1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv

123(4 } 553-559 % 2)

| http://dx.doi.org/10.11002/kjfp.2016.23.4.553

=X Y Q5 A

APEt
g A O3 Al SE
The Korean Society of Food Preservation

Effects of polyphenol and anthocyanin contents of Punica granatum
fruit parts on their antioxidant and anticancer activities

Jung Suk Park1 Sang-Uk Chon2 Eun Woo Moon3 Cheol-Yun Jeongl*

Deparmyent of Alternative Medicine, Kwang-ju Women's University, Gwangju 62396, Korea
Future Agro-Food Research Institute, EFARINET Co., Ltd, Gwangju 61071, Korea
*Department of Food and Nutrition, Hanyang University, Seoul 04763, Korea

Abstract

The purpose of this study was to determine the content of phenolics and various anthocyanin compounds, and
antioxidant and anticancer activities of the extracts from pomergranates, which were produced in two different regions
including Goheung, Korea and California, USA. These pomergrantes were divided into juice, pericarp, and seed
parts and each part was extracted with 95% methanol. Content of total phenolics [mg chlorogenic acid equivalents/kg
DW] was highest in pericarp, followed by juice and seeds from pomergrantes in both regions. The anthocyanins
identified in pomegranate fruit were cyanidin-3,5-diglucoside chloride (Cy3,5G), cyanidin-3-O-glucoside chloride
(Cy3G), delphini din-3,5-di-O-glucoside chloride (Dp3,5G), delphinidin-3-O-glucoside chloride (Dp3G), pelargonidin-
3,5-di-glucoside chloride (Pg3,5G), and pelargonidin-3-glucoside chloride (Pg3G). Among these, cyanidin-3,
5-diglucoside chloride (Cy3,5G) was the major anthocyanin in California pomegranate fruit juice and Goheung
pomegranate fruit pericarp. DPPH (1,1-diphenyl-2-picryl hydrazyl radical) free radical scavenging activity was
dose-dependently increased, and was higher in pericarp part than juice or seed parts from pomergrantes in both
regions. By MTIT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay, pericarp extracts from
pomergrantes in both regions showed the highest anticancer activity, which was higher on Calu-6 for human pulmonary
carcinoma than SNU-601 for human gastric carcinoma. Correlation between polyphenols and anticancer activity
on Calu-6 was determined to be in the range of =0.8904 to 0.9706.
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CuSO4°ll ©%t LDL 4tsh 59| in vitro 34t 3=
HHom34), AFAE Fitsl 2 & EARle] vt
oyt BEago] rks).

A F2(juice) = G ZHE AR LelA] ghew(6)
A5 ol s Al ALt 5o {14k atslg 7
54 A9 Ak Akellagic acid)S A e B2 o]
FHrElo] lom, deEpzlike g7k dEzl o= o 4
W EAROE 7P 5% dEEHE e AAELR
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2ETHO). F2=ol = Feo] Bl FHrEo] o,
Ca, Ce, Cl, Co, Cu, K, Mg, Mn, Mo, Na, Rb, Se, Sn, Sr,
Zn % "F FHE ATH10).

¢ 73] (pericarp) = AAL, 4, B, Hoks, F5AK
fiifl), 25 718 FA°F To=2 ARg-ate] shekan. €12
9]+ tannin 10.4~21.3%, 4] 4.5%, gallic acid 4.0%, 1152
32%, & 2.7%, mannitol 1.8%, inulin 1.0%, ‘& 0.8%, 4=
0.6%, malic acid, pectin, calcium oxalate, isoquercitrinS- 3t
faiu12), e tgonE 73 g drlolel 2
& fa-ddea H21-341813,14) S0l o gt
flavonoid'= AU 22Tk oA 7] Sl3lel & ol
HrE] e Zer Hase sitk1s). 7k gd
© = punicalagin®} punicalin, THd2FO. 2 gallic acid, ellagic
acid(EA), flavone2 = luteolin, quercetin, flavonol 2 =
kaempferol, flavonone © 2 naringenin 5°| oy} Fi-4
o BPPAE iEol Udrie).
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e o] slom Ae]gAdo] 7t polyphenolZ} tannin<:
ol $HfrstaL lo] 76 AFom FEEI JTk18).
53], tannin©| Bo} FHA Ao R 220 gITH19). G
TAoll = A A Aite] 95% ol delH, 1 F 9% 4
Ao g FA T 12~20%5 A3 FH A ke
conjugated octadecatrienoic acid®4 punicic acid7} <F
65.3%, palmitic acid 4.8%, stearic acid 2.3%, oleic acid 6.3%,
linoleic acid 6.6%, M| & &3 142%7} =l vt
0), 1 vFd EF 714 37} a-eleaosteric acidZ
°F 5% FrElol deol MEA FQAEATH2L,22). TR
Z2}9] chloroform &<l 1-O-trans, cis-, trans-9,11,13-
octadecatrienoyl glycerol, 1-O-isopentyl-3-O-octadec- 2-enoyl
glycerol, cis-9-octadecenoic, octadecanoic 2 eicosanoic acid

T2 ZAA-FE8E A A23H A4E (2016)

5ol LOMSeA =5 ATH23).

A5 FZ “Assaria” 3 “Wonderful” 2~/ anthocyanidin
o 7 giksl 829 cyanidin-3,5-diglucoside chloride(Cy3,
5G), cyanidin-3-O-glucoside chloride(Cy3G), delphinidin-3,
5-di-O-glucoside chloride(Dp3,5G), delphinidin-3-O- glucosid-
echloride(Dp3G), pelargonidin-3,5-di-glucoside chloride(Pg3,
5G), pelargonidin-3-glucoside chloride(Pg3G) 5°| A=
ATHO,24).
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MA, USA)C. 2 o] 3}3}$1t}. HPLCE 2998 photodiode array
detector(Waters Corporation, Milford, MA, USA)7} 72t
Waters Alliance 2690 HPLC system(Waters Corporation,
Milford, MA, USA)S Al83tg]on BA2432 Zorbax
ODS column(5 pm, 250%4.6 mm i.d., Agilent, Palo Alto,
CA, USA)Z o] &35t ctEAJopd He]& o] 54 &)
A2 M o-phosphoric acid, pH 1.5)¢} £vl B(80%
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Fig. 1. Chromatogram of anthocyanins as standards, peak 1 to 6,

from a pomegranate sample.

Peak identities: Cyanidin-3,5-diglucoside chloride (Cy3,5G), Cyanidin-3-O-glucoside
chloride (Cy3G), Delphinidin-3,5-di-O-glucoside chloride (Dp3,5G), Delphinidin-3-
O-glucoside chloride (Dp3G), Pelargonidin-3,5-di-glucoside chloride (Pg3,5G), and
Pelargonidin-3-glucoside chloride (Pg3G). Identity of the other peaks is unknown.
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Table 1. Total phenolics content of methanol extracts at 1,000
mg/kg from the fruit parts of pomegranate produced at Goheung
and California

Total phenolics level, mg/kg

Region Fruit part

Catechin ~ Chlorogenic acid ~ Tannic acid

Juice 19.4™ 26.0° 143°

Goheung  Pericarp 150.8* 238.1° 102.5°
Seed 128 232 92"

Juice 232 282 184°

California  Pericarp 155.3" 2438 1214°
Seed 188° 264° u7r

Means with different superscripts within a column indicate significant differences
(p<0.09).

3] A23d A4E (2016)
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grEol ok Bagk vk gtk

QtEAlobd Btk

A5 A FoA F k] FEAloRd ks 7]
o7 & 979 (176.4 mg/ke)olA 7 =& gk
HA A, I vhgo] F2522 mgke) 1L, EAH28.4 mg/kg)
7} 7V 9 SRS B TtHTable 2). 1184 A Fol A 71
B RS Bl PEAlod Al Ae Cy3,5GE VERE AL
71 th2°| Cy3G, Dp3,5G9} Pe3,5G o2 =9)T) 3HH,
Ay FYobe F2, 29ty $A} £ ' FAoA FF
© & 15394 mgkgC 2 7Y =L TS By, 1 oS
o] 9J#u 9} T} £o & 747} 161,67 687 mgkg O ® B
TS BAth P Be TS Bl FEAoR AAe
A Cy3,5GE YEFSEAL 1 thEo| Dp3,5G, Cy3G<} Dp3G
O 2 ZUTHTable 2). ZH F9H FQ3F otEAJold 2
153} FTAE F2 y3,5G9) Dp3,5G TA L=, 97 =
Cy3,5G$} Cy3G =4 o &2, Ea}o| A& Cy3,5G9} Dp3,5G
TR & FEFe BATh wepa] A9z 9 e
Alohd A gl Al Atol= FEldk A o2 JEyith

o] Miguel 5(9) Song 5(24)2] A4 HIE E
ATols o E MR E59 “Assaria” 2 “Wonderful” 2+
o] 2ol Yt 7% gk vl Dp3G, Dp3,5G, Cy3G, Cy3,5G,
Pg3G, Pg3,5G7} AEE o] FA13F 72 otEAJobd o] F
FEA oL £ AFeM e F A AR FoE tEAlo}
o] gk 5318 ztol& BT

o Fy

Table 2. Anthocyanin content of the fruit parts of pomegranate
produced at Goheung and California

Anthocyanin content, mg/kg
Cy35G" Cy3G Dp3sG Dp3G P3G PBG  Total
e 1727 49 uF 6 1T 06 32
Gohewng Pericarp 712" 541' 750 42 202 192 1764
Sed 113 28" 101" 28 100 04" 284
Juce 6854 2062 4499 130" 428 201 15394
Califomia Pericap 785" 228" 47 43 B0 133 1616
Sed 254" 76 207 73 40 3T 687
’Cy3,5G, Cyanidin-3,5-diglucoside chloride; Cy3G, Cyanidin-3-O-glucoside chloride;
Dp3,5G, Delphinidin-3,5-di-O-glucoside chloride; Dp3G, Delphinidin-3-O-glucoside
chloride; Pg3,5G, Pelargonidin-3,5-di-glucoside chloride; Pg3G, Pelargonidin-

3 -glucoside chloride.

Means with different superscripts within a column indicate significant differences
(p<0.05).

Region  Fruit part
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ki ‘I‘%t‘* Uﬂ & F%5 1,000 mgkg =01 DPPH
A& HPLCEE—*#‘& o} el F2, A
= 9444 oA el 718 A VrERtaL, FAbellA

UrEP*OU% Ae]Eopsto] LEAIE T oF3E

< B3 thFig. 2). 59], 7 A9 &A=
62.5 mg/kg %Eoﬂfﬂ 80.6~94.8% 2 =2 TS HQl whi,
A= 6.8~11.3%% 71 @A vEhtth

AF g e F25 125 mgkg %2 DPPH 2t
A 2AFL 9y, A, BF &A= e FAdo] 44
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Fig. 2. Comparison in DPPH radical-scavenging activities of
methanol extracts from juice, pericarp and seed of pomegranate
(Punica granatum L.) fruit produced at Goheung and California.
Their activities were compared with a synthetic antioxidant,
ascorbic acid.

et g4
MTT assay©ll «]?l SA ol et A5G AE=
TR A7 FAE FEE 800 mygkg F=7HA9

Calu-6(3) 24| 3 )oﬂ e AEPEER 2 FATA S
A% A QT A, 2 SO =2 747} 294~335,
63.6~68.5, 66.1~72.7% = UERY &2} of| A /o] 717

7 R, EAelA 71 Bl ek Az 2o}
A DFL BN R By Aelsk F3e
(Table 3).
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gPEG ggtouy Fa iy, FTA o
50.3~52.6, 52.6~58.2, 62.5~66.1% % FERL} F 2ol 4] 2
o] 714 =A Yetdkal, EAA 71 B UrE}kk
A Lyolata} 1184 5ol A Tﬂbﬂi e g

2 tHTable 4).

H =(32)% 7FOA E HepG-20] thgh A5 325 2,500
mg/kg X 2] ol A F2243%), TAHA2%), 2173 (38%) =
o8 =2 AAAAES 1ol RAoz wal uprl glont
2 AT AFoM = A E A A EF| gidl] vl
O =2 g8 Ho] S EF 7 & zlol7t S-S QO]
g 4= SdSdth
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Table 3. Cytotoxic effect of the methanol extracts from
pomegranate fruit parts on a human cancer cell line, Calu-6 for
human pulmonary carcinoma

Extract concentration, mg/kg

Region Fruit part

100 200 400 800

Tuice 75.1% 750" 74.6' nr

Goheung Pericarp 738" 70.8" 39.3° 35
Seed 76" 72 63.6° 63.6°

Tuice 704° 68.3" 65.2° 66.1°

California  Pericarp 633" 604" U7 294°
Seed 75.1° 742" 704° 68.5"

Means with different superscripts within a column indicate significant differences
(p<0.05).

Table 4. Cytotoxic effect of the methanol extracts from pomegranate
fruit parts on a human cancer cell line, SNU-601 for human
gastric carcinoma

Extract concentration, mgfkg

Region Fruit part

100 200 400 800

Juice 66.2"" 65.8° 618" 52.6°

Goheung Pericarp 682" 65.83" 644" 582°
Seed 6.7 66.1° 644 62.5"

Tuice 602" 558" 524" 50.3°

California ~ Pericarp 662" 658" 618" 526°
Seed 704" 683" 652" 66.1"

"Means with different superscripts within a column indicate significant differences

(p<0.05).
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gt DPPH 212 A5 3 wlEd dake] 52 o]
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Table 5. Correlation coefficients among physiologically-active
components and their bio-activities of fruit parts of pomegranate
produced at Goheung and California

TP" TA DPPH  Calu6  SNU

TP 10000 00444 08904 09706  0.0463

TA 10000 00001 00314 03097

DPPH 10000 08309 00671
Calu-6 10000 0.0305
SNU 1.0000

TP, total phenolic content; TA, total anthocyanin content; DPPH, DPPH radical
scavenging activity; Calu-6, anticancer activities on human pulmonary carcinoma;
SNU, human gastric carcinoma.

p-values of <0.05 were considered significant.
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