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Potential Role of Polyphenolics and Polyphenol Oxidase
on the Induction of Browning in Ginseng Roots
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Division of Plant Resoures, Graduate School Chungnam National University, Daejeon 305-764, Korea

ABSTRACT This study was conducted to investigate
the potential of polyphenols and polyphenol oxidase acti-
vity on the induction of rusty symptom development in
ginseng root. When rusty inducing bacteria were inocula-
ted on fresh ginseng root, the hue value of the inocula-
ted root increased from 101.2 (white yellow) at 1 day after
innoculation to 60.9 (brownish red) at 30 days after inno-
culation. Lysobacter gummosus, Pseudomonas veronii and
Agrobacterium tumefaciens enhanced the accumulation of
total phenolics. Along with the increase of total phenolics,
total activity of polyphenol oxidase concomitantly increased
but the specific activity of the enzyme was not.

Keywords : polyphenol, polyphenol oxidase activity

Olate] Hue Hgol FLAolH LAY 2L ugol
UERFAT, "2 AR A 2] g e s Wk

7497} gk Fwo] AA=H Fu7b AHOJA I FE X
o, Eu|zHo| NER Zetx 1 Hufstr] Hoh Aol &
Astd olake] mjtiAAto] AstE|o] frfo] kil F4A|
Zo| AL AL Aol kY 5, 1984; & 5
1987).

o] gol WAel BHORE ¥
U EgFo] w43t w(Z3) |, 1981; & 5, 1982), B/t
olmuole] A4 TrhE 5, 1995), B B4 S
5, 1996), a7 2] H(E 5, 1996), 77| 28| E(Park er
al., 2006a) Solgkm s+

Yang et al.(1997), Yun & Yang(2000)°] &5t 2%

=2

=

(¢}

"Corresponding author: (Phone) +82-42-821-5729
(E-mail) choije@cnu.ac.kr <Received June 11, 2007>

289

&9 Y
sto] mld=Eol 3
15 ]/\]-‘5} t}. Choi et al.(2002),
W glol Tl Aol AL,
AL LBk 7| = Aol Agrobacterium tumefaciens, A.
rhizogenes, Burkholderia phenazinium, Ensifer adharens,
Lysobacter gummosus, Microbacterium luteolum, M. oxydans,
Pseudomonas marginalis, P. veronii 5-°] EZE T}l 3}%
3, HARS ARt Ho] agtha st tiPark et al,
2006b).

o] Tue 22 5od 2 ofa) Wiss 7|8
07 z7)o= Aka7t ZA5k= 2 A0 Al polyphenol oxidase
(PPO)S} peroxidasc(POD) ol SIat W4l s sheE
FAA AFSL 2R8-0 2 ¢18l(Gauillard & Richard, 1997), #Hl=
B3t Eo] AtEElal o] & Q18] F /¥ O-quinones
gtate] gAlo] 24 Al (melanes)7t FAE T 223

Bojo] garo Aol YA Hs U PPOS] dFd I&F
S uk=t}H(Nicolas ez al., 1994; Williams ef al., 1985). ESt

S SRME] 242 R 2R} 23 279l Eio} sub-
epidermal layersol| ©] @o] £HHtt1 3}%tH(Bengoechea
et al., 1997). ¢l4re] Awie Z@o| Estyo] st ¢l
Aro) stressS WO H QlARS. 217 ol 71202 HesA E
Ag ¢ulof &2 %o lignind}t Ei= suberin®} E|m, of oj

Qtelno] T4H H Ex B9 59 ol sy B3
3} PeolE A oF BHo| A B AxH T
S GeiEA Hag we Aoz 2REchT FelA ot
(& 5, 1996).

oA} o] Ql4re] Aol 7L obx7kA] s w
A7) QIkAIE 1 F4o] Thede] i SARHEE poly-

=4l &

lor

H@714

= A
5]



290 OIEIX|(KOREAN J. CROP SCI.), 52(3), 2007

phenol ¥ PPO%} o] & A2 FAEh wets &
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mlE A 7}slo] nhast &, phosphate buffer 10 mlZ 12}
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(CR-200. Minolta. Japan)E AR&3lo] /HAEE A HE ol
A 33H|S ZX3}o] Hunter L, a, b3t 431, Hue FH(Hue

angle)g XASI T

Zdnt d nF
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T 959,209 FE=90.1, 30¥ F= 6092 ARA 106.0

Table 1. Effect of artificial inoculation on the incidence of
rusty symptom in ginseng roots.

Days after inoculation a’ o
Sound -12.4 106.0
Natural-rusty root 36.8 44.7
1 -6.2 101.2
10 2.9 95.9

20 -1.7 90.1
30 28.4 60.9

"a value : green (-) < yellow <> red (+),

*Hue angle (°) = [ATAn (b/a2Il) x 360 — 0° = red-purple,
80° = bluish-green, 90° = yellow, 270° = blue
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Table 2. Comparison of total phenolics as influenced by rusty
disorder in ginseng roots.

Ginseng condition Phenolics (mg/g:FW)

Sound 97.68 +1.36
Lightly affected 117.97 £ 1.63
Heavily affected 129.03 £1.25

E

Fig. 1. Rusty symptom of ginseng roots induced by artificial inoculation of A. tumefaciens isolated from rusty ginseng roots.
A, B, C, and D were the result of 1, 10, 20 and 30 days after inoculation, and E was that of natural-rusty ginseng.
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1 10 20 30
Days after inoculation

Fig. 2. Color of 80% ethanol extracts from induced rusty
ginseng roots by inoculated with A. tumefaciens
(CG20126) isolate.

Table 3. Changes of total phenol contents in rsuty ginseng roots induced by artificial inoculation with three isolation, L.

gummosus (CG20113), P. veronii (CG20123) and A. tumefaciens (CG20126).

Phenolics (mg/g:FW)

Days after inoculation

Isolate
1 5 10 20 30

CG20113 80.00 £ 1.83 80.18+1.76 83.87+1.56 86.82 £ 1.61 94.75 £ 1.07

Control 76.87+1.33 7742 +2.22 79.82+ 1.34 80.55+1.93 8332+1.14
CG20123 83.32+2.00 85.53 £2.31 95.30 +1.58 96.59 +2.08 105.44 £ 1.74

Control 79.45+1.76 82.95+1.71 89.03£2.26 91.61+1.33 96.59 £2.16
CG20126 8498 £2.27 87.56 £2.07 89.59+2.29 91.06+1.79 10544 +£2.18

Control 81.11+£2.16 83.13+2.22 87.00+2.20 87.56 +£2.18 90.51 £2.83
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Table 4. Comparison of polyphenol oxidase activity between rusty (2 weeks after inoculation) and sound ginseng roots.

PPO activity

Ginseng root condition

Protein contents (mg/ml)

(units/ml) (units/mg- protein)
Rusty (natural) 0.299 + 0.008 0.044 6.818 £0.057
Sound 0.347 £ 0.006 0.087 4,005 +0.025
Rusty (induced by
CG20126 inoculation) 0.653 +0.014 0.040 16.228 +0.367
Untreated 0.403 £0.013 0.085 4.738 £ 0.123

Table 5. Changes of polyphenol oxidase activities in ginseng roots inoculated by three isolates, L. gummosus (CG20113), P.

veronii (CG20123) and A. tumefaciens (CG20126).

PPO activit
Isolate Days aﬁer - Y - - Protein contents (mg/ml)
inoculation (units/ml) (units/mg - protein)
1 0.969 + 0.048 0.057 17.0£0.362
10 1.450 £ 0.027 0.039 372 £0.669
CG20113
20 1.531 £0.024 0.039 39.1 £0.652
30 7 1.167 £ 0.060 0.039 129.7+0.461
1 1.089 + 0.049 0.057 19.1£0.312
10 1.626 + 0.019 0.039 41.7+0.657
CG20123
20 1.767 £ 0.022 0.039 45.3+0.590
30 1.334 +0.048 ~ 0.039 34240732
1 1.157 £ 0.064 0.056 20.5+0415
10 1.176 £ 0.030 0.039 45.2+0.283
CG20126
20 1.863 +0.062 0.039 48.1 £0.576
30 1.406 = 0.027 0.039 36.0+0.710

3, k. ojej st A= A
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a2 glen

3 PPOS) BHE %
ST PPOY] %“éOl ;Ff Ae AlE ol Tdel g
A MR AT AFHE 52
3 = 0 10° cfwmD)] Ty e 2t
7} 68183} 162282 2AH] vlsto] e A8 Uehi
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(CG20123) L8]31 A. mefaciens (CG20126) 4+& FF
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PPOZ), thill A PPO AL X ARG Aif= Table 58 7]’5}
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0.9690]21 3, AF 10Y To= 1.4500]9 00 HE 208 &
o= 15312 71 A vebten HE 30 Tﬂ\% 1.167
(units/g- FW)2 ZraElE Agolglch whld e JF
19 o= 17.0, 108 Fol= 37.2, 209 Fofl= 39.1, 30¢
Zoli= 29.7 mg/mlolgich ©wlAT PPO 9}/‘48 14 =
0.057, 10 % 0.039, 20 % 0.039, 309 % 0.0392 e}
vt L. gummosus ZH-GEHAS HAES & 10Y $RE=
SPIAE PPO SE o ol FAsHA B uaw 22
42 el A0R Uehith PPOGl 4% 208 %
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= 73%0121@ gk Eﬁ} CG2013 31‘?1%%
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L= polypenol oxidaseol| 2|3+ polyphenol®] 4t3}e} tyrosi-
naseo] 2|3} tyrosine®] Atlol oJgt Ao R EFT 4 9l
o} E44 2o 7122 A& catechol, pyrogallol, chioroge-
nic acid, caffeic acid, tyrosine 5-°] glow, Az ZHoj
LodkeER] fd, 7], A2 A 7R B4l Aol
APk S0] DT oSN B 4 = BHO AL poly-
phenol oxidaseol| 2|8l ottt Polyphenol oxidase:= cate-
chol &2 catechol 3-%4)Q! chlorogenic acid 5°] 57| 5%
AbAof 93] quinone 32 quinone -FEAR AMStE= wHE
Zol|3}, quinone 5-& Al AL % Te SYEH &
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2 993 AstasRA 2] 50 wet 1 4ol o
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S 7120] 47 BEHNE 5,
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1986).

f4-¢] polyphenol oxidase?] %MEﬂ- Z7tsd, Ak
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oxidase®] EA =7}t A7) A= Yokl 3G, ol €]
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Agrobacterium tumefaciens 455 0149} AFAF9lof| =

1S o, 2HE0 FFS dovt ALARE SRR
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AL QAAELHEIIA. pp. 13-94.
A4, Ol Z3} olel<:, ujdel. 1986. ¢14ke] Ao 3t
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AL QAAF R ARl R « 84-157.
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