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ABSTRACT

Background: Ginseng is a medicinal plant known for its pharmacological effects as a secondary
metabolite. Ginsenosides and polyphenols are the most important compounds of ginseng. These
compounds and biological active depend on the cultivation conditions.

Methods and Results: We used chitosan and an ultraviolet (UV) light elicitor on a 2-year old gin-
seng plant for increasing active compounds and biological activity. The chitosan that we used were
obtained from Gryllus bimaculatus (chitosan A) and mealworm beetle (chitosan B). Chitosan B
enhanced the growth, active ingredient content and physiological activity of ginseng overall.
Although UV had a negative effect on ginseng growth, it increased the active compound content
and biological activity.

Conclusions: Chitosan is an eco-friendly organic material, believed to be easy to treat in growing
ginseng. Therefore, the use of chitosan is thought to be an appropriate agent to increase the amount
of ginsenoside, and enhance others compounds and physiological activity.

Key Words: Bed Soil Chemicals, Bioactive Compound, Chitosan, Ginsenoside, Growth Character-
istics, Ultraviolet
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g 124 2 2-diphenyl-1-picrylhydrazyl (DPPH) 2tt]Z 27
s 54, b a2 SAE skl FEES AXEA
o} 7t 54 A%3 Bd A8 2 g5 70% olerSE 24 A7+
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Table 1. Growth characteristics of root and shoot in 2-years old ginseng cultivation after chitosan treatments.

Growing  Chitosan SwY SL? Leaf LLY LW RLY RWD? RWT?
days treatments @ (cm) SPAD (cm) (cm) (cm) (mm) ©

A 0.68" 6.4° 28.94 5.5° 2.5P 10.8° 5.25% 0.71°

50 B 0.78% 6.8 26.73° 5.7 2.7° 11.5% 5.04° 0.84°

Control 0.84 7.2? 28.40% 6.1 2.9 11.3 5.24% 0.83%

A 0.76% 6.5° 26.01° 5.6 2.7° 15.9 6.09° 1.50°

100 B 0.80% 6.8° 24.98 6.8° 2.8 13.9® 6.59° 1.54

Control 0.78 6.7° 21.74° 6.0° 2.8° 13.5° 6.32° 1.50°

A - - - - - 14.2° 6.70° 1.77

150 B - - - - - 18.1° 6.96° 2.03°

Control - - - - - 14.3° 6.72° 1.65%

Chltosan treatment A is chitosan orlglnateol from Gryllus bimaculatus and chitosan treatment B is chitosan onglnated from mealworm beetle.

DSW: shoot weight, ?SL: stem Iength ILL; leaf length, “LW; leaf width, *RL; root length, “RWD; root width, ”RWT; root weight. All data are
presented on means (n = 30). ‘Means with different alphabets vary 5|gn|f|cantly with DMRT (Duncan’s Mulnple Range Test) at 5% level (p <
0.05) within same growing days.

Table 2. Growth characteristics of shoot and root in 2-years old ginseng cultivation under UV light treatments.

Growing days Ultraviolet Swh SL? Leaf Lt3> LW RWD® RWT?
treatments (g (cm) SPAD (cm) (cm) (mm) @

UV-A 0.68 11.0° 31.63° 4.1° 1.8° 4.48 0.59°

10 UV-B 0.76% 11.22 31.58° 4.7 2.22 4,56 0.60°

Control 0.75 11.9? 31.70° 4.5% 1.9 4,512 0.62°

UV-A 0.81° 12.22 35.65° 4.5" 2.0P 3.712 0.53%

20 UV-B 1.01° 12.42 35.55 5.6 2.52 3.25% 0.52°

Control 0.93% 12.52 33.72 5.22 2.2% 3.112 0.53%

UV-A 1.02° 13.3 36.757 5.9 2.57° 4.40% 0.55%

30 UV-B 0.972 11.9 36.76° 6.0° 2.63? 4.14P 0.52°

Control 0.942 12.1% 36.47° 5.72 2.56% 4.60° 0.57°

UVA is 395 nm and UV B is 310 nm. "SW: shoot weight, SL: stem length, ?LL; leaf length, “LW; leaf width, *RL; root length, “RWD; root width,
7RWT; root weight. All data are presented on means (n = 30). "Means with different alphabets vary significantly with DMRT (Duncan’s Multiple
Range Test) at 5% level (p < 0.05) within same growing days.

A Agel FHA P MAE AL AT+ Ak ATk Bae 5 (1997 2o] Hol UV-BE }@ 2% g9
UV B A2l BE Q458 299 A4E Tble 4o 40l AT, ol UV AL A8 2 4

29} 2tk UV-AS A8k A9ollr A A8 A8 30 Aol Fojsle AolETleld S oAsi T Lotﬂ% o &
Aol BAF 1.02 g A 133 cm, G 59 cm 2 Y E7) AT AN E w2 Uvel] o3k 14t S sl
Hlal] o F7bsklal, AR AS2 %t 13.6 cm, 73 o] Yehdtie 2445 SRIT 4 ith

440 mm, T 0.55 g 02 TRl B3| Tadke RS

Btk UV-BE X3t ZA¢, At S-S AS 30 Aol 2. FIELH Xeloll W2 AE slshd g}

2 139 cm, 27 4.14 mm, 25 0.52 g &2 ool H] FIEAE Aol w2 AE 35 E4 A= Table 33

3 Hasske A Hof dAFcRE UV 2AR o8 i Tk

A Aol AstEe As Il = AUk BT 7| EAF AE T R S A4t Lol
olget A= In 5 (2006)°] UV ZAk &3] 914k 4 uwla} 578 - 582004 7.52 - 7.58% molxa, bR A

20 AL g 9 1 AL Heh dsje} fARsl o e AL BT BEY GRE 7B AYT BRI 2

Qo] Holl UV-BE 7 A= AeiE w A5l A & 7] 0.05 ds/m°ﬂ/\1 A5 150 Lol 0.09 ds/m - 0.10 ds/m=
s Fde eI, Bagh AAeke (Jeong, 2009) fHAKSE AR} S7kskE A& AQISIRioM, fle - 2T 7
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FIELE UVAE[0] [E QI ds X & S

I

FEs Holx] Fsdth J1EA A AT fUE T 3. Ginsenoside &2t 45}

289.15 gkg oA 292.84 gkg & %7] SreFH T} ozl whH, 7184 X2lel] w2 A A2l ginsenoside 3 W3 =

2T F71% SHFS 30533 ghkgollA] 27951 ghkg® % Table 494 2tk S 100 Dol ¥ ginsenoside TrFo] 7]

7] ghegell ws) tha 7RSIt Ak dAae 71EAF AE E2F Aol BAQLo] 7.45% - 8.14%0NA 4.64% - 6.37%=
RO X DA eE AES HolA] o, S 150 Ho AaEARE As RIS B, izl vjg] 7|ELt

et tjzellA] 026 mgkg 2 BASHA Fagh AS g1 AE g 2 7H AAF] FHawke] oF 2 w7k Zlth. PD/

sttt PT H|& B3 B Ao & o2 743kt

o] Seok 5 (2004)°] FF EEJ F|EAS A7 & 10 &2 gmsen051de 7t e HlEo] 7P =2 Red
Frtes EolA A, fFaERIAbe] ATl Bargh 7349} HehEs B4, BE AYolA AS d57t Ao w
Hl=g 43RS Btk 71EAF Ae] & ERiErE olAls 2 HAdiith ol 9 ¥ ginsenoside®t PD/PT H|&-9
olfr= frelek 71’ FRoll wet xfolrt AR, A 8- 7 BlEe] & olfr Tl s Ber F5T 4 Urh
A LE7] T AeZ ALEHETH (Won, 2017). Rgle 71EAF B ATt 48t aL, 279 7184 A

Ag]elld= S7Feith ofm, Rble thzgrollAwt Habr}

Table 3. Changes of bed soil chemicals properties in 2-years old ginseng cultivation after chitosan treatments.

Growing  Chitosan pH ECY OoMm? NO;-N  Av. P,Os Exchangeable cation (cmol/kg)

days treatments  (1:5) (ds/m) (gke) (mg/kg) (mg/kg) K Ca Mg Na
A 5.82° 0.05 289.15*  0.86" 12.89° 0.07° 3.15° 2.61° 0.14

0 B 5.78" 0.05 291.59°  1.06° 9.92° 0.07° 3.27° 2.69° 0.142
Control 5.64¢ 0.05° 30533 0.91° 11.33%  0.07° 3.15° 2.59° 0.132

A 7.16° 0.05° 257.18° 0.83% 1.58° 0.06 4,06 3.85° 0.23?

50 B 7.22° 0.07 260.62°  0.90° 2.81° 0.06 3.93° 3.89° 0.21°
Control 7.22° 0.05° 262.23*  0.84° 2.412 0.04° 3.88° 3.88° 0.20°

A 7.45° 0.06° 27215%  0.70° 2.242 0.05° 4212 3.80° 0.26%

100 B 7.52° 0.06" 263.18°  0.62° 2.192 0.04" 3.98° 3.61° 0.22%
Control 7.52% 0.07? 273.01°  0.62° 1.26" 0.03¢ 4112 3.77° 0.25®

A 7.58° 0.10° 292.84*°  0.89° 1.34 0.05° 448 4.45° 0.322

150 B 7.52° 0.09° 271.09¢ 0.91° 0.47% 0.04" 4.32° 4.40° 0.30%
Control 7.72 0.06° 279.51°  0.26" 0.412 0.04¢ 4,56 4377 0.26"

Chitosan treatment A is chitosan originated from Gryllus bimaculatus and chitosan treatment B is chitosan originated from mealworm beetle.
VEC; electrical conductivity, ?OM; organic matter. All data are presented on means (n = 30). ‘Means with unlike alphabets are significantly
different by DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05) within same growing days.

Table 4. Differences of ginsenoside contents in shoot of 2-years old ginseng after chitosan treatments.

Growing Chitosan  Total”  PD/PT? PT” (W/w%%) PDY (w/w%%)
days  treatments (w/w%) (Ww%)  Re Rg] Rf  Rh1  Rg2 Rb1 Re  Rb2 Rb3 Rd
A 7.453°  0.605° 3.448* 0.982° 0.077*° 0.023° 0.114* 0.066° 0.220° 0.275° 0.044° 2.203°
50 B 8.144*  0.755 3365 1.071° 0.066” 0.025° 0.114° 0.083" 0.310° 0.380* 0.059° 2.671°
Control  7.602°  0.798* 3.001" 1.037" 0.067° 0.023° 0.099° 0.066” 0.287° 0.343> 0.054"> 2.624°
A 46415 0.140° 2.843 1.113* 0.007° 0.016° 0.094° 0.023° 0.042° 0.074° 0.013° 0.418
100 B 5.553°  0.366° 3.090° 0.855° 0.007° 0.015° 0.099* 0.041° 0.140° 0.211° 0.027° 1.069
Control  6.370°  0.591° 2.876" 1.009° 0.009* 0.016° 0.096° 0.066° 0.249* 0.367° 0.039° 1.645

Chltosan treatment A is chltosan originated from Gryllus blmaculatus and chitosan treatment B is chitosan originated from mealworm beetle.

"otal; total ginsenoside, 2PD/PT; protopanaxadiol/protopanaxtriol, ?PT; protopanaxtriol, “PD; protopanaxadiol. All data are showed by the
means (n = 30). "Means with different alphabets vary significantly with DMRT (Duncan’s Mu|t|p|e Range Test) at 5% level (p < 0.05) within same
growing days.
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AL, 7|EA 7 He] BF Askqivh A7 ginsenoside
< 71EAE Aol el haste As Rlsielth

7|ELE Aol mE A4t A5 ginsenoside T 3=
Table 59} Zt}. Total ginsenoside T2 A% 100 Lo] 7
g F0.76% - 0.94%7HA =oEATHE 150 Dol HwA o
Al 2718 ZAaskes A4S AT PD/PT HlE 9A] A5
100 Hell 0.75% - 0.84%= 7Fd =34,

10 &°] ginsenoside 7F&Hl &7 Hl&o] 7FF =2 Red
WS wA e, 71EARS At A5 100 Ho] 7=kt

% STIBIATIE AT vhE giRTe AlS Tashes FAE

e Btk 71EARS AElstal A 100 €ol Az - 7]
EAF A X FolM e 2SR total ginsenoside T S7100
7 @3t 200, 71EAF B A= gj2Tel visid 3F

2ol P2 F AL Hseh. Tt KU} 150 A=
o 4eld A% BE AN Gl 0sle Aash] E

of, A5 100 ol 7|E4RS M2 & 739 A|3HT- ginsenoside
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Table 5. Differences of ginsenoside contents in root of 2-years old ginseng after chitosan treatments.
Growing Chitosan  Total”  PD/PT? PT” (w/wi) PD? (W/w%)
days  treatments (W/Ww%) (WW%)  Re  Rgl Rf  Rh1  Rg2 Rb1 Re  Rb2  Rb3  Rd
A 0.712*  0.810° 0.215* 0.073 0.042°> 0.029" 0.035° 0.124° 0.080° 0.068* 0.016* 0.031°
50 B 0.699°  0.632° 0.222* 0.099° 0.042> 0.033* 0.032* 0.112> 0.059® 0.055" 0.014° 0.029°
Control  0.756* 0.728° 0.222° 0.112° 0.043 0.029° 0.032° 0.118™ 0.082° 0.070* 0.017* 0.032*
A 0.945* 0.770" 0.255% 0.157° 0.050° 0.036° 0.036° 0.119° 0.099° 0.090° 0.015* 0.088
100 B 0.832° 0.754> 0.226* 0.138* 0.044> 0.031° 0.036* 0.108" 0.086> 0.079" 0.013" 0.072°
Control  0.756°  0.840° 0.188" 0.132* 0.038° 0.025° 0.028" 0.104> 0.079® 0.076" 0.013" 0.073"
A 0.576  0.542> 0.207* 0.083" 0.050° 0.003> 0.030° 0.071° 0.047° 0.049® 0.010* 0.026"
150 B 0.641*  0.507° 0.232* 0.103* 0.056® 0.003" 0.031° 0.076" 0.048" 0.050° 0.011° 0.030°
Control  0.625*  0.633* 0.192° 0.097® 0.060° 0.004° 0.030° 0.090° 0.058* 0.058* 0.012* 0.025"

Chitosan treatment A is chitosan originated from Gryllus bimaculatus and chitosan treatment B is chitosan originated from mealworm beetle.
Motal; total ginsenoside, ?PD/PT; protopanaxadiol/protopanaxtriol, ?PT; protopanaxtriol, PD; protopanaxadiol. All data are showed by the
means (n = 30). "Means with different alphabets vary significantly with DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05) within same

growing days.

Table 6. Differences of ginsenoside contents in shoot of 2-years old ginseng under UV light treatments.

Growing Ultraviolet ~ Total”  PD/PT? PT? (W/w9%) PDY (w/w9%)
days  treatments (wW/w%) (Ww%)  Re Rgl Rf  Rh1  Rg2 Rb1 Rc  Rb2 Rb3  Rd
UV-A  2.333*  0.226° 1.392* 0.421* 0.019° 0.005* 0.074*° 0.031° 0.040° 0.053* 0.070*° 0.229°
10 UV-B 1.893¢  0.181¢ 1.142¢ 0.373" 0.018" 0.004* 0.067° 0.021¢ 0.025° 0.034 0.055° 0.155¢
Control ~ 2.163"  0.197° 1.274* 0.436® 0.021* 0.005* 0.071* 0.026” 0.033"> 0.045" 0.060° 0.191°
UV-A 2.131°  0.356° 1.203% 0.287° 0.019* 0.004° 0.059° 0.041° 0.047° 0.071° 0.086> 0.314"
20 UV-B 2.636°  0.483* 1.220° 0.477° 0.017® 0.005* 0.058* 0.044° 0.079° 0.112* 0.146*° 0.477°
Control ~ 2.320° 0.388° 1.213* 0.380° 0.016° 0.005° 0.058* 0.046° 0.060° 0.088” 0.086" 0.368"
UV-A 1.733°  0.313°  0.825° 0.444° 0.009" 0.002° 0.040° 0.033° 0.028° 0.040° 0.005° 0.307°
30 UV-B 24178 0.521*  0.883" 0.650° 0.007° 0.011* 0.039" 0.047° 0.071° 0.093* 0.012* 0.605°
Control ~ 1.820°  0.400° 0.855" 0.391° 0.008" 0.006° 0.045* 0.038" 0.039° 0.052° 0.007> 0.381"

UV A is 395 nm and UV B is 310 nm. "Total; total ginsenoside, ?PD/PT; protopanaxadiol/protopanaxtriol, *PT; protopanaxtriol, “PD;
protopanaxadiol. All data are showed by the means (n = 30). "Means with different alphabets vary significantly with DMRT (Duncan’s Multiple
Range Test) at 5% level (p < 0.05) within same growing days.
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Table 7. Differences of ginsenoside contents in root of 2-years old ginseng under UV light treatments.

Growing Ultraviolet  Total”  PD/PT? PT” (w/w%%) PD? (w/iw9)
days  treatments (W/w%) (Ww%) Re  Rgl Rf  Rh1  Rg2 Rb1 Re  Rb2 Rb3  Rd
UV-A 2737 0.868% 0.925° 0.223° 0.140" 0.005° 0.172°  0.450° 0.341 0.303* 0.052* 0.127°
10 UV-B  3.137° 0.817% 1.073* 0.292* 0.163* 0.005® 0.192* 0.515* 0.385* 0.290* 0.050* 0.1712
Control  2.898®° 0.724> 1.041® 0.277*° 0.170° 0.006* 0.186* 0.346° 0.373* 0.299° 0.054* 0.146"
UV-A  3.307¢  0.707¢  1.335% 0.221¢ 0.172¢ 0.005¢ 0.205° 0.540° 0.363¢ 0.274° 0.047¢ 0.146°
20 UV-B  3.629° 0.814> 1.315° 0327 0.181" 0.006" 0.172° 0.617° 0.409® 0.363" 0.060" 0.179"
Control  3.718*  0.934* 1.197° 0313 0.196° 0.006° 0.209° 0.642° 0.490° 0.408" 0.067* 0.194%
UV-A 2676 0.986® 0.436° 0478 0.163% 0.153* 0.118°  0.479° 0.352° 0.293* 0.058* 0.147°
30 UV-B  2.501* 1.061* 0.405° 0.471° 0.133" 0.098° 0.106° 0.442* 0.311> 0.290° 0.056* 0.187°
Control  2.653*  0.919® 0.480* 0.471° 0.146® 0.135> 0.151*  0.454* 0.332°® 0.295* 0.057% 0.132°

UV-A is 395 nm and UV-B is 310 nm. "Total; total ginsenoside, ?PD/PT; protopanaxadiol/protopanaxtriol, *PT; protopanaxtriol, “PD;
protopanaxadiol. data are showed by the means (n = 30). "Means with different alphabets vary significantly with DMRT (Duncan’s Multiple

Range Test) at 5% level (p < 0.05) within same growing days.
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Table 8. Differences of total polyphenol contents, DPPH radical and nitrite scavenging activity in shoot and root of 2-years old ginseng

under UV light treatments.

Shoot Root
Growing  Ultraviolet  Tota| Polyphenol ~ DPPH radical ~ Nitrite radical ~ Total Polyphenol ~ DPPH radical ~ Nitrite radical
days  treatments Contents scavenging scavenging Contents scavenging scavenging
(mg-GAE/g) activity (%) activity (%) (mg-GAE/g) activity (%) activity (%)
UV-A 0.071% 51.6% 26.2° 0.068" 26.6° 35.2°
10 UV-B 0.070% 54.4 15.8° 0.078 28.9° 57.4
Control 0.068° 55.1 32.2° 0.067° 20.1° 36.6°
UV-A 0.073? 57.3° 25.3° 0.094° 68.8° 46.5P
20 UV-B 0.064" 47.2¢ 20.8° 0.065¢ 14.8° 84.7°
Control 0.066° 48.6 10.1° 0.070° 23.8" 27.7¢
UV-A 0.062° 50.9° 22.3" 0.073? 29.1° 27.2°
30 UV-B 0.064% 33.8¢ 30.7° 0.062° 11.2° 40.6°
Control 0.063% 47.7° 24.3b 0.062° 13.2° 23.3¢

UV-A is 395 nm and UV-B is 310 nm.

Motal; total ginsenoside,

2PD/PT; protopanaxadiol/protopanaxtriol, YPT; protopanaxtriol, *PD;

protopanaxadiol. data are showed by the means (n = 30). "Means with different alphabets vary significantly with DMRT (Duncan’s Multiple

Range Test) at 5% level (p < 0.05) within same growing days.
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