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Development of Mouthwash Products with Solid Fermented

Oriental Medicinal Herb

Byung-Je Chol, Jun Young Hongz, Mijeong Kimz, and Yeong Ok Song2

!Chedam Hospital of Korean Medicine

?Department of Food Science and Nutrition, and Kimchi Research Institute, Pusan National University

ABSTRACT The purpose of this study was to develop a mouthwash product with solid fermented oriental medicinal
herb (OMH). Solid fermentation of magnolia, liquorice, and cnidium by Phellinus linteus mycelium was carried out
successfully when 30% water was added to the medium, whereas 10% brown rice powder was required as an extra
nutrient for solid fermentation of mint besides water. The amount of total phenol compounds and DPPH radical scaveng-
ing activity of OMH increased significantly (£<0.05) upon solid fermentation. Anti-microbial activities of fermented
OMH also increased and were approximately 100-fold greater than those of unfermented samples. Oral pathogens
such as Staphylococcus epidermis, Streptococcus pyogenes, Candida albicans, or Streptococcus mutans were used for
determination of anti-microbial effects of OMH. Formulation of the mouthwash was developed based on the results
of the sensory evaluation. Among seven formulas, the best formula chosen by the sensory evaluation was as follows:
mouthwash prepared with 0.075% ethanol extract of solid fermented OMH as a main ingredient, 83.64% hot water
extract of mint and clove (100:15, v/v) as a mouthwash base component, and other miscellaneous ingredients, including
sodium fluoride, menthol, and surfactants. Data from a consumer's preference test with 30 participants, overall accept-
ance, and willingness to buy the product developed in this study were all significantly higher for the tested mouthwash
compared to mouthwash on the market manufactured with OMH but with a different formula. Duration of freshness
of the mouthwash after usage as determined by Breath Checker was not significantly different between the two samples,
although the duration of our product was slightly longer than that of the commercial product mentioned above.

Key words: mouthwash, solid fermentation, oriental medicinal herb, anti-microbial activity, Phellinus linteus mycelium
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daol AFS-e WA AR (Phellinus linteus
mycelium, KACC 43899 & 421914 B AlE](Korean
Agricultural Culture Collection, KACC, Suwon, Korea)
oA EFket. ST AAMH Aol FE ALEE AL e g
oA F Aol e AR I 9 Ax AT,
dhel 9 A S AxE Ak Sk E ARSI e
Aol A3 A 2l Staphylococcus epidermis
KACC 13234, Streptococcus pyogenes KACC 11858,
Candida albicans KACC 30004+ &g A4 1 AlE
ol M, Streptococcus mutans KCTC 3065+ W] AEA- Al
E](Korean Collection for Type Cultures, KCTC, Dae-

jeon, Korea)oll A #&Futtc)
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vz o] =gl $- 71(27£1°C, J-100M, lisico,
Seoul, Korea)oll Al 14 F4 o2 Al v skt a4
Wi x|l At vl P linteuss @ 8 cork borer® F7}
S WL potato dextrose broth® A Z3F AAuf=] 150 mL
o 5~6%72+S F%3d}le] shaking water bath(27%1°C,
speed 130 rpm, HB-205SW, Hanbaek Sci., Bucheon,
Korea)ell Al 1447t s galaivt. vl & Fojz] Fe= 2
Z TAAE Aol HEA7]7] 913l " E glass beads
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oA A T e ATT F HA dEnEvE g
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130sh; Vision Scientific Co., Ltd., Daegu, Korea; speed
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level: max, temp. level 7elA 90=ZF =355t 5
A BE 23] B 253 & Aol FHAS o} (No. 2

filter paper, Whatman, Clifton, NJ, USA)3}t}. Aol
o Ne W33 A-5F7](rotavator R-200, Bichi, Flawil,
Switzerland)o| A 12} 5%t 5474 Z(SFDSMO6, Sam-—
won, Busan, Korea)dte] A 3ol A1-8-3}3it)

g2k 4l DPPH radical £7{s
&L Folin-Ciocalteu B4 dZH(22)0.2 &

FEHEE AZRI AR FHFS59 Folin-
Ciocalteu reagentg& E33sto] oA 7237k §FEA]7]
31, 7% NaxCOs& #7tsho] 2ol A 907t vh-3-A1%]
750 nmell A FFEE AU A8 T v FF
tannic acid & F4-& ©]€-3+4 tannic acidel] g T
o2 gikate] YERAT.

DPPH radical 27% 532 A&¢ 60 pM 1,1-di-
phenyl-2-picrylhydrazyl(DPPH)Z 96 well plated] ¥
ZF Egtato] bAoA 3083F WA 5 ELISA read-
er(MODEL-680, Bio-Rad, Hercules, CA, USA) 540 nm

oA FFEE A8k DPPH radical 27 %52 thaT
of digk Aal&(%)= e At} DPPH radical &71%2
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FAARA AL ool 459 TRAY B B
oF Wlkstel A EeISITh % 74 Qlsl s13o] 4o

g5 959l Staphylococcus epidermis, A 3] 5-o]|
ATt ANTHA s FEsE Streptococcus
pyogenes, o} 74T X4 FUIY R T2 o] Yl
71332 Candida albicans, At#r2] X o}$-2] 9 Z3
Qe Streptococcus mutans©)TH23). &4 S Paper
Disk'& o]&sto] g A5 a5 Jfd o= Hlus}
A tH24). #FE ¥ X (Table 1)E petri dishol #53}4
=3 v Y A T “ﬂﬂ S5l 1079 wxe
sl Alsto] wjx]el] =gslal H 3 paper disk(X]E 8 mm,
Advantec, Tokyo, Japan)% HHX] Qo] &3 & 3ekxA] of
& FEES 40 uLA HA sk 24432 wiFseiT). gk

Table 1. Oral pathogens used in this study for the determination
of anti-microbial activity of oriental medicinal herbs

Bacteria Strain number Temp. Media"
Staphylococcus KACC 13234 37°C TSA
epidermidis
Streptococcus KACC 11858 37°C BHIA
pyogenes
Candida albicans KACC 30004  25°C YMA
Streptococcus mutans KCTC 3065 37°C BHIA

UTSA: Tryptic Soy Agar (Difco, Detroit, MI, USA), BHIA:
Brain Heart Infusion Agar (Difco), YMA: Yeast Malt extract
Agar (Difco).

FAARAY FEALOE AT WE FopY EHE
A4 W R 2 Slel 7 0 e Sl F5E
& O NgE EFsel FTBYL SYHAT

SHITZMEA 7|2 HIO|A XM= % ZMH|
SHFE A A 9] 7] wo) A2 A}&3EL7] ¢St wHa)
o A%E 7 20M) (w/v)e] B 2417k 305,

03 Felol e FFEL AL T olF G BT
Egstel BsRbE NS A3 vhgos AH g
= ARSIt T RAAA 2 S o

= A57] 913kl
ghduo) 2~ g ghebAl £3FF =, L-menthol, sodium
fluoride, poloxamer 407, glycerin, propylene glycol, 4=
23} 40 Y upalf 2 ethanols ZAER dt A A
A3t 5 Ao o £ Sl
TZA A A AFS A2

wnhg vasge

APl A F7FA A A AE 3 %Lfﬂ o] A& E]L Al }% F

=7 7] (Breath Checker, HC-212M, Tanita, To—
kyo, Japan)® =743} t}. Breath Checkers ¢ WA 9
AR SAsY 0~58 o2 Yehge 7712
Aol BEt =875 AF7 A vEhd 2 ATE 4
3 ZF ARle o WAIE WA SAste] V& A2 A3,
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EAlXa| 7HEE 10%(w/w) A7FekelS wf whstell A nt ka7t 319

BE ATEANE HAE TR e A E A3 AgeAe Fart dojuA] &t ol Aol

A srekAle] a3 H5 L Student's t-test(SPSS 20.0 Aol ok ahr#lo] ol AGHA T o] S o

version, SPSS Inc., Chicago, IL, USA)Z A A|3}3it}. AR 7] o2 Aztdnt, mAgge] A2eH A7 3

FIETAAHA A Y A A 2ARE 918 A4 ofAjel whel tha thEu 35 F= AR FASH Fig. 1614

3 #AFHA AI+= one-way analysis of variance HiE vke} Zo] shebAl A9 90% oY 4s JE=

(ANOVA)E A A)3FaL, A}% 715 © 2 Duncan's multiple A FARATE g RS Ao R gRls 5 A

range test® HAAISHATE ol 0.05904 9485 4

=3t} oxL=oll 2lst stefxie| & mi= & X DPPH radical
2715 Bt

Zn} ol pEt A AAAIR aAR g A o Ax, AT

aear kel F vl e wa Ao HE fojHos

IHdes =4 =2 =718 tH(Table 2, /<0.001). 427 324 ] DPPH

WA FALA A S AE gAY 20%(w/w)E radical 2155 ICs0 #h 22 UYEPHAS o $uba} 3hxe

A7Vskal &5 HUM o R wix o] Fi kS o] LA DPPH ICso> TATE ] 93] Fo]A oz vholx](Table

g 20s 2SIt H7e B Fol defa] S 2, /X0.01) DPPH radical &7 &4o] F713l3l &5 &<l

15%(w/w) ©]3t3l& W& BE ghekA|d A wart dojuyt sttt 2Eyv AT R EkskE wAE gl 9 DPPH

radical 2A AL F7lslgi o 2 A3} §-9% <] Ao

v HolX &dtt. aAHE o dofAl9 HE dF F

7} X} DPPH 4:71% [Cs0:> Ml el 2] &2 yehbA] 3%k

Fig. 1. Solid fermentation of dried oriental me-
dicinal herb by Phellinus linteus mycelium.
Solid fermentation of magnolia (A), liquorice
(B), and cnidium (C) were carried out success-
fully when 30% water was added to the me-
dium while mint (D) needed additional 10%
brown rice powder as a nutrient source besides
water.

Table 2. Increase in total phenol compounds and DPPH radical scavenging activity of oriental medicinal herbs after solid fermentation
by Phellinus linteus mycelium

Herbs Phenol compounds (pg tannic acid/mg) DPPH radical scavenging activity (ICsp, pg/mL)
Un-fermented Fermented Un-fermented Fermented
Magnolia 249.7+0.25 292.2+0.36"" 111.3+6.74 79.8+1.97"
Liquorice 171.6£0.41 218.4+0.13" 98.6+0.33 79.9+1.53""
Cnidium 39.3+0.08 56.1+0.21°" 788.5+34.06 716.8+0.98"
Mint 33.1+0.83 41.80.17"" 762.4+1.18 724 4+40.12™

Values are meantSD. NS: not significantly different.
“P<0.01, ""P<0.001 by Student's t-test.
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Table 3. Increase in anti-microbial activity of oriental medicinal herbs after solid fermentation by Phellinus linteus mycelium

(Clear zone, mm)

Microorganism Sta. epidermidis Str. pyogenes Can. albicans Str. mutans
. 1,000 10 1,000 10 1,000 10 1,000 10
Concentration (mg/mL) 0 o)
R F R F R F R F
Magnolia 14 13 13 19 - - 16 17
Liquorice 16 12 18 10 14 12 15 12
Cnidium - - - - 11 11 - -
Mint - - - - - - - -

"R: raw material, dried oriental medicinal herb. JF: fermented oriental medicinal herb.

—: anti-microbial activity was not detected.



Table 4. Anti-microbial activity of mixture of oriental medicinal
herb prepared with different combination of each extract
(10 mg/mL, clear zone, mm)

Magnolia : Liquorice Microorganism
- Cnidi Sta. Str. Can. Str.
: Cnidium . - .
epidermidis pyogenes albicans mutans
5:3:2 13 16 12 15
3:5:2 11 13 10 12
1:1:1 12 14 10 13

%23:47F29 Mg v EoA 7 B2 dAEH S B
(Table 4).

2 ATl A= -7 Al F A
AZ Al 7S B

o
k.

= P
A% A5 FEER

FA A A) et 1385

glycol, =423} 40 I wkAk, 223l ethanols 3718k
Z¥ 5 st AP zAbel o)at A H Al §
frE ol e FEAEC] 0.03~2.00% AXolil i 1%
gkl (A E ZA} 43S 7horste] B AFg A= g sk
A E3E 0.15%= 7] o7 &L, L-menthol¥} so-
dium fluoride®] $+F8- Ee]slo] A~D L7342 A =
AR E &¥slal(Table 5) #sAAE HAASAL ZE S
WA H Ao A gheF Ef-9] ¢28ko] Zste] A F Q1 7]
S5Vt 9% HZolA 43 HAER Wt} &0k 1 7El7]
&3] L-menthol?] THFS ZF7I5tH o= &5t & A
o] 7} g1 tHTable 6). o]l W& 3ok &

Tt R 7] wo) Lol HIkste] 25kl o
12131 9S W 0.075% $Hrgol Aash Ao=
(data not shown). T7MAA| 9] EEEE W37] 93] &
S RFA = 74]“45““4] A7vetal o2 HA7HA e =
gelete] E~G 244]E 7detil(Table 5) ¥ AAME

)

2o

il

>

i

= —5
PSR AL VG B 945 wthdata not shown). A8 % Fopal o) Fe RFD glycering A7}
o] 2o WE obA] ol ¥hE %% L-menthol, S W AN H A 0] o] Ao TH V|EETF F
sodium fluoride, poloxamer 407, glycerin, propylene 7}k t}. L-Menthol Ab&&ol w2 #AzH 7} A7E Ay
Table 5. Various formulation of mouthwash developed in this study (%)
Mouthwash
A C D E F G
Ethanol extracts of fermented oriental 0.15 0.15 0.15 0.15 0.075 0.075 0.075
medicinal herbs
L-Menthol - 0.02 0.05 0.05 0.06 0.07
Sodium fluoride - 0.01 - - - - -
Poloxamer 407 - - - 0.15 0.15 0.15
Glycerin - - - 6 6 6
Propylene glycol - - - 5 5 5
40 Hydrogenated castor oil - - - 0.075 0.075 0.075
Ethanol 5 5 5 5 5 5
Base for the mouthwash” 94 .85 94 .84 97.83 94.80 83.65 83.64 83.63
Total 100 100 100 100 100 100

"Dried mint and licorice were extracted with 20 volume of water for 150 minutes, respectively, for 2 times and then 100 portion

of mint extracts and 15 portion of licorice extracts were mixed.

Table 6. Sensory evaluation data of mouthwash developed with ethanol extracts of solid fermented oriental medicinal herbs as

a main components

Mouth wash samplesl)

A B D E F G
Overall acceptance 429+1.60™  5.00+1.63  4.14+2.19  3.71+1.98  5.25+1.49 5.63+2.00  5.63x1.77
Bitterness 3.86£1.07"  5.57+1.27°  4.00£231%"°  3.29+1.70°  4.63£1.69"°  4.88+1.89® 5.00+£1.51%
Mint flavor 4.14+£1.68% 4294150  4.43+2.15  4.43+2.51 5.38+1.19 538+1.16  5.00+1.31
Taste after use 4864234  543£1.40° 3.57£1.51° 3712214 5.63£1.77"  5.8842.03" 5.3842.07"
Will-ness to purchase 3.57+1.81  3.86+1.77  3.86+2.12  3.29+1.70  4.25+1.67 4384233  4.63%1.60
Duration for sensing the  9.29+4.50  7.14+2.67° 12.1442.67° 15.71£3.45" 10.00+3.78" 11.25+3.54* 7.50+2.67°

refreshment after
mouthwash use (min)

Values are mean+SD (n=10).
YRefer Table 6 for the composmon of mouthwash, A~G.

PData with different letters (a-d) in the row are significantly different with one-way ANOVA followed by Duncan's multiple range

test at P<0.05.
NS: not significantly different.
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Table 7. Results of consumer's preference test
Mouthwash
Product from current study" Commercial product”

Overall acceptance 4.89+1.55" 4.11£1.26
Bitterness 4.96+1.86"° 5.75+1.46
Mint flavor 5.43+1.55™ 4.61£1.52
Taste after use 4.96+1.86"° 5.75+1.46
Will-ness to purchase 4.86+1.67 3.46+1.29
Duration of sensing the refreshment after mouthwash use (min) 15.42+5.82™ 15.42+6.90
Time laps to the base line” after mouthwash use (min) 14.8245.69"™° 13.75+£5.20

Values are meantSD (n=30).
YRefer 'F' in the Table 6.
?Ye Doctor Fresh Fine (Fresh Fine Co.).

)Oral smell of individual participant was detected just before mouthwash use by Breath Checker (HC-212M, Tanita).

"P<0.05, “P<0.01 by Student's t-test.
NS: not significantly different.

WokS W YEFE zjol7t figlont TAAHA AL Fo
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FARs ;'qzoi /HEﬂo} ] AN R A A A A
F& AFste] Al#E v HEFRAH A (A E
#5491, Fresh Fine Co.)9} 282} 7|3 % FAMS 2 A1
U A5 e 304S g o R AEe BRI W FA
A AHE $o] aRE 74 SH7IR 333 tH(Table 7).
Al AIZF tigh T340 H7t A Al AFRT 724
S8 FHOoW(/X0.05) Tl A FeA o FA
EFtH(X0.01). Breath CheckerE AF&3F X440 A} 4
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