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Antioxidant, whitening and anti-obesity effects of
red-fleshed pitaya (Hylocereus polyrhizus) extract

Rina Lee, Jeongmin Lee, Hyeonju Lee and Myunghyup Oh’

Jeju Special Self-Governing Province Agricultural Research and Extension Services, Seogwipo 63556, Korea

Abstract

This study investigated the antioxidant, whitening, and anti-obesity properties of red-fleshed pitaya extracts. We aimed to increase
the financial value of red-fleshed pitaya and demonstrate its potential as a functional food material in the future. Flesh and peel
extracts were obtained using 70% ethanol and water extraction conditions. Total polyphenol content and antioxidant activity (ABTS
and DPPH radical scavenging activity) for each extract were measured, and the 70% ethanol peel extract had the highest total
polyphenol content and antioxidant activity. Mushroom tyrosinase inhibitory activity was used to measure the whitening effect,
with the water flesh extract being the most effective. To investigate the anti-obesity effect, a 3T3-L1 preadipocyte differentiation
experiment was performed at a non-cytotoxic concentration using 70% ethanol and water flesh extracts. In comparison to the
control, the water flesh extract showed a substantial decrease in lipid accumulation in a dose-dependent manner. The antioxidant
activity of the 70% ethanol pitaya peel extracts and the whitening and anti-obesity effects of the water flesh extracts are expected
to make pitaya a highly valuable functional food ingredient.
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ME |ofli= QEEAJoR, glo] =, HIE] E 5 TSRt 7154 3R
E°] FE]o] glof(Charoensiri et al., 2009) %, A5 BT
23Pitaya, Dragon fruity= A1Q1(Selenicereus)°l| <5hH S} A3} 744 £9] 71540] HEo] AY 7154 ARRA FES

8 Hylocereus polyrhizus=A APo A A2hs thatEo] 4% ATHCos et al., 2004). 215 G2 23} AR H3= 33t
9] CAM(crassulacean acid metabolism) 41&0|TH Anderson, 2001). E(phenol compounds) X 3JEH4 8] AE So] 22KIE 5o
A E HA 59} FEu]o| AR HE Aol e Huleh TsM FEAISS /At et Alske Alst] ditst B4de e
o % HUF §7} N E(Dahongy EEL Rl U5t 4 ke B 37} SleLe et al, 2009 Cho et al, 2020), 5 83}
A¥5L SltKLee ot al, 2022). TH8o] IG] Mg STHe 190 83} ujol st 2] Fel(polyphenol) SHHE] of
g HEEA AT =Yl AEirle At tee olFoiA 3 For AdHo] Qe olg2 A Z (hydroxy radical,
ou, AuE gule] 754 BA AL v B2 Aol OH), IISIRlThydroperoxy radical, HOy), ZIPISHE: 2feizk
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(superoxide anion radical, 0;) 59 ThFet SAJA S (reactive
oxygen species, ROS) AIFH O R A|Ask= 73t FAITHAR
2831} Urquiaga & Leighton, 2000). SHIAHAE0] THEgt A4S
A2 ) Alsf AEAAE fsio] ] ) AlEe, T, DNA
&4 58 Yo TR A W, gk 15} 58 opjaitk Y
Z1 v} QItKLee et al., 2009; Valko et al., 2007).

2 Q7oA Aol AMEL e MO Sai0] YBES
%9 BHo% guie N47 BT pelslo] A, ol 32
= A% FEE9 AR 249 Edus I M 4
(ABTS 2tz 475, DPPH 2 4:7)5), vl¥] a3 Mush-
room tyrosinase & A3l a1h) & |t GIHANE =4, Oil-red
O AE B3 A4 44 gRhE Aokl Heke, dAt
S Z2 718 FE2 U8, W75 AFAAIR 285
sl 7R 5 7718 H1E AlAShs 2ol B askl, =81
9] ZHF=/gol et QP wAI7E ARt ©do] THOh &
Yoon, 2017). §HH 70% ot 252 20l & 54 o= A
d EEEZ 89NA F20] Bolsiital IR, o FEE2
T2 7HA Aol FEEH EAP L&t AlZto] SR ¥
B4 24T 22 @ Edo] S5 0] kst E4go] Skt
A4, goll w7t E4E0] A2ofA EAHETE TRlo] itk
HIEJCHLim et al, 2019). & AFolA= A4t 2205 83
&3 7] 9] 70%0NekE 3t B4 FEH] wEt AR FEE
o] k3L, mlel, et BEE A5 He R QFst] 4
I} AHIE S5k, S HERl= FEE E8oto] ulg, 14 7

B4 A2 B8] A 1% ARE At sk
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2 ARoj|A] MBSt AAE B3N (Hylocereus polyrhizusy= A5
S %A 280N 202350) AU T Dahong)
FolH, Mo} 1S 7] & F47FR(PDF 28, MC-tech, Busan,
Korea) Y #4f5to] 4Tof HstHA Ao AMESIT

S & FE2 s et HeE 22 ¥ iR oEE

olgslelon, 7t 7ix Rl 200 Bl Thet 235}
UTF. 95% OEEZZ 70% == SAsta] 28R ARSOIRL
], L0 A] 24A|7F &5} 2 5=(Rotary vaccum evaporator,
Rotavapor R-300, Buchi, Flawil, Switzerland)3t & 527435}t
o FEE2 AEE 100CoA AR 53 & SEUX(PDF
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28, MC-tech, Busan, Korea)s}o] W53 7, 20T E3sto] A
of AR&SIATH

£ E2Ns ¥ 59

Z Z99E 3RS phenolic compounds assay kit(K527, Bio-
Vision, Milpitas, CA, USA)S ©]-8-5}0 Folin-ciocalteu ¥I'Ho] ok
g} 245199t} (Slinkard & Singleton, 1977). A& 831} v}
T 2&E5 5|4 A|F 100 gL, Folin-ciocalteudlo] X3}z -8-of
100 pLE& AF200A 1087F wH7|2 F9stA 9EAIRl &
microplate reader(Gen 5, Biotek Instruments, Winooski, VT, USA)
£ o]&3sto] 480 nmollA FFEE Sl & EvlE o

2 catechin® HFEAZ sto] AFAL 243 & AXBIAL

ABTS Z2iC|Z& 2Hs &4

2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid(ABTS) 2}t
Zt 42752 ABTS antioxidant capacity assay kit(KF01002, BQC
redox technologies, Asturias, Spain)E 0]-&5}9] Nicoletta(2019)2]
HPH-S- WHygslo] 45199 ABTS, potassium persulfateS 315}
o] 9= 3 erizio] HE ABTS 89 200 4L3} 4% 83}
T8} T FEE 4] AR 5 LS HLAA 1057} FLsH
QFAlof| A WHISE &, microplate reader(Gen 5, Biotek Instruments,
Winooski, VT, USAYZ 0]&510] 734 nmol 4] E352 =46}
T} Vitamina C& #EE4E sto] S 2% & 24848
WESZ HASIYT]

DPPH 2t A7 s £3

1,1-Diphenyl-2-picrylhydrazyl (DPPH) 22t £752 DPPH
antioxidant assay kit(K2078, BioVision, Milpitas, CA, USA)E o]&
5ol Bloise] WS W sIo] EA5199th(Blois, 1958). 0.6 mM
DPPH 894 100 £L3} 2415 83} 7183} 7] 252 54 AR
100 L 32014 1087 FLstA A4 wHket - micro-
plate reader(Gen 5, Biotek Instruments, Winooski, VT, USA)E- O]
8191 517 nmol A FB=E S0 Troloxs EFE4 = o)
of A AT & aAHS WEeRE HASIIH:

EIO|2A|LtH|(tyrosinase) &M Xalf &1t &H

Al& 20 L, 1 mM L-tyrosin 20 xL, 0.1 M potassium phosphate
buffer(pH 6.8) 150 uxL, W3S EFO]ZALEA| (1,600 Unit/mL)S
¥l 37CoIA 2027 FLSHA] A wHIRE £, microplate

reader(Gen 5, Biotek Instruments, Winooski, VT, USA)S ©0]-&5
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450 oA} S Zgslolch. ARl ofa) Elol @A 84
o 477} 242 Hol2AWA AARA HIHoR 48T
oh whEsiol,

3T3-L1 KSHTHE B ¥ MESY

& AN uhes f AFARAIE 3T3-LIAZE(ATCC,
Manassas, VA, USA)E 10% newborn calf serum(BCS; Gibcco,
Grand island, NY, USA), 1% penicillin-streptomycin (P/S; Wel-
gene, Deagu, Korea)©] 371 Dulbecco's Modified Eagle Medium
(DMEM; Gibco, Grand island, NY, USA)S ARE3Slo] 37T, 5%
CO; incubatorof| A HBIATE 96-well plated] 1x10* cells/well =
FES & At sk 5 A=F 2441 59 BT =
HE S4d AlgE FU% § iR BARE B e 1
mg/mL 5L 2 MTT A2k F715F9 . MTT formazans DMSO
2 0] microplate reader(Gen 5, Biotek Instruments, Winooski,
VT, USAYE °l-85t9] 570 nmof|lA S8=5 S5t

3T3-L1 XYHFME X[L=Z2t L oil-red O HM

Nz 2312 98 ATAHAZE 6-well platec] 1x10° cells/well
T S & BARE FRL Higsiol A2t Ss] URE wA|
BCSE IRl Hijx|z= 48A)Rtict welshH miRksioitt 100%
confluent /JE7} ¥ - EORE HiX = welsto] E31E ZAIsI
(E3keE 094). E33E HiA= 10% fetal bovine serum (FBS;
Gibcco, Grand island, NY, USA), 1% P/S, 1 M dexamethasone(Dex;
Sigma, St. Louis, MO, USA), 0.5 mM 3-isobutyl-1-methylxanthine
(IBMX; Sigma, St. Louis, MO, USA) 2 10 pg/mL insulin(Ins;
Sigma, St. Louis, MO, USA)0] %3kl DMEM Hj]o]ch. B3ker
2% Fof| A3 uijFNE 10% FBS, 1% P/S 2 10 pg/mL Inso] 323+
¥ DMEM HiA| & W5t ROk 4 Aol= 10% FBS, 1%
P/Stt 33HEl DMEM HiA| 2 weolsio] 37t B Eokfe Siith
oM 02AIEE HiXE ek duich AEES T HE A
2J5tEA Histitt

Oil-red O FAIE B3} G 23} RS S A2 3 79
A AABIE B35l % 3T3-L1 AEZE phosphate buffered
saline(PBS, Gibco, Grand island, NY, USA)Z 13] HA5t &, 3.7%
formalin(Sigma, St. Louis, MO, USA)Z 1A]7F 591 14511 5%
T2 AlAste] &3] 2718 A SFT= 314t Oil-red
O YMKSigma, St. Louis, MO, USA)S o] 1A]7F 59 J5}
et Oilred O FHFS SHTCE 64 HlEE 3As1gloH,
syringe filter® oji}olo] ALE5ITt Al FA! T 4% Nonidet
NP-40(Amresco, Solon, Ohio, USA)°] E3Fe isopropanol(Amre-
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sco, Solon, OH, USA)Z A7}sto] A4} Eojx o g FAE Oil-red
0% th] B3XI7 % 520 nmolH FHEE ZHaloch

SAHX

A 25 33 ¥HE S5 AY Ade PRt
(meansstandard deviation)Z HEA|5}H O M, EA*T]+= IBM SPSS
Statistics 25(Statistical Package for Social Science, Chicago, IL,
USA)E o|-83lo] YYPEAE A (one way ANOVA) &, A9 t}
277 (Duncan’s multiple range test)of] et ASAHS AAJ5H
o] FYAE p<0.05 =0 F H]|ul EA451% 1, Student’s t-testZ
*p<0.05, **p<0.01 22204 HT BAstct

Z:
=

AL
=

3 Y 1%

=1

S

EvEe AEolM fERE 23 diHEER, W3S 1Ed]
hydroxyl “1552 71A|7] wize]l Tl gl 718k A fAS 4]
Zgob, A}, sl It A, FHNE 59 TRt AR
2 7P AOR B Tsao, 2010). HAE Ske] 2.9 0
#5270 e £280] F Bl TFE Table 19] AN
o 4% 83 38} T 290 0% ofRke, B4 FE2A
ol-gsto] ¥ 7zt &9 tisto] § E2vle dEE ST
3}, I8 70% OfEhE FEE 36.042.23 mg catechin/g, TS
225 34.1£8.30 mg catechin/g, T3] 70% OfgkE FEF 583
+3.70 mg catechin/g, I} G4 FEE 45.844.21 mg catechin/gO|
Ak & E2His 2 ANF o] 7t e 91,
70% oghE FEEC| G5 FEEHT =2 BT Y. o=
RS Gt Tl o] F E]Hs ko] 2hsof| HIsh oF 4.34) ol
== B 3(Saenjum et al., 2021)2} F-ARH 233

ol

g W=

1

Y o o

SHatel gy
E

LEHIZ, A9, foEd 52 WAl & eSS T

Table 1. Total polyphenol content of red fleshed pitaya extracts depending
on the parts and extraction solvent conditions

Red fleshed Extraction Total polyphenol content
pitaya part solvent mg Catechin equivalents (CE)/g
70% EtOH 36.0+£2.23°
Flesh
Water 34.1+8.30°
70% EtOH 58.3+3.70°
Peel
Water 45.8+4.21°

Means with different letters (*°) on the bars statistically different at ££0.05 by
Duncan’s multiple range test.

327



R Lee et al.

Food Eng. Prog. 2024;28(4):325-332

AYA|71H, o] & Qlsf Aol 7FefiAl= HEgh Asty AEH AT}
Al &4, dehd B4 371 veE 5 ot AW stk &
ASHEA2 o|Ejgt BJAATS AASI AT TS TAAA
71w, ek, =3} 52 7jMsk= H avtdoldt.

g L3t 59 U 25 2109 259 ABTS 2z 47
D5 Fig. 19 AASHSITE ABTS= H|w A FYgH A5 2]
ZYE potassium persulfate@} H-3-A)7|H ABTS 2ftjZo] A==
t, ABTS 2]z A|=9] Alst Aol s 152 HEAo]
GAE= AP E ol8ste] FAEEE ST 4= UTHON et al,
2016; Lee, 2017).

£ AolA ABTS gtjd AAIS AuE &3 B9 4 =
Z270) T2 =ZEL 125, 25, 50, 100, 200 pg/mL FEEE
A2lste] ZAstaltt. FAET ] T 70% ot FEES]
ABTS 1)z AAZAL 7H2E 27.54, 40.62, 64.89, 90.48%, THS-
Y= 2ZEO 16,94, 34.79, 65.94, 88.57, 92.27%= BRIt I}
T 70% RS FEE-2 77.85, 88.12, 91.82, 94.32, 94.55%, T}
P= 2ZEO 2719, 53.65, 93.31, 94.62, 91.67%= FRI=|9loH,
F=7F 571l we ABTS 2t AASL S7lske F3ol
At ZF +2E9] ABTS 2tz AASGE HlwolgS o, 12.5
pg/mL FEOA] 70% ot & FEE0| 77.85%= 7 EA
Uepto, skt dtujzt £33, 70% g F&E0] I
FEEHT 52 AP Uepch ol A% g3 37} vhe
Hrh ABTS 2H]Z &AZ/o] oF 4ui7kF #=A] Vet B
(Suh et al, 2014)9} SARsE ZATpoIrt

AAE gato] B9 9 & 2 53 FE2EE 125, 25, 50,
100 pg/mL *s=82 AJ2]slo] DPPH 2}z 47 B4%5-2 Fig. 20]
A6t DPPH Shezd-2 Al fhitel S5 7Hd 248 vht

100

RiRT | hi TRi hihi L

80 - g
70 - £f

50 -
40 - cd

30{ b &

20 - a
10 -
0 - T T T T —

12.5 25 50 100 200
Concentrations(ug/mL)

activity(%)

ABTS radical scavenging

OFlesh(70% EtOH) m Flesh(Water) m Peel(70% EtOH) & Peel(Water)

Fig. 1. ABTS radical scavenging activity of red fleshed pitaya extracts
depending on the parts and extraction solvent conditions. *'Means with
different letters on the bars statistically different at £{0.05 by Duncan’s
multiple range test.
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Fig. 2. DPPH radical scavenging activity of red fleshed pitaya extracts
depending on the parts and extraction solvent conditions. “*Means with
different letters on the bars statistically different at £0.05 by Duncan’s
multiple range test. ND, not detected.

 SHElo] HebdoflA gkl o 7 BAIR| 912]S o] g3 FAkst
S o). FAE oiH] hs 70% offgkE +5E9] DPPH
gl AAGAL 7k} 78,66, 79.10, 80.03, 88.49%, THS G4 =&
B2 71.96, 73.06, 78.22, 82.81% FRI=|Qc}. TH] 70% ofEk 3=
ZE2 9170, 10244%= SRI=|IT, 50 pmL 5= ool S8
T ZgHRIE Yol PAlst 59E 29T 4 QIoitk T g5
FEEL 79.89, 88.88, 94.51%% ERIERY, 100 pL/mL FEoA
Fe SHYE Holu PIst avks ST 4 Qo It
FIp7} Hold 42 DPPH ehtfdat thpd w2 38 3k 7171
Lo E HolA =1, B TARs Bebdo] DPPH iz &
QIsH7] wiZoll Al= Wf DPPH 2itjzo] glod 42 & &= Qlth
Al W DPPH 2itjzks B AAsto] 50| ok s AmEH
10%0leE F5E2 50 pg/ml o[, B4+ FEE2 100 pg/mlE
ERlFlon, FAkst = 70% offeh Th] $&E0] G4 T
FEERED S0 AL 7HoR & 4 99tk 7 FEEL 5T
7} 5713kl wieh DPPH 2tjz &AL 37Fok= 43I, 2
SZE9| DPPH 2tz AAGS B|WoltE W, 125 pgml 5%
oA 70% oflgkE 2] FEE0] 91.70%=E 71 B50] =%kom, 3
ARSE @42 BSET T)7E E91, 2 10% ofSE =
o] =2 AFS Uetitt

DPPH 2t} 2759 739 Afett]zdE A7 ok= 9, ABTS
£ dol iz AAsk: Aol 7H7| whel 7147} §ke&
Aol At Frrt gebA g AlA 589 Aolg Ho|A|TkLi
et al., 2007), & oA A} Gt S7gHHES I sfoj At
3} 2442 70% ofghE T FEE0] 7MY <4013l FoE A
3} @2 BEET 7t 1, SR OE Ak 23
70% ehe FEE0| 2 AT AR el ol A3t

https://www.foodengprog.org



R Lee et al.

Food Eng. Prog. 2024;28(4):325-332

% Helolis Hela) oHis) mab) BHE ARYE 2k &
1!(Anagnostopoulou et al., 2006)2HE Filol= Avletal o At

EtO|2A|L}A|(tyrosinase) &4 XN st
o5 AZ o gebde st A o] whE nREzE] &

HAo] Wt AIA0] A RIS A2AA WS BT,
jj:l Ho} °FA

[e)

=

o e AAlske A= Stk oAt o Wf BEsHA A
gH Eehd e MAYAS o|AIA 7v], FZA), A AR of
Uzt g8 35}10] U9l % shto|thKwak et al., 2004). Hzhd A3

d 8 84aQ EHo|ZAUAl: HE24Z HePdoE HEAT|=
T8 asold, u)io] depdefo] F7I5HH BV} ol F Mog
2P Elo] Efo| ZAUAE i ool wiE SAAQl 4w Zh
F3IH(Sacedi et al.,, 2021). AAE &3} FE2ES LEE Ast
T Elo|2AIUA| 24 Asl a3k= Fig 30 AR Efo]=A]
LA 849 A8l adhe HEn 50] 2 A HElaL, o
5 W 2ERAE S0t SR He S ARS U
ATk 9% 834 9] U o] M2 2389 5w to
SAL B Ao} T AsEOIH SHET el T8 70%
ke F280] 7 B9, WEEIHE B o 23%o
T 7 heptek. ol 3R] 70% ol 9 258
O\ZAILKA B4 A} b} Aok Lehie A AlEgol 25
wpai] wlet elo|=ALHA 24 Ash B3 Aol Gk A7
b FASHATHKIm et al,, 2012). I5 70% olgE FEE2 A
2] o] Aglo] Blo|=AUA| B/ As axprt 5342 A3l
UERHA] S= A 0= u]fo] Hot 50 pug/mL =04 Blo] =AU
Al 24 Bt il Aoz wekEch weba 2 A2 x AM
% 83 I FEES 0|83 AN A v 8T A &5

50
45 -
40 -

e
351 de de de de de
30 1 bc cd
25 - T be
20 4 ab a
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5 4
0 T T
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Concentration(pg/ml)

OFlesh(70% EtOH) = Flesh(Water) m Peel(70% EtOH) mPeel(Water)

Tyrosinase inhibitory
activity(%)

Fig. 3. Tyrosinase inhibition rate of red fleshed pitaya extracts depending
on the parts and extraction solvent conditions. **Means with different
letters on the bars statistically different at £0.05 by Duncan’s multiple
range test.
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2 Tefslo] AAHl STl g 0% e FEBE B8
T, WIS T B B B FEEL 0l o

& =
B9 ElolZALH] AT DU mRNA 5] HAFE Sl et
A o) Tl B BAYRIAA 529 @77t Basltn
Apzdrk

H9R ARy T, 1Y, HET A 5
HE 7P 3t A Agto 2, AA Y] B 9 A A
ERE ] otz Qls] A A7} H=stA F7Feto] YERdTHAlL
et al, 2013). AWHFAEE B2 BF 4, J&d, FEI=E
FolE 5 TRt A=UARE0] sl A EE FolRHBerk et
al., 2016). T2 70% oeHZT 4= F2E9] AYAE 23} o
Al AE fl5to] MTT assayE & 3T3-L1 AJ3Loj|A] =4d0] gl
S WA ERJAPKFig. 4A). 3T3-L1 APFA| R 5
(31.25, 62.5, 125, 250, 500, 1,000 pg/mL)Z 2P of, 42
| I 70% oS, E FEES 250 pgml ST AT
o TH] 90% oo AlZABEES UEho] /0] UEiuA| &=
A< gRlotoirt. o] ZAikg HigoR 3820 70% ofekadt A4
FEES A ZEAo] Q= 625, 125, 250 pg/ml FEE AHAIE
w3} A AAS ZFsHlch

3T3-L1 REFPATA| 2= BShG-=E2(DMI; Dex, IBMX, Ins)o]
71 BRRE HiAlolA Al W AR R SR (triglyceride)
o] ZAx|o] P W} WHEHA APA|EZR F3Kdifferen-
tiation)7} 7551, TRt A1 A FHAEC] T A8ttt
3 HAEQICHRubin et al,, 1978). AGAIE W S48 44 A
+ U] FoAQl AEE dHA UL, FHA S BolFor
HASH= Oil-red O FHH-E B3l FHRE A3kE SHo}
2] 3T3-L1 AAEO] 7H89] 70% okl G4 2252 AT
g 2 Oil-red O FHO 2 Al W G S84 F= S
(Fig. 4B). I59] 70% ofgh& FE52 250 pg/mL =04 2|2
SHEEZ v wolslE o DMI E3F 4Rt =0 s A2g o
ZTH100%)°]) B8] AHFE20] 74.38%2 8- A(p<0.05)0F A
e WA 5 QIS B8] g5 FEES ATk 62.5, 125,
250 pg/mLojA] DMI H3hF- 24Nt B0 & A3t tixalo
H|3)| A HAEASL 7H7F 93.99, 86.13, 78.08%= HE Q&0
AL, TS F5 FE2E 125, 250 pg/ml SEoA AHE5H
o] f213(p<0.05) 22 At A SRIsith 252 70% ofgt
2 F FEEL 250 pg/ml FEOIA o] Hls] A=A
o] BAACE HIEBHA FOJet & HASIGANE, E5 =&
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Fig. 4. Effect of red fleshed pitaya 70% ethanol and water extracts on lipid
accumulation in 3T3-L1 at 7th day for adipocyte differentiation. (A) The
percentage of cell viability of red pitaya flesh with different concentrations
in 3T3-L1 cells. Values with asterisk *, ** are statistically different at
probability values of £{0.05, {0.01, respectively. (B) The percentage of oil
red o staining of red pitaya flesh with different concentrations in 3T3-L1
cells. “*Means with different letters on the bars statistically different at
X0.05 by Duncan’s multiple range test.

€9 B¢ sroER JJr SN 70% ofehE FEEHT Fult
&147} =0 A HHoR & 4 9itt AT 83t “Jindu”

59 B3t It BgAeFO) S Ao =M AlgE &
EHIAE 24510] 3T3-L1 HZoA 2952 s aE vehd
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