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Abstract

This study investigated nutritional composition and bioactive properties of thinned Shinanogold apples to evaluate their potential
as functional food and cosmetic ingredients. Thinned Shinanobold apples exhibited markedly higher vitamin C (16.22 mg/100 g),
total phenolics (886.27 mg GAE/100g), and total flavonoids (31.54 mg QE/g) levels than mature apples. The antioxidant capacity,
assessed using DPPH and ABTS radical scavenging assays, was significantly higher in thinned apples (74% and 72%, respectively)
than in mature apples (48% and 52%, respectively). The tyrosinase inhibitory activity, which is important for melanin reduction,
and e-glucosidase inhibitory activity, which play a role in delaying glucose absorption, were higher in thinned apples (67% and
70%, respectively) than in mature apples (X and X, respectively), suggesting potential use of thinned apples as skin-whitening and
antidiabetic agents. Furthermore, lipoxygenase inhibitory activity was higher in thinned apples (52%) than in mature apples (42%),
suggesting potential use of thinned apples as an anti-inflammatory agent. These findings demonstrate that thinned Shinanobold
apples contain bioactive constituents with superior activities compared with mature fruits. In addition, these results highlight the
potential use of thinned apples as functional food ingredients and cosmetic agents.
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o] Hofubm, SEIShL ool ARk Al EelA F
715 9 Q= ESo|t(Igarashi et al., 2016). AL =T = H[EL
71 .C, H[ER A, H[ER B, BRI K, 2, vidle, E8 71
ZF)lE, EPHE0|E 5 TR IYAE FHoH okl AL
o AHRARETE HIER CoF Albito] B Al 2HA tH(Masa-
hiko et al., 2019; Takeuchi et al., 2015; Passafiume et al., 2021).
oz AL 44 IReIN Gt ZH Mt ghol
ZBFITH(Kim et al., 2021). 4= Al oA 1FE S A
A7) Sieh Mol )2 Fof L ArhE Sohf, of 3}
ollA iz nlids o] digos WSkl glow of2f%t
s Hde F=2 =AY G AlRs E85e § 88
7} =4 LhPark et al., 2007; An et al., 2016; Choi et al., 2019).
TP} ) TS Tlo] B V1Y HRES 9 MR
O 2 IS AU Hal 24 AT EHA ArhLee
et al, 2012). Ale} W77k A4 o] WARIHA Akt BAol
A FATTRe AT AT} O (Choi et al, 2013), BV
A FEE0 A 24 9 ney, S, AR ZEOE,
F27] B 322 59 W FS, AL AP 5 W% A
73 A7 EREEA s Ao Az 7RIS Tkl
ol o]§F TEAH AF Aol et Tilo] Zefta ek
(Cha et al., 2007; Yi et al., 2021; Lee et al., 2023).
7122 vds A T A3t ARel] tigt TS = dAlet
ut Eepills e B710) 23 wko] 4ol Sk T
o] Ahe T A el =_tEAY, T E55 Hell
A Az} Apio 9 Ak 2 HlastA oot 715 B4 wet
3] FESN= o AP QIQITh S AE 9 SFEE AR A8S 5
Aol ARt B 7154 B e AT eR RESE Aot
ol & Aot Au=EE Al 3 F5S o= 4
3 Ao} g Ao ORHES Wl BAsT, AL, nlu,
P L AL VALY 72 b A% BYL FTHOE 3
FHsto] 2zt Ato] 754 EAS THPER FHFORA, Si
BAZe Qo] & F3t Ale] nEIA 7154 ARA
8 M4 BepHoR ANt stk

= H SE

W2 2 Al
£ AgolM= AR B5 F53 571014 A gt Alu

1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azinobis (3-ethylbenzo-
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thianoline-6-sulfonic acid (ABTS), elastase, tyrosinase, aluminum
nitrate, gallic acid & 7|E} A]2F5= Sigma (St Louis, MO, USA)O]|
Al Fdsto] ARESIRITE 2 Atoll AREE microplate reader=
Molecular Devices (VersaMaxTM, Sunnyvale, CA, USA)ALS] A&
< rotary evaporatet= U Eyela (Tokyo, Japan)Ale] A& AL

sjo] qi7s AgsIsck

AlZo] YHPPELS HQlELASIsIRE S](Association of Official
Analytical Chemists, AOAC)l| 2J5lo] BAIGIT & 5 R
05T LAz, 318 YL 50T AgRATRES 0] 83te] 2
Sglom], 2 FFS KieldahHS T2 BoPYA Gerharc)
ol g3t AT, A FFLE ether FHHXAYH S F274A
(Gerhards, Soxtherm)o] Tk A% Ske 2slei), TBlE 3

HIE! C 3% 24

A&l 10% HPO; 82 3d7Islo] w83}t $ AR~ 3,000
mpmofA 1027 AHEEISIIH S 6kl 045 pm mem-
brane filter® oj1}5lo] HPLC 48 A|5=2 ARESIIT] Agilent 1260
£ AR5, ARSE column Kinetex C18, 5 pm, 4.6x150 mmoO|3]
O, o540 2= 0.05M KH,PO/ACN (60:40, v/v) E31HS- 0] 23}
o] 254 o] ZASIIEE O1599] §4 10 mUminolglL, ALz
FRAFL 10 pLojglom, AR m= 35T 0Iglh HEEES Lascor-
bic acid (Sigma, St. Louis, MO, USA) ©]-85}o] ZzFAS 24510
Hiick

=13
=]

Op
ol

I=

0
A
02

Alg29 % HE SR Singleton and Rossi method (Singleton
& Rossi, 1965y 0]-€3}0] Folin-Ciocalteu A|2Fo| HsA] SISHE
o ojef FUlo] Belmdl FUOR WAL el o|g3lo] B
A15199tk Al 100 pLof| 2% Na,CO; 84S 2 mL 7|5t 3 387k
2] & 1.0N Folin-Ciocalteu reagent 100 pLE 7ot 2%
Na;CO; &2 751l 302 HES- 3 750 nmoj|A] S7gs13ict. #&
EAZ gallic acids AMESIGE SEYHEY AR g 59 mg
gallic acidZ2 YERJITtHmg GAE/g).
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523 23& 0.5 mLo] 10% aluminium nitrate®} 1 M potassium

acetate 0.1 mL, Z12]11 80% ethanol 4.3 mLE 7}0}01 Al2.0] 403

08 415 molH SUES 2ot B

Aot FE o= A2 g 5] mg querecin02 Vi
ATHmg QE/g).

A2 quercetine

sitst 2y 53

DPPH radical 2452 Blois?] H
(Blois, 1958). A|& 0.2 mLoj| ofgk20] +291 0.5 mM 1,1-diphenyl-
2-picrylhydrazyl (DPPH) &9 0.8 mLE 7}o}al vortexingSt &, AF
29 oA 307t HEEATZ1AL, 517 nmoll A FFEE S5
t}. Reference= A|& )4l D.W.E ARE5191. 9™, DPPH radical A&
A58 A7 A7Eel v 7K reference) 2] 4% Aol & Wi g
(%) 2 EABIATE YA EH ZT0 2= 10 pg/mL 5%E9] ascorbic
acidg ARESIo] AldS A8ttt

ABTS radical ﬂL O Pellegrin et al.9] ABTS+ cation
decolorization assay B3 (Pellegrin et al., 2010)°] w2} 24513t}
D.W.o] &9l 74 mM 22-azino-bis (3-ethylbenzothianoline-6-
sulfonic acid) (ABTS)®} 2.6 mM potassium persulphates A1-2-9]
Aol A SHE-5L HA[sto] ABTS+ radicalE 3941 % 0H, A
2170 ABTS+ §HS o] A= 3AAA OD. g 0.8~0.9
Afol= 25t Al 50 uLof| 314% ABTS+ &9 | mLE 7}
ofo] A9 QrAolAl 1087 BRSAIZL &, 734 nmojlA] S8 EE
245t} Reference= Al& Al D.W.E ARSI .01, ABTS
radical &5 AR H7REe} B]H7Ee] 8% Zjolg WES
(%)Z FAISILE. FA HRAOZEE 10 ug/mL 5E9] ascorbic
acid AMgstel AEe Aasielt

wg wYelel 2Ysin

Oju, ZEHM Y =3

Tyrosinase A3} £43<2 0.1 M phosphate buffer (pH 6.9) 100 uL
o A& 20 pLE &3loto] 5871 ARLoA HFX] & 100 unit/mLo]
mushroom tyrosinase 30 uLQI- 1.5 mM tyrosine 30 uLE &3}s5}o]
ATCOIA 1082 MHSAIZ] 490 nmol ] SR S
ojwj A|ZH thAl phosphate bufferS d-2 W3NS blankZ AR
SFAT. Tyrosinase A3l E442 A= x“7HL9’r H7H =
Rolg WREEN RAGAT B4 dEToRt 715 uH
H=3l 100 pg/mL 5%=2] arbuting: /\}%5}04 Al A3t

Elsatase #13l] €432 0.IM Tris-HCI buffer (pH 7.0)°] 1.0 mM
N-succunyl-Ala-Ala-Ala-p-nitroanilideE 85JA]71 &9 180 pLoj

A& 20 pLE 37Iote] 587 A2olA HHA] 2 2.5 unit/mL2)
elastase 10 uLE F7}st0] 25Cof|A 1087 ¥18-A171 & 410 nmo||
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A T2 2435190} o]u] Al Al buffers B v oS
blank= ARESFT} Elastase A3 A2 Alw A7} v)A 7+
o] ZYT Alo]S WEL(%)E HABIYT P PRFEOZE 100
pg/mL =%29] ursolic acidS ARgsl] AJES Asstsict.

AL lipoxygenase (LOX) inhibitor screening
assay kit (Cayman Chemical, USAYE 55l H7oItt A tiR
02 LOX Asf] EFEZQ] nordihydroguaiaretic acid (NDGA)2}
AT 2 =2 °1 baicalein (5,6,7-trihydroxyflavone)& AR5}
ok AT AR 9 Y tiRe Hekeo] 8ot FHlskTt 96-
well plate®] Z+ wello] 15S-LOX &0 90 uLe} A|g A& 10 uLE
1Rt 5, ol =AY 10 WLE Flsjo] 8L Alsisich BE &
52 WH|(shaker)oA] 587 & 6] oke] R DA EY| ’C'T, chro-
mogen 8N 100 pLE A7slo] 84 W3S 5519t HkS-

2, 155-L0X0] 9o} ofe7|EAto 2] 5—}01_@12401
Z(hydroperoxide)2] %2 500 nmOJ|A2] UV 455 &75}o]
oAt LOX AR (%) tha A2 ol83to] Attt

LOX A&l 273 (%) =

o7olA] Ci AlE H7IHA] G &) 500 nm T,
T AEE A7t 399 500 nm SFEE onglich

SAXE

A AT= SPSS(version 19.0, SPSS Inc., Chicago, IL, USAYE
FAREA(ANOVAYS AASIIAL 7 27 Batgke] -Rold(p<0.05)
2 Tukey’s Duncan’s multiple range testS AAJ5}o] HASIFALE.

Ak 2
B S ] QR SAT A T 13

1 80-55%0h A1 22 B 02 L. Al
£ %4 THo] A% B4 Ay @%% @ﬁm @ wol 37
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Table 1. Proximate composition of mature and thinned Shinanobold apples

Content (%)

Component

Mature Apple Thinned Apple

Moisture (%) 83.08+2.26 83.27+1.14
carbohydrate (%) 14.06+0.29 12.61+0.62

Sugars (%) 10.22+0.72 3.28%0.17
Crude Protein (%) 0.42+0.02 0.68+0.08

Crude Lipid (%) 0.29£0.01 0.33+0.01
Crude Ash (%) 2.15+0.05 2.11£0.05

24 glo] 448 Aot vluslgen] SARE $2 tehis A
oF ST B FFS 31%E Ak 24, vk, A,
7o), okl 5 TeRt TaTt g Ao ot

AheZE 44 Aioh 2zt Aol QMR Bk v]msh
B S8, SSlE, 2, 5, B2 WL ot Ao}
Gl 20T Holt YR A4 Ale] Fgo] WS B2 AL
el 4 gl

sH0] vk 48 27] TACIA 0] AelH it B8
Qe wIX|e, o] QI8 2% ThAEZS] 2 Qo] Ko7} ket
Uhe 208 el itk A AkeBE Ak 9 Akt o
Tjo] A QbR 2 Beluer) RIS QI Hols 1Y
ol T A4 THOIA B0t At ol Bl At
2] 4yejd wslo] 7|9le Az s olafet Ane 4}
AL 4G A FHE e S 9ok, 1A AEol
3ol ol ARG AmA B8 TR0l w2 A

|o

HIEtD! C, SH=E, SE2EL0|E o

HIER] Ci= Q1A DAQl 4k} BB O & Theiet po]]
ZA) Sl g#A QAth(Fench et al., 2019). AU =ZE A} Al
o] HEH C TR 162 mg/100g0 & =& 4=39] H|EN] C T2
<= UEHHAL IEK(Table 2). SHA[RE A= A1 71710] Zojdas
HIER C 3o ash= 2102 HEolA JoH(Jin et al,
2014), A<l AL=EE ARLY] BIER C 3] 6.2 mg/100g2
B Ao} At Alte] Hel C o] =0t 7154 AFE9]
7HI7F H w2 AoE wdE

Lot o] 58} HlE SIMES HYof| FH6HA EAsk= A
2 EE= A= HAE 4 395 B4 7L Qlof ikt A
73l felgt a9kE e A0= 2 g4 Sl E4o tHNemzer
et al., 2020; Nimita et al.,, 2023). Al =TT A3} Alko] EEa}H
Lolt 4 Zul 3RS 7kt 214, 886.27 mg/100gl g A3<&:3t
AU=EE o} 52 3RS Holil QItk(Table 2). 53] THU9]

o
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Table 2. Functional components contents of mature and thinned Shinanobold
apples

Content (mg/100g)

Component
Mature Apple Thinned Apple
Vitamin C (mg/100g) 6.18+0.04 16.22+0.27
Total Flavonoids (mg QE/q) 21.40+0.75 31.54+0.54
Total Phenolic (mg GAE/100g) 58.61+0.72 886.27+14.57

vl e S4Bl wet Hstelal vl s B H 2
HlE FHgol YEhdths 71& A7 239} Yok 2E Hol1
QItHMokhtar et al., 2014).
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Paksl kel AL SAALFO] O FEEE Al AEH
A5 A= ) 7]ofoi, o= AEWA Ak A 9 oji
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AfRO] 943t HALSt B 715/ AlE HEEt ofe) wE 1
5 9 et HA] SR A RAY] B8 7RsdE Rt
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2 2743 A3} Fig 29} 2ol 5= SfEH o2 v Fo] 7}
SF= A2 H9I%F 4 ST 100 gl STl ALR-BE Azt
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Fig. 1. Antioxidant activities (DPPH and ABTS radical-scavenging effects) of thinned and mature Shinanobold apples. (a) DPPH radical scavenginf activity
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Fig. 4. Lipoxygenase (LOX) inhibitory activity of thinned and mature
Shinanobold apples. (a) Lipoxygenase (LOX) inhibitory activity of tinned apple,
(b) Lipoxygenase (LOX) inhibitory activity of mature apple. Anti~inflammatory
activity was evaluated using a LOX inhibition assay. Values are expressed as
mean+SD (n=3). Different letters indicate significant differences among
groups according to Tukey's multiple range test (p<0.05).
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A(KC/CXCL-1, TNF-g, IL-18) & FUIsHAl HaAXItk=
A+ A3 HET QIck(Padua et al., 2014).

A3} Aol LOX A8} 2ol 434 Afahict 7] Liehd e
3} At E504 TR Ukl €, Behurols, & s
5 sk 0 FE BHS 1 2] B4 B950] BYHe 28
Q1 Z o2 Algerh Al Z2jrlis2 Nif2 9 NF-4B 415 32
Ssjo] 9% WL AL & Yovi, ] ELfel2H o]
FQ 9= SKIEE 95 A QltiInterdonato et al., 2023).
I3t TAR A Aol A= s ARt o3t A &
=49 Folu 240 A7t A 4+ e, 7 A7l

Z 23S el 230l o Yol 598 7Rl Uet. A
O] A3} Al7]oll= LOX /2 Alshe &4o] H F4sto] &
A2E Hoske 7|Ho] M| yehd: o= Sl&= AR
w @S e ofje B Eeld 9 LeslelE Y

wheto] one, 3 Agjo] el B Uk e

A5 g3t F249 7154 AF 2AEAY 8 T
3F

£

[
BN

fr

e

o
0l

5
A3} AR 4TS} /Rt oFEt tyrosinase ' lipoxygenase A
3 BAollA AR os 945 B44E Uehlo], 53] 3PgE &
AR 715 FHE BT ol2fg A A At e
35 FAREo] ofd, 715 AlE L SFEE ANl 28 7k
g AP A 242 AR & e AR

Tk & Aol Bt AR Al Wi a4 A A3
of 7l9ket Atz A4 AR W 555 A¥FoE YFshe vl
= A et w2 Ak A3 A 715 AR
AIBRs 712 A& sjAEolof 5hH, I A o185, & 4
B 78 Ein vivo AYE 53 7154 50l Bask o=
B8kl 2 A7 A AR o 715 TRk o AR
O2H, S FAES] BRIPIAEL Y A& 7heet A B8 &
HolA ofu] e 712 ARE AlEUt

-

(¢]

f

i

Q of

AeZE A3 ARG 4 A7 2 A 24 £4 4 23,
UUPJRL 28 833%, BolE 12.6%, 24 0.7%, A%
0.3%, S]& 2.1%= YEPEOH, HIER C 162 mg/100g, & E2tE
10]E 31.5 mg/100g, & Tl 886 mg/100g0] T-a-5]o] IS 8t
QIsteitt. 31, A} Atk s Al sl =2 AR &4
(DPPH 2 AA% 74% vs 48%, ABTS 2zt AAS 72% vs

7
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52%), OH B/(EJZATUOIA A B4 67% vs 54%), ¥ &
Ya-2FIATOHA| Al B2 70% vs 40%), 1213 FAS 24
(Lipoxygenase A3l €3 52% vs 42%)= H AT} o3t A=
AeZE A3 ARL7E A4 Aot vlas] SRRk HEl C, &
gt o]t HE SRME 52 TSkl Qo] 9%t 715 e 7t
AH, A7 S2 Ot 715748 AlE NS A% HA a2
9] &2 AAES 7L UFS AARITH
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