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SUMMARY

This study was conducted to establish proper cultural practices which
can increase the aroma substances in Codonopsis lanceolata Benth. et Hook,
and to develop appropriate processing system using the plant extracts as an
additive materials. The composition of chemical constituents relating to
aroma substances in wild grown and cultivated species which collected from
various regions were compared together with physico- chemical properties of
soils in wild habitats and cultivated lands. Furthermore, effects of cultural
conditions such as cultivating localities, soils, soil water contents, planting
densities and nitrogen levels on the growth, yield and aroma substances
were evaluated.

The content of crude lipid and petroleum ether extracts known as the
major components influencing on aroma, and crude fiber were higher in wild
grown species than those in cultivated species, and the content of water,
reducing sugar and crude protein were vice versa. The older roots(three
year old) showed the higher contents of crude fiber, reducing sugar, crude
ash and petroleum ether extracts. However, the content of water and crude
protein were higher in younger roots(one or two year old) than those in
older roots.

Wild grown species and/or older roots showed higher enzyme activities
of superoxide dismutase and peroxidase than those of cultivated species

and/or younger roots. Younger roots showed higher catalase activity than



older roots. Wild species were determined to have lower malic acid and
citric acid contents than those of cultivated species tested. The content of
fatty acids such as oleic, plamitic and linolenic acid were higher in wild
species and/or older roots than those of cultivated species and/or younger
roots. However, the content of linoleic acid was lower in wild species.
Regardless of wild or cultivated one tested, the species collected from
Bongwha in Kyungpook province showed highest fatty acid content,
whereas that of Moonkyung showed the lowest content.

The contents of decane, 1-dodecane, 1-hexanol, 2-propenocic acid,
cyclohexanol, 3- methyl pentanoic acid, trans-geraniol, squalene, 11,14,17-
eicosadienoic acid were higher in wild grown species than cultivated species,
whereas the contents of 2- (1- methylethyl)- phenol, cyclodecanol, octadecanoic
acid, n-hexadecanoic acid, and 11,14-eicosadienoic acid were higher in
cultivated species. Organic matter was higher in wild habitat soil than that
of cultivated soil, whereas soil pH and P25 contents were higher in
cultivated soils tested. However, the content of exchangeable cation and
SO4- were similar between wild grown and cultivated one.

Considering the growth and root yield of C. lanceolata, it can be
recommended that the most desirable soil water content seems to be
between pF 1.8 and pF 2.4 with higher planting density such as three to
five plants per pit and nitrogen level of 15 to 25 kg (a.i.) per 10a. However,
an increase of planting density more than 5 plant per pit (195,310
plants/10a) results in smaller root and poor quality. The contents of malic,

citric, palmitic, linoleic and linolenic acids in root were increased by higher



planting density. T he intensity of aroma, based on food- tasting examination,
was highly correlated with the contents of 1- dodecane, 3- methyl pentanoic
acid, cyclohexanol, trans-geraniol, 1-(2-hydroxy-5- methylpentyl)- ethanone
and squalene suggesting that these chemicals could be significantly involved
in the expression of aroma in C. laceolata.

More than 55% and 30% of concentrated extracts were recovered from
dried root powder and leaf powder, respectively, by ethanol extraction
method. About 5 minutes of steam treatment is recommended to remove an
astringency taste of C. laceolata extracts. In order to prevent the loss of
aroma, all plant materials need to be completely sealed using vinyl bag
during autoclaving process, and to be precipitated aroma substances before
reopening the bag. In terms of food- tasting examination, the highest quality
of balloon + C. lanceolata cocktail beverage was obtained by adding 2% of

C. lanceolata extracts to current commercialized balloon beverage.
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T Y ARAELRY, R0 R AR, GRS vZIHA

A2d A5 % Wy

LA 8:199%59, 1969 A4, 99, E4XFA AH/G44E ok R Avidy
1, 2 334E AL YEsHoq Y& £4§ ANEZ AT
2%y
7h Ay EEY

Ze93 Kjedahlg oz AL ¥ 334
Zx4 * Soxhlet &Y
| : Somogyi-Nelson'y
24 % : AOACH
M frel el 2 : Soxhlet
Zz3F > ¥y

U X4 84 &4
Preparation of enzyme solution

0.5g Codonopsis lanceolata

1 homogenize with pestle in 2n¢ 0.05M Kpi buffer (pH 7.8)
2n¢ of Enzyme solution

centrifuge at 8,000g for 20min
Supn” t (about 2mé)

guiael A% : Bradford(1976) #.
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SOD #4 &4 : McCord$} Fridovich (1969)9) .
uh-3-of
—F-2-of : |mM xanthine
ImM cytochrome ¢
0.05M Kpi buffer with 0.lmM EDTA (pH 7.8)
— 550nmol| A 4§ %2 sodium dithionite2 ¥4,

— (4Fg-f Ime 4 X H A} 10048 + 0.05M Kpi buffer with
0.ImM EDTA (pH 78)2 3% xanthine oxidase)

SSonmAlA #FE WE 33,

POD &4 &3 : POD ¥4 pyrogallol& 7|F& AlE3tE Sigmarle] 4y
10042 enzyme solution in cuvette
Add 2.9 of assay buffer
assay buffer : 100mM Kpi buffer (pH 6.0)
147TmM H:0:
5% pyrogaliol
DH0

420nmel M 2023 FRE UNE £3.

CAT ¥4 &4 : Aebi(1984)4H.
kg
%k-g-9] :0.053M H:0; + 0.05M Kpi buffer (pH 7.0)
Add enzyme solution

240nmoll Y FZE 53,
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th #7143 R RFAE4 : Court & Hendeld] wHioll oiel $&3td GC2 ¥4

gy B A=
—— MeOH 40ml (1.S.T.D: Glutaric acid 50mg)
—— 12%H2S04 in MeOH (v/V) 60ml

Shaking 20hrs.

Fillneration S0ml

Fillberated S0ml

Chloroform extraction, 10ml, 4times

Extracted (measuring 50ml)
NazSOs

GC. GC/MS analysis

F71% R APY ¥z

* G.C model : Hewlett-Packard 5880 A
* Column : SE-54, 0.25mm ID x 30m glass capillary
° Flow rate : carrier ! N2 1.0 ml/min. (spilit ratio = 30 : 1)
Hz: 30 ml/min//air : 300 ml/min.//gas: Nz 30 ml/min.

° Detector : flame ionization detector
° Tempertature: injector : 250 C//detector: 250C//

column oven: 0 T ———> 250 C

A
( 5 min.) ( 3C/min.) (30min.)

° Attenuation : 4 x 10" afs. * Injection size : 1.0 ul
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2 g7)AEEN: A AR100gE& F413 &R (Simultaneous distillation and

extraction apparatus)g& °©]&3ld &%,

A9, &E100g AA |

SDA( Simultaneous distillation and extraction apparatus)
6hrs. extract

Ether extract

Na;SO4 dehydration

N: gas

Concentration, 1.0ml

[G.C GC/MS analysis |

4=

NE2EXN:GH2

Column: Supelcowax 10 fused silica capillary(0.25on id X 30m, Supelco)
Temperature: S0C (Omin) --- 2C/min --~- 240 (60min)

Detsctor  : Flame ionization detector (FID)

Carrier : Nitrogen 1.0m¢ / min (split ratio = 50 : 1)

GC model : Hewlett-Packard 5890 Series II

GC/MS 4=

Column: Supelcowax 10 fused silica capillary(0.25m id X 30m, Supelco)
Temperature: 50T (0min) --- 2C/min --- 240C (60min)

Detsctor : Mass selsctive detector (MSD)

Carrier ¢ Helium 1.0m¢ / min (split ratio = 10 : 1)

GC model : Fison MD 800

2OIB/07/1315:08
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Ao 2 ofgYE Y L do2EE YN4EE FAS IR 1, 2), A9E=
€ ok Aoy F3) FHAYANN PAE fYo] A%, AU, TAAGA w3 F
T8, 843, 229l ¥ vlgo] ¥kT, ZAHH, HFddz FEE F vE
o] Eol Aol we} UMY ES FHF Aot 2S¢ & AUk ¥ Avidy
8 AL, =M Ao G4d cyoz g A4(HF, 53 £2)Y & Aul Y v
e 8 ¥F #4F, 2992 ¥Fe] 1 AU/ @3k olE AEES T A
e Ezte] g3u& xole Aoy & gY@ o9t Aol uvis A

dagze dao 2dE A 4 5 Ay, kY F3 Z4HF, 843, Hf{d
He GFa 23 vl 3, £, 299 §F ujgo) @itk

oy Aujciee] vjse +& Y, ZaUA ¥F ulEo] ¥R 29+,
Hfodd 328 ¥F vdo] =i

ol4e] 2 Hol YRR WA Qe Aejucie Aul EFEAol A
P FY Zol7t HEAHE Yol o 8 %S vl R AlgHT, 53] Fd:
EFY o5ty FYZAA BRd ANY {718, QOEF R QY Yol #
Fu) sk A qA e A2 AEEY

g £ F& oY o2 WoH & FH FAAUASEAY ¢o=
BUL Ao deEsHen, o]egd YdNPE} AWAA & o Hi{dH=2 228
9} A% ofA>UAMS>EAM Yo, d2o 2 HFE ¥F ¥ Lo ¥ AL
2 Ho} ¥71E 9 ATFEAFTY {2 AZHR.

Mg stressdtol A AMAbA7} superoxide(Oz’), hydrogen peroxide(Hz02), OH ™~
9 o] =& ML Fo2 Wy, A 54 dNL Fo2VH AJlE
B337] Y8 o superoxide dismutase(SOD), peroxidase(POD), catalase(CAT) %9
Arst A A2} ascorbate, a -tocopherol, glutathione §9 ¥4H3HE3 & AJ4k#c,
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B A, d2E At YigE v

(%)

Ay lday| 4p | wdv | z4s |zews [PIY zae
i 83.5 18 5.61 6.45 0.57 1.88
9% | 2 81.5 21 6.13 9.85 0.45 1.90
1 82,7 14.5 721 8.20 0.78 1.98
A¢ | 2 80.8 18.7 7.82 7.53 0.80 1.99
3 79.6 189 7.90 7.00 0.95 1.99
1 80.2 13.5 7.81 7.35 0.98 1.97
B | 2 79.8 14.2 8.10 6.43 1.00 2.03
3 76.3 16.3 8.53 5.40 1.15 2.15
1 81.2 14.3 7.43 8.95 0.58 1.99
84 | 2 80.5 18.1 7.94 7.41 0.74 1.99
3 79.8 19.3 8.00 7.03 0.92 2.00
2 A9y, 9o oft Y e ANIAYE vin o

Agu| vaw |y | edv | =44 |zews | zae
o-1d 76.4 9.8 7.83 9.54 0.90 2.15

of | 234 74.5 10.0 8.48 7.38 1.21 2.32
3dolA | 740 13.0 9.10 6.53 1.75 245

o1 76.4 9.5 7.81 8.68 0.95 2.15
A 4| 234 75.3 12.0 8.34 6.54 1.00 2.31
3dela| 738 13.5 8.95 5.43 1.15 2.40

o143 75.3 8.5 7.95 5.84 0.98 2.23

B3| 23d 72.1 10.3 8.93 4.38 1.25 243
3dolA} | 69.8 10.5 9.25 2.28 1.65 2.63

o-1d 74.3 9.0 793 8.54 0.88 2.20

82| 23d 73.5 8.9 8.45 7.60 0.92 2,30
3dolA | 728 125 9.10 5.43 1.10 245
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Protein

7 gluew.-d2d|® 9| moot | 0T POD SOb

w/mg prot. | wmg prot. | u/mg prot.
/ g frwt

EEETICE 0.003 2829.9 49.7 51998.1

®oa [ AN |y, o [ 0.003 323.0 426 57734.1
(Whole[ A ¥lopg2dd | 0.002 2152.2 675 86068.6
plant) |3 % & 19 41| Part 0057 507.8 0.7 1658.4
o F = 244 0.038 180.6 6.3 9515
upper | 0.003 5358.8 21.3 70801.5
Awsfui1dA) | middle|  0.003 2545 59.2 547885
low 0.003 2876.6 62.7 30404.4

upper 0.002 434.4 26.9 64750.1
A uj2d 4 [ middle|  0.006 154.1 56.8 28001.8
low 0.002 380.6 44.2 27450.5
w g upper | 0.002 52445 68.6 55432.4
X eorAg2d Al [ midde| 0.001 728.9 847 1436369
low 0.002 483.2 49.2 59136.6
upper | 0.039 578.7 03 1960.3
g % = 134 middle| 0.031 225.3 15 1180.6
low 0.031 466.0 0.7 27410
upper | 0.038 280.6 2.8 954.4
9 % = 244 middle| 0031 45 9.1 7483
low 0.028 249.3 33 10735

BSB7apole] wE Pt AAe RS vwss] Astd A E(MuhA - kA
A, dad % Bz AN A4 BY R FHEL HSE 2AY FFH(HE3 2H
1), SOD #4¢ ¢ AvzA9 A$ 1dAducte 2d4o), & AujAle 1'dgo] 244
in e @A4& vehigen), oflFe] v el 96,0696 wng protein® 2 7MY =
& 4L Jehigdch 29d2= AWF L upper>middledlowE o2 & AWAE
low>upper>middle £2.2 k4% & middle>low, upper €22 A& $73| w2} Apo)
& YeriA

POD M| &4(w/ng protein)& W47t BE& F5 {4 F7i3d, kA
675 wng proteinZ 7H} ¥ ¥4& e ¥ 482 middle>low>upper €2

- 18 -



NEEH: O

|

]9

2 ¥Ae) vetten, Mokl midde ¥¥°] 7 ¥ 847 wmg proteing et
WA

CAT &4 POD #43tc €8 4247 A& +F ¥A Jdeixton, I AQupx
g opAly AL Mz ed = AAE ddHo2 a1 §Yo] ¥t} Hode
£ upper>low>middle £22 upper #H47F =& #4& YR d, A 19
A9 upper?} 5358.8 uw/ng protein® 2 7} A ey}

Y8 BAe AEAFAzA g2ty BYe] Ht e eR BuHm
en £35] B dYelA SOD #Ao] ofMtige] AuitiEo] Hldle ¥L e oA
c9 e P xA0] AL, £ stress, 33} Bo] s Hog Alg ot

SODEAAA HH(IEDL AMAY cjoire 18 WErt Yept oy oty
< W=k YehdA st

1% 1. Native polyacrylamide gel electrophoresis ¢jjA12] SOD N A& A HE
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0 0 0 5 e b \ u
0 0 ] 0
0 0 .0 0
Onininnlxllu.--i_l:u.il a+| 11‘?1 +1| |+
1 D426
- 32.246 Glutaric
- 36.688 ' 16 00
Tk
:50:@13—43-168 Malic
-l Palmilic1g Gitric
o4l 64.228
Linolenic Linoleic
0 Stearic”
O 63230 min
Oleic
3492 tig2ez FE #Id f714 € Aw4itE e chromatogram,
4. ofAiEiY 9] Al QAW F7]4F R Ay fFeulw
(mg/g)
gy | WS Malic | Citric | Myristic| Oleic | Palmitic | Linoleic |[Linolenic
ek 0-1d 1.52 16.13 | 1.68 2.85 3.96 13.21 5.01
(dgAah | 2-3d 1.58 23.13 | 1,74 2.80 5.12 13.43 5.28
3dolAr | 1.72 27.10 | 1.71 3.30 5.73 14.63 5.88
A4 019l 1.33 1652 | 1.68 2.93 4.01 12.87 5.01
(Fah | 2-39 1.21 2653 | L.71 3.01 475 13.69 5.65
3 dolAH | 1.34 2675 | 1.71 3.35 5.70 13.68 6.90
B 0-1d 1.43 18.3¢4 | 1.79 3.01 4.81 13.21 6.32
(Away | 2-3d 1.57 2321 | 1.81 3.27 5.65 13.32 6.97
3dolA | 1.53 2785 | 1.82 3.63 5.73 13.43 8.13
77 0-1d 1.35 1851 | 1.57 2.93 3.98 12,38 3.99
(= ) [ 234 1.48 2045 | 1.61 3.14 4.45 13.41 4.71
3d o)A | 1.51 2821 | 1.63 3.10 4.96 13.35 5.03
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Aoy | Jd3y| Malic | Citric |Myristic| Oleic | Palmitic [ Linoleic |Linolenic
1 431 [1353 [ 110 [ 192 2.21 10.27 1.57
e 2 53¢ (2532 [113 |203 3.27 10.32 2.11
1 638 | 1327 [115 |[142 3.85 13.21 2.12
A% 2 713 | 19.25 121 | 232 4.23 14.02 3.94
3 695 |2328 |121 [3.10 5.18 13.98 4.41
1 534 | 1168 [ 121 |213 4.18 14.21 5.12
33 2 612 | 1654 | 120 | 268 5.34 15.18 6.01
3 732 [ 1734 [ 132 [312 [579 16.31 6.38
1 525 [ 1532 | 118 [ 179 3.64 11.28 1.64
4 2 645 [2618 [122 213 4.31 13.96 1.93
3 649 3020 [129 [272 5.19 14.01 431

AY W daE2 714 2 APy g%E AR FH(aY2, E 4, 5), AYE
2 ol Auitly F3] myristic, oleic, palmitic, linolenic 4k} ¥Fol ¥ citric
A ¥Fe] ok #7144 malic 43 AR linoleic A X 3t dAHY Y-S
yetdi 2l skt

ooy Aujcige] Hgt ZAE AW RFRI @Fe] wko K714
malicAte] #§F L& i 23t

dad2e MYy ¥ 2H0d 2YFF malicthE AT AR APAFH {7
A9 #Fol = 83 ¥ = AvicdI L & Aujx] L] ¥ citricdh&
AYF F7)4 R AR GFe] wj Fud

Ao g {rjAE Zujst @A oo, B citicdte €3, malictte ¢
otit Qo] gltta ®aso) gl AP FRHAPEe AFMZ delA ey, &
3] linoleicAt 3} linolenictte] 74 FEAWole FAY & A& YFARitoln ¢4
u] gelde ¢ palmiticAtd} clEe ARAE ¢FH Fo JudAg dehdodzn
BaHe .
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100+ e $o0009
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12437
a6
13100
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NN
20.000 2 100,000 e
Y3 . 99 B9 HRAE Eel chromatogram
HJS-3 1970 (21.110)
100 59.9 1.50eé
%
60.9 2.9 oH
. 116.9}3‘ 206.9 266.8.280.9 340.7

F:577NIST 3293: PENTANOIC ACID, 3-METHYL-

Mass/Charge
1Y4, Mass spectrum of 3-methyl-pentanoic acid
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E6-1 48, AE R Ny B4R 19959 19 A4

¥ % |® A ¥
ek Compounds BTN o | 23| (b2 | coba2-3
g [ 3dA) | |
1 decane 0.07 0.28 0.34 0.35 0.38
4 1-dodecene 747 | 235 20.1 2115 25.83
5 || N-methyl-3-piperidinecarboxamide t t 0.04 t 0.02
7 1-hexanol 043 0.78 1.05 1.23 131
8 || 2-propenoic acid 0.17 0.07 0.07 034 1.32
9 | nonanal 0.19 t t t t
11 |l cyclohexanol L10 3134 843 9.20 10.22
15 || 3-methy! pentanoic acid 0.22 0.33 0.44 0.52 061
17 | decanal 0.12 0.08 0.04 0.08 0.18
20 |f tert-butyl N-hydroxycarbamate 0.07 0.07 0.10 0.08 0.15
22 |l linalool 0.08 0.11 0.25 0.11 0.13
24 | trans-caryophyllene 0.08 0.07 0.07 0.07 0.02
27 || 15,7-octatrien-3-ol 0.30 021 0.10 0.52 0.01
35 | 3-cyclahene~1-methanol 027 | 006 007 | 007] o004
36 | 5-methyl-2-(1-methylethyl)-cyciohexanol 0.09 0.05 t 0.22 0.10
39 | 2-(l-methylethyl)-phenol 022 0.09 0.10 0.07 0.06
42 | tetradecanal 0.19 0.20 0.22 0.20 t
44 | trans-geraniol 0.38 0.52 0.64 1.58 1.05
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(X 6-104 A%
E6-1 4AY, AE HEiEs] Ay BHARYE( 1995 19 24D

¥ 3|8 2| ¥
g Campounds e | A92-3 o2 | ohg2-3
d4) [ 3dd) | 4B
45 || benzenemethanol 0.14 0.15 0.19 t 0.04
48 || BHT 0.57 091 1.02 0.98 0.67
49 | tetradecanal 0.07 0.08 t t t
§2 || Ethanone 0.08 t t t t
54 | cyclodecanol 0.06 0.04 021 0.05 0.05
56 || tetradecanoic acid 0.16 0.21 0.25 023 0.14
59 | octadecanoic acid 0.17 0.09 0.14 0.05 t
61 [ 1-(2-hydroxy-5-methiphenyl)-ethanone 0,09 0.08 0.17 0.18 0.05
62 || neophytadiene 012 t t 0.10 0.09
63 || decahydro—4A-methyl-2(1H)-benzocyclooctenone 0.08 0.12 0.12 013 0.12
68 || 912,15-octadecanocic acid 0.06 0.05 0.09 0.03 t
69 || 3-(2-hydroxyphenyl)-propenocic acid 0.07 0.03 0.03 0.04 t
70 || 3,6-bis(benzyl)-tetrazine 0.08 0.04 0.04 0.14 0.03
71 || nerolidol 2.96 0.22 022 0.78 0.16
78 || phytol 1.06 0.80 0.76 0.92 1.18
79 | octadecanoic acid 0.40 0.11 0.14 0.28 031
8L | eicosanoic acid 0.66 0.11 0.11 043 0.47
82 | n-hexadecancic acid 0.5 20.51 20.04 1759 1458
83 || octadecenal 0.40 t 0.16 0.23 0.21
84 || squalene 1.63 151 189 347 6.61
86 || 11,14-eicosadienocic acid 2458 [ 1958 19.16 1546 1085
87 | 11,14,17-eicosadienoic acid L15 1.60 1.70 245 264
Known ID. total. 76.44 76.00 7850 | 79.37 79.63
Unlmown+trace ID.total 23.56 24.00 21.501| 20.63 20.37
- 24 -

e
N
0
1]
<2
i}
o
e
4J
Jra
OB
K%
4J
HL
(]
x
0
o
40

N=EH . 0= 20 s&



AEEH:HEY

Au) cig2elA SDE $Po2 MLy HES Eed A7 £&0] o 0018%0°I
on JojA FRAELE Md2 2% Aol YT AW oY 2R X WA
S} ¢fzhel FVFHE Az AU Aol AFAE2 gas chromatograme Z Y37
Zi 27 {9 H¥E H69 peak no.dl FHE H¥3 Ao

Gas chromatogramo| 4] of 877H¢} peak’t Z&SHA=W A2 5070 P&l &
ANy 7t JEL vFfAY 27 oAy AEe] FEHH ALY mass
spectrumE& & F UU7) W] F2EUe] BrH53At

A zole Ux| HJEZ 4] & (peak area %)HolA 1-dodecene, cyclohexnaol,

squalene, 11,14-eicosadienoic acid, 47] A&o] HAM ¥UHAN HJ&£9 °F 68% € A
L3 L2

GA8 HEEY dFRe AEAY Y717 FAHE U HLEIR 59
3-methylpentancic acid(Z¥d 4)= 2£aFM")e] 11601, 2oL, H7] F#H 4
et A A=l F2o] Duje] F8 PRS2 A ol sweet, winy, fruity, adds body,
cheese 52 & FAc] e A2z #3A U4

Peak 84 #x}%9| 410°] 3 mess spectrum ¥ EFEFH B FF Al ¥l 3
squaleneq] Aoz &AHor o] JEL w Fo oA iy Rejor AL
Sl (2 95).

AR doe Ao BARA(=0Y, oY)y Aolst ARAHEY FAA B
(peak area %)elA o & FHPE 24 Aelg Uty

Avicigel] wldte okAltiyol decane, 1-dodecene, 1-hexanol, 2-propenoic acid,
cyclohexanol, 3-methyl pentanoic acid, trans-geraniol, squalene, 11,14,17-
eicosadiencic acide] ¥ Fuj&o] Eka, 2-(1-methylethyl)-phenol, cyclodecanol,
octadecanoic acid, n-hexadecanoic acid, 11,14-eicosadienoic acid 5°] R $ttt.

A 2N o ACYSEFAQuCE> IS etY €22 Y] B3
1-dodecene, l-hexanol, 2-propencic acid, cyclohexanol, 3-methyl pentanoic acid,
phytol, squalene 59 A#o] ¥54d A3t ZA¢L B, F3 cyclohexanol
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(12 1) 1 9% 4
3 1,35 :
pF2.5 , pF25-35 , pF 35

tensiometer
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1995. 4 90cm,
5 (16cm X 16 cm) 3 (1,3, 5 ), 3 (7, 15,
25kg/10a) 3
3
1.
(aze ) 1 95 4
3 1, 3, 5,
pF2.5 , PpF2.5-35 , PF 35
tensiometer ( 6).
6.
pH O.M P25 Ex-cation(me/mg) SO4 Clay
(1:5) (%) (ppm) (ppm) (%)
K Ca Mg
48 150 9 0.30 3.70 1.90 252 4 600-700m
53 6.8 7 0.72 072 084 193 4 600-700m
56 56 12 0.53 259 0.75 358 10 300-400m
46 89 26 0.20 4.00 0.80 348 11 300-400m
52 87 17 0.20 6.60 2.40 88 5 800-900m
53 39 409 0.30 560 0.40 181 10 1
6.3 16 357 0.82 828 2.09 331 10 2
6.0 1.7 203 0.37 798 1.81 187 11 2
6.0 1.1 29 0.79 4.27 0.77 290 11 1
53 39 409 0.30 560 0.40 191 5 2
51 16 359 059 109 0.35 317 13 2
42 29 602 0.30 2.20 0.50 418 20 2
56 49 220 0.30 7.20 3.00 398 11 1
56 45 149 0.10 7.10 2.30 220 6 2
42 23 790 0.50 380 150 350 10 1
7.6 59 270 0.90 15.70 4.20 690 4 3

- 29 -



- 790 ppm

10cm

pH4.2

5.6 - 15%,

pH5.6
11 - 5.9%
7 - 26 ppm 149
112 . Ca
(7.
( 500m)
2 )
(8 7),
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(1 (cm) (cm) g/ | d |g/pot(1/2000a)
1 11.20 2.44 43.36 43.36 130.08
3 12.33 2.24 31.11 93.33 279.99
5 11.72 1.87 2261 | 113.05 339.15
1 13.08 2.19 29.83 29.83 89.49
3 11.80 2.10 23.85 7155 214.65
5 11.78 2.16 2026 | 101.3 303.9
1 14.17 1.78 27.33 27.33 81.99
3 11.33 1.74 15.98 47.94 143.82
5 11.58 1.63 11.13 55.65 166.95
1 12.45 2,51 49.96 49.96 149.88
3 13.50 2.28 28.27 84.81 254.43
5 10.88 1.85 2141 | 107.05 321.15
1 16.64 2.33 37.76 37.76 113.28
3 13.89 1.85 23.02 69.06 207.18
5 13.03 161 20.89 | 104.45 313.35
1 15.4 2.09 31.24 31.24 93.72
3 13.2 1.72 21.11 63.33 189.99
5 14.1 1.17 18.47 92.35 277.05
) ,
, > >
3 3
fut

- 31 -
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(%)

1 76.01 18.9 6.0 7.23 0.54
3 73.23 16.5 6.95 7.10 0.54
5 72.96 14.8 71.25 6.98 0.94
1 76.40 18.7 7.91 7.01 0.99
3 74.31 17.3 8.10 6.93 0.69
5 72.62 13.2 8.60 6.82 0.68
1 77.9 16.5 7.6 6.85 0.64
3 76.9 15.2 7.71 6.70 0.69
5 71.8 11.0 7.93 6.13 0.54
1 74.58 16.5 7.8 7.10 0.93
3 74.21 14.0 8.15 6.98 0.78
5 73.52 135 8.20 6.50 1.13
1 78.12 14.8 8.10 6.54 0.98
3 75.36 135 8.85 6.32 0.86
5 74.21 12.0 9.21 6.10 0.86
1 74.5 12.3 8.15 6.25 0.93
3 74.0 12.0 8.20 5.98 0.62
5 70.8 10.3 8.90 5.90 0.43

- 33 -




10.

(mg/g)
Malic Citric Palmitic | Linoleic |Linolenic
1 7.130 13.041 1.046 12.933 0.865
3 8.347 13.307 1.699 13.513 1.061
5 9.276 15.933 2.199 14.871 1.636
1 7.339 14.501 1.115 15.949 1.877
3 7.089 13.501 2.646 15.945 1.997
5 9.192 16.711 3.730 17.413 2131
1 8.597 16.069 1.999 15.060 1.560
3 7.535 16.263 2.746 15.718 1.649
5 6.071 17.917 4.076 13.875 1.129
1 8.130 14.053 0.408 11.769 0.938
3 6.389 14.983 1.723 14.805 1.002
5 5.342 15.123 2101 15.011 1.231
1 6.245 12.172 1.134 15.068 1.205
3 6.021 14.342 2.011 16.111 2.135
5 5.356 15.220 2.207 16.237 2.839
1 8.809 16.306 0.892 14.336 1.712
3 7.939 16.354 1.276 14.990 1.408
5 5.009 19.917 0.846 13.826 0.495
10)
malic citric
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11.

(Peak No.) ( peak area/l.S.T.D area )

11

15

19

27

45

48

49

68

82

84

0.212

0.006

0.194

0.010

0.065

0.005

0.008

0.776

0.020

0.279

0.264

0.261

0.153

0.516

7.977

0.686

1.696

0.046

1.315

0.205

0.060

0.110

0.203

0.031

0.084

12.233

0.696

1.017

0.104

1.294

0.108

0.129

0.121

0.250

0.060

0.139

25.260

1.416

4.764

0.757

2217

0.362

2.130

0.388

1.562

2.932

0.259

0.842

65.346

8.246

4.986

0.873

2.341

0.334

2314

0.397

1.543

3.101

0.343

0.901

67.456

9.343

2.619

0.129

3.647

0.084

0.582

0.128

0.201

0.293

0.056

0.187

21.795

1.445

1.904

0.036

2.346

0.065

0.185

0.060

0.083

0.626

0.129

0.061

14.906

0.960

7.520

0.123

2.125

0.060

0.151

0.087

0.310

2.016

0.064

0.237

20.056

2.346

3.576

0.098

2131

0.147

0.236

0.041

0.174

0.513

0.116

0.097

12.199

0.806

5.026

0.302

2.356

0.222

1.110

0.303

0.388

0.568

0.198

0.488

64.050

3.075

6.856

0.660

4.715

0.682

5.656

0.602

1.170

1.396

0.317

0.885

92.406

1.536

4974

0.338

2.106

0.202

0.582

0.567

0.300

0.972

0.416

0.319

29.405

1711

8.994

0.415

2177

0.412

0.587

0.118

0.448

5.709

0.074

0.164

29.067

2.173

11.149

1.027

4.982

2.030

0.571

0.530

0.548

2779

0.025

0.535

38.670

3.405

0.381

0.019

0.189

0.089

0.031

0.020

0.016

0.061

0.044

0.022

6.586

0.485

2.853

0.035

2312

0.111

0.213

0.298

0.045

0.498

0.034

0.135

21.341

1.513

WP OOWFR OWFRPR O W R O WL O W

3.718

0.046

3.398

0.061

0.376

0.110

0.123

0.163

0.048

0.060

17.161

0.189

12

citric

citric

11),
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, 3-methylpentanoic acid

3-methylpentanoic acid  squalene

2-5
3-5
3 1
5
3-5 3
2. ’
1 (12, 13) pH,
, , ¢ )
OM H (Cal Mg)'
(14, ( )
7kg/10a 15kg/ 10a 25kg/10a
' , 10a
15kg/10a  7kg/10a
’ 1 3
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12.

(

pH OM P05 T-N Ex- cation(me/mg) C.EC

(1:5) (%) (ppm) me/

( /10a)(kg/10a) K Ca Mg Na 100g
39,062 |7.0 6.8 073 391 007 027 988 085 022 808
17 7.8 060 311 0.07 030 1066 094 022 7.36

25 8.0 073 386 0.05 025 2541 103 028 935

117,186 | 7 7.3 068 361 0.06 025 978 078 020 7.90
15 7.8 050 295 0.05 021 1918 103 029 854

25 79 079 420 0.08 035 2069 096 027 754

195,310 | 7 7.3 042 370 0.07 026 975 078 022 0981
15 8.0 043 330 0.05 024 20.75 107 024 872

25 7.8 0.13 300 0.06 020 11.09 084 025 7.90

N1 6.7 133 578 014 0.38 1048 0.63 045 10.90

N2 7.2 142 567 0.12 044 1066 0.60 030 8.99

N3 75 119 479 0.10 030 2655 074 029 872

53 165 572 0.10 035 684 063 036 954

(1996. 4. 15)

- 37 -
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13. C )

pH OM P05 T-N Ex-cation(me/mg) CEC
(1:5) (%) (ppm) (me/
( /10a)( kg/10a) K Ca Mg Na 100g)

39,062 |7.0 52 099 343 011 028 552 075 023 9.63

17 54 158 385 0.10 023 58 100 021 9.90

25 4.7 132 402 0.10 071 536 090 0.32 9.45

117,186 | 7 50 133 349 0.12 027 485 075 021 8.63

15 51 101 381 011 021 545 086 029 1044

25 49 133 398 0.08 064 513 081 021 9.99

195,310 | 7 4.7 145 396 011 041 536 087 024 9.26

15 52 134 339 0.10 064 556 089 034 9.17

25 53 136 341 0.09 043 535 084 032 9.81

51 120 343 0.09 022 608 09 0.28 4.54
53 830 14 0.69 038 751 174 019 3714

10.
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14 .

( ) ( )
/ /
(kg/ 10a 10a
10a) (cm) | (mm) | (9) (kg) (cm) | (mm) | (9) (kg)
15.1 18.2 37.2 481.0 15.9 25.7| 56.3 1378.7
13.8 14.2 22.3 900.0 13.2 17.8| 24.6 1244.9
7 13.1 11.7 14.4 | 1200.0 12.8 18.2| 20.0 2019.9
14.0 14.7 24.6 860.3 13.9| 20.5| 33.6 1547.8
145 16.0 43.3 595.7 15.3 25.2| 50.3 1042.3
145 154 21.0| 1085.0 15.3 19.5| 25.2 1621.4
15 134 13.6 15.7 | 1556.5 15.1 17.6| 194 1907.5
14.1 15.0 26.6| 1092.6 15.1| 20.7 | 31.6 1523.8
141 19.6 54.1 759.1 13.3 27.4| 69.3 1152.7
134 16.1 171 8515 14.4 21.1] 29.2 1679.2
25 13.0 14.5 16.8| 1321.0 13.0 18.3| 17.2 1757.4
12.9 16.7 29.3 977.2 13.4| 22.3| 38.6 1529.7
15. : (mg/g)
Malic Citric |Palmitic| Linoleic Linolenic
(kg/10a) 1 5220 | 16.816 | 2.171 17.854 1.533
3 5291 | 18.171 | 2.447 17.838 1.820
7 5 6.214 | 18.971 | 2.750 17.964 2.279
1 4276 | 18654 | 2.270 16.762 1.782
15 3 4702 | 19.912 | 2.681 16.687 2.385
5 5.302 | 20522 | 2.801 17.965 2.555
1 3.446 | 17.314 | 1.746 14.418 1.222
25 3 5765 | 19.034 | 2.736 16.646 2.059
5 5.825 | 19.894 | 2.868 16.885 2.976
1 3.632 | 15486 | 2.110 16.688 1.351
7 3 3.713 | 15.764 | 2.424 17.735 1.994
5 3.763 | 18.265 | 2512 17.083 2.203
1 4011 | 16.390 | 2.513 15.887 1.852
15 3 4134 | 18590 | 2.644 16.384 2.604
5 4249 | 18.967 | 2.983 17.367 2.897
1 3.601 | 15.798 | 2.383 16.517 1.939
25 3 4499 | 19.159 | 2.552 16.550 2.264
5 4549 | 18.704 | 2.445 16.671 2.614

39 -




16. 2

Peak No. Compounds

P C ) () |«

1 decane 0.17 0.07 0.04 0.34
4 1- dodecene 285 26.69 16.07 29.20
5 N- methyl- 3- piperidinecarboxamide t t 0.03 0.03
7 1- hexanol 1.46 1.23 0.28 2.16
8 2- propenoic acid 1.32 3.23 1.01 4.29
9 nonanal 0.01 0.01 0.02 0.03
11 cyclohexaol 3.02 10.23 1.28 10.68
15 3- methyl pentanoic acid 0.11 0.28 0.04 0.75
17 decanal t t 0.16 0.07
20 tert- butyl N-hydroxycarbamate 0.10 t 0.03 0.06
22 linalool 0.22 t t t
24 trans- caryophyllene 0.08 0.05 0.25 0.04
27 1,5,7- octatrien- 3- ol t t t 0.67
35 3- cyclohene- 1- methanol 0.06 t 0.36 0.04
36 5- methyl- 2- (1- methylethyl)- cyclohexanol t 0.10 0.17 0.16
39 2- (1- methylethyl)- phenol t 0.12 0.16 0.20
42 tetradecanal 0.26 t 0.12 0.12
44 trans- geraniol 101 125 0.10 152
45 benzenemethanol t t 0.08 0.23
48 BHT 1.98 2.29 1.05 0.99
49 Ethanone t t 0.11 t
52 C14H2002 t t 0.07 t
54 cyclodecanol 0.16 0.15 0.11 0.06
56 tetradecanoic acid 0.06 t 0.13 0.17
59 octadecanoic acid 0.06 0.04 0.05 0.07
61 1- (2- hydroxy- 5- methlphenyl)- ethanone 0.12 0.18 0.08 0.22
62 neophytadiene t t 0.17 0.05
63 decahydro- 4A - methyl- 2(1H)- benzocyclooctenone t 0.06 0.06 0.13
68 9,12,15- octadecanoic acid t t 0.03 0.04
69 3- (2- hydroxyphenyl)- ,(e)- 2- propenoic acid 0.04 0.05 0.03 0.03
70 3,6- bis(benzyl)- tetrazine t 0.03 0.04 0.02
71 nerolidol 0.76 0.29 2.73 0.47
78 phytol 1.00 0.59 1.20 0.85
79 octadecanoic acid 0.20 0.12 0.23 0.33
81 eicosanoic acid 0.63 0.50 0.64 0.65
82 n- hexadecanoic acid 220 17.64 33.22 7.64
83 octadecenal 0.52 0.28 0.69 0.32
84 squalene 2.19 231 154 7.20
86 11,14- eicosadienoic acid 13.48 13.66 18.34 9.85
87 11,14,17- eicosadienoic acid 2.81 1.53 113 1.62

Ign?g\il:gl 82.33 82.98 81.85 81.30

Unknow

n+trace 17.67 17.02 18.15 18.70

ID.total

( 19,

malic, citric linoleic




linolenic

malic, citric, palmitic, linoleic,

linolenic

c )y ) 2

( 1e), 1- hexanol, cyclohexanol, 3- methyl
pentanoic acid, trans- geraniol, 1- (2- hydroxy- 5- methlphenyl)- ethanone, squalene
, decane, linalool, tetradecanal, nerolidol, n-hexadecanoic acid,

11,14,17- eicosadienoic acid

1- dodecane, 3- methyl pentanoic acid,
cyclohexanol, trans- geraniol, 1- (2- hydroxy- 5- methylphenyl)- ethanone, squalene
( )
( ) ( ) 1

SDE ( )>
( )> ( )> ( ) , 1- dodecane,
3- methyl pentanoic acid, cyclohexanol, trans-geraniol, 1-(2-hydroxy-5- methyl

phenyl)- ethanone, squalene ,

3- methyl pentanoic acid ()

() 25 () 7 ,
36%
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17.

Peak No. Compounds 8 3 9 3
1 decane 0.30 0.11
4 1- dodecene 2.65 0.70
5 N- methyl- 3- piperidinecarboxamide 0.96 0.19
7 1- hexanol 3.13 3.45
8 2- propenoic acid 3.69 3.88
9 nonanal 6.55 5.26
11 cyclohexaol 7.61 6.62
15 3- methyl pentanoic acid 0.59 0.03
17 decanal t 3.17
20 tert- butyl N- hydroxycarbamate 0.14 0.02
22 linalool 1.01 0.35
24 trans- caryophyllene 0.67 0.27
27 1,5,7- octatrien- 3- ol 0.83 1.29
35 3- cyclohene- 1- methanol 0.33 0.23
36 5- methyl- 2- (1- methylethyl)- cyclohexanol 111 152
39 2- (1- methylethyl)- phenol 0.51 t
42 tetradecanal 1.10 1.37
44 trans- geraniol 0.21 0.26
45 benzenemethanol 0.71 1.00
48 BHT 0.71 0.26
49 tetradecanal 0.95 0.48
52 Ethanone 2.10 0.34
54 cyclodecanol 4.21 2.80
56 tetradecanoic acid 0.35 0.04
59 octadecanoic acid 191 0.87
61 1- (2- hydroxy- 5- methlphenyl)- ethanone 1.09 0.27
62 neophytadiene 0.39 0.25
63 decahydro- 4A - methyl- 2(1H)- benzocyclooctenone 0.18 0.64
68 9,12,15- octadecanoic acid 143 0.03
69 3- (2- hydroxyphenyl)- propenoic acid 0.70 t
70 3,6- bis(benzyl)- tetrazine 0.48 0.04
71 nerolidol 0.56 0.91
78 phytol 2.26 1.89
79 octadecanoic acid 0.14 0.07
81 eicosanoic acid 0.37 0.32
82 n- hexadecanoic acid 13.58 13.77
83 octadecenal 0.28 152
84 squalene 7.66 1.99
86 11,14- eicosadienoic acid 3.27 9.71
87 11,14,17- eicosadienoic acid 4.47 14.41

Known ID. total. 79.19 80.33
Unknown+trace
ID total 20.81 19.67
( 17,
(8 10 ) (9 5 ) decane, 1-dodecene, n-

methyl- 3- piperidinecarboxamide, 1- hexanol, 2- propenoic acid, cyclohexaol, 3- methyl



pentanoic acid, tert-butyl N-hydroxycarbamate, trans-caryophyllene, 3-cyclohene
- 1- methanol, 2- (1- methylethyl)- phenol, BHT, tetradecanal, ethanone, cyclodecanol,
tetradecanoic acid, octadecanoic acid, 1-(2- hydroxy-5- methlphenyl)- ethanone, 9,12,
15- octadecanoic acid, 3- (2- hydroxyphenyl)- propenoic acid, 3,6- bis(benzyl)- tetrazine,
neophytadiene, octadecanoic acid, squalene ,

3- methyl pentanoic acid 20

( 18), 1- hexanol, cyclohexanol,
3- methylpentanoic acid, benzenemethanol, octadecanoic acid, n-hexadecanoic acid,
squalene 1

3- methylpentanoic acid  squalene

7kg/10a 15kg/10a  25kg/10a 1- hexanol,
cyclohexaol, 3- methylpentanoic acid, benzenemethanol 15kg/10a

25kg/10a

1,5,7- octatrien- 3- ol

, 3- methylpentanoic acid

3 5 1 3
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18.

(Peak No.)(peak

area/l1.S.T.D area)

11

15

19

27

45

49

68

82

84

7kg/10a

30.132

0.550

1.377

0.213

1.
211

0.590

0.613

5.755

0.864

231.729

36.659

48.658

1.018

2.370

0.807

1.331

0.939

1.665

8.332

1.150

251.079

55.479

52.724

0.725

2.503

1.516

1.345

0.589

2.017

9.992

1.251

297.234

57.506

15kg/10
a

31.130

0.239

1.322

0.283

1.913

2.034

0.549

5.441

0.357

145.111

35.759

53.479

0.136

2.866

1.437

2.023

0.340

1.882

9.182

0.571

215.333

52.306

66.997

0.724

5.336

1.661

2111

0.757

2.021

9.841

1.431

225.919

53.215

25kq/10
a

33.569

0.126

1.093

0.246

1.086

0.027

0.753

4.194

0.614

211.691

30.928

54.779

0.128

2.033

1.006

1.218

0.007

1.223

6.040

1.808

341.274

50.113

66.735

0.365

5.328

1.255

2.000

0.212

1611

9.106

1.956

372.699

68.569

7kg/10a

25.439

0.089

0.936

0.053

1.203

0.622

0.572

3.769

0.039

168.534

11.751

45,252

0.018

1.084

0.191

1.231

0.029

0.966

5.030

0.062

129.628

21.270

49.740

0.020

2.059

0.226

1.675

0.022

1.034

5.062

0.156

187.049

31.141

15kq/10
a

21.652

0.152

1.283

0.140

0.987

0.393

0.474

5.392

0.086

112.477

10.344

36.553

0.159

1.563

0.853

1.213

0.127

0.781

6.949

1.288

246.532

21.448

53.804

0.254

1.604

1.054

1.435

0.035

0.944

6.191

1.445

207.373

41.046

25kq/10
a

27.625

0.200

0.755

0.145

0.983

0.492

0.552

5.290

0.556

186.527

12.832

30.127

0.318

1.042

0.915

1.351

0.238

0.592

4.329

0.724

259.565

24.247

glwrlgw rlgw/kRrlagwlkrloaowl P |glele

58.660

0.709

2.996

0.972

1.433

0.820

0.601

6.744

0.981

264.691

35.756
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1)

2)

3)
4)

80

1g 100
glucose
0.5g 50

1g

, NaOH

100
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5%

DNS
DNS
750nm
Lowy

540nm

HCI



5) : DPPH(a ,a - diphenyl-( - picrylhydrazyl) 14 ml 100 ethanol
DPPH . 5% 4 ethanol
DPPH 5 0.5 517
6) ; Namba 89 50
butanol 50
butanol 50 3 butanol
butanol 50
( ) butanol 105 2
3
1
19
19.
Reducing | T ot a l|Folin- positive | Turbidity | Crude
sugar(%) |sugar(%) |substance(%) | (750nm) |saponin(%)
(5 15.2 55.2 2.82 0.082 1.60
(3/5 20.2 61.6 2.61 0.263 1.43
(V5 22.5 55.4 2.76 0.414 214
16.3 55.0 281 0.433 1.84
18.8 59.1 1.89 0.331 1.95
13.6 64.0 2.37 0.111 1.32
135 63.2 242 0.535 1.48
225 57.3 3.56 0.257 3.20
19.6 61.3 2.75 0.210 1.44
18.4 62 .2 2.15 0.626 1.83
15 .7 57 .1 3.55 0.251 1.97
23.8 55.5 3.57 0.314 2.40
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11.
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12. (A), (B) (©)

13.
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20.

11

20

338 25 35 34
32 25 3.0 3.0
3.0 25 25 2.8
25 25 2.8 2.8
3. , 4 , 5.
10g
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13

21.
(%)
55.93
30.44
50%
55.93%
30.44% 21).
22.
Reducing T otal Folin- Positive Crude
Sugar(%) |Sugar(%) |Substance(%) |Saponin(%)
21.00 63.78 0.40 271
11.52 49.80 0.23 1.06
21.09 85.94 9.65 9.65
7.94 14.89 4.77 5.38
( 22,

- 50 -

, follin- positive substance



positive substance,

follin-

23.
Sample T hrombin time(sec)

Contol 18.1 18.8
57.1 55.7

> 150 > 150

119.4 103.4

234 20.6

( 23
2
2.
1, 5 10 15
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autoclave

Can

(v/v)

24.

2%

10

( 14)
( 1)
1
1)
2)

fraction collector
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, 110

2%



24

2%

%

%

5%

blending
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