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Selection of Apple Cultivar that do not rough even when eaten with the peel

So Hui Gu*, Jeong Jin Hong", Jin Hyang Son®, Hyun Soo Kim*, Ju Youl Oh*, Ji Won Han’,
and Eun Ho Jeong”

"Aapple Utilization Research Institue, Gyeongsangnam—Do Agricultural Research and
Extension Services, Geochang 50124, Korea

ABSTRACT : Apples are enjoyed in many cultures worldwide and are a good source
of antioxidants and functional substances. In addition, consumers were found to
emphasize taste, function, and efficacy more than appearances, such as various colors.
Therefore, this study presented objective selection criteria for selecting suitable
varieties to expand the usability of apples with peels containing many useful
components and selected strains using the study results. As a result of investigating
the characteristics of 5 cultivars(Ruby’s, Sansa, Arisu, Hongro, and Fuji) in the Apple
Utilization Research Institute, Sansa, which had the thinnest thickness, they have had
the lowest hardness, TPA chewiness, and insoluble dietary fiber content. As a result
of correlation analysis by variety, peel thickness, total fatty acid content, and TPA
chewiness showed a strong correlation at the 0.01 level. In addition, Sansa's sensory
evaluation was the highest, and it is judged that the above result has some
significance. Mountain houses with low heterogeneity were used as a comparison
variety for the line selection. The harvest date of 16—2—11 was August 26, and the
average weight was 133.8g, the sugar content was 12.9°Brix, the acidity was 0.31%,
and the hardness was 37.2N. The harvest date of 16—2—20 was August 26, an early
ripening variety. The average weight was 170.2g, sugar content was 12.4°Brix, acidity
was 0.45%, and hardness was 50.2N. As a result of factor correlation by lineage, the
thicker the peel, the higher the chewiness (p<0.05). Considering the above results,
the chewiness, total fatty acid content, and total dietary fiber content of the Sansa,
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which had thicker skin than the two mating combinations, were considered significant

among each factor.

Key words : whole apple, peel, cultivar

1. d75%

A EE N g el digh anjAdd AL Aeh(2018. 12, 27, SHRSER), HAA
Holm oAzt fl= AFTE 89% = w2 WSS AASTh B, njabae] 2] AFE
B gerh i vy] #Aska 7l Aol B Al Sl anAES vdd M7
of ettt B Ve % Bes FAGhE AR uekwth mebd & Aghs Aol
ERNl C, &dlsE, St o=, Ursolic aicd & fr&4wol B HIE 2t A
o] &4 e A A FF Aol Zad ArE At 7= A 5 A A %
e g At 5 Ad B FaARl Ad e Qe AwAel A TEs AAstaat
T3 sk3lt.

2. A H WUy

AT (AFE DY AR ALY, CobElgr, TR CFAE AT Abgo] AT A A
Ao FEsto] ARgalSlaL, FHe A= 74’5}? 7oA 2 F ARSI (’\]fﬂ
2)8] A@AR AAF, 16-2-117, '16—2-20" 7478}‘? AtFto] &Ag- 2 ARAEGN A 5
F AREsIY FE e AR dAE S 3 F ygAEEETE=A(ATAGO PAL—L
Japan) & ol&3ate] FAGG AL, A== Ak ZF SmLok 32 SRS 20ml et A=
=4 7] (Titration compact, Mettler—Toledo, Switzerland)& ©]&3}o] 0.1N NaOH= pHS8.3
o] & wi7tx AAH F girksle] AU AEE ZEA(TAXT ExtressC Texture
Analyser, United Kingdom)Z ©]&3}°] 1lmm Probe® 5%H5 ZA3ta HA# s AHE3)
vt BahlE dxek AR vES yERdth #HIFAE 93 4 (Olympus,
JP/BX53PHD, Japan)& AF&sle] 20~40M& = 39k S48to] Hdgto= F45130 =
A=A 7] (texture analyzer, TA—XT Express, United Kingdom)Z ©o]-&3}o] A%, <A,
eHA, AA, Ao EAAE ZAST cylinder probe 7mm, pre—test speedsi
1.0mm/s, test speed % post test speedi= 5.0 mm/s® 3}¥ o™, SHkHT o5 FA31
WHake ARESESlT Aol e Aol 35 % (Ankom technology, US/ANKOM
TDF, US)& ©]&3F4 Soluble dietary fiber, Insoluble dietary &S FA3IATE F84
g 248 8 Al Ax BEAR 0.1gd 80% ¥ 20mlE &3 F 34z R
g FZ38lo] A28 NS STk Total phenol 3-8 Folin—ciocalteu8 S -3-83ko] #4]
S8 20u¢t THS 80ulE 348 Folin—ciocalteu A9 10plS Qi 3
t}S sodium carbonate ¥3}& 20ule} F={HS 70ulE UpSk & &g
of A} l’\]{} & WESAIA wle] AR Ed o] E]H (Molecular devices, US/V—MAX)
ste] 725nmel A FHEE SAHSGTE TUs HoR H¥FEEA gallic acide® %
28 3 Total phenol o FAMSIITE. Total flavonoid & A& 25n
10% aluminum nitrate 5pl, 1M potassium acetate b5plS 283 3 80% o &g 215ul
£ 7hstel ES F A2olA 1ARF WAl - mpo]dmE o] EY T (Molecular
devices, US/V-MAX)E o]&3lo] 415nmellA] EH =S SH3T. TUe Wyow %&F

ﬂ* i o
o
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57 quercetin®® AHAS A3 & Total flavonoid o & 3HAFeLSITh Ursolic acid
P2 AJ589S 045m FE=Z o3t = HPLC(Shimadzu, JP/Promonence, 3iLZ7,
Japan)E&  o]&3}o]  UV-—Visible detector® 210nmeolA  #43tt. columne
C18(250%4.6mm), ZH2% 40Co A o]5&(MetOH : 0.02M Sodium phosphate =
12 : 88 pH2.4)E <% 1.0mL/15min® EA891 FFE49 Ursolic acid®= HHEFAS
2 3ke] Ursolic acid %S A48k lvh. S5 e 63 H=wo= ¥ o 2 434
7o ® AAsilal, 5o MiEvt 7 w2 Agolth. FAEAS H]O]Ei‘; SPSS
18.0 Z2#:S o] g3le] AU EHEA (one—way ANOVA)S A A8 & Duncan®] T}
THAS Sl W kel 794 (p<0.05) B FAAAE S HAsAH

hets)

mlo m

3. 4% # 13

(48 1) WA vlole o4 G A5 E3 5
A1 AR 1 AR £DE Al T 51

L3 A = 3 13 Zuh

%E% —?—XV]' 14.3°Brix2 7P =93, Ak}, E2, olgld molglom, FEu|o A7)

2.7°Brix® 7} vt} Als= Z2hjd 27t 0.39% 2 7Y E=9ka
%w G T2 10762 % Beha, T2} 3258 713 Btk ARE of
B 57) 4.4, Fujo) A 4302 7b Beslgl o AALE 282 71 <kl

EKl
il
ofN
nE
oft
L

; =

- B AT AL
T (°Brix) (%) <t (N)
FH] o] 2 12.7 0.39 32.5 42.2
ARAY 14.1 0.28 50.3 27.5
og] 4 12.9 0.28 46.0 43.2
T2 14.0 0.13 107.6 35.3
32 14.3 0.26 55.0 41.2

=4 w718 ol&ste]l Azt old3t To weHtE ARHer 249 Aie %
29} gom, ArE FloAv} 11,529g2 7P wgkon], Fx] olg|g, A}, BE SR
daeiint. SRS Frlelarh 0.2602 7Y 2okal, A 01302 7R skt w&
H4S 0.99~1.0002 FFE 2ol7t ISt HolHE o]&sto] A4t 9_ 227 @el 7
A QIA Z73 A3 Fulelzrt 297008 7 EQaL, AL 91308 g st
A Hgol wrhe A A, drivga B 5 Qlvh

¥ 2. %5 TPA(Texture profile analysis)

54 FHjof| 2~ ZRAL ohg] ¢ T2 X
A% (g) 11,529 7,192 9,129 7,030 10,745
=374 0.26 0.13 0.21 0.19 0.17
Bk 1.00 1.00 1.00 0.99 1.00
A4 2,970 913 1,883 1,351 1,773
A3 2,970 913 1,883 1,351 1,774
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o. A7 AL 2} /

E 3 FFH Ay FAS AFARAE ol ste] 2002 SAF grolW, 40m 7%
FHlel27t 4.6m= 7 FARAL, O ggoR TR, ofFe, b wolglew, FX7b

1.6m=z 717 SFokr).

A% ol 2 Ak} ofel E e

3}31) 7 4.6 1.7 2.8 4.0 1.6

< Fujolxs > < o215 >

=5
g
o

i
i
1>
o
et
Ho
oo
ot

: (/100g)
Al o] f F-H]of 2= ARAY ol = FA
SDF” 1.37 0.85 0.98 0.21 0.67
IDF 1.67 1.09 1.43 1.24 101
TDF 3.04 1.94 2.41 1.45 1.68

*SDF: soluble dietary fiber, IDF:insoluble dietary fiber, TDF:total dietary fiber

F Aol df shaFe FHlo| A7) 3.04g/100go 2 7MY ko™, T2} 1.45g/100go =

El e TJerQl FAZE FARE Fjelxo) =84 Hold+, =84 AoldF, F 4
A Ei
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Total fatty acid(g/100g) Ursolic acid &3 (mg/100g)
0.18 0.155a 1344
0.120b 1500 a
0.15
o1 0.113¢ o o 0.110d 1200
0.09 900
0.06 oo 623b 604 ¢
0.03 153d
0.00 300 S5e
(1]
m Ao % 4 N
&N
A O & X
%« &0\ [N

@=e)\[ean separation within rows by Duncan's multiple range test at 2 < 0.05.

a7 2. 3£ Total fatty acid @ Ursolic acid $H3F

Total fatty acid ¥HFE FHjo|~7} 0.155¢/100go.2 7F% ¢k, ofg =7}
0.091g/100ge. & 7} ykt). Ursolic acid %2 X7} 1,344mg/100gl. 2 7} =3k
1, o}a]4 7} 5mg/100go 2 714 wkkt).

Total Phenol (mg GAE/100g) Total Flavonoid (mg QE/100g)
2000000 75,362 a 25000 22,7643
60000.00 51,991 b 20,000
anaose 15,000 10,443 b
4000000 53 5114 24,330d 1000 7.586b 7,760p 907D
20000.00 5,000 l
0.00 o
v SF e S A
&e\& SEC @?\& oL % %

@=)\ean separation within rows by Duncan's multiple range test at 2 < 0.05.

13 3. %% Total Phenol ¥ Total Flavonoid S}

Total phenol &2 FX7} 75,362mg/100ge =2 7} E9kal, Fujo2i 23,241mg
/100go. & ytokth. Total flavonoid ¥&S FA7F 22,764mg/100g2.2 7H¢ #%4aL, FH]
o 27} 7,585mg/100g 0.2 7+ wekr),

sulels A o}2] 4 = e

st 2.2 4.4 3.3 2.8 4.3

* 7] YA 71, 5 AAM 0 HdE F4 @, 3 BEolth, 5w FTh)

8 B5P7HGH AENE WYL MFoR Ao At 442 MY 5

FHo| 27} 2.28 7} Gkl
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ol iﬂJ'ﬁ] Fatty TPA Z 2] o] Ursolic Total Total
B 7 acid A acid phenol flavonoid
23] A 1 0.793" 0.675" 0.608°  —0.143% 0.600° —0.635
Fatty acid - 1 0.519" 0.427% 0106  —0.317°  —0.377%
TPA - - 1 0.806™ 0216 —0.433% —0.176™
Z2 o)Al - - - 1 —0.307  —0.793" —0.512"
Ursolic acid — - — - 1 0.772" 0.815™
Total phenol — - - - - 1 0.889™
Total flavonoid - - - - - - 1
NS

* significant at p<0.05,

#% significant at p<0.01,

No significant

A9 ARG Fga B o 3 FAL 4G FAE FHlo 29 Total faty acid T,
& F Aol @l 3 B L AR () A A 3
d

[} pul
OIFFEOE F% FUUAZ ek

Kol
oh e Sulolse] DAL 4G Re e 99 AW} o AR felgol vk
gaE. A Bu e FAV FAETE F AR, F HodF F§F 5 dYdEe ¥
o W, oleld SolER Slad WA ol A UEta BsHste e
(8 2) AR Bolw oAt Qi Al FE AW
i 7. AEE A5
—. 31 A0
= s~ 310 I g AP Az }31] A
g TEY Q) CBriv (%) ) L . b
2HA} 8. 13.  205.0 14.6 0.38 42.6 574 215 277
16-2-11 8. 26.  133.8 12.9 0.31 37.2 555 188 26.8
16—2-20° 8. 25. 170.2 12.4 0.45 50.2  50.9 277  23.0

LW AR 16-2) R kb A

AdE AT
A f8 e Aud AsEol,
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WA ZRFe ZokzEkel &
16—2-119] #5842 849 264
E 12.9°Brix, AFEE 0.31%, 4=
ZAFolaL, A HFL 170.2g0]3 FEE 12,

O.2 e

¥ 7. A5 TPA(Texture profile analysis)

s 4x=(g)’ A ©@y

o,

' (N SRRl

2RAF 9312.74£983.7* 0.233%£0.01*  1.082+0.10* 2025.0£216.5* 2337.2%£109.0?
16—2—11 10412.0+113.8* 0.221£0.07*  0.960%£0.01*  2300.4£58.2* 2208.6+73.5°

16—2—-20 9299.7+£108.3* 0.170+£0.06°  1.076£0.01°  1588.1+£63.5° 1707.3£61.8"

"4 = maximum peak(g)

VR = Areca2/Areal (HH91912)

b2 4 = Peak Positive Distance2/Peak Positive Distancel (%9 ¢12)
714 = Hardness*Cohesiveness(¥$1818)

Y814 = SpringinessX Gumminess (T §1S)

A% TPA(Texture proile analysis)¥®4 Ay}
S 1707.31£61.77% 16—2—209 A3 A ko] =
2RA} 2337.24108.93¢9F Bl gS o F wejxd BE e M)A kS JERith
% 8. AEE B3] FA (um)?

=& ARAY 16—2-11 16—2—20

3] 77 89.9410.71% 76.3+9.66° 63.5+1.55

1)

< 16—2-20 >

W FAE 16-2-11°] 76.3+£9.66/m, 16—2—-20< 63.5+1.55mm= 16—2—20°] 4
SFQEAL, Oiu]EE AFAF 89.9410.7/me} WS w] F wejxgt BF 9E 3y FAE
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F 9. ATE F Aol F(g/100g)

AlE 2RAL 16—2-11 16—2-20

F2 o)A 3.36 3.26 2.81

Z Aol 16—2-119] 3.26¢/100g°]3, 16—2-202 2.81g/100g0. 2 UM &%

A} 3.36/100g3 MRPS W T wHET BF %e F JoNReEe ek

Total Fatty acid(g/100)

0.4
0.3 a b
0.2 C
0.1
0
AAp 16-2-11 16-2-20

@=9)\ean separation within rows by Duncan's multiple range test at 2 < 0.05

2% 6. A5E Total fatty acid $H

AEH Total fatty acid S 16—2—-11< 0.2595mg/100g, 16—2—202 0.1545mg

/100go. 2 tH]EE AFAF 0.2945mg/100g3} RS w F wuj g 2% e & A4t
e vebi,

E 10, AEE 84 I
)= PARA! 16-2-11 16-2-20
Lgig}ifogéﬂd 0.295° 0.260" 0.155°¢
(GA 1000 o4 ey wre
?B?Ifﬁ%%ﬁf 353.0° 536.7° 515.0

@=\ean separation within rows by Duncan's multiple range test at 2 < 0.05.

AsE F8A%E = wlw A3 Ursolic acid S 16—-2-112 0.260mg/100g,
16—2-202 0.155mg/100ge2 diu|EFFE 2} 0.295mg/100gH.th W& ks vebilla,
Total phenol &2 16-2-112 373.9(GAE mg/100g), 16—2-20°2 327.4(GAE
mg/100g) &2 tu]#EZE AHA} 379.4(GAE mg/100g) 9} ¥l S of 16—2-118 9% =}
o17F AN, 16-2-202 o W2 S YEFIT(p<0.05). Total flavonoid &2 =
T gk Aelzk AR (p<0.05), WiH] #F AHAF 353.0(QE mg/100g) & 7HE Wkar,
16—2—11¢] 536.7(QE mg/100g), 16—2—202 515.0(QE mg/100g) e
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% 11 ASE BsErt
AlE ARAL 16—2—11 16—2-20
57} 2.3 2.8 3.3
WPt s AR 57 WA J1EoR Wk 57 S Foh 3 wE, 18 v)$ v
AsE B5HNE ALAS VjFoz 53 AW (570 W9 23)S AAFES w o
H|3EZ91 A7 234, 16-2-11<S 2.84, 16-2-20<2 33702 16-2-200] 74 &
HsH7t A45 vER Y
%12, A% aa4AAA ()
Total Tod Tod o » .
feYe) 30 }gﬁgﬂ ES Nl LSEe] E)A]
e ] Fatty acid phenol flavonoid ~ sdic add ey Bt
A 1 0.644™ 0.655™ —0525%  —0.645™ 0.579% 0.780°
Total B " NS ama "
Pty acid 1 0.948 0.611 0.878 0.989 0.915
Tt - 1 —0469°  —0.766° 0.935" 0.948"
phenol
Totd . . & _ S . NS
flavonoid 1 0.915 0.560" 0.517
Urdic add - - - - 1 —0.841" —0.778
w5 — - — — — 1 0.885"
Chewsiness - - - - - - 1
* significant at p<0.05
#% significant at p<0.01
NS No significant
AFE 29 FAAA(HAY 2y FA FALFE Aol ol L(p<0.05),
Total Fatty acid@®< Total phenol, Ursolic acid, &2 o] A, A} & ABBAAS
7FRtH(p<0.01). $19] A3E T3 B w, 7T wejRgro 97 FA4E Ak AE
44, Total Fatty acid ¥, & 2oldFddo] =2 AS HH 7} 22l Tk F2olAdo] 3l
T FdEYg 23, FAV FALSFE FEAES BRI AWAELS oA wiEd A
S AASE Aol Jornz gkd 3y FAL FFS Awsie] AAA Y= Flo] o e
FAAAAES o] F Jute A & F Ak wEkA, 7jEe] Al JjFoldd A, A7)
9 A5 HslE o AR o] RAFEE Fo] oA to] AL FEE Mube Ay &
AE AAET 5 k. mm3, ALy EFE olH gy ddEE e9Ee] Ay AW ATS
Tl AEZE SA A NEZAEE AAT 5
4. A gt
AE 1) AR Holm o]dzt gl Alg F3H 54
7b BEE X7} 14.3°Brixe b4 =9ka ZEh)o) A7) 12.7°Brix® 7P @k Ars=
Fulo 27} 0.39% % 7FE =9k T2, $X7F 0.26% % 7Y Woke. Aie ofElg
7} 43.22 71 @dsllal kAl 2752 7Y oFdlS
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TPAEA A Chewiness 74 A3} FHlol27F 297007 7F &9ka, AAbrb 913

o8 7P W ) FAE 40m7|FEo R FHlo| ~7F 4.6mE 7 FARI,

27} 1.6im= 714 gkeke

Z 2ol f 3EEe Fulo| A7t 3.04g/100g0. % b Egkow F R} 1.45g/100g0

2 7bF 99kS. Total fatty acid S FH]o] A7} 0.154g/100g0. 2 7FF H9kar,

ol&g]5=7} 0.088g/100go.2 714 Woks

Total phenol &S FX|7} 75,362¢/100go.2 7} =k, FH]o| 2~ 23,240g

/100g o & Y¢ke Total flavonoid && F A7} 22,764g/100g2i 7} =9kl

FH)oll 227F 7,585¢/100g2. 2 7Fd WekS. Ursolic acid $&2 X7} 1,344g/100g
o= 7h¢ =%k, otgF7t 5g/100g0 8 7HE WEokS

1‘—74/\]_(57<4 le:uJ)L /VJ“G]/H S 7]7‘°i /u;\]o],oﬂotq /\}/\]_7]_ 443 7].11- l‘_,_lig}]\—j_,

Folo =7t 228 7HF Fks

$1o] Axs FgE & w %y FAC MY A FHlol 29 Total fatty acid &
, TPA®] Chewiness, & 2lolAf &=Fo] 7Md =ska. AL F58 AF4aA )

A 3 FA|, Total fatty acid &% L TPA Chewiness@t< 0.015F+F0o 2

BHAAAE YER S, B FHjo 2] deR I b e A1 9le] ATt

)

o
& ool dval wdy

o

2 o) Mz o Ao 4

r oo

(g 2) AAA o o4t gl Av EF A

7}

.

16—2—119 Fgde 89 2698 XAFo|x, HAF IF}FL& 133.8g9]
12.9°Brix, AF=E 0.31%, X 37.2N=Z \%E}M%. 16—2-209] 484
gz mgiolﬂ Bt FEFL 170.2g0]3L FEE 12.4°Brix, AFEE 0.45%°]3L, 7
= 50.2NZ YERS
74]%”2:‘ TPA(Texure profile analysis)®4 23 16—-2-117} 2208.6+73.48,
16—2-20-2 1707.3£61.772 16-2-209] A gAgto] Ho} @ duhdt =475
Elial, AlEE FAE 16-2-110] 76.3+9.66/m, 16—2—20< 63.5+1.55m=
16—2-20°] Y gksk
% AolAF3Ee 16—2—110] 3.26¢/100ge]aL, 16—2—-202 2.81g/100gC. 2 thH|
+=Z 2FAH(3.36g/100g) Xt kil AlEE Total fatty acid &2 16-2-112
0.2595mg/100g, 16—2—20< 0.1545mg/100g 0.2 thH]EE AFAL 0.2945mg/100g k.
=St ecy
ASE 848 ek vlw 43 Ursolic acid 33S 16—2—-112 0.260mg/100g,
16—2—202  0.155mg/100g, Total phenol 3L 16—-2-11L  373.9(GAE
mg/100g), 16—2—-202 327.4(GAE mg/100g), Total flavonoid -2 16—2-119]
536.7(QE mg/100g), 16—2—202 515.0(QE mg/100g) JEldS
AeE #sB7HGHE HEH)E AlPS W 3.398 2% 16—2-20°] 7HF i:nol-g—
AFE 2JQHBANZATS 9 FAZ FAETS WAl oA (p<0.05),
Total Fatty acid$F=2 Total phenol, Ursolic acid, &40l 3T %% o7
#AE 7H(p<0.01)
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6. A7AT B8
A= ()| BETE A 5
e | BENEAR O AW v A} o182 91 oldgel Ae FF A 831 AL A
221 ot & w0 F3 AAA AT AR A 75 0 PR 4
W a2 w50 A 259 99 2 98e) o7 29 5424
20229 g & @ 1|0 AV Al T E5u e 224 54 0w
(25;_(]_) = ar = o= = R B )
7. 474 H©A
_ ie: R =y
REEE F2 | 2% | A% | 49 | Fagw oo
DA EelE | g g x| Apblgee | S9ATA T 4 8| A7EB| O | O
oA gl A
FES A | EATA | ARl | FRATA | F 4 2| AFEAF O | O
FEATA | APplSHE | $9ATA| 2 F 9| ARAE| O | O
FEATA | Al | $9ATA 4 @ ¢ | ARAE| O | O
FEATA | iR | $UATA| £ 2 F| ARAE| O | O
FEATA| APl [ 7 A @A Q| AguE| O | O
FEATA | ABbIE | $9ATR | W £ 5 |9¥2E| O | O
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