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Deodorizing Activity against Methyl
Mercaptan of Lettuce (Lactuca sativa L.)

Extracts

Jung-Eun Seo

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

This study was to investigate deodorizing activity of lettuce extracts with
methyl mercaptan as a main component of halitosis among volatile sulfur
compounds.

Water soluble of lettuce showed higher deodorizing activities than fiber
of the lettuce. The deodorizing activities of lettuce extracts accoding to an
extraction way showed 74.2% for water soluble, 34.0% for cthanol soluble,
47.5% for methanol soluble and 53.6% for supercritical fluid extracts. So
deodorizing activity of water soluble was the highest.

Effects of iron and reducer about the deodorizing activity of lettuce
extracts was studied. In result, FeCl;, CaCly decreased deodorizing activity,

CuCl; and FeCl, increased deodorizing activity. A case of a the reducer of



ascorbic acid decrcased deodorizing activity with forming a complex and
quinone. Effect of polyphenol oxidase (PPO) about the deodorizing activity
was studied. There fore, PPO and phenollic compounds were relatel to
deodorizing activity. Only PPO appeared than adding of phenol compound

by participation in deodorizing activity.
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Methyl mercaptana 35 }eles by 8k 3}

=2 O
B oM

TIHA 2o ARl EA5 53

3kS Wtd (Chung et al, 1994; Chen et al., 1986; Song, 2001).
S 7hEd Harv]oA E2]¥® methyl mercaptan 7 4 o}
Wwgtel sldslz wastel o sgEn ¥4 98 Ax
71e) 7)ol #ojst= AR deHA ok (Machiels et al, 2003).

EFolM ahAEo] o3 wAst= methyl mercaptan (Lewin,
1962;  Teruhisa, 1961;  ANBf &, 1991)& oo FollA &=
Pseuodomonas 49 UJ- Mol os] Halxo] olFHE TAY3H
(Park et al, 1997), W=, Bt $27] 28 472 34
= Fugo R Y WA s fiete] AEe] Fdo WA 3
gFS vl (¥, 1994; Nykanen et al, 1983) 5 2]FoA 1 &
ol 7 o5 E ok

olAlol ZA) &= methyl mercaptane F& 7oA wo] ub
Aet, ol T Fe A Eo|Y B, H Fo] Aol 9
& Hul7} ¥lo] wrAglt} (Kleinberg et al, 1992). o} u] #of3}

o

iAoz 714 2" 24 Al Porphyromonas

F

=S

gingivalis®} Fusobacterium nucleatum-g & 4= 0t} (Yoshimura et

al, 2000). o] Al7+E& L-methionined $H3tE olp|xbS B
8}3te] methyl mercaptang WH=A =4l (Yoshimura et al.,
2000; Chang, 2000) 2 F%© 35 SOl ofde] 714 %o ol

1



Wb Alo] Eldlo] AHAste] wdEAE 1ALV wEoldl el
a2 Q1% methyl mercaptan®] &%= 24A17F ool 100-1000
il b Frkele Aoe=w ddEA QY (Tonzetich, 1971
Tonzetich, 1997). & hydrogen sulfide®} & T2 FHAE H
o o ostar HA7b wol (Tonzetich, 1976) -3 Ao &3 A
7oA ARXER Bol o]&H U

THAA Bt ZF e S5aE F9 (-)-epigallocatechin
gallatee] oJ3Fo 2 %A methyl mercaptans V] §do g
A1 A FHE AslE Aow 4™ ¢Jom (Yasuda et al,
1995), Awvli} raspberry <oA= ellagitanninsE ¢ F 23}
polyphenolo] methyl mercaptans AA|5t= AC 2 HEH v}
At (Yasuda et al, 1992). 71 Q% W3 3Alg FEE o
&l methyl mercaptan A &3 7F Hu® np de=d (Tokita et
al., 1984) o]2|3t polyphenol &3HE2 4He}2t-&4] A4S o)
A s=H, o] wW FIH4HFEQ quinone©] methyl mercaptan<]
thiol group} wk3-ste] Rigdy 242 HSEUA FHE A
gt} (Cho et al., 2001).

TH A #A3t= polyphenol 843HE-2 2
of Atk A& A dZol TR AL FEA e "Hepsiol
= P FEHAA EAEE dom HEArt £4E wew
PPOS] #o2 a4 ZAWE dozltt (Chazarra et al, 1996).
Cus FHsln Ae PPOE 4 EA1] 7149 Soldez o
8 8ld phenols 2Fshr
AE&AA Abste) £33 v S22 4WE dozlth (Mayer,
1987; Zhow et al., 1991).
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u}2}A  polyphenol &3 PPOe] Aol 545 methyl
mercaptan®] A7} a3 A oz Fosie] E AFox =
polyphenol &&ko] %2 JF5 A &3} gas chromatography
(GO)Z A methyl mercaptan®] A 2418 olH i) 2]l
24 A FA] 2748 methyl mercaptan®] o a] &A1, 9l =
4 % 717 *?m *ﬂ HAR et ddsdd A AxY

< 59, wol] whebA] wlawsidom g Jaklat
2 2%, pH, "]7} 2 7bEAel HS AAsA T 1eal &
A} 2] methyl mercaptan®] x| 71218 sl 7] 9JsiA a4 2
phenol & o] methyl mercaptan?] 9411] gdo wA= FEFES
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AbEE 2 0.2 M potassium phosphate buffer o], pH
758 ZAH3dle A} &3k

1. 3. AR&A oF
THAA &4 FHo EFEHE WakoAl (Wako Pure Chem,,
Osaka, Japan)2] methyl mercaptang AF& 3131 o, 71gf A& o)

NEE Aoke 4G SFAore Agsdr

1. 4. Methyl mercaptan ¥ A%
=55 18 mLo] methyl mercaptan 2 mLE =21 3, 40% ethanol
180 mL-&- 7}3} <] methyl mercaptan©] 1008} 3] 4] ¥ = & 3} -70°C

ol A 1@ s A AFEE AT
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24 3

2.1 FHAA 2 578

UG eFe] Al g9} 02 M potassium phosphate buffer (PPB) 4 mLE
50 mL vialoll ¥ 1. pH 7.57} 5 =2 A 3}¢ ) o] vialol 1. 40 A #)|
%3+ methyl mercaptan F-% 1 mLE 713 FA] A& o8
W ale] 537 £3e = 37T A 657 WAt a1 viale)
headspaceoll 2] ¥ methyl mercaptanS GCZ #413}a] =23}
ovl, e Aol os) THOA FARS TEAT (Cho et al,
2001).

C—S

8 x 100

FAAA B (%) =

C : control 2] methyl mercaptan 3} = H &

S: AA #H7FA 2] methyl marcaptan 3] = H &

2. 2. Gas chromatography #4 %71

FPD (flame photometric detector)7} & 2tH GC (Hewlett Packard
5890, series )& A}&3}a] methyl mercaptans H-23}% o
Columng HP-1 phase (25 m x 0.33 mm x 2.65 pm, USA)& A}-83} %
o™, Carrier gas, N29| #%& 145 mL/minZ 3¢ column
temperature 35°C, injector temperature 150°C 712]31  detector

temperature 200°C2] F 71 of| A £ 2] 8} ¢}



2. 3. Total polyphenolst# =4
Alg &9 05 mL, Folin-Denis A]¢F 25 mL % 33} Na,CO; 5
mL-E 7}sFd 50 mL A 83 2L 18T oA 3087t wWajste] 760

nmol| A FREE St FFstt AT dHTdL  chlorogenic

A} = 2
o T = =

2.4 & 42 FHAA A FE

Zaled raddol 9% olart HAE bEelel
water solublesZ A}83}¢cl. Ethanol solubles#} methanol
solubles& water solublesol] 4122} ethanol®} methanolg 7}3}
o o]5¢ HZFTFE7F 80%7F HA gtk 4TANA 2412 FF
A7 & Td 2E9] 1630 g - forced A 30E7t AL I F
Al AEaAs oapslel 60Tl 7t 3% (SB-651, EYELA,
sttt (Cho et al,. 2001).
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EN

2.5 294 7A4 £ Ax

TANREE FF 50 g& FEZ wol YA FEIASL F
ZZ+ 1000 mLe] &0 F 100 bare] &, 100TCe &= HE
E FAT 4 AEE 31918 stainless steel (316ss)S AF8-3} A3
o stV TEE A P 1/47 9F 1/87 2] stainless steel
(316ss)= AM&atAth =PA olsgtAvt FEXE Tt U

stef ZAskdch F3glel wAd FHe 249 metering

valueo] ¢Jsff zALATE YA oJitstEAE o] &I FEFTA



AN FE==3 VIstd o|itEetaE Eeishr] s LelxE

29 A 84 hgon i 45T, 50 bare] 9te

6. %, pH B A 7ko] ghg 73 °]4] 2

Z A3 water solubles Algof 3t 1P E o] 2 mgo| ¥
= ANMete] Abgstlen, Age o

7 E & Algel gk FHAA FAHE FAHs 2Rl o
2 ae AW R,

Water solubles®] pH+ 6 N HCl, 0.5 N NaOH%E ©
Y tdew pHE xAsto pHol gk 73 AA &2
Aom, Azt wE FHAA AL 20Tl 7 Aol whe}
Y

tlo of
of
on
2
s

ZE EEPEERESEER
SAAZ (SFDSM24L, Samwon, Korea), €€*2] (Unthermo Shaker
NTS-1200, Eyela, Japan), €3 d= (WFO-600SD, Eyela, Japan)

2 EFAZ (YP-1000, Taeha, Korea)o] Wil o2 Az dct &
AXAZE -80T, 5 microns Hgel ZoA 32U AA)sH o
detxigle AlE9 AAE 100Ce #E Ed 30837 dexgd)
R gl @FHEE 60T, 1.4 m/sece] ZZo A 2447
AASGE BEAxE 150C, 0.7 m*/min 2 184 kPao] 719



2.8, 2AEA FEUH

3 100 goll 0.1 M phosphate buffer (pH 7.4)5 100 mL 3
7Fsle] waring blender (HMF-340, Hanil, Korea)ol] 53-3F 7 2 A]
71 & 30570 WSk, 4T A YAl (SUPRA 30K, Hanil,
31 400 g - forceo| A 3057 YA E2] 314
oo Azolo AF o) ALE-3} T}

-1 = = o

~
o

8
2
(K
‘S'l',
2
o
4

AC)

9. Fol e B BAA Egulel we 7oA B
73 0] (Junsei Chemical Co., Japan) 20 mM 5%=2| FeCl,,
FeCl;, CuCl, ¥ CaChLE o] &3t on dAas A 28 5%
2 A ascorbic acid, sodium hydrosulfite, ~22]3 citric acid (St.
Louis, US.A)E AF83} 4 th

2. 10. &4 % phenol 3 &of w2 FHH A &HAJe] A3k
2 water solublesS FZAAZ3 A9t AH AAI} Xah

5 Ay Agdoer 2d i2F S22 10 mM chlorogenic

acid& AM8-3tgth
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Table 1. Deodorizing activity of vegetables

vegetables DAsy (mg)
Burdock, Arctium lappa LINNAEUS. 5.86
Lettuce, Lactuca sativa LINNAEUS. 1.35
Mushroom, Agaricus bisporus 7.19
Perilla leaf, 4.63

Perilla frutescens var. japonica HARA.
Pine needles, Agaricus bisporus Pine needle Y 150

DAs is the amount that inhibit half (50%) of methyl mercaptan.

,12_
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Fig. 1. Contents of total pholyphenol as the kind of
vegetables. Different letters (a, b...) indicate significant differences
at p=0.05.
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2. FHYA AA AR =AY LFHAA A

2.1 %913 7394 24

el FHA 544 A3, 45, A9 ol U= ™
wpebA] fibere} water solubles® 5o} 77334 &48 ok
1 A3} Table 29 yepd mpep o] FHAA &Aool fiber
39.0% Xt} water solubles7} 742% = ©oF 2u] 7}2F =4 JERY
th o] phenol&E o] Gt ASt w2 =o] o] 84
S 7}x]7] wj ol water solubleso] 3% o] fiberRt} vl =
aE /MR = Aow duEh

No

ati

2.2 7= & 394 g4

% ool me FACA 4E w98 water
solubles ©]¢}o]] ethanol solubles, methanol solubles %
supercritical fluid extracts& A Z3}Act. F3HGA &AL Table
33} o] water solublesr’} 742% % 7}% x9on tlE =&
=3 & zo]lE Yehfltt  Ethanol solubles@} methanol
solubles= 3] &4 ¥ olye} & Lo oA Yelgod

supercritical fluid extractsi= 5 ng AR O 2 AF 2 mgol] W)

Y53 A2 &S ARl 53.6% & ARE Aoy 58
o] wj-$ o} AuA o g water solubles’} 7} A3k Axelar
ks o 2ok

_14_



Table 2. Deodorizing activities against methyl mercaptan

and yields of extracts according to a part of lettuce

samples Deodorizing activity (%) Yield (%)
Fiber 39.0+2.8 37.1+2.2
Water solubles 74.2+1.7 44.6+1.5

_15A



Table 3. Deodorizing activities against methyl mercaptan and

yields of lettuce extracts as affected by extraction conditions

Deodorizing activity

Treatment condition Yield (%)

(%)

Water solubles 74.2+1.7 44.6+1.5
Ethanol solubles 34.0+0.8 15.2+1.8
Methanol solubles 475+3.1 16.2+2.1
Supercritical fluid

53.6+1.4 0.4+0.0

extracts

_16_



1

%o wE water solubles®] 3 A &/dwsts WSt
o} 1 A3} Fig. 20 Yepd A3 ol

gb FHAA FAo] Mz Fasle A B 4 oy

oj’dol LEoMe &Aol F43] Hide

= 45 PPO9 &Ao] £xo wel Frhsit 25ToA HUE
HQl 3 1 o]y xeAe Ha thste et MR FE
e Ao HoxH (Shin, 2004) 20009 25T F#H A
gAjo) A7 o] YAGE AeF Hop AFo FTHAA AA
AFE 25T olsloll A o] Fox= Aol f3AA AHAE U F

3. 2. pH

THAA A AxAY X0 e FHAA 24 2RE T
ob3ta] AbLol A A %3 water solubles®] pHE &]dle] 3
A #&4s #Es Tk Fig. 30 waw pH 300 M= g/ o]
of 20-40% BERe™ pH7F F7Hgel wet g4do] F7hste] pH
5.00014 714 %2 A4S Uedd pH 50 olF 323 74
stk pH 6.5 o] oM<= ApolE YER Al skovt AR F2
g8 A 4% PPOe] HHPA pHob 500)ekn
Chazarra (Chazarra et al, 1999)¢} @] Shin2 pH 6.52} —5‘}01
M olg]gh ol PPOS] thdgl o] Wl AoldlM Q=
ek B gtk (Shin, 2004). Water solubles?] pHE= 6.2

A

13109
=
ok

[o
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Deodorizing activity (%)

0 ] 1 [ 1

20 40 60 80 100
Temperature (C)

Fig. 2. Effect of temperature on deodorizing activity against
methyl mercaptan of lettuce water solubles.

Different letters indicate significant differences at p=0.05.
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Fig. 3. Effect of pH on deodorizing activity against methyl
mercaptan of lettuce water solubles.

Different letters indicate significant differences at p=0.05.
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olnl Rau¥E HZA pH 503 65 Alojo] FEx|stal )1, water

solubles #}# F+3 <Al &1 Fig. 3o eyt 22 pHell A9
THAA g vt agA m2A @] wiio] FHAA AR
AzAl pHE 2o ma Haglo] 4A 22 pHE o] &3l

Aol £ Aow pudd.

3.3 Az 2 spEAE By
FHAA A AZA HAE Gl EHS HpoaK 7

AdA BAe) as

2 ojgg 7

A}83F AAE Fig. 29} 39] A9 nigto g Azslgon 1
At Fig. 49F 50 yebd whe} o] Azho] Adgs 3 A
g4 FASA st 7|Ee U3 E peel of banana®]
total polyphenol &#o] (Nguyen et al, 2004) A]7tell ule} Fig
49 22 AFS Yelle Zer Hol #HHAA A Hie
total polyphenol gzFo] 7Z+Aghol whel vehv= Axtel Azt
o mebd FAA ) AZAZE UA o2 ATAILL
Zol= Zo] nagetn HEH.

FHAA  AAY TrEAE] WS freeze drying, boiling,
hot-air drying % spray drying® 2 “8}@] water solublesi} 3}7)
ulwEtAch (Fig. 5). 2t 7bgle wWlel o pAcld BAae
water solubles 733%¢l] vt RBHF A Ugor} freeze
dryingo] 48.9% % o& 1z Wil W3] 3-4u] o]ge] w2 &
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Fig. 4. Effect of day on deodorizing activity of lettuce.
Different letters (a, b..) indicate significant differences at p=0.05.
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Fig. 5. Deodorizing activity of lettuce extracts against methyl

mercaptan of lettuce water solubles by different processing

methods.
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S Yel ok 2 9] boiling, hot-air drying % spray drying
= 14%(/), 141%, 11. % B2 T ]O_]X‘“ 3‘}*—]0] 5(}0]7} %iglﬂ O]%
'2‘181 W2 doll 9]$k polyphenol®] &4 13 Aoz Hete

geld FHAA A4S sbeAe] & G freeze drying?)

ﬂew 7}V Aget vy 2o g HojAch

1. FAA 2AL FAAA A%

=4 B BHAE AHgste 1 243E Fig. 63 Fig. 79 e
Attt Water solublesoll A AZ 2 g]dt 3% controlo]] B3] +

AA FAdo] fFastden, 355 MU BF Fell, CaChe
THAA FAo] aEdoy CuChe A2A F7HEddh ole
CuCh7} 42 %9 PPOE &4 3147 phenole] 435 %814
7] WFo 2 AZtE, puerariae radixy} Flammuling velutipes$]
PPO (Park et al., 1991; Pyo et al., 2002), “12]1. spinach beetoj
o A EA (Sato et al, 1976) So] Cu’t} Fe¥oll ols) =
o HA BHL ZANATE J12 A7Avst po Az
Helth, 18t B Ao A= FeCholl gk F3HAA &4
M7t gle Ao F Hol PPOY &4 Ao thsf FeClhrt &
T PIAA @S Aoz ddd o] Fiel s 7])Ee B
¥l Aol AgolshA vetstth Al FAdo] Fa® FeClsnyt
CaClyi= phenol?] 4+siv} PPO2] &4 3} H b= phenol ¥ phenol

(o3}
T

ol
<

1
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Fig. 6. Effect of metal ions on deodorizing activity against
methyl mercaptan of lettuce water solubles. Different letters

(a, b...) indicate significant differences at p=0.05.
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Deodorizing activity (%)

20

Control Ascorbic  Sodium Citric
acid hydrosulfite acid

Fig. 7. Effect of reducing agenta on deodorizing activity
against methyl mercaptan of lettuce water solubles. Different

letters (a, b...) indicate significant differences at p=0.05.
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GEEe] Mo PHAM BYS AaAIE Ao Y28
=

945 Aeg 491 7oA B4LE control T W WY
S o] Aol zol= Qo) wH HASIH T 53] ascorbic acid
= polyphenol?] 4Fg}A] A Y= Z7HAHEQ quinones} H-3) |
5 gAdte dog duix dom old mel FFHAA Ao
Haxe Feg FAadnt (Choi et al, 1987). Puerariae rradix
(Park et al, 1991), Flammulina velutipes (Pyo et al., 2002), Fuji
apple (Choi et al, 1987), Monroe apple peel (Zhou et al,
1993), Victoria grape (Rapeanu et al., 2004), banana peel (Yang
et al., 2001), white yam tuber (Christopher et al., 1982) 52 4
Aol A ascorbic acid7} PPO9| )=+ 32 0.05-15 mM F %
2 gFetA drEnt don, Az 1 mMe] AE oA 100%
Ael = Atk Hazh gkeh o3t AyE viFol & u Fig 7
o] AwE ascorbic acidZ7b PPOE 2#18l7] w]F-o] methyl
mercaptan2 polyphenole] 2]&l] 4A¥ Aoz AATt. A
o7 FHA Aol S citric acide PPOY 343 HA
2A171 Axtel A, banana peelol A 918 PPO2] 24 o]
citric acidol] 9} o}F ZF TAAFIY= 719 A+ (Yang et
al., 2001) Aol Agsle Aoz ®HQluh

4. 2. Phenol ¥ @& 49| 43

Phenols} PPO7} 3 ojAl &4l vA= 9% FAst7] 9

el AF2XE AS phenold®, AHx3 PPO “18]3l B4
|

phenol& 4 chlorogenic acidS o] &3}o] Fig. 83 9ol 1
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Fig. 8. Effect of metal and ascorbic acid on deodorizing
activity against methyl mercaptan of phenol fraction and
polyphenol oxidase from lettuce. (P: phenol fraction, E:

polyphenol oxidase, Cu: copper, As: ascorbic acid).
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Fig. 9. Effect of metal, ascorbic acid and polyphenol oxidase
from lettuce on deodorizing activity against methyl mercaptan
of authentic chlorogenic acid. Different letters indicate significant

differences at p=0.05. (C: chlorogenic acid, E: polyphenol oxidase,

Cu: copper, As: ascorbic acid)
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Uelileh. Az ¥ phenol® #3331 phenols Fo] PPOE FH7}3h

AP A B4 S v S ul phenolg i G KU
PPOS A7IgE Ag+e +HA &Aool =4 uke CuChket

Fig. 63 7914 vhehd #wtsl
ANAAYG FEAAT E=D W
2 gzoz AlLs 49 7o
A FAL W 2Py PPOS AT A FAA BA
& A S AT mekA FH A Zdo] J49k phenol> A
z uge Wit A8 s o & A
Aszog 4. 1.9 4 29 YWES T = W A F9
phenol compoinds7} PPOY F40)l 52 &2l oa) o= A
T 2FE7E S o) wf F3F AHEQ] quinoneo] A AE|A FwrA]
methyl mercaptana} HF-3-3)] 4 methyl mercaptang v §wtAd o g
Agste]l FHE AAste AogE HoAKh

-ﬁo

ascorbic acidE H7}g A
g

v R R A &

o =
=3 [s]

d phenol &# chlorogenic acid

5. Alg AR Y] vwm

B A AL phenolg #3 FHLAE HHO R sk FAHA
gael ans Hiwsty] A AldeiEI e FAAAEA 3
TFE TSI FHYAA G4 FAZsAY (Fig. 10). o] W +
AN AFEHEHES 1 mLol 1 mLo| 3+ methyl mercaptan®]
Aq A= phenold Fol wls] €53 @2 Zoz veiyg. ozt
A3t phenolg i3 TN rell FHAA 7]Zo] th2 7]
mFel Ao g AMZET
TN AT R A Fslotde AU AAl methyl
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o
=

1:0{1

4o b b
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Fig. 10. Comparison of the deodorizing activity of lettuce
water solubles and mouthrinse.
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