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Chemical Composition, Antioxidant, and Anti-proliferative Activities of
Juniperus rigida Sieb. et. Zucc. Fruit Extract

Joomin Lee’

Associate Professor, Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

This study examined the chemical profile and antioxidant effects of Juniperus
rigida Sieb. et. Zucc. (JS) fruit extract. The carbohydrate content was high, and leucine,
lysine, and histidine were the major total essential amino acid components in the
JS fruit extract. The major organic acids were malic acid, citric acid, and tartaric
acid. Saturated fatty acids (stearic acid, capric acid, heptadecanoic acid, and
tricosanoic acid) and monounsaturated fatty acids (cis-11-eicosenoic acid and
palmitoleic acid) were detected in the JS fruit extract. The order of mineral content
was CayK)Mg. The total polyphenol and flavonoid contents were 84.22 mg TAE/g
and 136.24 mg RE/g, respectively. Furthermore, the JS fruit extract (0.05, 0.1, 0.2
mg/mL) had a growth inhibitory effect on MCF-7 and HCC38 breast cancer cells;
the effect was greater in the MCF-7 cell line than in the HCC38 cell line. The present
study showed that JS fruit extracts play a major role in the antioxidant and anti-cancer
effects in breast cancer cells.
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2 7ol ARE =W e 20199
12¢o]| ®FHFxoA Axd I FHE +
dsto] ARgSHlh AxE LU IuE &
#7](HR1378, Philips N.V., Karner, Slovenia)&
o]gsto] et & FEdlsio] AlEFA Y 50u[RI
80% ethanolZ 7}t 65T heating
mantle(Mtops ms-265, Seoul, Korea)9] &
Yz Fakslo] 3ARM 33] 353 & Whatman
filter paper(Whatman No. 2)=2 o3} AJF}.
oJT}H-E- rotary vacuum evaporator(VACUUM
NVC-1100, EYELA Co., Ltd., Tokyo, Japan)
£ ol&sto] Y- w551 55 SR
S 24417 FEAIX] & 5EAX7](ED 8512,
lshin, Yangju, Korea)E o|-&sfo] 72417t B9t
FAAxSRH. Az UF du 58
2 -70C deep freezer(MDFU52V, Sanyo
Electric Co., Ltd., Osaka, Japan)ol R3oHd
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LU Erfje] dRHER F492 Association
of Official Analytical Chemists(A.O.A.C 2005)
off wet AR = o 105C ¥z
W, A2 Soxhletd, 23122 550C 312k
= ©o]-&sto] 33] RhEsto] EA59l, Fekuld
2 i EA7|(Thermo Quest, Flash 2000,
Milan, Italy)E ol-&sto] HEATE =g gholl
AaAR 6.255 HFoto] £A5keH, st
=2 AA 100%004 =, 2 d, 245, £
319 2 ARt g g HAISIIH

VS|
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L7 gujo] 2R B4 Wungaarden
o] ®H(1967)°l wet 241 Algskalrt. 5o
2o A& 2 g& "ot chloroform-methanol&
o|gsto] F= - oIRl thF A FFAX F
TTHCE S Stk 78 A
of &3 A= F 100 mg& 5k IN-KOH -
ethanol 8% 4 mLE 4ol |AE0] glojd
7R skt FA=o] glolAlH 14%
BFs-Methanol 5 mLE 713t ¥ S$FEA71E
Zlsto] 5EZF 80T O|A] methylesters} 3FS3th.
NaCl 23+ 3 mL¥} hexane 1 mLE 75}

S50 A2 T Aol &4 FAISHAAL, 4
T= BYste] 55 NaxSOE ¥ol E85AIK &
0.5 mLE vialoll AF 3 Gas chromatography
(GC-71A, Shimadzu, Kyoto, Japan)& &4J5}
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1 37 20 mL
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2 7R 7, @RI 2

H F27|01A 44]
7k 7FgE 80T 87404 7HEAI7]12L Whatman
membrane filter paper(l ¢m)E ©|-&3l o}

stol 30 mL=E HEskith. ©F Whatman
membrane filter(0.45 pm)Z I3t Foj
prominence HPLC(Shimadzu, Kyoto, Japan)
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LU gue] Ao Al R4
ol Az A= 0.5 goll 6N HCl 3 mLE
Skal g7lsto] 121ToA 2441t &<t 7Hr2si
171 &, glass filter® ¥ o7st Sof A<t
- 5311 sodium phosphate buffer(pH 7.0)
€ 0|83l 10 mL2 H&5IH. &9 1 mLa
5to] membrane filter(0.2 pm)@ oJ¥st Tk
ofm| L ARNE- B4 7](S433-H, SYKAM, Eresing,
Germany)E °©]&sto] A5ttt
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6. F71H 24

LU ge] £71d 242 A OACH
H(2005)00 w2t AA] skt A& 0.5 goll 20%
HNO; 10 mLe} 60% HClO4 3 mLE 7I5to] &
BotA W Hj7kA] 7HEet o 0.5 M HNOs&
o]&sl 50 mLE -&strt. Z7te] FEE #
89 535kl 8 mLA vial ¥l s I
2 0.5 M HNO;E %702 3lo] 42
Stz BESFEXAV)(ICP-OES, PerkinFlmer,
MA, USA)E ol-&sto] EA5Ht

7. Total flavonoid &t
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t}. 1.5 mL tube©] diethylene glycol(Sigma, ZF 9RSAIZ1 & 96 well plate©]] 200 uLA
St, Louis, MO, USA) 0.5 mLe} 5EE=E 3|4 5to] UV-spectrophotometer(Bio-rad, Hercules,
e L UR ) dEE 258 0.5 mLE A CA, USAE o83l 517 nmollA S8%& Z7of
7h & F85] 4o]=3th. IN NaOHE 10 ulL Aok AlE sl AAGHCE BETAS o8
£ 93 37CoA 1ARF WAL & UV- sto] ICsodk= AMESHT
spectrophotometer(Bio-Rad, Hercules, CA,
USA)Z 420 nmolA T4= S 24519t & 10. ABTS+ radical 2715 &3
ZAZFLAHA0Z ruting EXEZ R 0] 8519 on 2,2-azino-bis-3-ethylbenzothiazoline-6-s
ulfonic acid(ABTS) &tz 2452 Re 59 ¥
H(1999)% ¥Fsto] v o] 453tk
7 mM ABTS®} 2.4 mM potassium persulfate
1:1 H&= AR o haoflA] 24417 ¥t
SAIA 2z AdS FEotlt vgo]
< 734 nmollA FZE 7k
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8. Total polyphenol
Total polyphenol &% Folin-Denis?] %
H(1912)0] wt S7FsHqAeh. XU o ABTS" radical
ot 42+9] tubeol 3143 ABTS' radical &9
900 L} 0.125, 0.25, 0.5, 1 mg/mL =¥
2 A% LR i) AR &5 100
pLE 3510 37T heating blockoA 30&
9, UV-spectrophotometer

0.2 mL%2} Folin reagent(Sigma-
T

(Bio-rad, Hercules, CA, USA)E o]&3] 734

3 A

Aldrich Inc., St. Louis, MO, USA) 0.2 mLE

He 228
AeolA 35 B WAL 10%
B WA

nmelH BRES S AR S8 47
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:_’:1:1 4
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Wong et al.
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mg/mlL FEEE 345t tubeo] ©IL 0.2M
phosphate buffer(pH 6.6)% 1% potassium

USA)E °]&5}to] 760 nmollA]
Aot BEAFHFTAOZ tannic
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Z 2752 Blois?] HH(1958)= that Zol
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o] 2087H HESAJHTE 1 & 10% trichloroacetic
acid(TCA) 200 pL& F7Fste] sttt
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= A9of AR A A S MCF-7
T} HCC382 SH=A|EF23(Korean Cell Line
Bank, Seoul, Korea)2. 22X ¥ RoFulol ALE
sttt 10% fetal bovine serum(FBS)Z 1%
penicillin/streptomycing E33% RPMI1640
HiZ)(Gibco-BRL, Grand Island, NY, USA)Z
ARSI oH, 37T, 5% CO; incubator(MCO-
18AIC, Sanyo, Osaka, Japan)ollA At w5t
of ARE-SISIT.

13. MTS assay

A|ZH|SE 96 welll plateo]] MCF-73 HCC38
(2x10° cells/well) AZFE BZst1 24A|17F
iRt &, REuE g 552 0.1, 0.2,
0.4, 0.8 mg/mL B=2 AZ3HAt. 24417 &
L 48A7 AT &, 7+ wello] CellTiter 96°
AQueous One Solution Cell Proliferation
Assay(MTS) €% (Promega Co., CA, USA
20 uL F7ksted 37C, 5% CO, incubator
(MCO-18AIC, Sanyo, Osaka, Japan)ollA ¥Fg
Al71aL UV-spectrophotometer(Bio-Rad, Hercules,
CA, USA)E ©ol8sto] 490 nm 8= Z7o}
At

14, SHXE

Agog dojxl A= HeH(mean)Tt EE
WASD)Z Uehglon] BE Age SYxow
35 Wi g B Atk 7 AuE 7k ol
A%& GraphPad Prism 6 program GraphPad
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Table 1. Proximate compositions of Juniperus
rigida Sieb. et. Zucc. fruit
(Dry Matter Basis, %)

Composition

Moisture 6.71 + 0.02”
Crude ash 450 £ 0.52
Crude protein 3.65 = 0.05
Crude fat 19.27 £ 1.23
Carbohydrate” 64.87 + 5.82

YCarbohydrate = 100 — (moisture + crude protein
+ crude fat + crude ash).

YAll values are expressed as mean + SD of
triplicate determinations.
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Ak 8%, HFSot] Ak 8F0] A&l F 16
9] opu|iAto] HEEHUH 1R Gre]
% oAl A2 1,358.89 mg/100g22
HEPHEO ™ leucine(256.39 mg/100g), lysine
(250.48 mg/100g), histidine(195.27 mg/100g)
+£02 = HEEAU Bae et al.(2013)= H
ERA|ZLo|oju T Gufjof| A & Hg=otu| At ko]
573.557 mg/100go.& FAFel¥ o B oo}
oA ZpolE HeER T 2R dufe] v
Zrofu|ieAte] & RFE 2,305.53 mg/100g2.E
aspartic acid(527.34 mg/100g), glutamic acid

Table 2. Contents of total amino acids in
Juniperus rigida Sieb. et. Zucc. fruit
(mg/100g)

Amino acid Juniperus rigida Sieb. et. Zucc. fruit
Essential

Threonine 17217 + 2.54%
Valine 184.95 £ 1.16
Methionine 11.98 + 0.25
Isoleucine 151.02 £ 2.68
Leucine 256.39 + 8.36
Phenylalanine 163.63 £ 5.62
Histidine 195.27 £ 4.63
Lysine 250.48 + 5.32
Total EAAY 1,385.89
Non-essential

Aspartic acid 527.34 £ 0.65
Serine 213.83 + 5.35
Glutamic acid 44892 + 2.84
Proline 242.03 £ 6.24
Glycine 186.89 + 2.48
Alanine 207.49 + 5.63
Tyrosine 87.31 £ 1.65
Arginine 391.72 + 8.35
Total AA? 2,305.53
EAA/AA(%) 60.11

YTotal EAA: Total essential amino acid.

PTotal AA: Total amino acid.

JAll values are expressed as mean + SD of triplicate
determinations.

(448.92 mg/100g), arginine(391.72 mg/100g)
+£0 & =2 g Hlth AA| ofn|icAto] thgt
o)At HF H] &2 60.11%2 YEhY 9%

LS Fulo] 714 SRS Table 33
=

7FAlo1™ malic acid(7,385.90 ppm), citric
acid(5,170.95 ppm), tartaric acid(588.90
ppm), acetic acid(464.52 ppm), succinic
acid(272.21 ppm), formic acid(61.71 ppm)
T8 HEHIIH

Table 3. Contents of total amino acids in
Juniperus rigida Sieb. et. Zucc. fruit

(ppm)

Organic acids

Citric acid 5,170.95 + 4.34)
Tartaric acid 588.90 + 3.21
Malic acid 7,385.90 + 5.17
Succinic acid 27221 = 1.87
Formic acid 61.71 £ 0.05
Acetic acid 464.52 £ 1.24
Total 11,982.34

DALl values are expressed as the mean * SD of
triplicate determinations.

ATt ZSA|RAE S, stearic acid. capric
acid, heptadecanoic acid, tricosanoic acid
+0 8 Wol HEHUoH, TUEXLSIATARS
cis-11-eicosenoic acid, palmitoleic acid <=
o2 w2 IS U Ahn et al.(2011)
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acid® Uepgor & molxuat go g 14
ST sto] 2 ATt tha AolE HYlrh

Table 4. Compositions of fatty acids in Juniperus
rigida Sieb. et. Zucc. fruit
(g/100g total fatty acids)

Juniperus rigida Sieb.

Fatty acid

et. Zucc. fruit
Capric acid (C10:0) 5.42 + 0.15Y
Heptadecanoic acid (C17:0) 2.09 + 0.10
Stearic acid (C18:0) 32.72 £ 0.15
Tricosanoic acid (C23:0) 2.04 + 0.15
Saturated 42.28
Palmitoleic acid (C16:1) 0.13 + 0.05

cis—11-Eicosenoic acid (C20:1) 57.59 + 0.12

Monounsaturated 57.72

Total 100.00

YAll values are expressed as mean * SD of triplicate
determinations.

LU goje] 2718 BAL Table 59
et AE2" £ 829 Ty)A RS 2.301.93
mg/100g°1212H, Ca, K, Mg ¢2& &7 yet

Table 5. Contents of minerals in Junijperus rigida
Sieb. et. Zucc. fruit

(mg/100g)

Mineral Juniperus rigida Sieb. et. Zucc. fruit

Ca 1,111.97 + 2.34Y

K 1,071.53 + 3.24

Mg 98.67 = 5.32

Fe 4.17 £ 472

Na 202 + 2.34

Mn 12.18 + 0.54

Cu 0.16 =+ 0.21

Zn 1.23 + 0.25

Total 2,301.93

DAIl values are expressed as mean = SD of triplicate
determinations.

Qs A U RSl HEUMS| Z4 o] B} oI 235
StTh Bae et al.(2013)2 HEbA|FolojubT Al
oA F8 F71d 8ol Ca, K, POE YER} &
AT} FARE B U s A
o] 4L 45k Cadt 2|24 ¢ ol o
4 H AYS W0l HEF 9 ALBAS AT
Sh= K& Bl HRstal Sl Aoz et 7s
AAF A=A B8] 7HHEn.

6. TFLIF

Shf
=kS}

Eife| FE+2 A Siel 92

LR Aufo] 5483} total flavonoid
9 total polyphenol ¥HFE EAFH Zil=
Table 63 Zth. 2 AP =75 v &
TEZ 16.6%=E UEHTE & Aqto] ARgE w2t
—7F"}—r Ao ofetE& FEE9] total flavonoid T

2 136.24 mg RE/g, total polyphenol 3+
2 84.22 mg TAE/ge2 UERdth Kim et
al.2014)L 75U ofeke 259 total
flavonoid &= 9 total polyphenol & 7
Z} 76.4 mg/g, 116.0 mg/gl & Yol E
Tete] Zpolg HSIt HEpA|Fo]oj LR Hrfjo]
73, total polyphenol &H2 19.95mg/g= £
A2}t oA ZolE UEFHITHBae et al. 2013).

Table 6. Total polyphenol and total flavonoid
contents of Juniperus rigida Sieb.
et. Zucc. fruit

Extraction yield Total flavonoid Total polyphenol
(%, dry basis) (mg RE/g) (mg TAF/g)
16.6 136.24 £ 599 84.22 + 0.78

All values are expressed as the mean * SD of
triplicate determinations.

7. DPPH & ABTS' radical 2715 &%
FAtst 8492 9718 $19k DPPHOF ABTS'
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27 & SATHEE Peke= Ad
Hzd E49°] =255 A0l 37HEH
free radical 24<] DPPHE} ABTS 9] &AE4]
I GO ARHAIE 2= Ao E 4EA Sl
(Koleva et al. 2002). & Ao ARSH 745
U guie] DPPH radical 47462 £33t 2
F}= Table 73 Zt} =75 u5F Qo] DPPH
radical A4 0.125, 0.25, 0.5, 1.0 mg/mL
B&oA 242 17.37%, 32.94%, 58.13%, 83.32%
2 Yepgtor, 50%2] radical 245 UERY
= 7191 1G5 0.52 mg/mLE YEFT ABTS*
radical 2752 0.125, 0.25, 0.5 mg/mL 5%

ol ZHzt 45.82%, 80.55%, 94.77%2] ABTS'
5= YERoH, 50%9] radical
A2A5E YeiliE= 391 1Cso2 0.19 mg/mL=E
YUeRGTHTable 8). Kim et al.(2014)°c] ®Ea1gt
LEFUE offghe 589 ABTS' radical &4
3% E4E& Hol 17t
FUE gujjo] ABTS' radical £71%5°] FHoldS
ZoI5IFTt. T3t Bae et al.(2013)0] E gt HE}
AZtolofuti dufie] 73¢-, 0.125, 0.25 mg/ mL
LolA ZHzt 71.42%, 88.49%2] DPPH radical

275 Hol & A5} v ZpolE K

radical

radical £&

Table 7. DPPH" radical-scavenging activity of
Juniperus rigida Sieb. et. Zucc. fruit

(Cncl);l/c;rg)ranon DPPH radical scavenging activity (%)
0.125 17.37 = 0.21
0.250 3294 + 0.95
0.500 58.13 + 0.98
1.000 83.32 + 0.12
ICs"” (mg/mL) 0.52

All values are expressed as the mean + SD of

triplicate determinations.

YAmount required for 50% reduction of scavenging
activity.

Table 8. ABTS™ radical-scavenging activity of
Juniperus rigida Sieb. et. Zucc. fruit

Concentration ) ) o
ABTS radical scavenging activity (%)
(mg/mL)
0.125 45.82 + 0.73
0.250 80.55 + 0.33
0.500 94.77 = 0.00
IC501>
0.19
(mg/mL)

All values are expressed as the mean + SD of
triplicate determinations.

DAmount required for 50% reduction of scavenging
activity.

8. &l&(Reducing power) =4
8710l AXE Fofsk= &

Ql ¥ 0]%3}01 ferric ferricyanide(Fe®")
%

A A °

of= HES —S—%L T Zrog 9l O}OﬂE}(Oyauzu
1986). & Aol ARSH WU e 3hY
gL 243t A= Table 99 2t} =7
guje] FUEE At A3, 0.125, 0.25, 0.5,
1.0 mg/mL =4 27} 0.23, 0.36, 0.55,
0.829] Z¥EE Hol 5L o)2Hog ZV|FhS
gelsteict. HEpA|Folo] A &89 A9,
0.125, 0.25, 0.5, 1.0 mg/mL &%=olA Z+z
0.29, 0.44, 0.74, 1.409] S4=5 2 A<t &
A HYtHBae et al. 2013). Ahn et al.
(2011)2 SR dufo] ghd=lZ 0.01, 0.05,
0.1, 0.5% s=ollA ZF2} 0.14, 0.43, 0.76, 0.95
9] S Hol & A4} tha ZjolE HTt



Table 9. Reducing power of Juniperus rigida
Sieb. et. Zucc. fruit
(Absorbance at 700nm)

Concentration )
Reducing power

(mg/mL)
0.125 0.23 £ 0.01
0.250 0.36 £ 0.00
0.500 0.55 £ 0.00
1.000 0.82 £ 0.01
9. L7IFLIR GO OEE FE520| YUY ME

9| %o 0|Xl= I
LU gl oS
J MCEF- 74’ HCC38 /ﬂ]i-r_J g7goll ul
5 g of
g FEE5S 0.05 0.1, 0.2 mg/mL HrEg
AEet &, MTS assays =3l &<1s3itt. Fig.
1014 Yehd A3} Zo] MCF-7 AlZEof w7k
U g ofghs 253 241X A5k o
0.05, 0.1, 0.2 mg/mL %ol 227} vl

ZEo] 9I4] 8Hor

_;

MCF-7
24h 48 h
0 0
JS (mg/mL) 0 0.05 0.1 02 JS (mgimL) 0 0.05 01 02
HCC38
24 h 48 h

g
H

Cell proliforat

(% of control)
g
*

*

Cell proliforat

(% of control)
H

8
2

0. 0.
Js (mgimL) 0 0.05 0.1 02 JS (mgimL) 0 0.05 0.1 02

All the values are expressed as the mean + SD of at
least three replicate experiments. Significantly different
(p<0.05) compared with the DMSO-control.

Fig. 1. Cell proliferation effect of JS for 24 and
48 h in MCF-7 and HCC38 cells.

o MIZOIMO| ZA! ofF| 1t o1 237
3 ZHzt 84.02%, 73.44%, 34.76%% 8-91Z<1
AR G AAES B, 48417 A6t HH
Z¥7} 49.48%, 45.63%, 24.01%2] AL AFES
Hof {913l Al F4] A4 aats VEh ME}.
HCC38 Ao W2t doff oehe 22&
< 24A7F AFstE d 0.05, 0.1, 0.2 mg/mL
mg/mL FEollA &3t Blas) 7+ 92.85%,
86.75%, 46.45%% %9%01 AlZ A&
HQAa, 48412 Astide © 2 70.03%,
64.73%, 27.23%% YEIHItE Oh et al.2011)
2 PR SR F widdrol 01%}04 R
A #HQ AlES=Q1 A54900 Azet Ak, Al
o] foHog FAFS st & é:lf‘ziﬂ Z:i
I 2EFUE g FEES o845t o|AE
24 $842 a3t MCF-7 M 258} o AER
A 845 oA e HCC38 AEF BF
oA JFIA arks Hlom, MCF-7 A2
of Bt} £2 8375 UeUES RISt

%1 MCF- 79} HCC38& AR&-5to] *ﬂifﬂ 54
Al Byl vAe ¥ B7INH. U
guj o] ARHE-S AR 23t eedkE dhgo]
= UeReH, & B4 ohuliedl JFES leucine,
lysine, histidin =22 &4 A&HUt. ==
Ui o] 9 {7142 malic acid, citric
o8 A Uetdt. =2t

FAF 4Z(stearic acid.

acid, tartaric acid =

FUT dufjoll A= 2R
capric acid, heptadecanoic acid, tricosanoic
acid)¥} TAEZLSER AL 23(cis-11-eicosenoic
acid, palmitoleic acid)e] A&t F714
S Ca, K, Mg €22 =4 yeidth &
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U 4ol 50% DPPH 9F ABTS' radical
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