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Establishment of the Extraction Process by Evaluation of Proanthocyanidin Contents and
Antioxidative Activities of Pine (Pinus densgﬂora) Needle Extracts Ok Hee Lee Ki Young Kim',

Min-Kyung Jang, Ki Hwan Yu, Byung Hong Yoo', Sung Gu Kim', Mihyang Kim’ and Sang-Hyeon
Lee*. Department of Bzoscwnce and Biotechnology, Silla University, Busan, 617-736 Kores, 'Bioport Korea Co.
Busan, 617-736 Korea, Department of Food and Nutrition, Silla University, Busan, Korea, 617-736 Korea -
We evaluated proanthocyanidin contents out of total polyphenolic compounds in two pine needle ex-
tracts prepared by combined extraction methods and compared their antioxidative activities. Amounts
of total polyphenolic compounds of sub-supercritical hotwater precipitate (SSHP) and sub-super-
critical hotwater supermatant (SSHS) were 2254 and 116.6 mg/g, respectively. Amounts of proantho-
cyanidin of SSHP and SSHS were 9.9 and 3.6 mg/g, respectively. Thus, the ratio of proanthocyanidin
contents over total polyphenolic compounds of SSHP and SSHS were 4.3 and 3.9%, respectively.
Antioxidative activities (ICs) of SSHP and SSHS measured by DPPH radical scavenging were 41.5 and
50.7 pg/ml, respectively. These results indicates that two combined extracts, SSHP and SSHS showed
higher antioxidative activities than extract prepared by hot water or sub-supercritical. In conclusion,
extraction procedures for SSHP and SSHS could be useful methods for preparing the effective compo-

nents of functional food products.
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Fig. 1. General structure of proanthocyanidin. (n: 1, 2, 3, -+)
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Fig. 2. Schematic diagram of the extraction processes of pine
needle.
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Table 1. Concentrations of total polyphenolic compounds and
proanthocyanidin in pine needles extracts

I Comnin. o
. of .
(mg/g extract) (mg/g extract) (%)
Hot water 1,4 45 36
extract
Sub-
supercritical 1.6 1.6 100
extract
SSHS 116.6 3.6 39
SSHP 2254 99 4.3
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/mle) FEA o 0% BF & HA FH5E UEY
o, oldA FEEY A$e 50~500 pg/mle] FEolA
10~20%9] Hwd @& Az Foq45& et thFig 3). &
9, o}A 4532 A4E(SSHS)S] A 200~500 pg/ml
T2t RFEAQ BHTY 500 pg/ml FLof 27T $X]
7t Yeti o, oflA 445% JAE(SSHP)Y A% 50 ug
/ml 8 FEoM BHTS 9% proanthocyanidin®} 10~50 pg
/ml & FEEY WnF §& $X71 YgohFig 3). 4 F
=29 A7 FHTL 7T JEF AL UgYoH, o}
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DPPH radical®] 27|55 & 50% ZAA7]vd €98 3
gAY TR ICog &3 A, 44 2 olYA F2E
o B¢ 247 113 pg/ml 2 500 pg/mlY =& eI
(Table 2). 89, o}Al B4F% 435 (SSHS) & obsAl &
T3 FMEGSHP)Y 3¢ 24z 507 pg/ml 2 41.5 pg/
mle FE& vehich(Table 2). o) A#& o}dA I5 %
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Fig 3. 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: butylated
hydroxytoluene, Proanthocyanidin: 96% graph seed
proanthocyanidin.

Table 2. Antioxidative activity of pine needle extracts estimated
from DPPH radical scavenger activity

Extract Antioxidative activity (ICs, pg/ml)
Hot water extract 113
Sub-supercritical extract >500
SSHS 50.7
SSHP 415

&9l £E29| Thiocyanateli] 2J8t &tatsl go

AU 4 FEEEY EX3 A4 linoleic acdE
0] &3 thiocyanate ¥ & i3 &A1& A3 A E
Table 3¢ Yelit}y. £F 53¢ BHT: o g 843}
B4 Aol7t glo] vl&d £F9) B B4 6¥847A U
Elstet. = o2 5549 %% proanthocyanidin A} 62
ANA g Fi3 48 YAt 75 &4 84
A% Jepith A4Y 95 3482 500 pg/mie] 743
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Table 3. Antioxidative activity of pine needle extracts in the linoleic acid system that is measured by the thiocyanate method

Concentration Antioxidative activity (Absorbance at 500 nm)
Treatment

(1g/ml) 1 2 3 4 5 6 (days)
No treatment - 132:0.05 1.38+0.06 1.31:0.01 1.39+0.04 1.41:0.02 1.52+0.02
10 0441001  042:001°  065:009  0.65:002  072:004 074003
50 042:001  042:007 04310007  068+0.02° 0724001  0.70£0.01
BHT 100 045:006  046+004 0431001  068:006 0681003  0.73:0.03
250 042:007  039:006 0442002 076006 0652005  0.730.05
500 043:005  045:008 0412002 0641001  065:004  0.70£0.01
10 038+0.06 0401005  052:001 073004  085:001  1.04+0.03
50 043:003  043:007  053:0000  072:005  0.79:006  1.03+0.04
Proanthocyanidin 100 046+004  040:009  052:001° 073003  090:007  091:0.04
250 040:0.04°  033:004 053002  053:002  068£005  0.75:0.08
500 038+0.07 037005  051:001  051+006  0.65:004  0.71+0.06
10 073:0.04  061:005 0761003  1.07:006  1.07:006  1.97:0.06
Hot water 50 0.68i{).04: 0.67¢0.03: O.69ir0.20: 1.0610.07: 1.06i0.06: 1,95+0.06
extract 100 072¢002°  066:004  069:002  113:0020  113:005  188+0.07
250 0.65+0.06 0.60+0.03 0.62+0.06 1.1040.02 1.10+0.07 1.21:0.01
500 068:0.06  062:005  062:007  070:001°  070+006  1.08+0.01
10 094:0.04 105011  114:0.02°  1.14:007  122:012 136002
Sub-supercriical 50 0.84i0.18: 0.?410.04: 0.93i0.04: 1.11¢0.01: 1,11¢0,03: ©1.28+0.03"
oxtract 100 080:006  089:003  094:004  126+0.08°  126:001  143:001
250 0.72£0.07 0.85£0.05 0.99:0.06 0.99:0.04 1.16:0.05 1.27+0.02
500 072:012° 07740200  095:009°  095:0.09  1.05:002° = 1.12+0.01
10 0.4+0.04 054:007  043+002  057:000  079:005  0.79:0.08
50 055:004  046:0.01 0.4610.02" 0.5+0.02" 0.75+0.09 0.75+0.04"
SSHS 100 061:0.05  045:001°  042+0.01  055:005 078001  0.78+0.06
250 0.63:0.05 044001 0.410.04° 0.45+0.01" 0.69+0.01" 0.69+0.04"
500 0.660.07 0.4620.03 0.43+0.02° 0.63+0.05 0.66+0.01° 0.66+0.09"
10 041005  056:001  042:000°  049:0.04  0.66:000  0.66:0.02
50 0.93:0.05" 04008  044:002° 048003  077:002 077005
SSHP 100 074:0.03°  032:0.04  043:002°  051:0.02°  061x005  0.61+0.08
250 0.86:002° 036003  045:003  051+0.03 067008  0.67+0.03
500 063:0.04  039£002  043:000°  044:004  0.69:003  0.69:0.05

BHT: butylated hydroxytoluene, Proanthocyanidin: 96% graph seed proanthocyanidin, Results presented are means+SEM for three
ty yaroxy cy grap |2 cy

samples. Factorial ANOVA with Fisher's PLSD post-hoc test * p<0.001 compared with no treatment.
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Table 4. Antioxidative activity of pine needle extracts in the linoleic acid system that is measured by the TBA method

Concentration Antioxidative activity (Absorbance at 532 nm)
Treatment

(ng/ml) 1 2 3 4 5 6 (days)
No treatment - 0.89+0.02 157+0.02 1.91:0.03 2.02£0.04 2.410.02 252+0.03
10 018+003 053005  063:0.04  052:002°  068:0.04  0.79:0.01
50 011:0.04°  040:006  051:0.05 048:001°  058:005  0.66+0.01"
BHT 100 007:006°  034:007  035:0.06  035:0.02°  040:005  043:0.06
250 006:0.08°  020:001°  023:008° 033007  034:004  033:0.02
500 003:003 009003  007:008  011x003  012:001°  0.160.02
10 025:0.02°  025:0.04  068:003  070:0.02°  073:006  096+0.04
50 019:003° 020001  0.60:004  067:0.03  081:001  086+0.04
Proanthocyanidin 100 016004  019:001°  057:005 064001  070£0.02° 073006
250 012:005  015:003  053:006°  059:0.04  0.69:001°  0.71:0.08
500 0.08:0.06  007:004  052:0.07  057:006  0.62:0.03  0.63£0.03
10 066:007  071£006°  095:003  112:0.03  120:002  1.22+0.06
Hot water 50 0.61¢0.01: 0.66t0.03: 0.88i0.01: 0.97¢0.01: 1.2810.01: 1.13ir0.07j
extract 100 054:001  059:004  083:001  094:0.02°  099:005  0.93:0.01
250 0.40+0.04 0.480.02 0.63+0.01 0.86+0.03 0.94:0.02 0.96:0.01
500 028:003  031:002  047:003  067:0.038  088:0.04  0.89:0.03"
10 060:002° 070001  115:0.04 118001  141:003  156+0.07
Sub-supercritical 50 o.4oi0.02: 0.43*:0.01: 1.o1¢o.o1: 1.13i0.04: 1.23¢o.03: 1.24¢o.o1:
extract 100 038:004  038:007  097:009° 1101001  113:006  115:0.04
250 0.37+0.06 0.39:+0.04 0.90+0.04 1.120.01 1.13£0.01 1.14+0.01
500 037:007  037:0.027  076:002°  110:0.08  099:0.03  1.11x0.02
10 043:0.05  042:001°  036:0.00  099:0.02° 116001  1.16:0.03
50 052:006 041001  031:002°  073:001  1.02:001°  0.99:0.04
SSHS 100 028:007 027003  025:001°  054£0.02°  056:004 074001
250 022+005 027004  025:007  045:0.03  037:001°  056+0.06
500 021:006 0241003  020:008  039:0.04 025005  0.34+0.06
10 016£007  030:0.02  042:0.05 087003  127:003  1.29:0.08
50 014009 0241002  037:002 077002  095:002°  0.99+0.03"
SSHP 100 010:001°  014:006°  025:003  061:001°  0.88:003  092+0.05
250 013:006°  016:0.08° 013001  039:007  058:007  059:0.06
500 006:007 013001  009+004  029:001° 0361001  037:0.01

BHT: butylated hydroxytoluene, Proanthocyanidin: 96% graph seed proanthocyanidin. Results presented are means*SEM for three
samples. Factorial ANOVA with Fisher's PLSD post-hoc test * p<0.001 compared with no treatment.
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