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Nutritional Components and Antioxidant Activities
of Various Stachys Sieboldii Miq Parts

Yeon—Kyoung Kim - Hee-Kyoung Son - Jae—Joon Lee'
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

This study was carried out to compare the major nutrient components and antioxidant activities
of Stachys sieboldii Miq leaf and root powders. For proximate compositions, crude protein and
crude fat contents of leaf powder were higher than those of root powder, whereas contents of
crude ash and carbohydrates were lower in leaf powder. The content of glutamic acid was greater
in amino acids of leaf and root powders, and contents of total amino acids and essential amino
acids were higher in leaf powder compared with root powder. Root powder contained a higher
level of total unsaturated fatty acids than leaf powder. Total contents of organic acids were higher
in leaf powder; tartaric acid was the major organic acid in leaf powder, and malic acid was
the major organic acid in root powder. The content of vitamin A was higher in leaf powder
than in root powder. However, vitamin E content was higher in root powder than in leaf powder.
Total mineral contents of leaf powder were higher than those of root powder, and mineral contents
of leaf and root powders were in the order of K>Ca>Mg. Extract yields of leaf and root powders
were 27.21% and 58.51%, respectively. Total polyphenols and total flavonoids of leaf extract
were 236.35 mg/g and 1.90 mg/g, respectively, which were higher than those of root extract.
The ICso values of leaf and root ethanol extracts based on DPPH hydroxyl scavenging were
0.69 mg/mL and 5934.31 mg/mL, respectively, and antioxidative activities of ethanol extracts
from all Stachys sieboldii Miq parts dose—dependently increased. These results suggest that
Stachys sieboldii Miq can be recommended as an edible functional food material.

Key words: Stachys sieboldii Miq, nutritional component, antioxidant material, DPPH radical
activity
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Table 1. Proximate compositions of Stachys sieboldii

Miq powder from different aerial parts
(% dry basis)

Sample Stachys sieboldii Miq
Composition Leaf Root
Moisture 413 £ 1.209%9 427 + 0.22
Crude protein 27.86 + 174" 462 + 042
Crude fat 1.57 + 0.16™ 0.98 + 0.65
Crude ash 1049 + 1.117° 15.04 + 0.43
Carbohydrate” 55.95 + 1.52°" 75.09 + 1.31

YCarbohydrate = 100-(moisture+crude protein+crude fat+crude

DAl values are expressed as mean +
INS: Not significant.

YSignificant differences between Srachys sieboldii Miq leaf and rachys sieboldii Miq root measured by
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Table 2. Contents of free amino acids in Stachys sieboldii Miq powder from different aerial parts

(mg%)
) ) Stachys sieboldii Miq

Amino acid

Leaf Root
Fssential
Valine 1,252.16 + 2595 49599 + 6.14
Methionine 27891 + 6.02" 4027 + 247
Tsoleucine 975.45 £ 4206 306.11 + 5.38
Leucine 1,828.88 £ 96.53" 47277 + 551
Threonine 1,039.53 + 2562°° 606.42 + 7.10
Phenylalanine 1,109.21 + 7258 397.32 + 8.17
Histidine 649.90 + 2643 41298 + 431
Lysine 1,280.29 + 41.89"" 52924 + 4.26
Total EAAY 8,414.34 3,258.09
Non-essential
Aspartic acid 2,366.17 + 86.46" 888.95 + 20.41
Serine 1,020.23 + 5022 35352 =+ 8.09
Glutamic acid 2,540.99 + 934177 471209 + 41.07
Proline 1,004.88 + 10.03" 188.84 + 12.33
Glycine 1,114.56 + 30.10"" 281.64 + 8.36
Alanine 1,219.93 + 144.58" 404,55 + 14.38
Tyrosine 71734 + 19.89°" 376.16 + 2.12
Cystine 11569 + 11.85" 4643 + 2.30
Arginine 1,184.21 + 3529™" 583.24 + 22.05
Total AA? 11,284.00 7,835.41
EAA/AA(%) 74.57 41.58

UTotal EAA: Total essential amino acids.

PTotal AA: Total amino acids.

YAl values are expressed as mean * SE of triplicate determinations.

PSignificant differences between Stachys sieboldii Miq leaf and tachys sieboldii Mig root measured by Student’s t—test

("p0.01, ""p<0.001).

2], ZlErE]el njs) 743 opn|aste] Shake] wie- = Ao} nluste] nlS=gh FEo R Ve
2 A 0F vehsith 2A% o3t e 2o 1A
T3 opuli=atel] gk Ferobnliile] HlE-S 74.57% 3. X[gat
o} 41.58%= et} ofg+e] FE F opvi=at 27 o3t Bre] o] ARt 2242 Table 3
of thet Fgotniite] HlEe F=FF 36.22%, I gt 23 o Bde] At 244S Adued
U] 40.60%, TG 3053002 HiLHo], 24 EAMA 657, tFEES A 450] AW
Bt o v Zes yehstotk(lee et al, WA, 27 e o] A 24 ESHAE
2009), &3] kg0 Wol 2ol AretA|e} T 13%, SGABZSAL 4%, PREESARL 90F
2he] & opuieqte]l gt Bpolu]ite] HlE o] & 26% AMPAto] AZETE 247 ole] FA
AwepAof BweebA] 242} 25.6%, 26 3% & ?j:fL At Z Z3PAARS heneicosanoic acid gHFo]
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Table 3. Compositions of fatty acids in Stachys sieboldii Miq powder from different aerial parts
(% total fatty acids)

Stachys sieboldii Miq

Fatty acid

Leaf Root
Butyric acid (C4:0) N.D 0.15 + 0.02"
Caproic acid (C6:0) N.D 0.87 = 0.03
Luric acid (C12:0) N.D 0.23 + 0.01
Myristic acid (C14:0) N.D. 0.17 £ 0.06
Pentadecanoic acid (C15:0) N.D. 0.44 + 0.06
Palmitic acid (C16:0) 14.63 + 0407 2297 + 3.34
Heptadecanoic acid (C17:0) 1.08 + 00177 0.69 + 0.03
Stearic acid (C18:0) 1.60 + 0.017° 3.75 + 1.37
Arachidic acid (C20:0) 0.16 + 0.03" 0.42 % 0.05
Heneicosanoic acid (C21:0) 63.4 + 321" 11.16 + 2.69
Behenic acid (C22:0) 0.48 + 0.04™" 1.11 + 0.06
Tricosanoic acid (C23:0) N.D. 0.09 £ 0.03
Lignoceric acid (C24:0) N.D. 0.31 + 0.08
Saturated 81.35 42.35
Palmitoleic acid (C16:1) N.D 0.28 + 0.02
Oleic acid (C18:1n9¢) N.D 3.83 + 0.06
Erucic acid (C22:1n9) N.D 0.42 + 0.02
Nervonic acid (C24:1) N.D. 0.53 + 0.13
Monounsaturated 0 5.05
Linolelaidic acid (C18:2n6t) N.D. 0.04 + 0.01
Linoleic acid (C18:2n6¢) 1227 + 062" 33.76 + 3.21
cis—11,14-Ficosadienoic acid (C20:2) N.D 0.42 + 0.31
cis—13,16—Docosadienoic acid (C22:2) N.D. 041 £ 0.24
Linolenic acid (C18:3n3) 1.79 + 0.03"" 17.12 + 0.22
y—Linolenic aicd (C18:3n6) 0.92 £ 0.02"" 0.16 + 0.01
cis—11,14,17-Ficosatienoic acid (C20:3n3) 1.79 + 0.03™"" 0.09 + 0.03
Arachidonic acid (C20:4n6) N.D. 0.42 + 0.03
cis—4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3) N.D. 0.18 = 0.02
Polyunsaturated 16.77 52.59
Total 98.12 100.00

UN.D.: Not detected.

PAll values are expressed as mean * SE of triplicate determinations.

ISignificant differences between Stachys sieboldii Miq leaf and rachys sieboldii Miq root measured by Student’s

ok

t—test ("p<0.05, “"p<0.01, """p<0.001).
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Table 4. Contents of organic acids in Stachys
sieboldii Miq powder from different
aerial parts

(mg%)

Stachys sieboldii Miq
Leaf Root

Oragnic acid

Citric acid ~ 282.33 = 9.65Y""? 8667 + 8.14
Tartaric acid 624.34 + 14.22°"" 1611 = 436
Malic acid N.D.Y 272.08 + 12.03
Succinic acid  71.61 = 187 881 + 337
Lactic acid N.D. 2296 + 8.74
Formic acid N.D. 4331 = 6.37
Acetic acid 3754 + 1.65 3234 + 3.4
Total 1,015.57 482.28

o] & §7)4F SRS 48228 mghh HAEEoH,
o] & malic acid7} 272.08 mgw= 7} Bkl o
<02 citric acid 86.67 mg%, formic acid 43.31
mg%, acetic acid 32.34 mg%, lactic acid 22.96
mg%, tartaric acid 16,11 mg%, succinic acid 8.81
mglh =0l3ich, TElelNE frlake] % 128074
mg%& succinic acid, malic acid, citric acid £ 2

AZEAL, =2FRe] F714F $FRe & 514,02 mg%
2 malic acid, citric acid 02 H 1 F|o](Hwang et
al. 2011), TlY3} epA7h 243 ] Hlsl #7]
Ab gheke tro] HAEE Y o}, malic acid, citric acid
o] ghko] A ok He FARI waka
o] 2N BelF vigale] iR 2ATEL
malic acid7} 8 f7]ake s vepd L 2l

% g,

el r1

223 ol #ie] el WERl A, E Bl C %
< 223 A= Table 59F 2th, 224 o Bake
HIE A 39,79 mg%, HIEF E 11,49 mglo] A%
o}, HlE}‘ﬂ Ce AZHA gtk vhd 247
Bg] Babo] 49 Highl AE AZHA gk, vt
ul go] f;;%hg— 0.001 mgh= M AZEem, 1
EF Cc9 ke 25576 mgwE 7P = vFER

Table 5. Contents of vitamin A, C, and E in
Stachys sieboldii Miq powder from
different aerial parts

Stachys sieboldii Miq

Vitamin

Leaf Root
Vitamin A 39.79 + 3.23Y ND
Vitamin E 1149 + 0637  0.001 + 0.00
Vitamin C ND? 255.76 + 3.28

DAIl values are expressed as mean = SE of triplicate
determinations.

DSignificant differences between Stachys sieboldii Miq
leaf and tachys sieboldii Miq root measured by
Student’s t—test ('p<0.05, ~"p<0.001).

N.D.: Not detected.

DAl values are expressed as mean # SE of triplicate
determinations.

DSignificant differences between Stachys sieboldii Miq
leaf and tachys sieboldii Miq root measured by
Student’s t—test ('p<0.05, ~"p<0.001).

ND: Not detected.



o g} WERIS] A, B 9 i F2 AEe] #
g ARS8 2EdAE 9HAE o
Josoleh, ek G 584 HlgHlo R F2 Ak
o 34 Zol) o] Q1A ) AR vk B
IR S S 2 8 2 B2

Az 2ol 3

O_i.;

0.u.4

ke |z 131,
IER Ak E5} 91 A8l A Sl
S gegel ArAT L4 esRs s
o] Sltjx EIE St Hong 2009). oF2e] H]ER
e B vkl A, ¢ 9 B9 R A2 0.057
mg%, 0,670 mg% 2 0,001 mghE HFPoL}
(Kim et al, 2010a), H]E}T C9o dleke =XM% Hig)
7 959 ok

3k ZAR ot We) B 0T % 850 7]
o] AZHer, o Buv} e] Buke] & 77|

Table 6. Contents of minerals in Stachys
sieboldii Mig powder from different

aerial parts
(mg%)
i Stachys sieboldii Miq

Mineral

Leaf Root
Ca 735.50 + 104872 116.90 + 13.47
K 427400 + 13.93" 2,094.00 + 11.34
Mg 45670 + 1026 90.68 = 7.43
Fe 821 + 0.09" 470 £ 2.30
Na 798 + 028" 458 + 0.09
Mn 16.56 + 0917 0.53 £ 0.02
Cu 1.60 £ 0817 1.01 £ 034
Zn 3584 £ 1357 297 + 0.58
Total 5,536.39 2,315.37

YAl values are expressed as mean * SE of triplicate
determinations.

DSjgnificant differences between Stachys sieboldii Miq
leaf and rachys sieboldii Miq root measured by
Student’s t—test ('p<0.05, ~"p<0.01, ~""p<0.001).

o] #ie| Fol ulste] 20f o) F 1A o
o] Etvh. ¥ el T B FU1E F K ol

4,724 mg%e} 2,094 m:
th8-© 2 Ca, Mg £0|03L, Fe, Na, Zn, Cu, Mn2]
Sheke wF gHek 2108 yeRdth K& Na, €1 4
H o]&x} 3| 2k} 947] w3 ol hefalar, Az
oA Nazh A o] AHEYF} FRAH S 3he 7712
olt}, ol2dt K] AFE 18 oy} X5l &}
Aoz}l B Erhlee et al. 2013b). A=e}=|2}
SolrleE 22 K geko] 1,180.75 mg%, 990,02
mghE 7P ol AEEHUIL, Ca, Mg £O0& HE
H o H(Lee et al. 2013b), oF(Kim et al. 2010a)
o 2717 24 & K 3] 414.56 meu 71 =
o

kI Na, Ca, Mg 08 AZT UL}

Table 7. Extraction vyield, total polyphenols, and
total flavonoids of Stachys sieboldii Miq
leaf and root 80% ethanol extracts

Stachys sieboldii Miq
Leaf? Root?

Item

Extraction yield
(%, dry basis)
Total polyphenol 50 55+ 403" 2044 = 0.2
(mg TAE/g)

Total flavonoid
(mg RE/g)

D Srachys sieboldii Miq leaf 80% ethanol extract 1,000
ppm (1 mg/mL).

D Stachys sieboldii Miq root 80% ethanol extract 1,000
ppm (I mg/mL).

JAll values are expressed as mean

2721 + 08777 5851 + 0.35

101.76 + 1230 11.51 + 0.24

+ SE of triplicate
determinations.

YSignificant differences between between Stachys
sieboldii Miq leaf and tachys sieboldii Miq root
measured by Student’s t—test ('p<0.05, ~"p<0.01,
""p<0.001).
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gt A¥s= Table 73 2t} oehg2 75 355 A
Zol| thFsHAl ol-8-H= griEA ‘&Xd*étﬂ E1L, 4
OFFol A& oeg FEEAA =2
Hoj(Kang et al, 1998), & Aoz 227 v}
B S 80% AEEE FE3Fo] 42 27.21%%
58.51%%] FE=T&S B MY W= ‘:'Htﬂ
ete FEE FE5ES HH U2 26.66%, B
= 29.74%% H-9H=E H|$3ttal H3l(Han et al,
201Dk o, & ArellMs et dEn Fo
o frolabl =odtt. aPE Fopd deg FEE
o] FE5E2 9(28.3300)0] H2](30.17%) ]l H|8}o
oF7F re Aoz YERJTHGu et al.2017). Kang et
al.(1998)0] ATg 7 Aokse] dehg FET&
S B AL 98 11%= 247 ] B} o] =
o FgS BYor} ARAF 32.04%, S5 12.82%,
B 12.55%2 BAHIIL, 58k 10.39%, 7H
o7k 15.37%, ©AF 11.93%9] FE584S Ko
(Kim et al, 2013), A7 Biglo] FE5go] 4=
Aepdisrt o w3t FE580] e ovle
obtg] M FEEo AugA a3t w4 A=
o} attiete O FEgo] stor ArlAe] glo] A
dHoR o]&E7] ofH}. ol2dt BA M FEF
2 M FEEY AYSE S8l aelsofor & F
23k 9Rlo A, I 7|EL AA el 24iH e
2 Wol ARHAL = B FEEY FETE
o] 7~100%°]™(ung 1990), Y¥HH 2R FE4-go]
10% ool =ojop ZAlido] Slvkar defA glvt
(Park et al. 2003). wEpA 2 ARe] 23t oo} B
2] FE5EL 27.21%9) 58.51%% BAIZ SHelA
28 7Fs7dol e AE Al Azt

-

8. £ polyphenol?t = flavonoid &
g Bl of|ghe

Z52] & polyphenol?} % flavonoid $FaF £
Ii= Table 73} 2t} 2A%F Qlu) #ia] 2tk ofgke
7-7;\:!,] o Z_ll_zq_ 236 35 mg/o
31]_ 2044 mg/g ]/]_]5]_]/]_ O] xz\jo] Hﬁa ==

B Ao 27 oy

aSTm T

[NV

Q

polyphenol ke

ol v|3te] % polyphenol o] FJ8A &=k ‘jr
2 A7t Ak 3 WiEde o deE &

9] & polyphenol &&= & F5E(43.52 mg/g)

o] ] FZHE(11.36 mg/g)dll W3 =7 Uerge

H(Park et al. 2015), ZAF 9 S FEE
o] 3 W&o FoE ek FE= viste F
polyphenol ¥FgFo] =7 Uehsitt, aE olehe
FEEE Y FEEW00.79 g/100g)0] B FE=
(3.54 g/1009)9l Hlale] =7 JERITHGU et al.
2017). PhenolA] 3}5HE-2] phenol hydroxyl7]:= A}
frebezat dgtete] oHgstd g Ee phenoxy
radical& AJSle] FH Ao 2 A& gudE
AsAY, Saksl aas) 37 (bdHo g A a}r/]
e AAst 1ls)k gq. RS 75}% 3ol ol
gt T AeEArls
1994). wheha] AEA7} ZML %lt phenol 3}et=
9] S Fote] AEAZRE A FE2EY
st 4L Teteledl YAkl Asrt 2 o
(Boo et al. 2009). 2272l 3 polyphenol $H-2
B A ATFE AuHEYE) Jung et al, (2014)9]

Arrlr] 2R e oeke FE=29] F phenol
ke 243 A} 24.58 mg/ge 2 B A7 Az}

AR Avs Btk AxaiAel SxekA] Wk
222 747} 11,89 mg/g, 28.38 mg/gO 2 JERITH
(Lee et al, 2013a),

2297 9J3) Hig] Bt ofjek
e 24 A= 77 10176 mg/gP 11.51
mg/gO % UrE‘r‘)fE}(Table 7). 3 WSgel Red
ete FEEo| F flavonoid FFH= o FE2E
(24.89 mg/g)°l 'l‘a] 222631 mg/g)dl vj3] =
Al Ve o U (Park et al, 2015), ¥ A3t A}l H]
3lo] & flavonoid 3FeFo] T X9 B5F e Aoz

ettt s s Feek o FEE201

-2 FZ5-0] & flavonoid

2/100g)°] ¥g] 325079 g/100g)dl| Hlate] A
VERATHGuU et al. 2017). Flavonoidi= F2 21&2]
o, B, ¥ Tl 3HrEe] o, '@ B
42 wi= A< polyphenol 3}gHze] T3 o= 2}



AoX FrepdelE EAfsk 1% sk
glucose, rutiose 52 FFe} dEH| 2243 B3l =
A B R EAlete] B3 ATS ERH0E A
At d#f#] Jrh(Heim et al. 2002). Tae et
al, (2016)” Azl mhe 243 e ogke 5

=59 % flavonoid =S v‘f‘”?ﬁ 23, 9z

T2 rhamnose,

9} =AAZ 7¥7} 3,73 mg/100 g9} 357.27 mg/100
g 02 HU3}Y o, Lee et al.(2014)2 A% B
2]¢] flavonoid ?J’%k-o— 221,00 mg/go 2 Yeh}, 5

HAAZS B2

Z Rabcis), TFATES =4 JERITE Lee et
al, (ZOOI)O] Hugl 2E5432013E & ZAFE2] flavonoid
shFe Frls 4.01 mg/g, B 2.54 mg/g, MH]-:H
1.93 mg/g, A7 1.98 mg/g, AF 1.31 mg/gZ

ATre] A7) flavonoid o] thAh =& Ao g
et wEba] B dtella] 223 Hejel 2ol
okgog o= ZAFE Hls) 243 ol

= %

o = 51'*“*,] polyphenol 2 flavonoid

Sl Ao v,

J

st

9. MAS0s &4

B drelld A o Hel B oleke FEE
o] AApEols2 Table 89xI9} o] B ojEH o2
Uepon], 243 9l F280] #e| &5 H)3}
o] Mrkgodso] o 953kt 50% DPPH radical
2% TS GRS T Ao 24 d FEE
< 0.69 mg/mL, 223 ¥e] FEEL2 1.90 mg/mLE
ZM7E o] Brelo)] Hlste] ksl E4fo] 2 o
2 et 2ev 245 F9d F:552] DPPH
radical 2L FARTOZ A3 Ul/\%?s]—?\]-p:]—
ARl BHAY H]3te] 2t Ao 2 Uelgr), Qlte
$ oleks FEE2] DPPH radical 245 %= & O‘j?-
o} H|s=aHA| olo] Belo| nlste] gepaittal Harshd
A, o] ¢lake] Yol flavonoid $teko] Wl whzo]
2}l Bsloitilee et al. 2004), 383 3 RIEY
B ofghe ZZE-9] DPPH radical 2A%9] 4%
T o FEEo| By FEE vgte] AN 55

I T ===
Ao 2 JeRdth(Park et al. 2015; Gu et al. 2017).

Al vl ol F2E50] DPPH radical 2787 =71
weht F polyphenole] F7fshd @kl &% 7t
e AT Aaeke AR &l Sitk(Lee et al,
2004; Park et al, 2015; Gu et al, 2017).

Table 8. DPPH radical scavenging activities of
Stachys sieboldii Miq leaf and root
80% ethanol extracts

DPPH radical
Concentration radica Cso

(mg/mL) scavengl(r;g) actmty ( /mL)
0.125 7.40 + 0.8824Y
0.250 20.90 + 0.97° .
Leaf b 0.69
0.500 39.36 + 4.45
1.000 69.95 + 0.08°
0.125 1.63 + 1.02f
0.250 512 + 2.27¢
Root et 1.90°
0.500 13.63 + 0.67%
1.000 2535 + 0.67¢
BHAY - - 0.09°

UBHA: Butylated hydroxyanisole.

PAll values are expressed as mean * SE of triplicate
determinations.

Different superscript letters indicate significant differences
at p<0.05 by Duncan’s multiple range test.

o
o, e WS BEE FOIA Sk
A Y 2dy] FH opu|=4k glutamic acid
o5, % olplicdls} Mepoplieh Hhee 9 ol
gre] el vlste] A et 243 o] &
2§l o) vlste] drdBEsIARL
ZoAAE fhge] =7 vEhsk e, 243 ot B
g 2 25 BE3XHMAF = linoleic acid o
7V =30t F A1 s o o] e
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of mlgte] =okow, ol Hize] F
tartaric acide]iz, ¥z] o] F£H {74k malic
acidglh. HlER] A 9F2 247 <)
Eqtom, HlEll C ghke Be] o] Esith 2
2% ol i) B BT R71E F K ol 7
wol AZEFJo, TS o2 Ca, Mg <0111, Fe,
Na, Zn, Cu, Mn®] $Fke v|ak hgh o2 et
‘7&1’/}. ZAZ o) Be] B ofleke FEE &
& 747} 27.21%9} 58516900k, 24 o Bk
Oﬂ‘?}p‘ FZE°] % polyphenol®} &
oo 747} 236,35 mg/g 101.76 mg/ge Be] it
ke =259 20.44 mg/gS}t 11.51 mg/goll H]
o F2l57 =3kt}. DPPH radical 2% 24%
Q3 e FE2E BT vE YESHo = FHHA
™, 50% DPPH radical 31\_7% FLol ICa e 24
8l FEE0.69 mg/ml)e] M7 Y] FEE
(1.90 mg/mL)ol| B]3}e] &aksl o] 954351 Ao
2 Ut o] An 247 FF 7154 2
Az 2ANZA vt &8 7hs AR 7|H
oA, F% in vivo ATE B8 7154 &5 AF

were] mAjo] Pasfet,

=
flavonoids &t

2
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