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Abstract - This study was performed to analysis of chemical constituent in Polygonum multiflorum root (PMR) by different
dry methods (hot-air dry, shade dry, and freeze dry). The results are summarized as followings; major free sugar were
detected fructose, glucose, and sucrose in dried PMR based on various dry methods. The highest content of free sugars was
found in freeze dried PMR. The four organic acids were detected in dried PMR by HPLC analysis. The content of oxalic acid
in shade dried PMR was higher than the dried PMR by different dry methods. The content of total amino acid and essential
amino acids were high in the orders of freeze drying > shade drying > hot-air drying. The potassium and magnesium levels
of freeze dried PMR was significantly higher than the other drying method of PMR. Whereas the calcium and sodium levels
were higher in hot-air dried PMR. The major fatty acids were determined the linoleic acid in PMR by different dry methods.
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Fig. 1. The drying process of PMR by different drying methods application.

-284 -



rep s

] AL Wilson et al, (1981)2] HlHol| upe} 2443131 F714k 21552 Palmer and List (1973) 2] W o] Fato] 24
th S AR 5 goll 7S 7181 _"%’P\] AWF00mz ZEst Stk S, AR 5 goll 7S 7I8to] IR 100 M=
o] Y41E](50,000 rpm, 30 min)dt 3 AR M-S 3} 0,45 “g4-51o] YAEE](50,000 rpm, 30 min)d}al A4 AL F5}o]

¢m membrane filter (Millipore Co,, USA)Z o]1}5t ojH o & 63K (Whatman No, 2)3}5it}, o1kt o oH-8- Sep—pak Cis &2
HPLC (1200 Series, Agilent Technologies, USA)E ©]-&35}¢] AAAIZ] TR, 0.45 (m membrane filter (Millipore Co, USA)
BA519 0 W (Table 1), T=FE integratoro] &gt &R T2 2 oj3} & HPLCE o|-&5lo] X619 01, 3HkL integrator

o7 Albsiglt, o oJ3t lEmZEH o2 ALkl
Table 1. HPLC conditions for analysis of free sugars A ofu| Ak
Items Conditions o] Ak 242 Strydom and Cohen (1993) 9] BFR o wat
1200 Series, ol 2 G543} 24 A7 B HPLC (1200 Series, Agilent
Instrument . .
Agilent Technologies, USA Technologies, USA)& E-A3819ich A& 0.5 g1} 6 N-HCI 10
Detector ELSD detector 2 AT Y AJS T TS B o] W 5 "]z
Colurmn ZORBAX Carbohydrate 110TCOlA 24X 7HeEal] A, 7HeRall7t = Algs

(4.6 mn ILD. x 150 mm L.)
Solvent 75% Acetonitrile
Column temp. 30C

o] 1}3PH A methanol 50 mlz -&5k0] 925 & 20 mn
HCI 5 me= 83}t 0,45 um membrane filter 2 o115}
8 oJot 42 3T T Accl-Tog A12K A1g3T] )

3} A)7] 3 HPLCE E-A4J51 1L Sk integratoro]] 2§ )4

Flow rate 1.4 m¢/min

Injection volume 5 pL

Table 2. HPLC conditions for analysis of amino acids

Item Condition
Instrument Agilent Technologies 1200 Series
Detector Agilent Technologies 1200 Series FLD
AccQ-Tag™
|
Column (Waters Co., 150 mn L. x 3.9 mn LD.)
Column temp 37C

A : AccQ-Tag Eluent A (acetate-phosphate buffer)
B : AccQ-Tag Eluent B (100% acetonitrile)

C: DW

Time A B C
0 100 0 0
0.5 99 1 0
. 18 95 5 0
Buffer solution 19 ol 9 0
26 86.7 13.3 0
30 84 16 0
32 83 17 0
36 0 60 40
39 100 0 0
48 100 0 0

Flow rate 1.0 m¢/min

Injection volume 5 uL
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EEH o7 AT o] F5ARS AccQ—Tag eluent (A), 100%
Acetonitrile (B), water (C)Z gradient 202 A:B:CE 27|
100:0:0 (%, v/v)ollA] 0,5%0] 99:1:0 (%, v/v), 18%0]| 95:5:0
(%, v/v), 195-0] 91:0:0 (%, v/v), 265-0]| 86.7:13.3:0 (%, v/v),

3050 84:16:0 (%, v/v), 325-0] 83:17:0 (%, v/v), 3650
83:17:0 (%, v/v), 3650 0:60:40 (%, v/v), 395.0]| 100:0:0 (%,

v/v) = ARSI, 52 1.0 ml/min O =2 31, QY
5 = AAs}e], FLD (1200 Series, Agilent Technologies,
USA) 2 AZ319.2™ AccQ-Tag™ column (Water Co., 3.9 nm
I.D, X 150 mn L,)-&- ©]-8-5F3tH(Table 2), 5 A& ]| 9
ok QR EEH o= Aol

#e) ofu et

$r2] ofoliedl RS Rl YDt 2L P oR 9
oll-& Ohara and Ariyoshi (1979) 2] B o & HASIGTE & A
25 g2 e AA W o] ARk oY 10 meo
sulfasalicylic acid 25 mg& F7}5t0] 4°CollA] 4A17F 5 WA

[ JREA
AZ1 T FAIEE] (50,000 rpm, 30 min)ato] ThlA S8 |7
AFA

o=
ShaL, AFAH-2- 0,45 um membrane filter 2 oj3}5}o] A& of ol
= YT FIoto] AccQ-Tag AR ARESo] F-eAok A7 &
HPLCE 4519 tHTable 2). ¢S integratoro]] &J3h 9

VR AAE e (Park, 2016) 2.2 A A 2f3lo] £4

Table 4. GC-MS condition for the analysis of fatty acids

Stk 2 X205 g 600 B|8hAlA BABES A
%, 28] SN NG AT 10 2 7 ofalel 2ol K %
M1 A7) 4] SR QA0 1S 73T, SRAE o)§
sho] 100 nl2 43k ofohS FAA 2R Ag gt 2 7]

A it B4
A &9] AHFARS- Morrison and Smith (1964) 2] W of| whz}
GC (7890A, Agilent, USA)2} MSD (5975C, Agilent, USA)Z o]
£5}1o] A5 CHTable 4). A& 1 g2 100 m2] etherE 715}
01 100C 9| hot—plateol| A #iL 3027t &7 FE8Th +&
22 ofafajo] 60 Gzl FULTL A7 F 0.5 N

=

=

methanolic sodium hydroxide 2 m(E g1 557+ 2

Table 3. Atomic absorption spectrophotometer conditions for
mineral analysis

Content Analysis condition
Instrument Atomic Absorption Spectrophotometer
(Perkin Elmer AAnalyst 400)
Fuel flow CHy, 2.0 ml/min

Oxidant flow Air, 10.0 m{/min

Wavelength K: 766.49, mg: 285.51, Na: 589.00,
(nm) Ca: 422.67

Item Condition

Agilent 7890A GC

Instrument (Agilent, Palo Alto, CA, USA)
Detector Agilent 5975C MSD
(Agilent, Palo Alto, CA, USA)
Col DB-WAX column
omn (250 mn L. x 0.25 mn LD., Agilent Co., USA)
Rate Value Hold time
C/min T min
Column temp Initial 50 10
Ramp 1 180 10
Ramp 2 20 250 4
EI ionization voltage 70 eV

Carrier gas Helium, 1.0 m/min
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o8 & AA 7IRE Aol .8] F freld ekl
th, @A Ao fEg T2 sucrose?} 7.06%,
glucose@} fructose”} 212+ 0,58%2} 0, 57%= UER O, 24 4]
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2 3L sucrose”’} 12,.06%, glucose®} fructose”} ZF2Z:
0.99%2} 1, 47%= LJelth Kim and Joo (1989)%= ¢l4ko] &
2= %%ﬂ i, glucose 27k 570 Tpi LHAshal,
=7} 271 S £7151, sucroses= 80T ©|5}
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Table 5. Proximate compositions of PMR based on various dry method

Contents (dry basis, %)

Compositions -
Hot-air dry Shade dry Freeze dry
Moisture 7.35+0.02%" 8.25+0.31¢ 3.18+0.02a
Crude protein 4.294+0.06a 5.64+0.09b 7.134£0.05¢
Crude fat 0.57+0.05a 1.1140.06¢ 0.91+0.12b
Crude ash 4.624+0.22a 4.91+0.29ab 5.28+0.33b
Crude fiber 3.3840.11b 3.26+0.21ab 2.92+0.19a
Nitrogen free extract 79.79+0.14b 76.83+0.37a 80.58+0.67b

*Values are presented mean + SD (n=3).

Means with the same letter within the row are not significantly different at P<0.05 determined through DMRT.
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Table 6. The contents of free sugars in the PMR based on various dry method

Contents (dry basis, %)

Free sugars ;
Hot-air dry Shade dry Freeze dry
Fructose 0.57+0.09%2" 0.994£0.03b 1.47+0.11¢
Glucose 0.58+0.07a 0.67+0.03b 0.99+0.09¢
Sucrose 7.06+0.09a 9.83+0.32b 12.06+0.29¢
Total free sugars 1.15a 1.66b 2.46¢

*Values are presented mean + SD (n=3).

YMeans with the same letter within the row are not significantly different at P<0.05 determined through DMRT.

Table 7. The contents of organic acid in the PMR based on various dry method

Contents (dry basis, m8%)

Composition

Hot-air dry Shade dry Freeze dry
Oxalic acid 524.45+1.15%° 1,482.324+4.61c 377.00£1.62a
Tartaric acid 84.70+4.46a 143.66+1.02b 156.38+7.01¢c
Malic acid 95.75+5.49b 63.92+2.21a 242.2442.82¢
Malonic acid 12.38+3.83a 31.46+1.15b 59.57+1.36¢
Total organic acids Oa Oc Ob

*Values are presented mean + SD (n=3).

YMeans with the same letter within the row are not significantly different at P<0.05 determined through DMRT.

A= o] MSkE VEhA] Shethar Hargh vl Qlek, Az
HlHo| T2 A5 9.0 $R-E glucoser AX 27t £71 8

L 5A%> 87> 9502 202 W ekt B 97
ol 3%l feldst S gpe 2% Aol 1% 2
Ve, ol o] e o] ool 2 RoR 1

71
Aol whe Ask2.0) 714 #4 2 Table T3}
), A9 G714 B A1) oxalic acid, tartaric acid,
malic acid & malonic acid & 4%2] {7]Ato] HZEQl0
7% oxalic acid7} Bz AR oA 7Hg A YERsLT o
= 309} 20| 5155 o Ga o AT Kim er
al. (2010) 7|4k 5ol 4] oxalic acid &&o] 7Hg =A| Vet
AT AR ol SR Hokee o] 974 TS
oxalic acid”} 524,45 mg%= LEFE O | tartaric acid, malic
acid ¥ malonic acid= ZF2+ 84,70 mg%, 95,75 mg% X 12,38
mg%= LFERtTE 570 28120 714F - oxalic acid7}

1,482.32 mg%= UERE O, tartaric acid, malic acid 2
malonic acid”} 22} 143,66 mg%, 63,92 mg% X 31,46 mgh= L}
ERStTE 2 Aol A 7HE whol HEE 7142 oxalic acide=
Aol A &2 o] 77183t 289 H& B8kl 77189 A
A Y o] REE 2t Ao @ oA QtHLee ef al., 2007).
2 AA T RS FeEf Rt Ak Q.o T oxalic acid

0.2 w7 Uehie}, ol Kim et al, (2012)0] Th30] §714F
o] H)7] B % Zejdeo] G20} SARTkY HiIF AT
A% 48 ol the A@o] Hstel
FAAZ A0 e YRS HGor, SAT 9F
Ao A 45 Zaeh A 5142 Folelrt 444
AF AZIY F 402 §2H AR BOH, wehy

oxalic acid®] gHFo] W [7AkS st} o 9 5247

o
L QA P S A85Hs o] mg Aoz wee

4 obulxar
Aol T Asl0.9) FAjoln) kAl BAATHE Table

83} gt F 1659 otlieato] HEH o, 5%, =4
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Table 8. Contents of total amino acids in the PMR based on various dry method

A= (Polygonum multifiorum Thunberg) 2] 0|38} &

Contents (dry basis, mg%)

Total amino acids

Hot-air dry Shade dry Freeze dry
Aspartic acid 260.84+6.57"a" 418.73+£5.53b 414.36+4.83b
Serine 232.12+11.07a 417.09+£5.21b 462.87+5.49¢
Glutamic acid 503.30+5.25a 727.02+14.30b 820.97+11.76¢
Glycine 155.42+£8.31a 236.90£8.37b 260.67+2.97¢c
Histidine 158.91+0.78a 240.33+4.23b 285.81+1.66¢
Arginine 586.67+6.11a 1,091.06+12.92b 1,258.01+7.28¢
Threonine 179.01+7.46a 298.36+4.57b 338.30+7.78¢
Alanine 179.35+10.12a 296.74+5.64b 306.58+3.63b
Proline 283.78+5.09a 358.77+9.90b 577.41+7.70c
Tyrosine 98.51+2.85a 154.69+1.98b 159.47+3.15b
Valine 178.74+1.38a 285.39+5.82b 290.36+6.02b
Methionine 29.15+1.16a 63.93+0.76b 61.91+£2.63b
Lysine 268.00+£9.67a 455.25+8.08b 426.09+£5.31¢
Isoleucine 145.15+5.89a 245.25+6.94b 253.70£3.78b
Leucine 161.06+4.44a 241.50£1.26b 238.78+6.81b
Phenylalanine 79.03+2.56a 99.83+3.49b 101.25+0.50b
TAAY 3,469.03 5,630.84 6,256.54
EAA* 1,169.05 1,929.83 1,996.19
EAA/TAA (%)™ 33.70 34.27 31.91

All values are mean = SD (n=3).
YTAA, total amino acid.

*EAA, total essential amino acid (Thr.+Val.+Met.+lle.+Leu.+Phe.+His.+Lys.).

“EAA/TAA (%), total amino acid/total essential amino acid.

"Means with the same letter within the row are not significantly different at P<0.05 determined through DMRT.

8 Az Aol F obn|iAl S 247} 38,469.03
g%, 5,630.84 me% 3 6,956, 54 ng% EAAZ Hakos} A
F9t £71 Hajeed] veo] 2 HS RAd, ot
Son et al. (2011)0] H18F AzHHo| whs UH/\))JO]_J Z o

Yaohu| we At T 337 Aol et F AR Holer et
7}7} 1,929.83 mg% 2 1,996,191 g% HEAZ H5}
1,169.05 mg9) o] H]ato] =7 Urepgh & Sdobu]eAl 2 2
Frohu|\eARS] H &2 FF % Aot e, S Aot Y
AAZ Al 7t 242 33,70%, 34.27% L 31,91%%2 2 20|
£ Ho|x] ¢kttt Rho and Lee (2006) 2] Aol A 7HE A 2fgt
o oAt gheFo] 7HE 2ol vlgslo] HAdE Tk AuE
HP O 2 Az 2w 7} wolof uhaf opu) Al FheF 7HAah

m
[
BN
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Table 92} 2T}, % 16%9] opu|icAto] HEE|glon] JL4 o}
oAkt 5 YEH arginineo] 7P =] WrERgth, 212
of w2 A5} 2.9] f-2] o] leAl FHg2 argininet proline

o] 7l ekt QA% H5ie0, 87 Moo o 54
AZx A0 $-8-H arginine 717} 210,48 mg%, 170,44
mg% 2 258,51 mg%2 FAAZA o] 714 A LEhge
proline2- 2+ 135 11 mg%, 56,48 mg% 2 119, 18 mg%= %74
2R OIA = Uit
% felolugiel Yope @Az Astie, £ Aol
QA E=AAZ Al oA 212} 487 75 mg%, 312,64 mg% X
694,68 mg% EECH, Bpohu|ieil A% Aol
7}154,59 mg% 714 =A] UFERTE. Jeong (2011)2 A51229.
o 20l 9ol g st Aol ks
L A ELE M) o] 2 ofu| Al olef & o] AL Sk
o] Z¥ZH 17 %2} 19,09%% 215k v QI o]+ FA % A5}
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Table 9. Contents of free amino acids in the PMR based on various dry method

Contents (dry basis, mg%)

Total amino acids

Hot-air dry Shade dry Freeze dry
Aspartic acid 9.92+0.11%a" 11.06+0.60a 30.05+1.18b
Serine 8.80+0.40b -a 16.29+1.57¢
Glutamic acid 34.17+1.65b 21.4140.73a 69.27+0.66¢
Glycine - - -
Histidine 28.23+0.20a 21.96+2.60a 92.22+6.48b
Arginine 210.48+1.70b 170.44+10.05a 258.51+0.98¢
Threonine 14.65+0.81b 6.98+0.70a 28.26+2.27¢c
Alanine 17.78+0.45b 13.84+1.77a 26.54+0.53¢
Proline 135.11+0.98¢ 56.48+7.47a 119.18+9.35b
Tyrosine 9.87+0.25b 4.13+0.27a 20.26+0.87¢
Valine 6.87+0.62b 2.09+0.09a 7.04+0.15b
Methionine 5.22+0.20b 3.68+0.87a 7.24+0.32¢
Lysine -a -a 10.05+0.19b
Isoleucine 2.04+0.01b -a 3.17+0.54¢
Leucine 2.09+0.02b -a 2.954+0.42¢
Phenylalanine 2.51£0.27b 0.57+0.31a 3.66+0.33¢c
TAAY 487.75 312.64 694.68
EAA™ 61.61 35.29 154.59
EAA/TAA (%)™ 12.63 11.29 22.25

’All values are mean = SD (n=3).

YTAA, total amino acid.

*EAA, total essential amino acid (Thr.+Val.+Met.+lle.+Leu.+Phe.+His.+Lys.).

“EAA/TAA (%), total amino acid/total essential amino acid.

"Means with the same letter within the row are not significantly different at P<0.05 determined through DMRT.
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97422, 25 ulWA) AR HIES BT Slh A7
Tho} g ofwliAte] 2uE Higo R ulo] 2 oAl
o £AE U] PINE HF MO FAARPAS BE
sz Zle] Aget Ao B

Az WhE 25}4e0.0] B4 E BAATI Table 10
T} 7t} Aslg=0.0] By dE BAA T} potassium, calcium,
9 sodiumo] AEZE QT dEAX Asl.9
FI71E SIS potassium®| 1,077.18 mghz 7HAF =9F0

w, Th20 2= calcium, magnesium % sodium®] §F=Fo] zFzk
195.89 mg%, 110,36 mg% L 8,14 mg% 220 & =A| Uehtt} &
A FAAZ AL potassium®] ZFZF 1,392.02 mg%,
1,515.01 mg%= 7} =4 Yelsith the© 2= magnesium,
calcium 2! sodium®] 402 321 E|¢It} Potassium, calcium,
magnesium 5 5715 A S 2 A Q) AYefagof o
Asla Q= A 2 o} A 9 oH(Kim ef al,, 1999), 25l
9] potassium SFFS- AFOK(3 698, 7 mg%) It $-&(4,665.7 mg%)
e} HAlgh BANZ Aol 2 5 o 5150 Bk
91 1,649,7 mg%2} H]53t SHRS- W A THHwang et al,, 1997),
& AA T} 2320 9 71734 - potassium o]

magnesium

ZAzEHo|| W A= 0] A HMAF B A3k Table 113}
A}, Aslaeeof o X]H“}O A1, EESHA
502 5 9%0] A2HT. A kool
%= linoleic acid €=F0| 7]-;{]’ =A YERdTE Kang (1987)2
SEAIS A G} Q5 EEXSIA|WAR] linoleic acid+
AR A moweel A3 At 529, S 5
S0 ARk Harst Bt Qle}, Aol whE sS4
palmitic acid2} ‘%_P B335} 294 oleic acids= FEAZ A5}
o7t 7P A UER e, th7HE SR HAR] linoleic
acide A% k27t 7M7) e Son et al,

(2011)-2 ufjr§o] o] Z|HFARELA 0| A palmitic acidE E§H3F 3
SR HFARS. Hof| oL A o] XUk oleic acid?} linoleic acidS 3
Aot A % Hol| BeHy Ho|ug IFAZ A] ha
o] 1 Gi0) o] T A4 2 Aol el

i, 212 lol#el@ ALgSHE AAAe] A B
ZAo|| A Kim et al. (2014)-2 linoleic acid, palmitic acid, ¥~

Table 10. The contents of mineral in the PMR based on various dry method

Contents (dry basis, m8%)

Compositions -
Hot-air dry Shade dry Freeze dry
K 1,077.1845.88%" 1,392.02+2.86b 1,515.014£3.13¢
Ca 125.89+1.66¢ 114.67+0.57b 104.36+0.90a
Mg 110.36+1.06a 137.09+0.61b 139.66+0.06¢
Na 8.14+0.22¢ 6.40+0.34a 7.1840.08b

*Values are presented mean + SD (n=3).

YMeans with the same letter within the row are not significantly different at P<0.05 determined through DMRT.

Table 11. The contents of fatty acids in the PMR based on various dry method

Contents (dry basis, area%)

Compositions -
Hot-air dry Shade dry Freeze dry
Palmitic acid 18.53+0.50%¢” 12.9540.19b 3.4740.10a
Oleic acid 25.46+0.54¢c 18.98+0.40b 10.50+0.27a
Linoleic acid 54.51+0.98a 66.45+1.84b 84.52+1.40c

*Values are presented mean + SD (n=3).

YMeans with the same letter within the row are not significantly different at P<0.05 determined through DMRT.
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linolenic acid Y oleic acid9] A& H 113t v) QJt} w4~
o], AlE % 20] ZAEe] Ao A= AHH4E 5 linoleic acid7}
7P 2 APAF 2485 Ho(Kwon et al,, 2006) 251229
9 A4kl linoleic acid7} =] AEH A} AR F3&
Holok, & dA4tAy) ZopAbAe] gheFo] Wom linoleic
acid®] o] =& Aol .5 S5l QleiM= 5227t
gt Zl o= gk,

M e

B At 07k 51 gl vl Bt 540.0] 2
AZHY TS 5 ABAAL W S BHOR 5y
stlek. skl 24 Az T 918 945AE, &
A9 FAnE H5i40.0] ARHIE, e, obmliedt 1 A
WA S M AR, RS 71502 Azl o)
2 5140.0] IMAR GRS vl S ), SEYFE B
Az 5407t K402 WA bl 29 HAo]
A % fEld GRS A% H5eoo)H $7) o)

fructose, glucose W sucrose?] & HA| EA AR Asl40
27 Aoire, QAENZ SR 202 1A ettt 7]
AR & 530l HEHU oM, oxalic acid7F 7H = A e
o}, A9 8 414 o] Ak arginine, glutamic acid,
proline, serine, lysine 5°|H, &o}u| Al 315k Hi=olu|
ARRIRRE B FAAE Ao A A vEkTh & 4
ohuleAt F Aarobu| Al FHF HleS 4 Ask oA =
A verdth 2 obieARS AIZEA] AR BiRofA
arginine¥} proline®] FreFo] 7| bt om Foju|leAl 5}
&, Fepoh| Al 3 9l F 9 ob)ieAl 5 oAt 3
F e B A1 x Akt 7 A e Ak
L0 F7|EE F 450 HEH L, potassiumo] 7 T
4o, sodiumo] 7Hg WA VR Th Asha oA ARk
SESER|HPAR] palmitic acid 1521} & X SFA| WA oleic acid2}
linoleic acid 2&0] HEE I}, o] A= & uf 5}=0.9]

S8 S40] TV AL AP e FAALE AZHm,
_]

f

78] 71¢10] SLEATAAET| LA 0] X218 wot o

Feglon, olol A=A Tk116081-2),
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