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Fig. 1. Photograph of Rhodiola sachalinensis roots.
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& R QA AR FHAM HxEFSE 7Y
sled A F B47]12 30 mesh |32 45t AHE

[=]
YuHd F-& AOAC(13) Wiol &3t 4314 &,
£ & 105°C AZY, 3F-2550°C AA 33y, 222
Soxhlet F2%, 2 &2 microkjeldal ¥ .2 E Buchiirt
(Switzerland)®] Model 435 Digestor® 3§35} Model
339 N; distillation unit2 2992 FF& Fagoy, &
AFE glucoseE EFEFZ 3l DNS #1422 F

Ao

2|9 g A7 3 goll 80% methanol 100 mL& 7}
3t 80°C T840l $FPLE 2A 04 33 5 AH3t
of rotary evaporator 2 80°C o|3tol| A At s&8ta, 27
4= 50 mLoll &8} A7) th-2 diethyl etherZ F2& £ 33149
G2AZ F £5E& 723 n-butanol £ 23] & F 3}
o butanolZ& AAA Y & £33 & F33F1 50% meth-
anol 5 mLol %< 0.45 pym membrane filter(millipore) 2
o 73k & HPLC(Waters 600, USA)E A slgth £4
Z712 % columne Lichrosorb NHz(Merck Co., 5 im, 25
X0.4 cm ID)S AH§3}Y 32, mobile phase$} flow rate=
acetonitrile / water(80 : 20)¢} 1.5 mL/minZ &+ 2™, chart
speed$} detector= 0.5 cm$}t RI-410 Differential refrac-
tometerE AH23149 1, attenuation¥} injection volume&
X649} 20 pL2 g oh(ib).

TAoto| i

Z7AA9 FAolu =t B THAED 250 mgS
2 #F3td ampouled] ¥ ¥ 6 N HCl 10 mLE 7383
AL VMR FAAZ FH JAFAHAA 28T F 110+
1°Col A 22412t 7h 2313 5, 553 5 pH 2.29]
sodium citrate buffer 3 mLo 2313 & 0.2 pm{millipore
filter) 2 A3t Ath A4 1 mLS 33t 7] 2] activation
A7} sep pak Cig cartridgeS 5 ZA| A ohv] =4t 24574
71§ ol &3t #4314 TH16).
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5179 W o] 3} 05 N-NaOH / methanol £ 7}<=8
3} A1 71 & boron trifluroride-methanol€ 7}3te methyl
esterStA| 71 th& GLCE 24t on, At REF L
Sigma®) fatty acid methyl ester EFEFS Al&54Th
o] wj A}-4% GCE Hewlett packard 33% series II in-
tegrators AHE-SFH T GLCZEH -2 SP-2340 (30 m X 0.25
mm ID) fuesd silica capillary column AM&-39 1, 2 &
2EE 160°Coll A 327 X412 F 3°C/min¥ +2A17)
oh2 220°Coll A 1083t A A A8t A GCo 4]
T 2 AZIN(FID)S 2=+ 240°C 2 250°C=E 391, $
WAE A4 7128 08 mL/minZ 34 split mode
(split ratio=60: 1)2 F¢ 434

2148

A E 2gS A3 (152 550°Col A 10417+ 33}
A7l o 10% Fre 2 §aele] o #H(Whatman No.
41)38}9d inductively coupled plasma atmomic emission
spectrophotometer(Leeman Labs, Inc., Model: PS Spec,
Lowell, MA, USA ©]3} ICP-AESE 32 B4
o] wj ICP-AES®] #4272 Table 13} #t}. £F &Y
o % 01,12 10 ppme 2 Z2AsS ¥F A
23R, 2 F-r194 AFe AlE BAS HE
A 9 WA AFEEF 348t A&yt of
&3 7§71 94 Sigmart AAS BEF S AT

gd #$9| M2

A A BT 40 g 3t 2 L9 flaskoll €2 7
4 500 mLE 7}gt ob§ Schultz 5(18)9] el we}
Alg® SDE(Likens Nikerson type simultaneous steam
distillation and extraction apparatus)S A+t 3)akAd
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Table 1. The operating conditions of ICP-AES for mineral
analysis

Items Conditions

Power 1 KW for aqueous

Nebulizer pressure 3.5 bars for meinhard type C

Aerosol flow rate 0.3 L/min
Shealth gas flow 0.3 L/min
Cooling gas 12 L/min
Ca 393.366
K 766.490
Mg 279.533
Wavelength (nm) Na 588,005
Fe 238.204
Cu 324.754
Zn 213.856
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pentane : diethyl ether £&8(1: 1, v/v) 50 mLE A}-&3}
dom 98 F FFIMINEFORE G472 30°C
o|slo| A F53te] B & A AT & WRETEZEA
7 —terpene 300 mg2 A7}3}3 GCE o] &3t 34 &
7] AES F43H . oA gas chromatogram¥} GC/
MS¢9] chromatogramol|l A 34 714 &9 2A+2E

gastgct. o] of AL&3 GC/MSe] B4 Z27& Table
29} 2t}
2 9 nF

QutM R o Ralg

37AH AZBELS AOACS YukAE EAW o)
A5 A3 £8 Feke 10.14%F o, FFS 41.17%,
FYFe 11.40%0l Y, 2FE- 3.05%0| 2t §9H, =
e 390%, XA e 1.33%2

3531 Ye Ao =
vrebtth(Table 3). Han(19)-& % 5.49%, 23] %-2 1.
ZAY FFE 121%, oo gFL 1.76%, FEL
277%2 Rt e o] Aue B Adds) o7t
2ol 7 AR ol A¥ Y A FH A Hand
B35S AMESIA T Axle TAH e AAE o]
3 v EE A0 AgHY THY AXELY &
213 %S HPLCE #2413t A7 Table 49 2ot 74
AN AEH F8 F82-E fructose, glucose, sucrose
ol fructose= 54.54+0.34 mg%, glucose= 84.81+1.01
mg%, sucroset 8431054 mgho 2 UEIGT.
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Table 2. The conditions of GC/MS for analysis of volatile
flavor compounds in Rhodiola sachalinensis roots

Model . Hewlett-Packard model 5890 Series I
Column . IFAP fused silica capillary column
Carrier gas  : Helium

Split ratio :50:1

Detector : HD 5970 mass selective detector

(0.2 mmX50 cmx0.25 um)
Column temp.: 50°C to 230°C (Increase 2°C/min)
Injector temp.: 250°C
Detector temp.: 250°C

Table 3. Contents” of chemical components from Rhodiola
sachalinensis roots (Unit: w/w%)

Compositions Rhodiola sachalinensis roots
Moisture 10.14=0.46
Crude protein 3.9010.88
Crude fat 1.33£0.22
Crude ash 3.05*+0.12
Total sugar 41.17%1.32
Reducing sugar 1140%£1.12

Table 4. Contents” of free sugars in Rhodiola sachalinensis

roots (Unit: mg%)
Compositions Rhodiola sachalinensis roots
Fructose 54541034
Glucose 84.81+1.01
Sucrose 8431054

YWalues are means of triplicate determination.

TAooj et

3 73- Y FAobu et FHFS F48 3 Table 5
9} 2t} Aspartic acidg HIE3F 1789 ohv| =g 28
A ek 3l =, glutamic acid7} 176.24 mg% =2 78 23k
o 71 gL 2 F cystine©] 168.60 mg%, arginine 159.90
mg%, proline 157.9 2 mg%, aspartic acid”} 133.04 mg%,
isoleucine®] 11851 mg% % histidine®] 108.21 mg%2]
o2 Yebgoh A 3 4/ olvlie4kl cystine,
methionines 247} 168.60 mg%, 86.27 mg% = =4 ek
Wt =8 A A Haotm =4t d#E arginine©]
159.90 mg%, isoleucine®] 11850 mg%, histidine®] 108.21
mg%, threonine®] 90.67 mg%, isoleucine®] 11851 mg%,
2 methionine 86.27 mg%, leucine 38.43 mg%, valine©]
1589 mg% = Vel Fgotuiite] 18 BXEHAS S
HoFAo

Rgiat =M
TR AZET AW 242 Table 634 2o} 37
A HAEZELE 1A= F9 saturated fatty acids(SFA)

+ palmitic acid, lignoceric acid, gadoleic acid, arachi-

Table 5. Contents of total amino acids in Rhodiola sacha-
linensis roots (Unit: mg%, dry basis)

Amino acid Contents”
Aspartic acid 133.04£3.88
Threonine 90.67+2.96
Serine 80.43£2.16
Glutamic acid 17624565
Proline 157.92+561
Glycine 81.90£2.46
Alanine 3081*£1.13
Cystine 168.60£4.33
Valine 15.89*6.67
Methionine 86.274.88
Isoleucine 11851597
Leucine 38431951
Tyrosine 100.67=4.04
Phenylalanine 62.12£3.10
Histidine 108.21%+3.69
Lysine 08.26+-1.26
Arginine 159.90%3.38
Total 1708.13

"Values are means of triplicate determination.

YValues are means of triplicate determination.
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Table 6. Contents of fatty acids in Rhodiola sachalinensis

Table 8. Contents of volatile compounds in Rhodiola sach-
alinensis roots (Unit: area counts/1,000)

roots (Unit: %)
Fatty acid Contents”
Myristic 14:0 1.17£0.21
Palmitic 16:0 21.41+£1.20
Oleic 18:1 13.09+0.84
Linoleic 18:2 32.46*1.01
Linolenic 18:3 3.50%£0.33
Arachidic 20:0 3.56*0.14
Gadoleic 22:0 5.80£0.24
Erucic 22:1 0.93%0.64
Lignoceric 24:0 14.82+2.21

YValues are means of triplicate determination.

dic acid, myristic acid & 5%°] & =HJ L, o)L 47}
21.41%, 14.82%, 5.80%, 3.56%, 1.17%°] Ao} =3 T 3H
AXELE 7A8= o]Fd ol 1789 monounsaturated
fatty acids(MUFA)< oleic acid, erucic acide]1en 2z}t
7} 13.09%, 0.93% 5 &-frati AR oy, olF Aol 2749]
421 polyunsaturated fatty acids(PUFA)+ linoleic acid,
linolenic acid& 32.46%, 3.50% 2 Vet 43 ARE
o] F8 A9ako 2= SFAQI palmitic acid, lignoceric
acid, MUFA<$! oleic acid, PUFA¢! linoleic acid, linotenic
acidol e, 2 Fo| A PUFAS linoleic acid®) 3ako]
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Table 7. Contents of minerals in Rhodiola sachalinensis

roots (Unit: mg/L)

Minerals Contents”

Na 9.17+0.14

K 2,06850£2.10

Mg 931.50x1.17

Cu 357=0.68

Fe 16043097

Zn 38471132

Ca 3,358.33£0.77

YValues are means of triplicate determination.

PN RT Compounds Area %
1 1743 Hexanal 0.32
2 33.36 1-Hexanol 0.67
3 39.30 Linalool oxide (cis) 355
4 39.83 Heptanol 0.28
5 41.08 Linalool oxide (trans) 2.06
6 4486 Benzaldehyde 1.54
7 4560 Linalool 554
8 46.19 Octanol 7.69
9 52.32  Acetophenone 1.36

10 5448 @ -Terpineol 2.63

11 54.73 2,6,6-Trimethyl-2-cyclohexen-1- 055

methanol

12 56.78 E-Citroyl 0.30

13 57.78 Decanol 0.69

14 5955 Cinnornic aldehyde 0.86

15 59.85 Myrtenol 8.16

16 6251 Geraniol 13.35

17 64.39 Denzyl alcohol 1.78

18 66.18 Phenylethyl alcohol 1.88
19 69.01 Phenyl allyl alcohol 0.66

20 70.69 Perilla alcohol 0.33

21 72.11 p-anis aldehyde 0.43

22 72.88 2-Cinnamic aldehyde 1951

23 73.15  Octanoic acid 1.07

24 75.34 Cinnarny! alcohol 1.92

25 83.68 Cinnaryl alcohol 7.60
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alcohol#F 2.16%, acid¥ 86.06%, hydrocarbon¥ 2.27%,
carbonyl$ 0.47%, ester® 0.13% Qo™ AA vl & 25
% Q¥ o] gl= d=H) alcoholiF 3.65%, acidF 69.97%,
hydrocarbon® 6.74%, carbonyl§ 0.18% 2 &2l E ot
B 18 eH2L).
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2L Ca, K, Mgol =
< gFoz el FEF e ZE glucose, fructose,
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ARG FH FAou A glutamic acid, cystine,
arginine, proline, aspartic acid, isoleucine, histidine 5%
g% o2 Yeyton, £3] glutamic acid, cystine,
arginine®] §teFo] Z+z} 176.24, 168,60, 159.90 mg% & =
< % & BAach FEl AW linoleic acid7}
3246% % o) 71 %o 1 o3 2 & palmitic acid
7} 21.42%, lignoceric acid 14.83%, oleic acid 13.09%,
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