, R* = 0.9993)0.2 ¥ g ALt
5t mg trolox equivalent (TERP)/gO & L}E}
Ak (Panasonic Healthcare Corporation of North
America, Wood Dale, IL, USA)ollA 72417t |
6. tO|Ql SOD RAIEESs &4 Foto] PSRt & Ago] ARESISIT AlE &
Marklund & Marklund 22 U] Y5kl WST-8 (water soluble
tetrazolium salt-8) assay & &%sl3=d|,
QHYSlE RAW 264.7 AIZE 1 x 10* cell/well
2 96 well plate] 100 pLA 55 & 16417
FANXIN ] FEES 5

&Lt iR =
Ag]sto] 24 A7t wigstlet. vl & EZ-Cytox
Cell Viability Assay Kit (DoGenBio, Seoul,

g 2
Korea) 10 pLE H7Fokal 4A17F B9 vRSA]Z1

SOD fA

(1974)9] W& &-8&sto] S4sIqiH. 1y &9

0.04 mLOl Tris-HCl (Bioneer Corp., Daejeon,

Korea) 5 mL2+ EDTA (Junsei Chemical)

0.3722 g& E395to] AZ3t Tris-HCl buffer
A7¥elal, 7.2 mM pyrogallol  (12.5, 25, 50, 100, 200, 400, 800 xg/mL)=

el %= e A

O

=

= =
=

oA FB=E
< 2T Al BEE
R T FEE A A 9 gk AJRol
WST-8 A ¥1-g-of u|2|= 714 o FE elst
7] {8l M= glo] 2583 WST-8 Al ¥
SAZ1 cell-free blankE #d ZAtAC
cell-free blank®] S¥=+= FA ] vjx] ==
7Hd

FE2 AAl ot WST-8 Hh

FAFsto
o =els Q.
MES

3 Microplate spectrophotometer® 450 nm
= geleict. Agel A £
S

2]

S

% 0.1 N HCI (Daejung Chemicals & Metals)
ZAAZ|AL 420 nm &

£ L

(pH 8.0) 0.6 mL
(Sigma-Aldrich)& 0.04 mL #F7}ske] 25T
shaking incubatorolA 1087 BFSAIHSE 1

[eXe]
]?_]_-OE
[eX{e]
%ae
O
guire)

oA 43519 dZ o= pyrogallol Al
= -81Ql o H7Ysto] AY
Fth SOD FAF 8442 oot 22 4]

£ 0.2 mL g9}
AN
T2 0.04 mL F7ketolon, FH7Hl=

HYSE RAW 264.7 NIZE 96-well plateo]
1 x 10* cell/well® EFsla 24A17F =<F
A4

z
8. LPS XI=0f 2oJgh ME
10% FBS, 1% PS7} -5l DMEM H{X]ofA|
37°C, 5% CO, incubatorol|A] wjeFst & =

A7k

AR

SOD-like activity (%) = {1-(A-B)/C} x 100
D] 22N AV S E
PyrogallolS thAst 2858

B:
T F9=

ERESCRT

: F29 B3V $8E
7. RAW 264.7 MZ H{QF 2 M|Z A=
B o] ARgE RAW 264.7 AIZE 10%
Z2H Iy F29S 5EHE(12.5, 25, 50, 100,
200, 400 pg/mL)E 3]Aste] Alatof 100 pLA
ZA0lA] 24A17F Bt vt

Fetal Bovine Serum (FBS) (Thermo Fisher
4 =z

Scientific)?} 1% penicillin-streptomycin (PS)
(Cytiva, Wilmington, DE, USAS H7Ist R
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o|% Mz ¥dF ¥k AEE o A= wig
of LPS 1 pg/mL& A5t 24A17F vl &
EZ-Cytox Cell Viability Assay KitE 10 L&
H7¥sto] 4A17F Fofl 450 nmolA S 8EE £
Elrilsg

9. 84 &4

= A 2E @’@% 33] HHE egsielon,
A= 14
2 SPSS program(ver. 29, IBM Corp., Armonk,
NY, USA)E ol83t &5 It e A= il
ol dAufR] EAHEH(one-way ANOVA)S A
Alstar, IE 7+ 594 A2 Duncan's
multiple range test2 245 p{0.0594
itk EoF E2 HF W dx WU T JolE
independent samples t-test® A7t

¢

1‘:Ll
I+
HN
e
Hi
<
L
R
32
o
¥
= £

rlo

I} o] 2, pH 4 grs 243 A7

ol A= EER} o 1 7+ 13.83%, 13.76%=
HoE EokoH, FAAX ARAE Enrt
14.03%= 7FY =2 32 Yeffiglon E5obrt
6.18%= 7P Wttt Ax ¥ wE ztolg
v wek 2y, 2eg A9t HE AUoA FFA
Z 31 9] £R3Fo] AR o H]gf [
Hog A Uegon, 2= F A Wy 1t
%94—5} AfolE HolR] kgt
% HAEY S Heols F4 AAo|EE,

zﬁé B S AV SIS S olE ¢

r°1'

et al. 2020). @FAxE= } dE F71E SSAA

o =Rl
AL Aol A2 HH S W0

Hwang 2024)
oA FZEH

2 LH‘d«l *HW} | A& % AAsH| el
& wEnh pHe F 1% U BRoA 227t
7P 2L iz 7P =2 3 YERIE 771
4k E9ulE degstol AF Ul pH 24,
A obgsl B A8 B TRt 7152 whslst
o AE g2 Al 28R 9 7154 Z7F AF
29] 3& 7FsAdo] AAIEAL A=H|(Tikhonova
et al. 2021), £ 7;}7001]/\1 slolg] =% S7)AF
9l adipic acid, At 52 Ex ZAZo| &4, A
g, e A wag A S B
O Ao vl w2 FEoE A& pHE
UEe Aoz wEtklee et al. 2026). %
ofe} #2 @FX0 Hlsl FAAL HujofA
oA ow @2 pHE HolA|vh 42 @34x o
oA FolFog g Fho] ERIxglon, AR,
295} 2fo]S Ho|x| &
Stk BEE % A% W Bl Wzh g
3 Bopt 1Y A SHEgion, Al EE
FAZ oA, B
z FojofA] foi4
% xR H]



Table 1. Moisture, pH and Sweetness of different fruit peels

Moisture (%) pH Sweetness (° Brix)

Hotair drying Freeze drying F-value’  Hot-air drying  Freeze drying F-value  Hot-air drying  Freeze drying F-value
Ae? 10.83 £ 1.022%9 840 + 0.26° 5371 510 + 0.02° 510 + 0.00°  10.316™ 6.53 + 0.06  6.13 + 0.06° 0.000™"
Pr 11.97 £ 0.40° 762 + 025° 036377 577 £ 005 572 + 0.06°  0.292* 500 + 0.00° 507 £ 0.06°  16.000™
Ge 1383 £ 116 1403 + 0.62°  2.553" 408 + 0.01° 405 + 0.02° 1.565" 740 £ 0.10°°  7.17 + 0.06¢ 0.400"
Ph 10.28 + 0.52° 6.18 + 0.07° 7.856"" 519 + 0.04° 495 + 0.02° 20007 770 £ 0.10°  7.93 £ 0.06° 0.400"
Te 13.76 + 0.79° 10.74 + 0307  4.010" 573 + 0.01° 554 + 0.05¢ 2.484" 570 + 0.10° 537 + 0.06° 0.400™"
Pn 9.74 + 0.73° 785 + 0.29™  3.558 520 + 0.02¢ 552 % 0.04 220777 593 + 0.12° 6.13 + 0.06° 3.200™

DAe, Apple; Pr, Pear; Ge, Grape; Ph, Peach; Te, Tangerine; Pn, Persimmon.
PAll values are mean + SD (n=3).

Means with the same letter (a—f) in a column are not significantly different by Duncan’s multiple range test at p<0.05.

YF-value was determined by an independent—samples t—test between hot—air drying and freeze—drying within the same fruit peel ("p<0.05, “p<0.01,
ns, not significant).

p<0.001;
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2. MOjo| & E2Hs ¥ SAEL0/E

Yol & EPulE 2 F %E}EiOE dF
Fig. 19 Ytz & Edivls S92
29} Z5AAZR RTOA EZ7F 614.80 mg
FAE/g DW, 770.96 mg FAE/g DW= 7}& =
QAL 7ol 206.34 mg FAE/g DWe} 256.84 mg
FAE/g DW= 7P Sokth. = gy 2t vl 2
I, ARRE AQIRE B HdoA B3z Hlsh
TEAZ A FOHoR 2 ERvs TS B
Hom, A= AR B 7 ROfet Zol7h yEt
Ux] okortt & EZdtHolE EFe A ARG
o] °F 75 69mgQE/gD i;ﬂﬂ Ty 5 7t
4 e U z3 257} 1

207 J:-—_O]- [©) Uf] 34.01 EC

OPH—YL

21z A =
g FEAxE HFolA 7}7%} S #E
, SEAxONA FoHOR 2

uhel Ak, W, B0k A
Z}o]& Holx] okoft) gukzr oz Alo]
oS Qo Bebgstel 71Y WYl 47 4

N

5o

=w, ojo] wat A=A /o] AotEl= AR
4 A O‘I'Jr(Gao et al. 2022). WEhA &, 2%

9 gl GEAZ A9 Sepricol= gol
W Uehgt A% z 39 F FAAe DX
ol ol U Behnoler B

Ol

o 2 W) o= ofZYoks Hide R gt
AofA a2 FAFE <A *ﬂEt—‘i% ut3| s}
of FaAE EEt A dolu B3 FE=
o % Zag= 4 & —E}EiO]E Slfo] =4
Az &= w8l @A YERTE Park & Kim
(2018)9] Hi1e} FARE Zgol At

3. ntm|o| afri

9] g AA 432 Fig. 200 UEFHS
o} DPPH 2tz &4 @42 d4314x 4 542
Azd Zro)A 22k 126.78 mg TEAC/g DW
9} 132.92 mg TEAC/g DW& RE #d F 7}
& =S S UEglen, s2dx TaoA
FoHog =2 32 Btk B5olet 22 43
Az oA Z+2t 116.30, 99.53 mg TEAC/g

A7 2

(A) 1000

bb

u]

(mg FAE/g DW)
w
k=]
3

Total polyphenol content
H

—

Pn

"p<0.05, 7p<0.01, "7"
the same fruit peel.

*u
H
wF
¥
a
al

(8)

Total flavonoid content

10000

B
a
2 s000 | H
=4
% K mF
£ z
d
I I
=t M
= '—l %
b a b a M
- - a
. I & = :
Ae Pr Ge Ph Te Pn

H, Hot—drying fruits; F, Freeze—drying fruits; Ae, Apple; Pr, Pear; Ge, Grape; Ph, Peach; Te, Tangerine; Pn,
Persimmon. All values are mean + standard deviation of three replicates (n=3). Means with the same letter
(a-f) in the same drying method are not significantly different by Duncan’s multiple range test at p<0.05.
p<0.001; significantly different by an independent samples t—test between H and F within

Fig. 1. Total polyphenol (A) and flavonoid (B) contents of fruit peels.
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(A)

160

H, Hot-drying fruits; F, Freeze—drying fruits; Ae, Apple; Pr, Pear; Ge, Grape; Ph, Peach; Te, Tangerine; Pn,
Persimmon. All values are mean * standard deviation of three replicates (n=3). Means with the same letter
(a=f) in the same drying method are not significantly different by Duncan’s multiple range test at p<0.05.
"p<0.05, ""p<0.01, " p<0.001: significantly different by independent samples t—test between H and F within the

same fruit peel.
DPPH: 2,2-diphenyl-1-picrylhydrazyl

ABTS: 2,2'—azino—bis(3—ethylbenzothiazoline—6-sulfonic acid)

DPPH radical scavenging activity
(mg TEAC/g DW)
®
o
Lol
o
o |
[
n

(8)

ABTS radical scavenging activity

500

wxk
. rex ¥
! d whx
F
b < c b
L]
Ae Pr Ge

Ph

(mg TEAC/g DW)
N
g

xk
*xx
e ’—\
C
d
. 2
H
wF
Te Pn

Fig. 2. Antioxidant activities of fruit peels. DPPH (A) and ABTS (B) radical scavenging activities.

DWE w47z #m9 115.76, 91.24 mg
TEAC/g DWel H]3]| foldog &2 42
ERfiglch 9hE 72 A3 FoA 54.10
mg TEAC/g DWZE 6% & 7P %2 @42 &
oy, FZAZ Al 80.60 mg TEAC/g DW=
FolHog Frlellom, Atet HiojAs {2
03k Zpo|7h YEhA] ettt ABTS e 47
2L F 7 E AR W ZF Aol7t FS5HA
e, HE T 3R Al B0l &
Ao ® F7I6IN F AX U HFoA X%
7t 8429 %% 337.51 mg TEAC/g DW,
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"p0.001; significantly different by an independent
samples t—test between H and F within the same
fruit peel.

Fig. 3. Reducing power of fruit peels.
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Fig. 4. Superoxide dismutase (SOD)-like activity
of fruit peels.
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Fig 5. Cell viability of RAW 264.7 cells treated with fruit peel extracts. No treatment with
lipopolysaccharide (LPS) (A) and treated with LPS (B).
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