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Anticariogenic Activity and Glucosyltransferase Inhibitory Effects
of Extracts from Pine Needle and Twig

Hee-Don Choi, Yoon-Jeouhg Koh, In-Wook Choi, Yun-Sook Kim and Yong-Kon Park
Korea Food Research Institute

Abstract To investigate anticariogenic effects of extracts from pine needles and twigs, we measured the extracts'
antimicrobial activities against Streptococcus mutans, their glucosyltransferase (GTase) inhibitory effects and their stabilities
under various conditions of heat and pH. The 70% ethanol extracts of pine needles and twigs showed greater antimicrobial
activities against S. mutans than the hot water extracts, and the pine twig extracts showed greater antimicrobial activity
than the pine needle extracts. More specifically, the »n-hexane fractions of the pine needles and twigs had the greatest
effects against S. mutans, and their minimal inhibition concentration (MIC) was 0.6 mg/mL. The results of the extracts’
GTase inhibitory effects indicated that the 70% ethanol extracts had greater effects than hot water extracts, and the pine
twig extracts showed greater effects than the pine needle extracts. The antimicrobial activity against S. mutans for the pine
needle n-hexane fraction was greatly reduced as temperature increased, and was also largely affected by changes in pH.
These results suggest that extracts from pine needles and twigs have anticariogenic effects and could be used as

anticariogenic food additives.
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28 HIE9I, Choi S(6)= A 7R AFA °1 IR a3}
g 2435l gxu FEE9] 35X a3t 7HF S 9
o} chloroform #2o] 7123 35 yepdg B v 9o

Park 5(7)2 4091%2] Al F52 &3E ST A &
Z}gFst FARIS &3t 7 Ssithal Bareigion, o] 9]
= 5uke](g), &H(9), 7=(10), NAFH11), Curcuma xanthor-
rhiza(12), 7+4), cacao bean & W2 MAEe| FFX EF H
a5]o] k. 53] Endo S(13) Aspergillus terreus M 3328 4]
FHozRE B84 glucan WS JAB= glycoprotein A
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EEHEe §FA A4S o] &T AFQ] 2 FEEC] A
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WA Age] AMSISlTE FFA B A4S AT dREEAEA
polyphenol E#o] 95%%] EXFE%E ()38, HE1e +
Yot ARE-EFATE.

ABEF ¥ HiX|

B gl AN g SR H#FR Streprococcus mutans
(KFRI 1171, 11758 S=raEdrd o225 E o} brain heart
infusion(BHI) brothel] %3} 37°C shaking incubatorol]~] 33]
Alcjujksted AR&3}%ith BHI ¥lA|= Difco Co. (Detroit MI,
USA) AlEFE AHRE-3F3iT

FEE M= ¢ FE22| 28

AT £AF HNE AR HHE F 34em A7|2 AG
dlo] FE2E Aol ARSI oH, $F Wzkdo] R flask
Well A58 ¥ I 3283 70% EtOH FEES A=39
ol G4FEES AR 2000 /S 2LE 78k 90°CelA] 1
AZE &5 AHEle] A S IFEETE AAEES T F
AAZEIY AR, 70% EtOH FEELS A|FE 200g°] 70%
EtOH 2LE 715t 50°CollA] 1A)1ZF F&3tar oj3)ste] o9&
AgEE712 2455 & 27A%s8] A3k

&2 ad7t wojt 70% EtOH %52 n-hexane, chloro-
form, ethyl acetate, n-butanolZ 40| W& LujjollA FAo] =
2 |2 FAHOR A% Rty 74 FEES AU

EX|0| cist ey 55

70% EtOH &% % z} gudz 233 B389 a3z
ol Hulz] &4 (broth dilution method)(26).2 =43ttt BHI
broth 9 mLol| S. mutans ¥iF S0uLE HEFSI 7t F2E A
BE 1mL #H7} %, 37°C incubatorell 4] 24A17F ¥jS¥5}3 550 nm
NN FHEES FAste] ol g A& ALtsi). olw
w#2] F2jo] AAFA Y= HA FEE FAA 8 5 E(minimum
inhibition concentration, MIC)Z &}%1t}.
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Control-control blank
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Bsl7] Sl t=3 ERNE AAsI. Bdd BHI agar
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incubatoroll A 24A)7F W FA|ZATE ¥l F disc T AAAHE
clear zone2] Z71E H|WEATH

GTase 4 NSzt

Zk Al89] Glaseol 9% glucan®] 4L Aslske =g ¥
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37°C, 24417k HEEAIZ] & vortexdte] AAE glucanS FAHAF]
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Table 1. Yields of extracts from pine needle and twig

Extracts Yield (%)
Need] Hot water 9.5+0.8°
g 70% EtOH 10.8+1.0°
ik Hot water 43402
wig 70% EtOH 57403

YEach value represents mean + S.D.
?Values with the same letter in the same column are not significantly
different (p < 0.05).

o] 7% 5, 10, 20 mg/mLe] A2l E=oMNA S mutans KFRI 1171
o thall ztzt 422463, 952454, 983+2.7%2] A &L, S
mutans KFRI 11759 tieixe= 22t 20.7£5.8, 954+5.0, 101.5+
23%°] AsHES Yeplo] 7MY 8 AsAsiasE vl
gom, 4EIE H252E Bur ¢ 52 A EFS e
Wdch T3 S mutans KFRI 11759 tiaiA] £ 2 714 &
E9 HAANEEE 543 A= Table 33 2tk &9 7t
28] FFEE9 249 30mgmL o MICS Jehd wkA
70% EtOH FZ8-& 7t7} 20 mg/mLe} 10 mg/mLEA] Table 29]
Az} el 2 4FEE)] v 70% EtOH F&E9 &
A gl thek KA Gt 2A Ehow, =g £ Hrpe
7149l 70% EtOH FEE9] ASANEHR} ¢ =& 202
gttt 39 Ha FE2ES 25mgmLe] MICE Yeho] &9
3 7HA 9] @4FEE Hule X9 70% EtOH F5E5 Hil:s
o HyeAs)] a3=E vehlgio

22 9 JHX| F&E29| GTase MMl s

&3} 71x)9] @523 70% EtOH F3E9] S mutans7}
3= Glase B4l vlA= Il disle zARBIHCH, o
A= Table 49} 7ok £919] 7% E5F5E2 2, 10mgmL
o] AelsolA 2%9] FAF(S mutans KFRI 1171, 1175)2] %
Faoo) thall z}zt 21.9+49, 63.4+9.4%2F 66.1+10.7, 80.5+
7.7%2] Glase 84 As|&L, 70% EtOH F&ES 77}t 86.8+
82, 98.7+4.4%%} 76.8+9.6, 913+4.9%2] AL VeRlo] &
FFEEHEUE 70% EtOH FFE°] ¥ Glase 84 94 &
= Yehigl). 71X Aol £43 vlz7A 2 70% EtOH
FZ20] z+7} 65.1+59, 94.0+£4.0%}F 77.3+102, 93.8+7.7%2]
Ae&S Yeplo] 4282 390173, 48.8+8.3%%} 66.8+
3.7, 915+43%°] H]3] thk ¥& Ghase 4 9A E34E et
Widel 3 =3} 288 2%9 FX o9 zasd i) 7
Z} 74.0+6.7, 91.3+3.8%%} 94.0+4.3, 96.9+3.0%2] Glase 24
A& &S Yehfo] £9 2 7HX9 €4 % 70% EtOH F&&

Table 2. Inhibitory effects of extracts from pine needle and twig against Streptococcus mutans

Table 3. Minimal inhibition concentration (MIC) of extracts
from pine needle and twig against Streptococcus mutans KFRI
1175

Extracts MIC (mg/mL)
Hot water 30<
Needle 70% EtOH 20
Twi Hot water 30
- 70% EtOH 10
Green tea 25

o Hls} GTase 84 Al A7} thd H9AIW &9 FE2EL
433 =& FE9 94 &23E Yepd e AT £ ok
Hattori 5(14y2 52 doflA #eld £33 ghdo] Glase 4
Aol 3 7} AL BI3F T, Nakahara SR0O)E 3=
A 2EF -2 33 w@do] o] AAEI °]5C] Glase
24 oA el disl ¥asieict. EF Matsumoto 531y §-
2] Y ©do] S mutans®] C-2H2] glucan 23 F-$]0l
el ¥ZAAH AE FO=N Glaese 4L JAZTE B3
3ttt Jerez 5(32)3 Rohr 5(33)2 AU-(Pinus pinaster<}
Pinus radiata) 73] 8 Z2|9E0] catechin?} epicatechin
2 0|59 d2EEE feAE FAE 38 gdolgy B
I AAZ B 0 £ Aol AR’ &9 TR Fo Eg
Aler 53Y 9dd Ao FH=Y, o] HEo| Glase 84
Al - E3E Jebd ZoE Addn.

22 9 JIX|e| 20 2&lo| 5k g3t

8 X ASAS &35 vepd 299 7R9 70%
EtOH FZE-2 n-hexane, chloroform, ethylacetate, n-butanol 5]
Loz F4 pold wel #=AF Bk 72+ BY 29| S mutans
of gk A% oAl a8 AR Ay 23 Fgibyo
2 43U Table 594 B niel o] &9} 7kx)9] 745
Lo 2383} %3 FE2E9 S mutansol]l W3 AL A TS
Hwet A3 £993 7K 2% phexane ¥3©] 5, 10 mg/mLe)
A FxolM zbzt 98.9+2.2, 97.9+3.5%%} 97.8+ 1.8, 98.1£3.3%
o] A& e} Y 9 =3 FE2E v foFHoR e
As) &3= JeRHSAIL, chloroform, ethyl acetate, n-butanol -2
o] £o2 AaAE Yehfo] €9 2 7kK]9] EtOH FEE9)
FAE K A B ARG ¥F4 B 97 Aem
gt £93 7122 phexane 82 S mutansdl e Ha
A e =S =A% 237 Table 6914 B vle} 22o] 0.6 mg/mL
o] HAANE=E JeEIA £33 £99 71K9] n-hexane &
23} chloroform #89] S mutansl| gk AL t]2== Ak

(Inhibition rate : %)

S. mutans KFRI 1171 (mg/mL)

S. mutans KFRI 1175 (mg/mL)

Extracts
5 10 20 5 10 20
Needle Hot water 0.0+0.0° 0.0+0.0° 12.1+£4.2¢ 45+3.0° 12.5+44¢ 352+43°
70% EtOH 5.0+3.4° 7431+4.8 99.1 +2.9* 14£1.9° 57.7L84" 96.3 +6.4°
Twi Hot water 9.5+44° 36.8+5.5¢ 41.6£3.9° 13.0+£6.0™ 46.6+7.1° 57.0+8.0°
& 70% EtOH 42.21-6.3" 952+54° 98.3+2.7° 20.7+5.8° 95.4+5.0" 101.5+2.3"
Green tea 422+8.1* 53.5+84° 85.7+£4.5° 38.7+5.3 62.61£6.2 92.1+8.8°

YEach value represents mean + S.D.

?Values with the same letter in the same column are not significantly different (p < 0.05).
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Table 4. Inhibitory effects of extracts from pine needle and twig against the activity of glucosyltransferase from Streptococcus mutans

(Inhibition rate: %)

S. mutans KFRI 1171 (mg/mL)

S. mutans KFRI 1175 (mg/mL)

Extracts
2 10 2 10
_— Hot water 21.9+4.9¢ 63.4+94° 66.1+10.7° 80.5+7.7°
¢ 70% EtOH 86.8+8.2° 98.7+4.4° 76.8£9.6™ 91.3+4.9®
Twi Hot water 39.0+7.3¢ 48.8+8.3" 66.8+3.7° 91.5+4.3®
g 70% EtOH 65.1+5.9° 94.0+4.0° 77.34+10.2" 93.8+ 7.7
Green tea 74.0+6.7 91.3+3.8" 94.0+4.3° 96.9+3.0"

YEach value represents mean = S.D.

?Values with the same letter in the same column are not significantly different (» <0.05).

Table 5. Inhibitory effects of solvent fractions from 70% EtOH
extract of pine needle and twig against Streptococcus mutans
KFRI 1175

Inhibition rate (%)
Extraction solvents

5 mg/mL 10 mg/mL

n-Hexane 98.9+2.2° 97.9+3.5°

Chloroform 473+£5.1° 46.4+4.3%

Needle . .
Ethyl acetate 26.7+5.8° 55.8 +4.7%

n-Butanol 167 £7.6% 54.5+5:7%

n-Hexane 97.8+1.8° 98.1 £3.3%

. Chloroform 50.1 £5.5° 66.7+5.6°

Twig

Ethyl acetate 17.1£3.5% 29.4+10.8°
n-Butanol 9.2+4.5¢ 33.6+£9.0d°

Green tea 38.7+5.3° 62.6+6.2°

YEach value represents mean + S.D.
?Values with the same letter in the same column are not significantly
different (p <0.05).

Table 6. Minimum inhibition concentration (MIC) of n-hexane
fraction from pine needle and twig against Streptococcus mutans
KFRI 1175

Parts MIC (mg/mL)
n-Hexane Needle 0.6
fraction Twig 0.6

Hoz FARE A3 Fig. 1914 B ule} o] £U3} 71x]9
chloroform %2 clear zone2 HAI5HA] 222 WHA p-hexane
82 oF 20~25mme] clear zone2 HAIsl] AA|w|A] 3]AH}
AR 482 YepQEl Cho 5(34)S EtOH, n-hexane, diethyl
ether 59 U2 &9, 74, & FE3 RS BN
A3} p-hexanedllM WA Adwo] 71 Bol ZAEEUSL B-pinene,
limonene, a-pinene 5°l F& AFolgtx dFoH, Kim3}
Shin(35)2 €99 WIHES 7357 THRHULE FE3l9 ¥
A PRl sk FgHAS Al £9 BRARS =2 &
AL BI3IT. 0|9k o] A& FHFAARS A8 HA
Fd] terpenesSEA] HAEC] s E& A& g9

Bl 7](36,37) wlli-oll & Aol Ae] p-hexane HE 2| S mutans
of 3 E A8 AT n-hexaneol] ]3] &

AU 7Y ARl 2 89E JEd Ao ?}‘?_‘r%r/}.
3HH Table 72 €% % 7129 n-hexane ¥%°] S. mutans7} A3
2J8H= GTase €430l EHE]' A S AR A2 1, 2, 10
mg/mLe] FEoNA &% n-hexane w32 ZH7b 52.6+4.1, 95.8+

Fig. 1. Comparison of inhibitory zone formation of n-hexane and
chloroform fraction from pine needle and twig against
Streptococcus mutans KFRI 1175. A: n-hexane fraction of pine
twig, B: n-hexane fraction of pine needle, C: chloroform fraction of
pine twig, D: chloroform fraction of pine needle.

Table 7. Inhibitory effects of n-hexane fraction from pine needle
and twig against the activity of GTase from Streptococcus mutans

KFRI 1175 (Inhibition rate: %)
Concentration (mg/mL)
Parts
1 2 10
n-Hexane Needle  52.6+4.1° 958+23" 97.3+3.6"
fraction Twig 60.1+£7.5° 927£57° 96.5+6.2°
Green tea - 94.0+4.4" 969+3.0"

YEach value represents mean + S.D.
?Values with the same letter in the same column are not significantly
different (p <0.05).

2.3, 97.3£3.6%, 7FA n-hexane ¥3-2 217+ 60.1£7.5, 92.7+5.7,
96.5+6.2%2] A&&S Yehlo] A9 AR 532 YeRS]
3 EF =3 FEEH A9 FARE Glase As|Eds Uepd S
g 4 U

olate] A¥e Ealo] £9 % /1A FEEL S mutans©l] o
gk g2k GTase?] E4dol Wik JA a3 5o f%%i] a3}
g ZAIZ A3 70% EtOH FEE9 g&37} 33
mutans®l] I3 S2E-] 73 AdskE Al ix} FEE N
O $58 24 Yehllo] 3FA AAEA Y E8 7HsAe
Aty AzbET) 70% EtOH 352 o8 71A] Sz &3
g 39S E£3] p-hexane F-20] S mutans®l|] 3l 28

%)
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(A)

90 1

60 4

Inhibition rate (% )

30 A

Control  30°C  50°C 70°c  90°C
120

g _sri (8)
90 4 [ ‘

Inhibition rate (%)

0 o

Control pH 3 pHS pHT pH O pH 11

Fig. 2. Effect of heat (A) and pH (B) treatment on inhibitory
activity of n-hexane fraction from pine needle against
Streptococcus mutans KFRI 1175. Different letters mean significant
difference (p < 0.05).

o] uj$ koD, Glased] I3 Aol BAE Be Ao v
U nhexane 282 BaARc] £ B 7 §5X st
08 4849 202 Fad. ol £ 3 7l
49 238 B ARE Ghise 24 Ao 27 7ofshe
ZEREERE ST _ﬂ So Qo] BRHQ 2gol o)
9 9 7He G52 &} deke 2oz Az,

h 0ln

£29| n-hexane 2&2| ¥, pH &Y

S mutans®)] 3] =L A&AA) §79= YeER p-hexane #-2)
o] &3} pHoll thek eHAS AR Axk= Fig 29 2 30°C
o} 50°C2 2|3 n-hexane ¥ S mutansell WE -
z}z} 93.944.0%, 91.4+5.1%2 F*12]3 n-hexane 2] 97.3+
58%9F Al FARE 3 veRlIsiew, 70°Cek 90°CollM = 7
7} 13.048.7%, 73+7.8%=Z o] AA T 7] EA
257} Z718e) wWel p-hexane ¥-39) GetgAo] AA At
S 4 F JAtk. A pohexane ES o] WIQ] pHE *#g
3192 W pH 501X 97.9+4.1%2] 78S Yehlo] Hskal
Auk Yz pHolME FFdo] 50% AFE AT Fashke
Aoz Vet olAte] ARE B o] £99] n-hexane ¥¥ <]
o] dxe] 2%} pHel ZA ¥F &S & F UUTh

gr

_g_ol_;q. 2R 71219 z‘;}%— 2 G} 7154 AAEA Y B8
zAVEY] 9ete] FEEa o 282 S mutansel

0]

s 3‘6"_‘3&3’} Glase 24 A&} 2] E3} pHell oigt g
e 2R 955EE Hle 70% EtOH 3580, £9
E’_C]-:_- 7 FZE9] S mutans®l] e+ A3 a7t 2 A
o2 Yehdom, £3] nhexane ¥ MICE 0.6 mg/mLEA] S,
mutans®] Nl 714 =& FFaas veploln 22l £93
7HA] FEES] Glase 84 Al 3= S mutans©] 3t A5
C—*M] a3 Aot iR E d54FEFE Bk 70% EtOH F

E0], £9 Htl= 7 FEE°] Glase 84 oA &3t 2
Ziii yehgdo) 38 £919] p-hexaned EA 7 =71 F71
of W} S mutansl] W3 o] AA A pHE w3}
A= A JFFie Ao JEPT

HAle| =

2 A7E wazde) A o8 sAHHen oo PA=
Huch.
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