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Comparison of Amino Acid, Mineral Compositions and Antioxidant Activity of Apple and Crab Apple
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Abstract

To confirm the applicability of crab apple, the composition and content of amino acids and minerals with ‘Fuji’ apple were
measured. Apple and crab apple were extracted with water, 70% and 100% ethanol, respectively. The contents of polyphenols,
flavonoids, and ascorbic acid, antioxidant activities of these extracts were measured. The amino acid composition of apples comprised
a total of 17 amino acids. The total amino acid contents of apple and crab apple were 2,050.45 mg/kg and 900.05 mg/kg, respectively.
For minerals, the total mineral content of apple and crab apple were 489.14 mg%, 529.77 mg%, respectively. The contents of
polyphenols, flavonoids, and ascorbic acid of apple and crab apple extracts were highest in 70% ethanol extracts. The content of
polyphenols, the crab apple extract, showed a generally higher content than the apple extract. The content of flavonoids, apple and
crab apple extracts revealed no difference between extracts. The content of ascorbic acid, apple extract showed a generally higher
content than the crab apple extract, but there was no significant difference between extracts. In the case of DPPH and ABTS radical
scavenging abilities, 70% ethanol extract showed the highest antioxidant activity, and crab apple showed higher activity than apple
extracts.

Key words: apple, crab apple, amino acid composition, mineral composition, antioxidant activity

M 2 o] H]5}te] gallic acid, protocatechuic acid, chlorogenic acid,
p-coumaric acid, ferulic acid®} 22 H&=HAF ToFo| FI
] Sh(Rosaceae) ATHFREMalusol &34 2T quercetingt 2+ flavonoid SFHES] o] Fol IS B

EAY T (Malus prunifolia Borkh)= - 37| Hot 34 go] S-=stttal stgith(John 5 2014). Z1&{u Aol o] £
80 4480 O}8HT Y EFOE(ang 5 2002) O Akl I B4R 5| Aoz Ao A

lLd*Ji TN Zizo] B/ o] o] /st SR gom, £ Q1Y BZoZ tRE A Yt o] H|7]
AArego] wal, WafFole et £4do] Ark(Ha & Shim 511 A= Aol
1995; Kang 5 2002). ojo] & AFofA= I FHEE FFoNA FA EFF

ZAahe QubAQl Aato] ulste] 2717wk ARG B S o) SESE ol SEE BATE AF B SGE
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70% ethanol, 100%
ethanolx H| &2 st} &2 Xﬂio} polyphenol 2}e}=,
ascorbic acid, flavonoid 3}3HE 59| &A4Akst AE 31 DPPH Y
ABTS ozt AA5S Edlo M4t &84S =459t

=
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1. M8 TE

Apgpgatel Sahs Aot ZAlate] gHiksh HES B
M) GaiA HE Ak 20219 S50lA AuE %)
F5E TUstol AU AAST Aol A8kt TAl
S Aol 2ol £5 Aol A AME o BAFAS
A3 AFEL =A] -70C F<%Y57]|({Ishin Biobase, Seoul,
Korea)ol 5ZAIY] F At} o] AAE A A skl A9
A8, Aot 2AE 77t U vha &
=, 70% 2 100% ecthanolS 812 3}o] sonicatorZ 30& =
OF &5 Al7] & 3,041xgo| A 2087+ YAIEE L I
33] dHEsto] 85t FEE2 AESHH

Agof| A8t A|2FE Sigma aldrich chemical Co.(St. Louis,
MO, USA), Duksan pharmaceutial Co.(Ansan, Korea), Junsei
chemical Co.(Nihon-bashi, Tokyo, Japan)2] 19 A]|2F& AME-5}
Act.

2. TN A EN EA

At B ZARRS S Qs ofn At 24 S
45171 fIske] mpafet Al=of 6 N HCI 30 mLE ‘%151 130C
ol A 24Xt 7HEEIA 7 I 2452 SAAZ] & 045 um
£8-4 syringe filter® oJ1}A]Z] & HPLC(Ultimate3000, Thermo
dionex, USA)Z £-45}% tH(Henderson 5 2000). Injectorof| A]
= 5 pL9] borate buffer(Agilent 5061-3339, USA), 1 uL9] A]
=, 1 uL9 OPA reagent(Agilent 5061-3335), 1 uL2] FMOC
solution(Agilent 5061-3337), 32 uL2] 32} £F4+E dAHC
2 Z%st & 1 e FY5tch. Detector= fluorescent
detector(1260FLD, Agilent)= emission 450 nm, excitation 340
nm(OPA)2} emission 305 nm, excitation 266 nm(FMOC)Z 3}
O™ UV detector(Thermo dionex, USA)= 338 nmof| 4] &7
5} t}. ol ARE-SH columne Inno Cig column(4.6 mm x 150
mm, 5 um, Younglin biochrom, Korea)2 AR&-5}93.2.™ column
L= 40T, A& &= 20CE 5FTh o542 pH 7.09]
40 mM sodium phosphate(°] 54} A)2}  water:acetonitrile:
methanol(10:45:45, v/v%, ©]54 B)E gradient AL 0~3
min, 95% A; 3~24 min, 45~95% A; 24~25 min, 20~45% A,
25~31 min, 20~20% A; 31~34.5 min, 20~95% A; 34.5~35 min,
95% A €UZ flow rate 1.5 mL/min® 2 3d}o] BA5}¢ch

3. BJ|& stz

Ab B ZARRS g5t Qe 71 SRS S5
flsto] mHafet Al &E Santos 5(2014)9] H| W} Multiwave
(Multiwave 3000, Anton Paar GmbH, Graz, Austria)S ©]-&79
o] F71E4E EoiA7IAL o] Eadof tsto] AlmE ARES
At 7138 EBA4L inductively coupled plasma optical emission
spectroscopy(ICP-OES, Optima 5300 DV, PerkinElmer, MA,
USAYE AHESHY] F 959 F7142 £45HTHK, Mg, Ca,
Fe, Na, Cu, Mn, Zn, P). E¥A| 5+ 100 ppm9 HEF &9
(AnApex Co., Yuseong, Korea)& ARZS}IFH O™ L9
argon gass AREolF O™ =7 717]Z 7L RF power 1,500
W, Plasma gas flow 15 L/min, Auxiliary gas flow 0.2 L/min,
Nebulizer gas flow 0.80 L/min, Pump flow rate 1.5 mL/minO.=
SEEREE

4, BHAIE} ME

Atpel ZAbo] g-RE o] = T4 4821 polyphenol
SSHE, flavonoid S}HE 2 ascorbic acid®] 52 =45}7]
915to] polyphenol BHH-E-S AOACH (1995)0l] W} 7t &
& 1 mLO]| phenol reagent 0.5 mL2} 10% Na,CO; 1 mL, 7.5
mLo] S7E A= EFsto] 302 FHet F 760 nmo]|
A FBEE St EEEH R E gallic acids ARE-S}
A1 EZFHs E IS mg gallic acid equivalent
(GAE/100 g ext)® FEA|SFTH

Flavonoid S}3HE-9] $=F2 Moreno 5-(2000)29] ®lHHof o}
2 FEE AR 0.1 mLo] 80% ethanol 0.9 mLE 7}5}o] o]
&3+ 0.5 mLo]| 10% aluminium nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL 2! 80% ethanol 4.3 mLE Z+Z} 715}, A0
A 4027 AT F 415 nmol| A 3= gh2 SASHITH
HEEZZE = cateching AME-SF AL flavonoid S13HE $HF
2 mg catechin equivalent(CE/100 g ext)Z HA|S}T}.

Ascorbic acid®] T2 Park 5(2008)2] WO wet 2k =
Z5 A]F 0.2 mLoj| 10% trichloroacetic acid 0.8 mLE & 7]—6}
of YAEZ7|E 3,000 pmO.E 58 5o YA AZ
ook, ol 0.5 mLE F&51% 2% metaphosphoric a01d9]-
10% phenol reagents E3o5l0] AF20)A 1087 ®X]stal
760 nmoA SJEE =AYt EFEZAZ L= ascorbic
acidE ARE-SFAT-

5. SHAke} B =X

Atet EARGE FEI AR 4AEE A4S S5
2|5}o] DPPH radical _/,\_7{—4- ABTS radical 2745 &%
it} DPPH 2402 2452 Blois MS(1958)9] Hrdof whe}
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74o] 228 A|E 2 mLo] 0.2 mM DPPH 2 mL 37} @ &
T A2 A 302 ®FSSte] 517 nmof| A S8 =& S5t
o}

ABTS radical 22759] Z--°l= Re 5(1999)9] ol w2t
ABTSA| 2K(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
7.4 mM3} Potassium persulfate 2.6 mMZ A3t & 515 59t
QFAof X3 A|9FS UV-Vis spectrophotometerof| A S-4
ol 15 ofst7t HEE SRTE 34T F 3AF ABTS
Al 1 mLo]] Al 0.05 mLE H7Fskal A-2)4 90& §HS
AlZL & 734 nmof| A SFEE SA A

38 ot L

6. SHRXzZ

= At Ao AEe AEE 35 o) e ST &
SPSS 24.0(IBM Corporation, Armonk, NY, USA)& ©]-&3}
Wi U BEEAE UE 308, ool el BAE 2
of IH7F RS EYRE @A ASAOH P
AB g 84 Axlo] 712 7o) ©.9]4L ANOVA test® A=
stlom, fo4do] Uehd BS AT HAE WRHoE=
Duncan’s multiple range test® AFE3}3CH 2 ALoA:=
p<0.05 oA F-o S AR ST E3E, Ao FARG
O] Fits} ET A S 1] AU HAE Lot
$5t0] Pearson®] ATEAE AASFY T

ox 8

Zo o nE

1. Al 3 EARRS| 74 ofo|'cét =Adat shat

AR 9 ZARR] A opn| Al 24T} SRS SR 2
I}= Table 13} Zth

F 1759 ofu|iAto & F14 EolA QUlem 11 F 71
e P e AL A3e] A9 aspartic acidZ} 109230
mgkgO & 7} W kS HPT TS0 F = glutamic
acid®] g=Fo] 225.19 mghkegl 2 =2 ZHe Hth I8y
2A49he] 90l gutamic acide] o] 714 Bokor] ot
SO &= aspartic acid?] oF O 2 AlMel= HHE A
ey gt

% ofuliAte] Fheko 2 AfaHe] A, 205045 mekeo]
R ZAR}O] ofu| Al S 900.05 mgkg O R AL
7} 2 Aoz vehget

Choi 519972 A3ke] %314 % felobuleite] g
2 =73t A7}, aspartic acid, serine, threonine, glutamic acid,
histidine, arginine, alanine®] <=0|jthal sfo] E ZA3}Q} H|w
8 H & ofm|iitat fEjotu]ieAtake] Zo]7t Q17+ st
A9t aspartic acid’} & LSHA 7MY B ofw|leAto = UE
won fEjotu]iito A wol HEEHUAH otrfieito] &

Aok Balte] 4 obulidt, 5718 24 9 PAkeh B Bl 355

Table 1. Composition and content of amino acids in

apple and crab apple (unit: mg/kg)

Apple Crab apple
Aspartic acid 1,092.304+31.39*V 99.43+8.78"
Glutamic acid 225.1943.91° 141.2449.69°
Serine 77.8142.03" 72.62+2.10°
Histidine 24.30:+1.23 22.76+2.04
Glycine 60.54+1.14 55.79+2.86
Threonine 59.90:£1.50 54.73+3.46
Arginine 65.101.02 61.10+3.52
Alanine 79.77+1.74* 63.66£2.70°
GABA 12.65+0.38" 6.13£0.41°
Tyrosine 27.55+0.77 23.84+1.78
Valine 57.25+1.60 48.39+6.03
Methionine 14.04+1.16* 6.86=1.41°
Phenylalanine 51.70+1.36 46.96+3.64
Isoleucine 45.30+0.72 40.97+5.65
Leucine 85.2242.33 78.30+5.17
Lysine 50.54+4.17 51.82+5.58
Proline 21.30+1.40 25.45+3.60
Total 2,050.45+53.00° 900.05+67.33°

Y Values with different superscripts within a row (*°) was
significantly different (p<0.05).

439 F oAt AL TiAHOR B Tkl Zow
el gleh. 2oLt 2Ao] et obulidle] dhg A7
e Fob 4 glo] A% BA] opuliAte] Hhat 4:8k4]
718, 44T % 59 A4 A7/ 9 Ao A

E2E A

A E ZARY] B 2T FE ST 2=
Table 29} Zt}.

A & 559 F7140], ZAHN: 639 F71H0] A&
Ak Abko] 3, PO fhFol 327.79 mghE 7HY B
TS BN O Na, K 202 FRIF e} ZAkt
9] Aol = P9 3tFo] 337.25 mg%E 7P W FHFS B
Hom Aot S USHA Na, K 9] T Hol= 208
UERTh Ca9 3%, At A= AEEA] AR ZAM}
o A+= 801 mg%S] S YERSITE & 7718 T A
7}0] -, 489.14 mg%C] 1oL EANH= 529.77 mg%= £
AE A B2 TS Hols ZAoE YERyTh

Kim 5-(1996) ¥4t Atk £5of dioto] F7]14&
A%t A3}, 259, AgEg 1 gFo] 27l AT K,

1=}
LS
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Table 2. Composition and content of minerals in apple

and crab apple (unit: mg%)

Apple Crab apple
K 52.48+0.15°) 69.44+0.08°
Mg 3.65+0.03° 4.69+0.05°
Ca ND? 8.01£0.13
Fe 0.66+0.01° 0.48+0.01°
Na 104.55+1.06 109.89+0.84
Cu ND ND
Mn ND ND
Zn ND ND
p 327.79+4.99 337.25+4.23
Total 489.14+5.96° 529.77+4.96"

Y Values with different superscripts within a row (*°) was
significantly different (p<0.05).
? ND: not detected.

Na, Mg, Ca 5-9] gFo] A H o0& =2 Ho|qIthL 5130
o 2 Zulo} v ws] B P, Na, K, Mge] -0 & tha Xjo]

£ Holi Ql=d ol Aol AHEEE AR O] A7, &

Hl o] Zto] Sof o3t Ao g wWetEQlch T35t Ak

& 771 &4 2o AFEHA ot ZARR| gt =

714, A& § F7149 o st 59 A+ 48
Ao 8 AR E A

3. st dE

Attel ZARE uhaetal B3} 70%, 100% ethanol2 Zhz}
FEEZ AR5t FZE9) polyphenol 3+, flavonoid 3}
= Y ascorbic acid?] $HFS =73t A= Table 337} Zr}.

Polyphenol 31tz g2 A%, A FEE2 70%
cthanol =ZE0]A] 46.34 mg%= 71 B2 T2 e
1, o2 B FEE0|oH, 7MY TEo] H2 A2

o
100% ethanol F+EEZ 32.48 mg%= 74 gHgo| A2 o

flo

2 Uehgth ZASCIAE A 230lA9t o] 0%
ethanol FZEO|A 99.03 mg%, & FEEA] 59.72 mg%,
100% ethanolof| 4] 53.17 mg%Z 70% ethanol, &, 100% ethanol
oo, BE FEEA AL polyphenol 3+ 2]
g0l B Ao ekt

Shin 5(2021)2 ZAIE WS, G4 Y ethanolZ &
RS W 5 FE2A PY 22 TS EA oo s
ethanolo] ATkT. Sho] 2 Axpo] Mo} BHAAE W =
Kb ethanol FEA] 11 §F0] 532 & & AUk

Flavonoid 3}31E-9] st=F9] AL Alabr} 70% ethanol S5
oA 3949 mg%=E 7P & $AE BoH, 1 H3o
Z 100% ethanolo| 4] 39.09 mg%, & FZE°)A 36.97 mg%
2 70% ethanol, 100% ethanol, & F=&5 £0=2 11 gfo]
7] b 9.015Q) o] S Kol A goret. TAkdt
of AE 2EEW FoH Ao} Yool 1 YL
39.09~40.61 mg%E WERH AL Abkel ZARRS] HE &
27 2 Holt g A0 yehgt

Ascorbic acid9] T2 AL}l FL 70% ethanol FE=9]
A 5340 mg%= 7MY B2 SRS Helo 202 100%
ethanol 2ZE0|A 47.02 mg¥%, & FEE)A 42.14 mg%
205 Uehelth, AL ARhe} B}7HAR 0% ethanol
22204 1Y B WS wAoH T YFL 471
mg% A2 UERHTH T2 0. 2= 100% ethanol 55, &
FEEY ot & FEEZ AQttile EARET =
AFol A ascorbic acid®] $FeFo] Rt w2 A UES
Agk 2 Aol HolAL Yt A0 WekEor

Lee 5(2018)2 70% ethanol2 %75
dFde YEHATHAL 5tof & A7e} A8 o= AR 4
o2 LERRR00 ALzt © ZATIOI 4] polyphenol SEHE,
flavonoid SFeHE-3} $H7 ascorbic acid S Z21517] Y3f
A= 70% ethanolo] &St Ao 2 Ttz Qct

ol
-

e e

NA
[}
¥R
o
=)
N
N
o
37a)
Mo

Table 3. Polyphenols, flavonoids and ascorbic acid contents in apple and crab apple by solvent extraction

DW 70% ethanol 100% ethanol

Polyphenol Apple 43.160.61%" 46.3440.59™ 32.48+1.44%

(mg GAE/100 g) Crab apple 59.72+1.84"° 99.03+1.60* 53.1740.54%
Flavonoid Apple 36.97+2.73" 39.49+3.94 39.09:£4.96
(mg CE/100 g) Crab apple 39.90+2.91* 39.09+4.96 40.61+4.28
Ascorbic acid Apple 42.14+0.31% 53.40+0.78* 47.02+0.99°
(mg%) Crab apple 45 43+0.66™ 47.71+1.93% 46.81+1.65°

D Values with different superscripts within a column (*®) and a row (*°) were significantly different (p<0.05).
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4. gitst 2ZM

Ao} ZAE alaflskal B3} 70%, 100% ethanol 2 242t
FEES A&t 2559 DPPH 2|z &7-53} ABTS
#HZd £2A5S SAT ZIHE Table 49} Zrt.

DPPH 2t £752] 79, AHh= 70% ethanol F&&
oA 79.64%% 7HF =2 A S-S YEHHL E &
£, 100% ethanol FEE2] <=o]3lct. EApte] 9., Atatet
HER7EA| &2 70% ethanol S=EE0 A 87.23%=2 71 w34A|
ot & 2ZE3} 100% ethanol +&E2] DPPH ZtjZ 4&7%
= F91ARQI Aol E Ho|A|= ottt Abuket btk gt
O 274 5004E Z2AEE BE 2EE0A Al Bobe
=2 @4S Hole A& YEyom 9hA9] polyphenol
SRtE9] k] Aot fARSE Ao R wE gt

ABTS &tz 2759 A9-ole Aot A4 2525
L5 70% ethanol, &, 100% ethanol 402 =7 UEep}om
AFFH= 70% ethanol S=Z&E0||A] 27.43%, ZAFTF= 70.81%9.
2 Z2AP Y 2 PSS T E AeE YES
o & FE5 4 100% ethanol FZENX % ZAH} o =
2 A4S Hole Ao=E ARFHH

Atte} ZARE Bl WS EQfS wf DPPH 2tt)Z 4A 53}
ABTS 2tz &7 5 B ZA) H 22 4 84
Holk Aoz wiw| et
Shin 5(2021)2 ZAME WS, €5 2 70% ethnaolZ 3
3lo] DPPH 2tt|Z &7} ABTS 22 &715-2 4

T}, G4=3223} 70% ethanol Z=Z0] EH4Jo] =l 5}

b
AL AT} A9 70% ethanol £FE9] AL &4 Ax}

oo

Table 4. DPPH and ABTS radical scavenging activity in apple and crab apple by solvent extraction

Alstoh Bakke] 4 oblidl, B718 24 9 PASE B vl 357

FARE Aoz waE 9l
T, ARl ZAE BAIRE Z7te] Atst R ET I
Absh @S0 High A4 (Table 5)°]41<= polyphenol o}
=T ABTS iz 275749 rgto] 09523202 7M =
© 702 Uehton] DPPH 2Ht]Z 27 %3} ABTS ghrjzt
AASZOE 2o JRAS Holk ZoE Yehrth
o] ATE FFtel B, bk E ZAgol| A9 ofu)
A AL A B S, U1 ZARIA o
12 S HER QT 0159 FEE2 70% ethanol2
SkAS w7k PSR 9 B0l U 59 Al
FALS} B/go] ARFRTR: tha w2 A0 et 2AN}
T o AESH A7 2ad A0 AmE .

o~

52

© 4 b
ol ﬂi{)l'

o

of

=

ook Ol 2
| =

T

AR EIA] SRR oG E= BARE AFE B 3
F 98 5229 && 7FeAS gRlstr] flsl 710 7
ol dHA A FFH 4 oAl T 24 ¢
11 3RS ¥ 243}H A &, 70% ethanol, 100% ethanolS
Bl & Sto] FEES Al Focto] Fate} 2T Ak 4
= S5k Al 2 ZARY] 14 of|leAl 2L F
1759] oAt & /& oA Q11 om ARb= aspartic
acid, ZAITH= glutamic acid7} 714 B0 m & ofu| - Ak9]
o 2= A= 2,050.45 mgkg, ZAM= 900.05 mg/kgC.
2 ggAe|7t & AR et FrdE & #1E
g AHHe] 79, 489.14 mg¥%ol Aot EART}= 529.77

(unit: %)

DW 70% ethanol 100% ethanol
Apple 79.31£1.70%) 79.64+0.29% 63.95+0.35%
DPPH radical scavenging activity A A -
Crab apple 86.68+0.06 87.23+0.13™ 86.82+0.20
Apple 16.3420.09" 27.43£1.42% 11.03+1.20%
ABTS radical scavenging activity A A N
Crab apple 46.38+0.56 70.81+2.95 41.95+0.29%

Y Values with different superscripts within a column (*®)

and a row (*°) were significantly different (p<0.05).

Table 5. Correlation coefficients among antioxidant compounds and antioxidant activity in extracts of apple and crab apple

Polyphenols Flavonoids Ascorbic acid  DPPH radical scavenging ABTS radical scavenging
Polyphenols 1.0000
Flavonoids 0.2840 1.0000
Ascorbic acid 0.0523 0.1964 1.0000
DPPH radical scavenging 0.6279 0.2072 0.1718 1.0000
ABTS radical scavenging 0.9523 0.3464 0.1140 0.6997 1.0000
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mg%® Thh £ S Hol: Ao g Uehgon Al
ZAM B POl FEpo] 7 WSS BNt s

+ Na, K £0|%lt}. Polyphenol 3}¢&, flavonoid S}HE 9
ascorbic acid®] $HFE 70% ethanol® FE5}9S uf| 1 HaF
o] 7Fg Bk polyphenol 3}E9] FF2 B FEEC

A ZARZE A A 0 E &9kl flavonoid SFES HE F
ZE7F 897409l Aol= Qe AoZ YERYT Ascorbic
acide] B AfTie] AS BATIRhE o BO S
GeER AR 2 Folg HolAE g A0 R WaEY
DPPH ¥ ABTS &tz A759] 9, 70% ethanol &=
A M e S S ebiT A} BE 238
oA AFtECHE &2 E4S Hol: Aoz Yeht ZAt}
of chgt choret AEeHA A7t Was Aoz ARET

ALl 2

H 3= 202020219 5E2RATH
$.:PJ015285042021)9] A|L1} 2022 &=
o FRATATE] AU o} 43
TH(No. 2021R1A6A1A0304641812).

A7
AR(@5)9) A
A 7 2A7AAYY

(Ml F-HA
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