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Evaluation of Proanthocyanidin Contents in Total Polyphenolic Compounds of Pine (Pinus densi-
flora) Needle Extracts and Their Antioxidative Activities. Ok Hee Lee, Ki Young Kim!, Min-Kyung
Jang, Ki Hwan Yu, Sung Gu Kim', Mihyang Kim” and Sang-Hyeon Lee’. Department of Bioscience and
Biotechnology, Silla University, Busan, 617-736 Korea, IBioport Korea Co. Busan, 617-736 Korea, ZDepartment
of Food and Nutrition, Silla University, Busan, Kores, 617-736 Korea - Flavonoids in pine needles are
known to be effective scavengers of free radical. Especially, proanthocyanidin, a kind of flavonoids
possesses cardiovascular protection and antioxidative activities. Here, we evaluated proanthocyanidin
contents in total polyphenolic compounds of pine needle extracts prepared by using hot water, etha-
nol, hexane or sub-supercritical CO,. Analyses of total polyphenolic compounds and proanthocyanidin
in each extracts indicated that hot water extract contained the highest concentrations, but sub-super-
critical extract contained the lowest concentrations. On the other hand, evaluation of proanthocyanidin
contents in total polyphenolic compounds in each extracts showed that sub-supercritical extract pos-
sessed the highest content, but hot water extract possessed the lowest content. These results indicate
that extracts containing high concentrations of both total polyphenolic compounds and proanthocyani-
din could be obtained by using hot water or ethanol extractions. Furthermore, extract containing high
content of proanthocyanidin out of total polyphenolic compounds could be achieved by using sub-su-
percritical extraction. Measurement of antioxidative activities of extracts showed that hot water extract
possessed the highest activity. In this study, we prepared extracts from pine needles by four different
methods and evaluated the antioxidative compounds in extracts that could be used for effective com-

ponents of functional food products.
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Fig. 1. General structure of proanthocyanidin. (n: 1,2, 3, - - - )

24& & 4 doH, =3 34, dujolg 2, 3, FEF,
gdeA, dREFT 59 715HE RuHT Q4] I
vivo A @ | A proanthocyaniding ®lg}l C, E @ westz
9 Eo 8484 AT 2 A8 2AEAE dAEle T
go] 953 yuv Bax 2]

AA Y =35 JAsHE YRZHE 443} g9 A
28 AY FAisl A8-5 de 8L AAT Bar)
&9 Add g2 FAE @A o} 7 4A
Qom Z+E AWl X589 oWH ofhel 74 a3
Tttt @A £99] 71540 g A7 T8 o)A
E£H 07 o]FojAI Y& AAH|A T o] F o| &3 A
R AFLEANY 754 AT FEAS FE

v

3

X 4y

A
de 18 g# 9o

B drodMe At 4599 £id FE289 g
3t 4E& A5 A9 7FFYe e 49 o
3 £ ¢

o.

oo 2o ote 32

1

ook

TR

< 7R A 88 4 IS 3

2 ol e

@

ME U

FE29 A=

B Agd A3 H59e 2007 797 Aol A A
Fske} 60°Col N dFA2T F PN 2 FHAA tp9
YA Ay eg 35S PRtk A FEEL H5Y B
o 743 go] B 4,500 mlg F7}ste] 121°Col A 1587 22
g F dFg A& FAAZI ARG} e P ®
F FEEL 47 ASY BT 250 goll 5% ok 2 N
€ 247 1,500 ml A H7}spe] gl A 2443 AR g 3
% F o33 4 ¢ FAAzs S Azxskgch oF A (Sub-
supercritical) #%E2& 249 2% 232 gl 60 kgf/cm’9)

o

CO; 7}2E o] &3} separator 12 120°CE, separator 2+
80°CE MA3l 21087 F&58 Yo F AAd A& 53
Az3sto] Azsgo.

& ZHEY 429 sk &3

Z ZH 54 89 %+ Folin-Ciocalteug ol 2}s)
Hl A% A4 4 FEES 70% oMlE §4oz 10
vl gAs &, ZAAE 50 ple} 025 N Folinciocalteu's
phenol reagent (Sigma, St. Louis, MO, USA) 0475 ml& &
Fate] A2A 38 F¢ HEAFATE q7]9 1 M NayCO;s
€ 0475 ml F7Feta ALoA 6083k ¥3A17 F 724 nm
gA FFEE FAHHYT EFEZE catechin (Sigma)s
AHgEte] FEE A AT

Proanthocyanidin® 5= £3

Proanthocyanidin®] ¥ %+ acid butanolo]A ¢} proan-
thocyanidin®] 24314 £3] (oxidative depolymerization)s
2459019 £9%2E 01 mlS Wgg 09 mls} 4e
%, o7]9 5% HCl butanol (v/v) 6 mis} 2% (w/v)
FeNHy(SO4)2 « H,O (in 2 M HCl) 0.2 mlZ #7}3t 1 95°Co
N 4087 HSAZ F Qe WA HEo) o]
FAE2(14,000x g, 5#)E 3t E44H AR S AAT 4
Zd& A} tubed] @3 0]E 5% HCl butanol (v/v)ZE 104}
A F, 550 nmol| A FA]| FREE FHAUT REE
AZ 9% proanthocyanidin (Grape seed extract, Naturex,
Avignon, France)$ Al&3te] =& A3

Ol

HE9l £&589| DPPHH0| 28t X} 05 ZA

HAFd F2EY A AL 22diphenyl-1-picryl-
hydrayl (DPPH, Sigma)& A}8-3he] ZAstaTH18]. ol e 5
=9 AHEYd FEE(FHFTHE: 500, 250, 100, 50, 10 pg/ml)
50 ulo] DPPH (200 pM/ml in ethanol) 150 plg T3 &
10 &7} vortexing g 3ttt A9 A4Fg Ae)ol A 30%
T AR F 528 ool FREE SASA. o] whE
Farst 4L 1Coe 2 Yeiglth EFEAE butylated
hydroxytoluene (BHT, Sigma)@} 96% proanthocyanidin
(Grape seed extract, Naturex)& Z& FE2 AME8I4Y.

I

HE9 FE89| thiocyanatelll 25 Satst g4 XAl

Osawa?] #WH[16]o] m&} linoleic acid (25 mg/ml in
EtOH), ferrous chloride (245 g/ml in 3.5% hydrochloric
acid), ammonium thiocyanate (0.3 g/ml in H)0), 02 M
phosphate buffer (pH 7.0)& 2HE0] o] A2 stock solution
o2 AMEEtATh F49 F&E 02 mlF} linoleic acid 0.2
ml& A@#d) ¥ EFE F phosphate buffer 0.4 ml9}
284 02 mlE 7}t 40°Ce)A] incubations}H A A7+



Aoz 4% FAAAT. BASAPEL EFEAA
01 ml& #H3tod NP 23 70% ethanol 3 ml, ammo-
nium thiocyanate €<} 0.1 ml, ferrous chloride £} 0.1 ml
5 9% & F83] 3% 3o FXE(500 nm)E =AY
o oldf &AW nE 93t} BHT 2 96% proanthocyanidin
& RFEAE AHEE

HEY FE89| 2-thiobarbituric aicd (TBA)G 28t
ghitsl g XA}

%Y F2E 1 mis} linoleic acid (25 mg/ml in EtOH)
1 mg Algdd Y3 £33 % 02 M phosphate buffer
(pH 7.0) 2 ml$} F{ S 1 miE 718+ 40°Co) A incubation
AN dRRFor FA4s 243U BHZAWHE
A5 05 mE FAEHo| Y1 35% trichloroacetic acid
0.25 mi9} 0.75% aqueous TBA (Sigma) 0.5 mlE 7}3}e] &
F& & boiling water bathol| A} 7}2 EEHA 1587 A ¢
3l 32 B YA 7 & 70% trichloroacetic acid 0.5
miE 718 e 208 T 1587 AR (E,000x 92 33}
of Ao Y& FFE(32 nm)E ZHYH17]. o)
SH L E $35t9] BHT 2 9% proanthocyaniding X% &
A2 ALg39 .

g ¢ @

HEel E0iE £3589 Mx

AN AT AEee) Baa Ry 247} 4714 vy
2L AZF AHE Table 19 e} 494 =
%, 98 7425 g0 2 RE 32E 453 g& Q%-&}
q 61%9 T2 /M 52 4% Ut o}dA
29 7¢, 98 220 gog2XRH F3E 80 g Q;-g}cq
35%9 F&2 Ueglon, 3 $289 2%, 48 2500

Table 1. Extraction of pine needles using various solvents

Amount of Amount of Amount of Yield

Solvents powder (g) solvent (ml) extract (g) (%)
Hot water 7425 4,500 453 6.1
Ethanol 250 1,500 82 33
Sub-supercritical 232 - 8 35
Hexane 250 1,500 47 1.9
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Table 2. Concentrations of total polyphenolic compounds and proanthocyanidin in pine needles extracts

Concentration of total polyphenolic

Extracts Concentration of proanthocyanidin Proanthocyanidin content in
compounds (mg/g extract) (mg/g extract) total polyphenolic compounds (%)
Hot water 124.4 4.5 3.6
Ethyl alcohol 42.9 42 9.8
Hexane 3.1 2.0 64.5
Sub-supercritical 1.6 1.6 100
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Fig. 2. DPPH radical scavenger activity of pine needle extracts.
Means+SEM for three tubes are shown as percentages
compared with no treatment (0%). Factorial ANOVA
with Fisher’s PLSD post-hoc test * p<0.0001 compared
with no treatment. This experiment was repeated at
least twice yielding reproducible results. BHT: buty-
lated hydroxytoluene, Proanthocyanidin: 96% graph
seed proanthocyanidin,

Table 3. Antioxidative activity of pine needle extracts esti-
mated from DPPH radical scavenger activity

Extracts Antioxidative activity (ICsy, pg/ml)
Hot water extract 0.013
Ethanol extract 0.91
Sub-supercritical extract >10
Hexane extract >10
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Table 4. Antioxidative activity of pine needle extracts in the linoleic acid system that is measured by the thiocyanate method

Treatment Concentration Antioxidative activity (absorbance at 500 nm)
(pg/mi) 1 2 3 4 5 6 (days)
No treatment - 1.3240.05 1.38+0.06 1.31£0.01 1.39+0.04 1.41:0.02 1.52+0.02
10 0.44+0.01 0.42+0.01 0.65+0.09 0.65+0.02 0.72:0.04 0.74+0.03
50 0.42+0.01 0.42+0.07 0.43+0.00 0.68+0.02 0.72+0.01 0.70+0.01
BHT 100 0.45+0.06 0.46+0.04 0.43+0.01 0.68+0.06 0.68:0.03 0.73+0.03
250 0.42+0.07 0.39+0.06 0.44£0.02 0.7620.06 0.650.05 0.73+0.05
500 0.43£0.05 0.45+0.08 0.41+0.02 0.6420.01 0.65+0.04 0.70+0.01
10 0.38:0.06 0.400.05 0.520.01 0.73+0.04 0.85+0.01 1.04+0.03
50 0.43+0.03 0.43+0.07 0.53+0.00 0.72£0.05 0.79:0.06 1.030.04
Proanthocyanidin 100 0.46:0.04 0.40+0.09 0.52+0.01 0.73+0.03 0.90+0.07 0.91+0.04
250 0.40+0.04 0.33+0.04 0.53+0.02 0.530.02 0.68+0.05 0.750.08
500 0.38+0.07 0.37+0.05 0.51+0.01 0.51+0.06 0.65+0.04 0.71+0.06
10 0.73+0.04 0.61£0.05 0.76+0.03 1.07+0.06 1.07+0.06 1.97+0.06
Hot water 50 0.68+0.04 0.67+0.03 0.69+0.20 1.06+0.07 1.06+0.06 1.95+0.06
extract 100 0.72+0.02 0.66:0.04 0.69+0.02 1.13+0.02 1.13+0.05 1.88+0.07
250 0.65+0.06 0.600.03 0.6210.06 1.1020.02 1.10+0.07 1.2120.01
500 0.68+0.06 0.62£0.05 0.62+0.07 0.7020.01 0.70+0.06 1.08+0.01
10 0.73+0.04 0.75£0.04 0.91+0.02 1.35+0.02 1.35+0.01 2.02+0.02
Ethanol 50 0.71+0.07 0.70+0.08 1.06+0.09 1.06:0.02 1.20+0.04 1.97+0.02
extract 100 0.72+0.05 0.68+0.10 0.92+0.03 1.04£0.01 1.04+0.04 1.88+0.03
250 0.68:0.10 0.78+0.06 0.98+0.05 0.92+0.01 0.92+0.08 1.86+0.01
500 0.65+0.05 0.70£0.13 1.00£0.13 1.06+0.05 1.06+0.05 1.63+0.04
10 0.94:0.04 1.05+0.11 1.14+0.02 1.14+0.07 1.22+0.12 1.36+0.02
Sub- 50 0.84+0.18 0.74+0.04 0.93+0.04 1.1140.01 1.11+0.08 1.28+0.03
supercritical 100 0.80=0.06 0.89+0.03 0.94+0.04 1.2620.08 1.26+0.01 1.43+0.01
extract 250 0.72:0.07 0.850.05 0.99+0.06 0.99+0.04 1.160.05 1.2740.02
500 0.72+0.12 0.77+0.20 0.95+0.09 0.95+0.09 1.05+0.02 1.12+0.01
10 1.11£0.10 1.12+0.01 1.13+0.05 1.33+0.02 1.33:0.10 1.36+0.03
Hexane 50 1.04+0.06 1.04£0.06 1.08+0.03 1.160.01 1.290.13 1.35+0.07
extract 100 0.84+0.06 1.07+0.06 1.15+0.01 1.15+0.04 1.2340.06 1.28+0.10
250 0.78+0.05 0.98+0.05 0.98+0.08 1.04+0.08 1.20+0.10 1.23+0.05
500 0.7520.06 0.97+0.04 1.08+0.03 1.08+0.02 1.130.08 1.20+0.06

BHT: butylated hydroxytoluene, Proanthocyanidin: 96% graph seed proanthocyanidin. Results presented are means+SEM for three

samples.
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Table 5. Antioxidative activity of pine needle extracts in the linoleic acid system that is measured by the TBA method

Treatment Concentration Antioxidative activity (absorbance at 532 nm)
(ng/mi) 1 2 3 4 5 6 (days)
No treatment - 0.89+0.02 1.57+0.02 1.91+0.03 2.02+0.04 2.41+0.02 2.52+0.03
10 0.18+0.03 0.530.05 0.630.04 0.52+0.02 0.68+0.04 0.79+0.01
50 0.11+0.04 0.40+0.06 0.510.05 0.48+0.01 0.580.05 0.66+0.01
BHT 100 0.07+0.06 0.34+0.07 0.350.06 0.35+0.02 0.40+0.05 0.43+0.06
250 0.06+0.08 0.20+£0.01 0.23£0.08 0.33£0.07 0.34:0.04 0.33£0.02
500 0.03+0.03 0.09+0.03 0.07+0.08 0.11+0.03 0.12:0.01 0.16+0.02
10 0.25+0.02 0.25+0.04 0.68+0.03 0.70+0.02 0.73+0.06 0.96+0.04
50 0.19+0.03 0.20+0.01 0.60+0.04 0.67+0.03 0.81:0.01 0.86+0.04
Proanthocyanidin 100 0.16+0.04 0.19+0.01 0.57+0.05 0.64+0.01 0.70+0.02 0.73+0.06
250 0.12+0.05 0.15+0.03 0.53+0.06 0.59+0.04 0.69+0.01 0.71+0.08
500 0.08+0.06 0.07£0.04 0.52£0.07 0.57+0.06 0.62+0.03 0.63+0.03
10 0.66+0.07 0.71+0.06 0.95+0.03 1.12+0.03 1.20£0.02 1.22+0.06
Hot water 50 0.61+0.01 0.66+0.03 0.88+0.01 0.97+0.01 1.28+0.01 1.13+0.07
extract 100 0.54+0.01 0.59+0.04 0.83+0.01 0.94+0.02 0.99+0.05 0.93+0.01
250 0.40+0.04 0.48+0.02 0.630.01 0.86:0.03 0.94+0.02 0.96:0.01
500 0.28+0.03 0.31+0.02 0.47+0.03 0.67+0.03 0.88+0.04 0.89£0.03
10 0.59+0.04 0.62+0.01 0.69+0.01 1.20+0.04 1.27+0.03 1.30+0.07
Ethanol 50 0.56:0.01 0.66:0.01 0.76+0.05 0.98+0.03 1.11+0.08 1.19+0.05
extract 100 0.51+0.03 0.49+0.05 1.07+0.02 0.90+0.04 1.12+0.01 1.15+0.01
250 0.41+0.01 0.43+0.05 0.65+0.03 0.88+0.06 0.89:0.01 0.90+0.01
500 0.33+0.03 0.39+0.09 0.49+0.04 0.74+0.08 0.77+0.06 0.78+0.03
10 0.60+0.02 0.70+0.01 1.15+0.04 1.18+0.01 1.41+0.03 1.56+0.07
Sub- 50 0.4020.02 0.43+0.01 1.01+0.01 1.13+0.04 1.23£0.03 1.24+0.01
supercritical 100 0.380.04 0.38+0.02 0.97+0.09 1.10+0.01 1.13+0.06 1.15+0.04
extract 250 0.37£0.06 0.39+0.04 0.90+0.04 1.12+0.01 1.13£0.01 1.14+0.01
500 0.37+0.07 0.37+0.02 0.76£0.02 1.10+0.08 0.99+0.03 1.11+0.02
10 0.56+0.05 0.59+0.06 0.79+0.03 1.36+0.09 1.39+0.01 1.40+0.03
Hexane 50 0.54+0.03 0.49+0.01 0.66+0.04 1.1520.01 1.20+0.05 1.36+0.01
extract 100 0.41+0.02 0.43+0.01 0.58+0.01 1.10+0.04 1.00+0.07 1.15+0.04
250 0.27+0.04 0.33£0.03 0.46+0.01 0.85+0.02 0.91£0.01 0.98+0.01
500 0.2520.05 0.36+0.04 0.43+£0.04 0.70+0.03 0.74+0.02 0.79:0.02
BHT: butylated hydroxytoluene, Proanthocyanidin: 96% graph seed proanthocyanidin. Results presented are meansSEM for three
samples.
Nde A% 32 7A3PYLR dEe S o &3 Wyun =4 49 T ¥ proanthocyanidin®] F&
g8 ol Wl o AFHY ez YAdc A A3, olglA FEE9 B M w2 FFE ES\’L-,
92 232, oJBE 23E, 95 F2E £02 Yo,
2 % ol AHE AFAL dF R AR FEF AL S
TE9 % Z¥dEA 24 Y9 proanthocyanidino] ¥ 3d
&9d TFH o g+ flavonoidE-& free radical 2A% FZES & F Jdue ARE & 4 I EBF, olYA
°] g3t 44 Atk o]5 3 53 proanthocyanidin F2EY AS uE F2E4 2349 £ ZEHEA 249
2 A4S H5AEs) s 49 A sldstn k. FEE RAW o5 tiR{o] proanthocyanidin® 2 o] o]
AR AU 2RY de, NBL, AL L oA 4NE A ABE DL 4 Yoke AL O 5 ATk 2 258
ojg3te] FEEE Az} & ZYded 4 Fd £F e st #4498 38 2, 5 FEEY By M
¥ proanthocyaniding] §#& 233 1 23, & Z3q L 848 RYon s FEER viuy 22 g4¢
#E54 3 2 proanthocyanidin®] %7} G4 2289 ghllict o) de) AFfdA £A0RRE 4714 FEH 9
A% 743 B Yo, oehe 222, da 228, of 3 AzE FE2ES va EAG 49, G5 FEEA 7}
VA FBE £02 YolxT Y, 4 23259 3 2a) P ¥ %4 A¥ 92 2 288 842 Yyuons
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