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Abstract

Unripe apples are discarded due to thinning out or falling in orchards, however they are abundant in functional
ingredients. In this study, polyphenols were efficiently enzymatically extracted and isolated from unripe apples.
Enzymatic extraction of polyphenols over 12 hours followed using Viscozyme L with an enzyme concentration
of 2%(v/w) based on the total phenolic content. In order to isolate the polyphenols, extracts of unripe apples were
eluted with water, 25, 50, 75 and 100% ethanol using Diaion HP-20 gel column chromatography. Polyphenol compounds
of each fraction were analyzed by high performance liquid chromatography (HPLC), with the 50% ethanol fraction
containing the most polyphenols (387.88 ng/mL of caffeic acid, 226.34 nug/mL of p-coumaric acid, and 187.33
pg/mL of phloridzin). The 50% ethanol fraction also contained the most antioxidants (total penolic and flavonoid
content; p<0.05). Antioxidant assays using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity,
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity and ferric ion reducing
antioxidant power (FRAP) activity exhibited the highest activities in the 50% ethanol fraction (p<0.05). Antimicrobial
activities were also assessed as being highest in 50% ethanol fraction (p<0.05). The 50% ethanol fraction of unripe
apple enzyme extracts can be used as a functional polyphenol material to improve the utilization of unripe apple.
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FAIMERE FeuE AR & 2855 =071 A8l
FES) E 49 Viscozyme LS 7}ete] EAAAE S 619
t}. Aol AF&-3}F Viscozyme L(Viscozyme®L, 100 FBG/g)
2 Novozyme Co.(Bagsvaerd, Denmark) Z5-E] 3151
2,2-diphenyl-1-picrylhydrazyl(DPPH), 2,2 " -azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), 2,4,6-tris(2-pyridyl)-1,3,5-triazine(TPTZ), ferric
chloride(FeCl;-6H,0), gallic acid, trolox, (*)-catechin,
chlorogenic acid, caffeic acid, phloridzin< Sigma-Aldrich
Co.(St. Louis. MO, USA)2| A|&& A}8-3}%1 11, Diaion
HP-20-2 Mitsubishi Chemical Co.(Tokyo, Japan)2] A|&-<
A3} T} Acetonitrile> HPLC-8-2.2, 7|E} gnf 2 Aok
L BEAg AdF Aeko & Duksan Co.(Seoul, Korea)ol Al
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Unripe apple
Blanching
100°C, 3 min

Homogenization with water
(L1, wiv)

Viscozyme L reaction
2%(v/w). 50°C, 12 h

Diaion HP-20 gel column chromatography
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Fig. 1. Schematic diagram of extraction and isolation from unripe
apple for polyphenol enrichment.
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ES #rtete] Ediy (HB7 5, Tefal, Rumilly, France)E ©|
&sto] st A% = 205 A5 st E
AHE ek g tid Viscozyme Lo FEE 1%, 2%,
3% (viw) = D‘ﬂ A8k, 6 A17E 12 A7 18 A7 Zot
HHSAI7IH 253 &, T dls e SYeih o) o
4 HE22 50 Coﬂ/\i 120 rpm o2 wHtEhH A5 T
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column chromatography & A8t th Th84 52 A<
Diaion HP-202 &% A]7] column(26x500 mm)e°l] AL}
B0 FEEE TAANNHY 1 &, water, 25% ethanol, 50%
ethanol, 75% ethanol, 100% ethanolS <A & o] 54+ 8w
2 5fo] 500 mLA 2.5 mUmin®] {5282 FIAA 27t
S2]AE Aot 7t AL Tkl Q& duEdd &
F4E 7kt 20 mgmLe] w2 A g3lste] Aol A

= 1 mgmlLe] FEZ
3 2sle] =% 38199tk DPPH 2|z 227 24 Blois(17)
o] WS &3t 3Gtk AlR 20 pLell 200 M
DPPH solution 180 LZ 7}3to] 30 ¥ B¢t ghaleA] Hkg-
A7 T, 517 imell A SHEE S35 Gallic acid]
Aol A2 o]&3ste] mM GAEZ YERIT
ABTS |z &7 &2 Re 5(18)9] WH-S &85t
=43k th A8 20 Lol 7.4 mM ABTSS} 2.45 mM
potassium persulfate® 1:12 E&3lo] #|Z3F ABTS
solutiong 180 LLE 7}8ke] 5 & E<t obAloA] wh2A17]
=, 734 nmol| Al FFEE S8t Troloxe] &9
3 A2 o] &3] mM TEZ YERNITE. FRAP 842
Benzie¢} Strain(19)2] WS o] &3st] ST
Acetate buffer(300 mM, pH 3.6)¢} 10 mM TPTZ solution
2 20 mM ferric chloride solutiong 10:1:12] ¥] &= &£3}3}
o] cocktail solutions THEATE A& 25 uLel| cocktail
solution 175 pLE 7}ate] 30 & <t oA wkgAI7l
=, 590 nmell A FF =S S5 Troloxe] 2741 €]
3|45 o83t mM TER Jehfqlch
% ¥s 932 Folin-Ciocalteu % (20) ©]&3l =
etAth A& 100 pLell Folin-Ciocalteu regent 50 pL<}b
20% sodium carbonate 300 uLE 7}8ke] 15 #3F vHSAIZ
o ST 1 mLE 71 &, dalielste] A5 725
mmol| Al SFFEE 43I Gallic acid®] 7342 7
21& o] &3t mgh= YERNRITE F SetE o= S
< Jia 52D WS &8t SHATE AlE 70 WLl
50% ethanol 430 UL%} 5% sodium nitrate 50 uLE 7}38}o]
5 &7t ¥H&AIZ ) 10% aluminium nitrate nonahydrate 50
WLE 7138l 6 #3F ¥H8-A171 ¥, 1 N sodium hydroxide
500 uL 7Feted 510 nmelA FFEE SIS
(+)-catechin®] AFde] 3|92 o] &3t mg%= ERH

e 289 1% F3 1 (Bacillus cereus ATCC 14579,
Staphylococcus aureus ATCC 6538)3} 22| 13 241

AEE] A A26d Al6Z (2019)

(Escherichia coli 0157 ATCC 43894, Salmonella
typhimurium KCCM 40253)2 288ttt 23S $aiA
trypticase soy broth(TSB, Difco Laboratories Inc., Sparks,
MD, USA)<l|l 55 3l 1x10° CFUmMLE 3]43 et
A 200 ULE trypticase soy agar(TSA)°l 3191 o, Ht
S} paper disc(8 mm. Advantec Co., Tokyo, Japan)E R
F2HA7] 2 20 mg/mLe] A RE 50 LTS A
71 %, 1824 A3t E<F B cereus= 30Tl A Ml FAIH S
S aureusSt E. coli, S. typhimuriumye 37 Co) A vl A1 73T},
Positive control 2 1 mg/mL & X=2] ampicillin(Sigma-Aldrich
Co.), negative control2 50% ethanol-= AF-8-5}%1 T}, Paper
disc F912] inhibition zone(mm)S &% slo] I FA S
¥ s,

TLC % HPLCol 2t E2|mls 42 &4

Hod 72 g&9 Egus A& thin layer
chromatography(TLC)2} high performance
chromatography(HPLC, 1260 infinity quaternary LC system,
Agilent Technologies, Santa Clara, CA, USA)E ©|-8-3}
A et

TLC= Silica gel 60 TLC plates(20x20 cm, Merck,
Darmstadt, Germany)°l| | &5 H#st] £F-&n] 5 o] &
& ANttt £-gu 2 dichloromethane/methanol/
formic acid(100/9/4, v/v/v)<} ethyl acetatefwater/formic acid
(13/4/3, vivjv)y= AH&3ETE 10% 4F & (viv)= 55t
of WAl & FFEH (caffeic acid, chlorogenic acid,
phloridzin) 2] retention factor (Rf) =X]& ¥ s}l

HPLCE 5 mg/mLe A|EE 045 ym membrane filter
(DISMIC®-25HP, Advantec Co., Ltd., Tokyo, Japan)Z ]2}
gto] Ado] A3l th Develosii ODS-HG-5 column
(150x4.6 mm, Nomura Chemical Co., Ltd, Seto, Japan)<
o] &ato] BA619] 1, column 52 35CE FA8F3ith
o] F A2 2% acetic acid in water(solvent A)¢} 0.5% acetic
acid in 49.5% acetonitrile(solvent B)S ©]-&-3}o] gradient
elution 27 0.2 EA319 0} o] 542 f<4-2 1.0 mL/min,
A EFYEF 20 pLo]eH, 290 nmol|A S8 skt &
gdils J7Y FHF SHLE ETEH(caffeic acid,
chlorogenic acid, phloridzin, p-coumaric acid)< ©]-83}]
AYE AgRAe] GHA4L o gate] Faldint,

liquid

SHAMZ

RE AR 33 yiEsie] Ssislon, A3 e Hd
7 EFAAE YRt (Mean+SD). ANOVA £412 o
% p<0.05 4~=°l~4] Duncan’s multiple range testS 2 A|5}o]
o2k A = SFATE BE BATA2 Statistic Analysis
System(9.4 SAS Institute Inc., Cary, NC, USA) 4] 21
H2 AHgste] Aeletsith
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TE(, 2, 3%)<F T HHgAIZ6, 12, 18 hyS 25t

FEoIE W, & s FFE SHT A= Fg 29
Z
L =3

=
Itk 7)Ao et Eh BE 2%(viw), B4 BHEAIZE 12
AlZbell A 35401 mg% = 7V 2 T dls S e
o] o5 AH FaAT o= %8 thp<0.05). A%
BaAE A WEAAES v EAE AHYsHA] @2
iz vla] F dl o] ol th(p<0.05). Park¥}
Kim(13)l| w2H FE3) &4 Viscozyme L¥} Pectinase
2 Al A 299 EE2 12 A7F AEEkd S o gt}
ol SHAHASTES sl 9om, T3 Zheng 5(23)<]
AT Ao A FEALTO| Viscozyme LS 1.92% S L2 22
3te] 47.12°CAl A 12.52 AIZE wkEEkl S o H A9 &4
W2 Ueho] & ZAdtet Ak Bt

U AR 2o R FE3 FANY B FEES
Diaion HP-20 gel column chromatographyS- ©]-8-3}¢] water,
25% ethanol, 50% ethanol, 75% ethanol, 100% ethanol =

400

TPC (mg%)

3%

1%

1% | 2%

6h

3% | 1% | 2%

12h

control
Fig. 2. Total phenolic contents of unripe apple with different
enzyme reaction time and concentration.

Means with different letters a-g are significantly different (p<0.05).

7 57FA] &5 AUt Diaion HP202 BS54 &
2t AR Y RS 7RI, A=A o3 tiAMEE
= FEota, T2 A F55 olee Eeldte
7V AIAHQ FFA o TH24).

FEAL} &4 FE 57} HP-20 chromatography & &2] &

= $t Z7+Z Table 1° YERH It DPPH
gz A 249, ABTS itz &7 24 9 FRAP €4
5% 50% ethanol & &4 717 =34 tH(p<0.05), FA
e FEE HIske] 25% B 50% ethanol 27X P4t}
o] BT molxlon, ol U1 FEES 20% 2
40% ethanol 2ol Al $-=3 DPPH ¥ superoxide radical
2SS Bl AT frakegh AFolth2s). FARY 34 =
£} HP-20 chromatography ]+ &itsidits & =
g 2 T Eeheols dFo s SAG A= Table
29} 2T} 50% ethanol EFollA F vlE & 9 & St
wole ko] 7MY E3TH(p<0.05). AR} B4 FE=
v}y 25%, 50%, 75% ethanol & E-ol| A i3l & shak
o] ol om, o] = HP-20 chromatography 2 13| F&&
of e AT v EelElE o] EHFCE AAR
ZevlE 9 ZetEeo| AR Fel 9 A7) o] FAR
ot AT o] oF FAFSHAl HP-20 A o] o3l E-EAk
97] FEEAA Egjuls Aol FElEa gikst 2ot
SAHA = AFEI7E AATHI0).

FAL} &4 FEEI} HP-20 chromatography &+2] &
T AL Table 33} 2. B cereus, S aureus 2 E. coli
0157 3l 50% ethanol & F-ol|A] 12.33 mm, 12.83 mm,
9.83 mm= 7174 W2 inhibition zoneS 1 4= gl om
(p<0.05), 25% ethanol &%-°4] 10.33 mm, 9.33 mm, 9.83
mmZ YERSTE G4 FEEA gt A4S HolA] g2
HHH - gel column chromatographyES 3l A& 50%
ethanol oA = w5 F3l g A 4= Uit
e FE2EY g L Hed 227 BTt e
H(26), FetE ol E o] HSTE JH AV E=rin
B 150} Jrh27). 50% ethanol gHollx Ee|s|E AJFo]

Table 1. Comparison of antioxidant activities among extracts by enzyme and ethanol from unripe apple

Sample Enzyme extract Water fraction ~ 25% ethanol fraction 50% ethanol fraction 75% ethanol fraction ~ 100% ethanol fraction
1)
(mlifpgAE) 0.10£0,002 005£000° 1.10£0,00° 1.5440,00° 0074000° 000:001"
ABTS 1124001 04840.00° 9.56:0.14° 11,02:0,04° 1.5840,13° 0354002
(M TE) 1210 4810 :3610. 020 2810, \35£0:
FRAP +0.01° +0,02¢ 6.22+0.06° 8.58+0.11° 0.56+0.03¢ 0.05+0.00°
oM TE) 0714001 05020, 2240, 5840, 15620, 0540,

DPPH, 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity; ABTS, 2,2 " -azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging activity,; FRAP, femic  ion

reducing antioxidant power.

DMeans with different superscript letters in the same row are significantly different (p<0.05).
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Table 2. Comparison of antioxidant contents among extracts by enzyme and ethanol from unripe apple

Sample Enzyme extract Water fraction 25% ethanol fraction ~ 50% ethanol fraction ~ 75% ethanol fraction 100% ethanol fraction
)
(fnzc%) 492+0.06” 3310.11° 4043:0.11° 56.85+0.33" 6.60+0.29° 049+0.08'
TFC 5.84£0,01° 1.26+0.01° 48.00£0.29° 66.12£1.05" 9.2740.19° 74240.11¢
(mg%)
YTPC, total phenolic contents; TFC, total flavonoid contents.
IMeans with different superscript letters in the same row are significantly different (p<0.05).
Table 3. Comparison of antimicrobial activities among extracts by enzyme and ethanol from unripe apple (mm)
Sample Enzyme extract Water fraction ~ 25% ethanol fraction 50% ethanol fraction 75% ethanol fraction 100% ethanol fraction Ampicillin
B cereus 8.50+0.50" 1033£0.29° 1233:0.29° - - 14.83:0.29"
S aureus 9.33+0.58° 12.83+0.29° - - 18.8310.29"
E coli 0157 8.1740.29" 9.83+0.29° 12.67£0.29° - - 14.50£0.50°
S typhinurium - - - - - - 25.00£0.50

"Means with different superscript letters in the same row are significantly different (p<0.03).

EHAE Ao /\}JEJ_EJHJ], o] 2 o] &3] FHFEFA L
7R e 7154 ZYdE AR SIS Al ek
o,

E2EHE 29 4 &4

FEAM} 84 FZE3 HP-20 column chromatography €
o] Zalgs A 8-S TLCE <1819 th Dichloromethane/
methanol/formic acid(100/9/4, v/viv)E A/N3FAS o,
caffeic acid®] Rf 7t 0.322 25%, 50% ethanol & &0l A
=5t} Ethyl acetate/water/formic acid(13/4/3, viv/v)Z
Z70e A3, chlorogenic acid®] Rf #-2 0.60°% 25%
ethanol g4 gR1E 4 glom, & g = &
N=]#] ¥k} Phloridzin®] Rf #4& 0.79% 25%, 50%
ethanol oA 2= ot

FAL} §4 253} HP-20 column chromatography
o] Zelvs &S HPLCE ©| 83 813t Z3}= Table
4 9 Fig. 33} 2T}, Retention time 9.23 ol 4] chlorogenic

acid’} AE% %3, 10.09 Eol|A caffeic acid, 16.06 &<l 4]
p-coumaric acid, Z12] 31 32.68%-°]| 4] phloridzin®] 7 &% %1
T} 50% ethanol 2]3ollA 7174 Z]9lis & ol Bk
om, FA} g4 F2E HE =2 s vt
(p<0.05). FA1Z} &4 FEE] g/E Zo] water 2 25%
ethanol & F-ol| A A A= 2™, 50% ethanol & &4 7}
B EPuEo] B2 ALSH T 50% ethanol
B Fof| A caffeic acid®] 32 387.88 ug/mL, p-coumaric
acid< 226.34 pg/mL, phloridzine= 187.33 pg/mLCo. = e}
%O, caffeic acid, p-coumaric acid, phloridzin =02 =&
s 2al

FAM} &4 FEE 2 HP-20 column chromatography
B B0l A caffeic acid®] gH&Fo] chlorogenic acid®] EHaF1H.Ch
= W O (p<0.05), A} FEE| A caffeic acid
g}afo] chlorogenic acid®.t} w2 T2 A2 39} Aol &
eI TH3,28). ©]+= caffeic acid 2 quinic acid®] ol ~HZ
3}9HE21 chlorogenic acid7} SEAY 5 Al A 7Heh dE-sl

Table 4. Comparison of polyphenol contents among extracts by enzyme and ethanol from unripe apple (1ig/mL)

Sample Enzyme extract Water fraction 25% ethanol fraction ~ 50% ethanol fraction ~ 75% ethanol fraction  100% ethanol fraction
chlorogenic acid 14.02£3.88" 329.44+39.39* - - -
caffeic acid 39.48+6.69™ 217.79+25.78 387.88+5.33* - -
pcoumaric acid 13.08+2.07° - 226.3413.60% - -
phloridzin 25.63147% - 187.3343.16% - -
Total 92.21£14.11¢ 510311257 801.55+11.81° - -

"Means with different uppercase letters in the same column are significantly different and means with different lowercase letters in the same row are significantly different

(p<0.09).
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Fig. 3. HPLC chromatogram of standards (A) and 50%
ethanol fraction from HP-20 column chromatography (B).

1, chlorogenic acid; 2, caffeic acid; 3, p-coumaric acid; 4, phloridzin.
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ATl T2 FF9] TAA ZElvE s
TeHoR FEsta wejste] Fatsd Tt et EE Jﬂ
B AT S ST EN 7154 Eelde AR
48 7t S st} shith EALRE 100 CAlA 3
B2 ~"HA 2 5 sle] A4S A F, Viscozyme L 4
A 270 F W= ??.}%*01 Fretad 71 ek 24
5 2%(viw), BHSAIZE 12 AlZte 2 A sle] FAlnlR S

B ZEoeS FE39 o] W F s' e 354.01
mg%oH, ol EAE AgsA] ¥ Uz F E¢
= kel Bl =2 g2 UERAThp<005). FARE =
LA ZEus S BEls] Sdl Al 84 FEE
< Diaion HP-20 gel column chromatography S ©]-&-5}<]
water, 25, 50, 75, 100% ethanol 2 &-Z3}it}. 2+ S-uj o
gk g den, 7 Jio] Fikst S 2 A8

AV A3} 50% ethanol oA 7HE =2 @ikt &4
o kel S Btk p<0.05). I &4 EI 50%
ethanol %A 7} Z1thp<0.05). ©]S E3fl 50% ethanol
ol itsl E g4t S-S Yeple ZEsEe £
7} o] FAXl AR AbRETh FAMZ A EeE EYy

= &S HPLCE ©] &3l &RIg A3}, 50% ethanol €7l
A 7 ZEldlE AR o] E3om(p<0.05), caffeic
acid, p-coumaric acid, phloridzins 218 4= 1At} whet

A FANY §4 FEE2] 50% ethanol 8 ES o] &3]

7154 EdHsE
]:q,

10.

11.

LA RO Bgo] b5 AR E
T At Aw A A= ojof & Aot}

dew
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