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Dyeing Properties and Functionality of Cotton Dyed with Extract from
Spirodela polyrhiza and Mixture Extracts from Spirodela polyrhiza and
Salvia plebeia R. Br.
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Abstract : This study looks into the dyeing properties and functionality of cotton fabrics dyed in both the Spirodela
polyrhiza extract and the extract resulting from the mixture of Salvia plebeia R. Br. and Spirodela polyrhiza. Since the UV-
Vis Spectrum of the methanol extract of Spirodela polyrhiza shows absorption peaks at 256, 268nm, and 345nm, it can be
inferred that the compound that Spirodela polyrhiza contains is a flavonoid. In addition, it can also be presumed that, by
analyzing the infrared absorption spectrum of Spirodela polyrhiza, the plant contains flavonoid compounds, just like Salvia
plebeia R. Br.. The UV protection factors of the cotton fabrics dyed in both the Spirodela polyrhiza extract and the extract
from the mixture of Salvia plebeia R. Br. and Spirodela polyrhiza were 50+, presenting outstanding UV protection factors.
The deodorization rate of the cotton dyed in the Spirodela polyrhiza extract was between 30 and 120 minutes, and the rate
rose from 92% to 97% as time passed. The deodorization rate of the cotton dyed in the extract from the mixture of Salvia
plebeia R. Br. and Spirodela polyrhiza increased from 88% to more than 91%. The result also revealed that overall the fast-
ness of color, including color fastness to washing related to change in color, as well as the color fastness to light of the
fabric dyed in the extract from the mixture of the two plants improved, compared to the cloth dyed only in Spirodela
polyrhiza extract. Furthermore, the antibacterial activity was also strengthened.
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Fg 9 7158E ARt gt

MFele g, dE 9 FaoA F2 Agke darEll
AL Zo]H (Bitcover & Sieling, 1951) 7I7-2]%Z3HLemn-
aceae)oll &3sl= MTRIWE, 5% (Spirodela polyrrhiza), A%
(Spirodela polyrhiza), 3% (L. paucicostata)®] S+E< &
Z°]th(Heo, 2003a; Heo, 2003b; Jungyak a large dictionary
5, 2006; Leakage cheongi herb exemplar, 2004). 3}go] 2=
v zdg} Z 2R (Spirodela polyrhiza)21d] oul] &1 ¥
Zdlgl= 33ho](Speira®t delos)] FH/doI= eyt B3] &
o] th= Sol F4AHA EE]E|AK(polyrhizay= Y] (rhiza)

7t Bth(poly)= ©71€] sgofollA Fefgth(Kim, 2015). T=
=71 W e FeEE EAs BE7) 5~137] JEZ uf$-
2o FHe Aoy SIS BE x5S W), sfelt
2 HE AFsle = o] FAdYs A sl W
st 93AE ol 2 SHAR AMAoIARE &1 2u=
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et olshs AAMHE 7k E712 ol GA oI A
7t FElE o]F3 o] FE7t vA] £4] £l HY FHE
48] de TAE olF= Aol EAoIthKim, 2015). HEs
NS okxaA, FEg7], AERAA, 34 AYE, 4%
2 9P xFshs Zo8 dEA JrhKim et al., 2010;
Qiao et al., 2011). AATol 2J3hH ek HTHAE =
A RIS tisted AAEr} lom ATaIrt dom
(Kim & Ko, 2004; Seo et al, 2012) 7IHe53 958 <oF
MM ZICHPark et al., 2015)2% b 2 Qo 355, A,
F1, g4, o}EIR 1% IF é‘ﬁ ol ®50] 3o ofm
= TS g9l EE oSS A 71T o] HeAY
BoVE ste Ao= 4HA 2}1’/]—(Heo, 2003; Jungyak a
large dictionary 5, 2006; Leakage cheongi herb exemplar,
2004). 2|2 JRFEWelE EelRsolE, 9= HE ZAZ4
B, GsE T s AR 9 %E*]‘ﬂ*%‘i& 23E] Q)
ThHHeo, 2003).

ole} 7o AR JfFtEldtel] tigh Ae 2 G5l o
g AE FRE o]FA Jom, 2 A gk A= A
9] o]RojA] YA g AAo|t} wEhA £ AFlAE olE
9E H|Eg gRdse] g3t Qe T e s dag |
& AN AE, E, vpE 2 I3l gk FaAZ =
o] G} A Apkg, A3 B ol #g 7lE
< Yotz gt} ofgY JiFEHE MPAT(Jang &
Jung, 2016l FEu|F9} &3 FEate] JAg HAES] ¢

ox off

A B 7S AEIA dig. O A7 2AE EYE )
TN FEE B wrEs il £ FEeE 94
g A=e] A% 718 A 3 29 AE AL s
AEY & g Ao 7gith
2. ATUY
21. MEx=

2.1.1. 772
Fig. 12 7i7eite] @dolH, & A AMed /et

Fig. 1. Photo of Spirodela polyrhiza.

Fig. 2. Pre-packed Spirodela polyrhiza.

Table 1. Characteristics of fabric

. Density . .
Flbe.r . Weave (threads/inch) Thickness ~ Weight
composition —— (mm) (g/m?)
warp  weft
cotton plain 44 38 0.55 230

FHRE AR AUE 17120 AAE A5 ARl
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2.2.1. UV-VIS Spectrum

g AzE et 1g8 93, WEE 100 ml
& HUsto] Ad2ollx 24X7F =, oJFsted UV-VIS spectra
BAE Alg2 ARSSIATE UV-VIS spectrum =42 ultra-
violet-Visible/Near Infrared spectrophotometer(Varian Cary 5000)
Z ARgsle] IS 190~800nmoll A AA E AT

2.2.2. FT-IR Spectrum

N2 FT-IR Spectrumi= Fourier Transform Infrared
Spectrometer(Bruker TENSOR27)E ARE-3le] AT A&
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3] W ESAE W AHERS 40 ARSI
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I T3 FEEE Mg WREe] 3Hae Z47](CM2500D,
Minolta, Japan)g ©]-8-3}] Dgsdd, 10°A10F2 27004 CIE
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120.H02 WA AR A 9] 354X H VICEe=E H3siairt.
a3l GAZFES] FHTAES S48, oFfe] Kubelka-
Munk 2] 25E K/SitS AHEsIsiTt.
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22.5. GAIES] GAAZE

S=RUREY ,jéqzﬂ_zgoﬂxi AEAZ=E KS K ISO 105-
C06:2012, BAZ == KS KISO 105-E04:2010, AR =&
KS K 0650:2011 =0 B (crockmeter method), LZ]3L
UFAE= KS K 1SO 105-B02:2010 Xenon arc(d 2]
W3 E BEHNEE oFhHoR AFS gt

|

22.6. GAEL] A 2k

AR 2SS 25 9
3t 290~400nmellA] AJ&E %
Lo] 2oz AxksArt.

3led KS K 0850:20149 27
PlaTt ALA Aptge th

UV 2EE(%) =100 - UV F2-&(%)

T(Jang & Jung, 2016)941e} Zro] L& 24°C, H% 43%
RH2 AlE 37 ow ol]o} 714 LS Y U <s

B 100

o714, A : Blank7}~F%, B : Sample’ 8%

22.8. FA1Ee] Nt

St ZHS Staphylococeus aureus ATCC 65381 L=
A, 018t S aureus= ‘:—’152])34' Klebsiella pneumoniae ATCC
4352(FE+, ©18t K pneumoniae®. FAYE FATOLE AME
St KS 0693:20110] 975t AAs9inh. @ e
2ol 2oz ALketdrt.

# 722 %) = 2=B 1100
o714, A : L] 184]
B : AlEHL] 18A17F v o] A

3.1. UV-Vis Spectra

N9t Azl campesterol, B-sitosterol, stigmasterol 52
sterol, flavone-O-glycoside =] apigenin-7-O-B-D-glycoside,
cynaroside(luteolin-7-O-B-D-glycoside), hypolaetin-8-O-p-D-gly-
coside(8-hydroxyluteolin-8-O-B-D-glycoside)2} flavone-C-glyco-
side2A] vitexin(apigenin-8-O-B-D-glycoside), orientin(luteolin-
8-0-B-D-glycoside) 5] flavonoid ¥ anthocyanin®] A3t}
7 A 9

2 ‘jr EH\:H:!o] ZtH o= 313HE2] UV spectra
L % )9 & TS 7HATE O 5 shue 240285

Fig. 3. Benzoyl system and cinnamoyl system.
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Table 2. Wavelength absoption of Spirodela polyrhiza

Sample Wavelength(nm) Absorption
256 2.106
Spirodela polyrhiza 268 2.083
345 2.156

Abs

3.2. FT-IR Spectrum

Fig. 52 /Melwe] A9 gadERS LPE‘r‘ﬂi Aot
Table 3 % Fig. SlM= & 5 %ol 2851 2 2921em o]
A C-H 21, 1608em ™ol =0 A% 9 C=C 4%, 1419
em oA WSl A1 1255em oA C-0 A1F 2 C-C A,
1029cm ™'l C-0 A% 5¢] 54 ¥A7F yepg ojgh 2
o] JFEINte] HoM ATEY BAL Falo] dojzl B
E2 Fig. 39 Sepeco|t pxAL FukAsit) weks] A+

il FHE SRl Fehuieols RS FHT & 9
St

3.3. YAizEo| oM

Table 4+ q

Wavelength (nm)

Fig. 4. UV-V is spectrum of methanol extraction solution of Spirodela
polyrhiza.

nm(Band )], th2 3= 300~400nm(Band 1)) th(Fig.
3). Yukd o2 Band 1= A-ring benzoyl systemol] 7]¢1&H=
sl o] 1Y, Band 2 B-ring cinnamoyl system
71918k= SuPd3} #Ho] Qltk(Harborne, 1975). Table
2 % Fig. M= & F Adxe] JElwe] 49 Band 1
345nmol|A, 12]32 Band IFE 256nm 2 268nmolA zbzt vt

é

Epdet. ol Esjol AT Fehiiols SRl T
ol 9 F9T & Utk

Table 3. FT-IR characteristic bands of Spirodela polyrhiza
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Agol 47YE A yellowAld A&
[e)

wAe)

Y FEER gAY AHEES WA

e Ao et

HE(VYE 6.93 283 CIEQ] L*3He 71.030.% UEr

A R FEER 9AsS R HEsL o

VERATE a*ghe 1482, ATy F2E=
o 54 78 g ue S g F
TEY FEEE
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Main variation bands of Spirodela polyrhiza
(wave numbers, cmfl)

Spectral intervals

2921
2851

1608

1419
1255
1029
897
834

3100~2700cm ™"

1900~1600cm™"
1670~1500cm ™"
1500~1350cm™
1300~1100cm™
1100~990cm ™"

900~650cm”'

: C-H Stretch vibration

: C=0 Stretch vibration
: C=C Stretch vibration
: Aromatic ring stretch vibration

: C-O Stretch vibration, C-C stretch vibration

: C-O Stretch vibration

: CH Out-of-plane deformation vibration
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Fig. 5. FT-IR spectrum of Spirodela polyrhiza.
Cotton-HO -+ HO-Flavonoid
1 A7) Aol iAol GAE] r Aol PajEE
Hydrogen o2 AAZIKFig. 6).
bond Table 5= 7H72Rt F2E2 G W8 9 /it
Fig. 6. Intermolecular hydrogen bond between the flavonoid and the FRAF 3 FEEZ G HAEY K/SES e A
hydroxyl groups of cotton. olt}. Table 59IME & & Ux=o] /MFgHt FE2E2 A
WAEE 4lonmod HhEoAE neow I sgelAel
AL & F A 23 A& C= 6.897, W FE2E FHFARE-S 5660103, K/SF- 7.8601Atk. 28] 772
= QUIHE A YR N 9D el A2 U A BT I FTES 9T AE 60l 3
T AT HE AER A FotEe] FARY AEZ A HEFrIIE BAX 2 sPgellA FHTARE-S 470019 0H
AAfrolaL, BAF Well 4715 7RIk g 4279k 5 K/SEk2 9.660130tt. o] 22 ZAA=RY ey FE==
Z % Fubie] PR} e EehiolS HHE e £ ¥ GARS Muc FuniFole] EYSEES GAHES o

Table 4. H, V, C of Munsell value and L*, a*, b* of CIE value of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from
Spirodela polyrhiza and Salvia plebeia R. Br.

Munsell CIE
Materials Fabric
H v C L* a* b*
Spirodela polyrhiza Cotton 9.7Y 7.42 6.61 74.79 -7.25 48.70
Spirodela polyrhiza and Salvia plebeia R. Br. Cotton 4.7Y 6.93 6.89 71.03 1.48 49.19

Table 5. K/S value of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from Spirodela polyrhiza and Salvia plebeia R. Br.

Maximum absorption
wavelength(nm)

Spirodela polyrhiza 410 5.66 7.86
Spirodela polyrhiza and Salvia plebeia R. Br. 360 4.70 9.66

Materials Reflectance(%) K/S
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Table 6. Fastness properties of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from Spirodela polyrhiza and Salvia plebeia

R. Br.

Color fastness

Grade

Salvia plebeia R. Br. and
Spirodela polyrhiza

Spirodela polyrhiza

Light fastness 2-3 3-4
Crocking Dry 4-5 4-5
fastness Wet 3-4 4
Discoloration 1-2 2-3
Laundering fastness Contamination(Silk) 4-5 4-5
Contamination(Cotton) 4 4
Discoloration 2-3 3
Acidity Contamination(Silk) 4-5 4-5
Contamination(Cotton) 4-5 4
Perspiration fastness
Discoloration 3-4 4
Alkalinity Contamination(Silk) 4-5 4
Contamination(Cotton) 4-5 4
K/sgrel 71k & = 3iSlth o] A%, HEA] i3 MEHEEE 2-35FoE Woll, @
Fell g AFAZee 45572 o et B
3.4. YMo| A7 R|T A= 2, g8 BT dEM0] 3-45Hou, 290l
Table 62 7728t FEE2 A% AdE 9 772t 3 B AR Es 4-55F0E e UEsTh v R
THHF 5% FEEE AT HAEY GAEEEE e = Az AHN 455+, S8 JHlN 4550w BF ¢
Zolth Table 6oIM= & = %o, 772 FEdo= o A Ueldth YRR EE 3-45T0 2 UERT o))
Agk W2 «l HEAL 1 25HeR oy, eddsee Aeld it FEuFE &9 dA6E A, AT
4~5% S el w AZsE A, gzl N FEEET QAENS et d3dE e 3 LFJ*—'"OH
3451*“01 2~35welu, ol e AZEe 4-55 gk AEAR=rE §F SA =4 ekttt 3 mREE
Ho® A2 oAl veistth v E = Az el A, dEdel U ' AYEE BT 4-55H2E Nl
A 455, 58 dEoIA 3-45F0E BF 9535 UE = eSS & 5 ASlTh
Wt dBAHEE 235H0R % A= el Hlsf Bl
S YERs 3.5. gaizo| Xto|M Rjct
a2 FE B FEE E9 FEER QAT WHE Table 79| 7H72% FEE= @A WA= 9 7wt

Table 7. UV protection rate of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from Spirodela polyrhiza and Salvia plebeia

R. Br.
Sun protection factor UV protection rate(%)
Materials UV-A UV-B
UPE Range (315~400nm) (290~315nm)
Spirodela polyrhiza 298.2 50+ 99.6 99.6
Spirodela polyrhiza and Salvia plebeia R. Br. 168.4 50+ 99.4 99.4

Table 8. Deodorization activity of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from Spirodela polyrhiza and Salvia

plebeia R. Br.
. Deodorization activity(%)
Materials
30min 60min 90min 120min
Spirodela polyrhiza 92 95 96 97
Spirodela polyrhiza and Salvia plebeia R. Br. 88 89 90 91
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Table 9. Antimicrobial activity of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from Spirodela polyrhiza and Salvia
plebeia R. Br.

Antimicrobial activity(%)

Materials
S. aureus K. pneumoniae
Spirodela polyrhiza 98.9 0
Salvia plebeia R. Br. and Spirodela polyrhiza 99.6 44.8

—r

Bl B FREZ AT VAR A AVHE G A AVEAE ek T3 UV-A B UVB 2
ERISIEE, Table PIAE O Aol AT FEAR  oneu 40 Al A dekiole
GG AE A5, A9 ARG S04 Folek 2] Selz hTels BN B FEEE 949 Uy

e

Table 10. Antimicrobial activity of cotton dyed with the extract from Spirodela polyrhiza and mixture extracts from Spirodela polyrhiza and Salvia
plebeia R. Br.

Control Group ¥ Cotton Dyed

S. aureus

Spirodela polyrhiza

Cotton Dyed

K. pneumoniae

Salvia plebeia R. Br. and S. aureus

Spirodela polyrhiza
Cotton Dyed

K. pneumoniae




876  SFoFIY SIX] AI8H A6Z, 2016

AL AR AAAFE 50+02 Hold Aol Atast
YERIYe™ UV-A 2 UV-B 5 994%= 953k 29]
2SS eI ool AdellA et FEER
D AAERE wiol ey 2 FREF E5F FEEE 94
o}ME wo] 2o g = A Aot glUeS & F

e lo

=)

48 92 el
43148 Table 891 LpeR
SISl A7l BAE4E, F 30

oA 120802 AlZke] AULTE ey FEEE A
gt AR B9 A& 2%l 97%2, 223 TR F

HAR WAEe] AFES 88%clA
91%= S7IBINES & & AT B TNyl FE=E ¢

Al W 23] ¥ SIeIES & 5 st

3.7. QAzo| B

Table 9 3! Table 109 7i 2% 55
2Tt RS £ FEEE i‘ﬁ”‘ Eis +
A dF -S aureus D K. pneumoniae -°l W3 ALl =
A A= JePATE. Table 99T & 4= A5l S aureus

of thek irel FE== G WAEL 98.9%, 224l 7N

TN wEES 29 FE=RE AAE Uz 99.6%]
FradE Uephgieh e FEE .
preumoniae®] W= Faas A @gtont 7]
Wt RS G FEEE AT WSS 44.8%2 et
BIHE YEAS. K preumoniaes 19 ST SE S
aureus®] 13 FdHI= 22 lipopolysaccharideZol2tal 3t
T HPEEe] AAAES B SR FEE e s 74
ol stk M7et FE= 2 i sEwE £ =

L BF ¥ AT S aureus®] S JAIEE a3}
Ue Ao AzkEc), a2y AT FEES O3 9T
%l K preumonia®) WlsiAE 2 43< odAste T3t Qe
AOZ AARG Hg FHujF4e &3 FEEC] K

preumoniae?] TNINA 44.8%2] SFEIE VEPH AL
)| K pneumoniae®] 374S AAEE a3} = AT A
ZFEnt. o]2 It AFE FEEVCRE IS HE
o FEEjESH] 9 FEEE SIS W 2 AlUA] B3
E 7IdE & IS FeE Az

AL =)

g

4@ =

B A7E BARAS Fo ohey] 9Ad 98t U AR
T} G BeRIS BANGA] F vaa Gae] G o
A F AT FEU0R AT 42 A5 AR 2
Y AHIE AL 7Fse AES] 98 AT 22

o2 JNT AT L AT FuEE BT G A
Bel Qa4 B 7154 22 Aow A7ARe 2o} 2

AA, 7H:rLF/]HL Uﬂ & FEE9] UV-Vis Spectrum 256,

268nm % 345nmollA] F4EAE e oM, o|F B3l I
TFEel $rE slghEe] EEtRkolE AEYS FAY
AATH.
B4, NTeite] Ao FaadEy BAE Faled, 2851
2 2921em 'olA C-H A%, 1608cm oA C=0 A& %
C=C A%, 1419cm oA W3t 2% 1255cm A C-0 21

Z= 9 CC AZE, 1029cm A -0 AE Se] EX wart

et ol Eehrwels TS swgstn AT
o Fehuwo|= H3Ee] FHE] UL FY F 2ok,
AR, e FEEE G HEE yellowAlEE, B

= UeRE vgko] 742, L¥gte] 74590128 WEr}l o9

=

S-=

Fe W 492 ¥ 5 Utk 293 AT FunE
=

=

1)y E_% SERD z~35ﬂom

J2 e Uielsiel
8 AN 3457
AL EE 235

rr

N

dn

olft

ol

0

zll :r‘.:
>

o8 T 9l vkt 93 = HOE T
ZAZ| =l wlel Bl WAl webstth Al et wE

= Bk WA ES A= ATy FEERE 94

S HAERT d3AFE B AEM tigk Mg ert o

A=A UERETh S mpEE s, A, Gl gt
o AZEE BT 455302 ¥wd =4 Jehgth

DVWH 7H rﬂ B —r%%i s A E 2 A F

o= %01‘1:} XPQVS g IE e 2213 UV-A ¥
UV-Bell &k 249 kg2, 7H:rL w5
&0l 99.6%, MTeHa FHE o
99.4%% -3t

AXRA, AT FEEE NS HHEY AFHE2 308
oAlA 120822 AJ7ko] AUZEE 92%ollA 97%= S7151S
o} z2E| e RS £ G HAES 88%

oA 91% oo 7T

A, My FE2EE A8 AR Ee g
prneumoniae®] WX E FFaFHE UERYA Lﬁ/\)\-ol’]’ S.
aureus®] THENA 98.9%°] aﬁ'ﬁﬂ-— yep Aot A=t
FRAFE & A HAEL2 K prneumoniaedl tEIA
44.8%, S. aureus®l] tHalA] 99.6%—4 grads Jepfglom
ATEnt o G0 AR o] IENeS & T
ULt

QN HEur) BunjRslel £



) FEE R )Y B Y FEEE 998 W98 Gy 2 Y 8T

>L

=2 QAT AFo] I AR E] osle] dFHE 5
Bl Bk AEAR = Fo] AuAREsE dAnE s
SIS W ohfeh Aol e At et OlE‘
Fdt] ATt wrE 5
97 HAYF A= e

HAtel 2

o] h;—Er% 20159 HiEE weEel SEATAge] #|¢)
A9 (NRF-2015S1A5A2A01012452).

References

Bitcover, E. H., & Sieling, D. H. (1951). Effect of various factors on
the utilization of nitrogen and iron by Spirodela polyrhiza(L.)
schleid. Plant Physiology, 26(2), 290-303.

Donguibogam compilation of the gugyeok. (2003). & 52 &2/
4 7} [Donguibogam]. Seoul: Namsandang.

Editoral department of Jeongdam. (2006). 7% A4 5 [Jungyak a
large dictionary 5]. Seoul: Jeongdamsa.

Harborne, J. B. (1975). The flavonoids. New York: Academic Press.

Heo, C. G. (2003). #g+&E 9/ H 7ZF =77 % B % [North Korea
Donguibogam prescription designated by the country]. Seoul:
Changjomunhwa.

Jang, H. J., & Jung, J. S. (2016). Study of UV protection, deodorization
and antimicrobial properties of cotton fabrics dyed with the liquids
extracted from Salvia Plebia R. Br.. Fashion & Textile Research
Journal, 18(3), 380-386. doi:10.5805/SFT1.2016.18.3.380

Jung, J. H., Kwon, Y. S, & Kim, K. U. (2012). S¢EF L& &
Z7F £#F [Korea native medicinal illustrated plant book

Herbaceous]. Seoul: Hakyeonmunhwasa.

Kim, G. J. (1999). Dyeing properties of sappan wood on cotton fabric
pretreated with soybean solution. Unpublished master’s thesis,
Pusan National University, Busan.

Kim, J. P, Lee, L. S,, Seo, J. J., Jung, M. Y., Kim, Y. H., Yim, N. H.,
& Bae, K. H. (2010). Vitexin, orientin and other flavonoids from
Spirodela polyrhiza Inhibit adipogenesis in 3T3-L1 cells. Phyto-
therapy Research, 24(10), 1543-1548. doi:10.1002/ptr.3186.

Kim, J. W. (2015). e/ EW G H 7 | FHJA] & vhfs &
# [Korea Plants ecology handbook 1]. Seoul: Nature & Ecological.

Kim, Y. H., & Ko, W. S. (2004). Inhibitory effect of Spirodela polyrhiza
on the mast cell-mediated immediate hypersensitivity. Korean
Journal of Oriental Physiology & Pathology, 18(3), 919-923.

MBN Leakage cheongi production team. (2014). %7/ =& ofZ H
ZF 12 [Leakage cheongi herb exemplar]. Seoul: Daonbooks.

Park, B. K., Park, Y. C., Jung, I. C., Kim, S. H., Choi, J. J., Do, M. H.,
Kim, S. Y., & Jin, M. R. (2015). Gamisasangja-tang suppresses
pruritus and atopic skin inflammation in the NC/Nga murine
model of atopic dermatitis. Journal of Ethnopharmacology, 165,
54-60. doi:10.1016/j.jep.2015.02.040.

Qiao, X., He, W. N., Xiang, C., Han, J., Wu, L. J., Guo, D. A., & Ye,
M. (2011). Quali-tative and quantitative analysis of flavonoids in
Spirodela polyrhiza by high-performance liquid chromatography
coupled with mass spectrometry. Phytochemical Analysis, 22(6),
475-483. doi:10.1002/pca.1303

Seo, C. S., Lee, M. Y, Shin, I. S., Lee, J. A., Ha, H. K., & Shin, H.
K. (2012). Spirodela polyrhiza (L.) Sch. Ethanolic extract inhibits
LPS-induced inflammation in RAW264.7 cells. Immunopharmacology
and Immunotoxicology, 34(5), 794-802. doi:10.3109/08923973.
2012.656273

(Received 23 August 2016; 1st Revised 10 September 2016;
2nd Revised 28 October 2016; Accepted 3 November 2016)



