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SUMMARY

I. Title

Deodorizing Mechanism of Apple Extracts for Halitosis Inhibition and

Development of Industrial Application Technology

II. Objectives and Significance

Farmers for vegetables and fruits in Korea have had economical crisis because
vegetables and fruits are imported with low prices from other countries after UR
agricultural agreement and FTA were determined. Therefore, production of fruits
and vegetables in Korea has been decreased with the increasing amount of
imported fruits and vegetables. For an example, 716,000 ton of apple production
for 1995 was sharply decreased to 365,400 ton of that for 2003.

The processing ratio of Korean apples is only 15% which is much lower than
30-50% of advanced countries. Most of fruits are used as a raw state, so it has
a chance of a sharp decrease in price due to overproduction. Based on these
disadvantages, the advanced processing technology is needed to be developed
except high quality of fruits with high prices. Lots of unriped and dropped fruits
were produced during harvesting and other periods. These fruits and byproducts
of juice processing have ingredients which are required to be used for economical
benefits. Several fruits are known to have some functional components which
have some effects on obesity protection, antioxidation, antimutation, skin
protection. Some polyphenolic compounds in fruits are known to relate to these
functions.

Polyphenolic compounds are oxidized to melanins of red or dark red via
dihydrophenol or hydroxyquinone by polyphenol oxidase which 1is widely
distributed in fruits and vegetables. Quinones which are formed by the oxidation
of phenolic compounds have a function that can bind such sulfur—-containing
compounds as methyl mercaptan. By using this function, development of fruit or

vegetable products is expected to reduce bad smell in mouth.
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Consumer has an increasing clean concept on oral condition, so products for
halitosis inhibition are largely expected to have increasing market share to have
economical benefits with developments of ingredients and technologies for
halitosis inhibition. Diverse products such as toothpaste, gum, jelly, candy and
mouth rinse have been already developed for clean mouth and halitosis inhibition.
Commercial products for halitosis inhibition mainly include synthetic compounds,
so development of natural products from fruits or vegetables is needed.

In particular, Korean people often eat kimchi, beef, pork and chicken, and
smoke or drink, so they have the increasing bad smell in mouth, which is
produced from garlic, onion, cigarette, and alcohol. Therefore, they are
increasingly requiring products for halitosis inhibition.

If natural ingredients for halitosis inhibition are extracted from apples and its
product is produced in order to follow its increasing social concern on bad smell
in mouth, the mechanism of apple extracts on deodorizing activity is successfully
studied, the processing technologies for the maximum deodorizing activity are
developed and apple farmers can expect to have stable and increasing income by
making high prices from apples of low prices and low usage.

The objective of this study was to apply deodorizing materials to industrial
application products with deodorizing activity by screening the effective fractions
of halitosis inhibition from fruits and vegetables, by knowing the condition for its
maximum effect, by developing its industrial manufacturing processing, and by

developing the advanced technologies for the application of several food products.

M. Scope and Content of the Study

The objectives of this study were to develope the extraction methods and
processing technology of apples for functional ingredient of halitosis inhibition in
order to increase the processing ratio of apples, to develope the processing

methods for the industrial application of their functional ingredients, and to

14



develop the basic processing technology for application to several food products
with the functional ingredients.

To successfully obtain the objectives, the processing technologies for optimum
ingredients of halitosis inhibition were evaluated after measuring the basic
analytical data on several fruits and investigating their deodorizing activities. By
the chosen processing technologies decided from the screening results, mass
production methods on deodorizing materials were studied. Then, the systematic
production methods for applied food products such as candy, jelly, mouth rinse,
beverage were evaluated.

The detail research ranges for each sections of this study was shown in the

below table.

Year Objectives Research contents and ranges
Section 1
0 Screening of fruits and » Screening and fundamental analysis of samples
vegetables for halitosis + Sample fruits :
inhibition Apple/grape/tangerine/persimmon etc.

- Kinds/parts on deodorization

» Investigation/elimination of pesticide residues
* Elimination methods against contamination

» Preparation
2003 | o Processing for halitosis » Washing/drying conditions
inhibition » Extraction/fraction

 Yield/activity on solvent/condition
» Filtration/concentration/drying

* Yield/activity on method/condition

0 Analysis of products on » Deodorizing activity
halitosis inhibition * Measurement of deodorizing activity
*  Comparison of deodorizing activity by

enzyme reaction

» Antimicrobial test

15



* Measurement of antibiotics about bacteria
of dental caries (Streptococcus Mutans)
» Interpretation of whole effects

* Discussion of optimum condition

Section 2

o Purification/characterization
of polyphenol oxidase with
deodorizing activity

» Optimization of extraction, fraction and
enzymatic reaction
+ Optimization of extraction and fraction
* Optimization of enzyme activity

2004

Section 1
0 Research of mass
production of ingredients
for halitosis inhibition

o Processing of industrial
application products

» Design of processing for mass production
» Development and production of products
» Economic analysis of products

» Processing optimization on sample shapes/kinds
* Candy, beverage, jelly and mouth rinse
» Evaluation/improvement of products

Section 2
0 Reaction mechanism of
polyphenol oxidase on
enzyme activity and
deodorizing activity

» Investigation of polyphenol oxidase
on enzymatic reaction
* Reaction mechanism of polyphenol oxidase

on deodorizing activity

16




IV. Major Results and Recommendation

1. Screening of fruits and vegetables with deodorizing activity

Deodorizing activity for halitosis inhibition was investigated by measuring the
reduced amount of a standard compound of methyl mercaptan for screening of
materials of deodorizing activity from several fruits and vegetables such as apple,
grape, pear persimmon, tangerine, burdock, lettuce, pine leaf and mushroom.
DAs)s which mean solid amounts required for the reduction of deodorizing
activity upto 50% were appeared in the high activity order of grape, apple,
persimmon and tangerine. Their DAs values were 299mg, 47.6mg, 86.5mg,
106.6mg and >150.0mg. Vegetables were appeared in the high activity order of
lettuce, burdock, mushroom and pine leaf showing DAsps of 1.4mg, 4.6mg, 59mg,
72mg and >150.0mg, respectively. Vegetables generally showed higher
deodorizing activities than fruits.

Also, amounts of total phenolic compounds were measured with the prediction
of higher deodorizing activities against methyl mercaptan in higher amounts of
polyphenolic compounds. The amounts of total phenolic compounds from fruits
were showed in the order of grape, tangerine, apple, pear and persimmon. The
amount of total phenolic compounds of lettuces was highest showing 12.0 mg/g
and vegetables had more phenolic compounds than fruits. Polyphenol oxidase
exists in plants and relate to the oxidation of polyphenol. So crude enzyme was
extracted from fruits and vegetables and the enzymatic activity was investigated.

Polyphenol oxidase oxidizes polyphenolic compounds and that its oxidized
compounds affect deodorizing activity against methyl mercaptan. Pear polyphenol
oxidase was highest among fruits. Lettuce was highest in vegetables. By
considering the amount of total phenolic compounds and enzyme and deodorizing
activities, apple and grape for fruits and lettuce for vegetables were chosen in

this study.
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2. Characterization of deodorizing activity by conditions of

deodorizing materials

After two parts of skin and fresh from apples, grapes were separated except
lettuces, the deodorizing activities on the parts were measured. Skins of both
samples showed the higher deodorizing activities than freshes of the samples.

Also, total phenol amounts of skins for both fruits were higher than those of
freshes of the samples, which means that the phenol amount may be known to
relate to halitosis inhibition. The extracts which were not separated by two parts
of skins and freshes had high deodorizing activities, so the separating processing
was not needed for industrial application. Also, skins which are by-products in
manufacturing industries of apples and grapes can be effectively used. Water
soluble, ethanol soluble, methanol soluble and supercritical fluid soluble were
produced for measuring deodorizing activity and extraction yield. By the results
of each extraction condition, water soluble of lettuce was highest for deodorizing
activity and yield. There were not big differences between apples and grapes for
both activities and yield. The yield was highest in water soluble. Therefore, it
was thought that water soluble is the most suitable method for the production of

materials for deodorization by considering deodorizing activity and economic view.

3. Effects of factors in processing for deodorizing activity

1) Temperature

In order to obtain the maximum deodorizing activity of ingredients for halitosis
inhibition in a temperature range, deodorizing activities on temperature were
measured by using water soluble fractions which showed higher deodorizing
activity than other extraction fractions. The differences for deodorizing activities

of apples, grapes and lettuces were small to 20C. In the case of apples and
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grapes except lettuces, the deodorizing activities were sharply decrease at the
above 60C. The optimum temperature for polyphenol oxidases of apples. grapes

and lettuces were 20~25C.

2) pH

Deodorizing activities of apples, grapes and lettuces on pH were measured at
room temperature. The deodorizing activities of apples and grapes were highest
at pH 3.5 and stable in a wide range of pH. The deodorizing activity of lettuces
was highest at pH 5.0 and stable to pH 8.0. The pHs of water soluble apple,
grape and lettuce were pH 4.7, pH 3.3 and pH 6.2, respectively. Because there
were no big differences between pH of water soluble samples and pH of the
highest deodorizing activities, it is expected that the processing with sample itself

is effective without controlling the optimum pHs.

3) Processing method

Because ingredients for halitosis inhibition are mainly used as food or medicine,
powder form 1is required for convenient use and storage safety. Such heat
treatment as drying for powder formation may reduce the deodorizing activity, so
the optimum processing condition for maximum halitosis inhibition is required to
study. Drying methods of hot air-, freeze- and spray drying were evaluated to
choose the best method for maximum deodorizing activity. Freeze-dried powders
of apple and grape extracts showed almost the same activity as water soluble
fraction, but freeze-dried powder of lettuce extract had a lot of decreased

activity.
4. Mechanism of deodorizing activity of ingredients
1) Effects of metals and reducing agents on deodorizing activity
In order to know the factors which are related to the mechanism of deodorizing

activity of the chosen apple, grape and lettuce, treatment effects of Ns, metals

and reducing agents in water soluble fractions on deodorizing activity were
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measured after the treatment of those materials for 30 min at 25C. All samples
of N treatment showed less reduction of deodorizing activity. The result is
expected that polyphenolic compounds of ingredients were less affected because
some of them were existed in oxidized states. The deodorizing activities of all
samples on Cu addition were largely increased, but Fe or Ca addition reduced the
halitosis inhibition. The reason is thought that Cu activated polyphenol oxidase
and produced oxidized phenolic compounds. In the case of Fe and Ca, the
reduction was thought that the metals reacted with the oxidized phenolic
compounds rather than activation of polyphenol oxidase. Treatment of reducing
agents showed the reductions of deodorizing activity. The reason is thought that
they inhibited the formation of oxidized phenolic compounds which were required

for halitosis inhibition.

2) Effects of polyphenol oxidase and phenolic compounds on deodorizing
activity

The deodorizing activities of phenol fractions from apples, grapes and lettuces
were evaluated by using their polyphenol oxidases. In all samples, the mixture of
phenol fraction and polyphenol oxidase showed higher deodorizing activity than
only phenol fraction. The experimental mixture of polyphenol oxidase, Cu and
phenol fraction showed higher activity than others. In the case of adding ascorbic
acid, the deodorizing activity was a little decreased by inhibiting oxidation of
metals, but the enzymatic activity was less affected. Chlorogenic acid which is
one of the abundant polyphenolic compound was used for the model system as a
substrate. Polyphenol oxidases of apples, grapes and lettuces, Cu and chlorogenic
acid was reacted for measuring their deodorizing activities. In the model system
of phenolic compounds, only chlorogenic acid showed low deodorizing activity, but
the deodorizing activities for all samples wre largely increased by adding

polyphenol oxidase, Cu and chlorogenic acid.

3) Deodorizing mechanism of ingredients

Deodorizing mechanism of extracts from apples, grapes and lettuces is thought
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that such oxidized polyphenoilc compounds as oxidized quinone in the ingredients
were produced by the reaction of polyphenol oxidase with the polyphenolic
compounds of the samples, and they reacted with methyl mercaptan to produce
nonvolatile compounds. Also, it is thought that the polyphenolic compounds
inhibited the growth of bacteria of dental caries, so the formation of methyl

mercaptan from the microorganism was inhibited.

5. Processing for industrial application products from the

ingredients with deodorizing activity

1) Beverage processing

Deodorizing activities of beverages from apples, grapes and lettuces on pH
changes were measured. The pHs of beverages was not controlled because the
original pHs of extracts showed high activities. The deodorizing activities of
beverages from water soluble, ethanol soluble or supercritical fluid fractions on
the added amounts were measured. The deodorizing activities of beverages from
apple and grape extracts (60 mg/mL) and lettuce extracts (5.0 mg/mlL) were
31.2%, 79.8% and 84.1% for water soluble fractions, respectively; 70.2%, 75.0%,
and 54.0%6 for ethanol soluble fractions, respectively. The deodorizing activities of
beverages on 30% addition of supercritical fluid extracts from apples, grapes and

lettuces were 75.8%, 77.3% and 77.1%, respectively.

2) Processing of mouth rinse

Deodorizing activities of mouth rinse from apples, grapes and lettuces on solid
contents were measured. As the solid content was increased, the deodorizing
activity was increased. The deodorizing activities of mouth rinse from water
soluble of apples and grapes (60 mg/mL) and lettuce (5.0 mg/mL) were 60.0%,
56.2%, and 38.5%, respectively. The deodorizing activities of mouth rinses from
ethanol soluble of apples and grapes (60 mg/mL) and lettuce (5.0 mg/mlL) were
70.2%, 75.0% and 54.9%, respectively. The deodorizing activities of mouth rinses

on 30% addition of supercritical fluid extracts from apples, grapes and lettuces
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were 42.4%, 52.0% and 49.4%, respectively.

3) Jelly processing

Jelly was made by using deodorizing materials from apples, grapes and
lettuces. As the solid content of the ingredients was increased, the deodorizing
activity was increased. The deodorizing activities of jellies from water solubles of
apples and grapes (60 mg/mL) and lettuce (5.0 mg/mL) were 30.4%, 19.2%, and
32.5%, respectively. The deodorizing activities of jellies from ethanol solubles of
apples and grapes (60 mg/mL) and lettuces (5.0 mg/mL) were 36.3%, 35.7% and
20.9%, respectively. The deodorizing activities of jellies on 30% addition of
supercritical fluid extracts from apples, grapes and lettuces were 47.4%, 44.4%

and 33.6%, respectively.

4) Candy processing

Candy was made by using deodorizing materials from apples, grapes and
lettuces. The deodorizing activities of candies from water solubles of apples and
grapes (60 mg/mL) and lettuce (5.0 mg/mL) were 76.9%, 78.0%, and 68.8%,
respectively. The deodorizing activities of candies from ethanol solubles of apples
and grapes (60 mg/mL) and lettuces (5.0 mg/mL) were 63.6%, 76.4% and 45.6%,
respectively. The deodorizing activities of candies on 30% addition of supercritical
fluid extracts from apples, grapes and lettuces were 37.4%, 59.9% and 16.7%,

respectively.

5) Evaluation of industrial products

In the results of processing conditions of several products, the deodorizing
activity tend to increase with the added amount of deodorizing materials.
Extraction yields of apples and grapes were high, showing more than 80%. It is
expected to be able to commercialize these products. In the case of lettuces, the
deodorizing activity was high, but bad smell of the vegetable itself reduced its
flavor quality. Fruits had good flavor, high acceptance, and had high deodorizing

activity, so the use of fruits is thought to be economically effective for
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commercialization of ingredients for halitosis inhibition.

6. Extraction, purification and reaction mechanism of

polyphenol oxidase for deodorizing activities

Polyphenol oxidases were purified from extracts of apples (Malus pumila),
grapes (Vitis vinifera) and lettuces (Lactuca sativa L.) by ammonium sulfate
fractionation followed by Sephacryl S-200 HR gel filtration chromatography and
DEAE-Sephacel chromatography. Total activities of apple, grape and lettuce
polyphenol oxidases were 12,000, 20,000 and 60,400 units and yields were 18.0%,
19.0% and 11.6%, and purification folds were 5.8, 7.0 and 7.4, respectively.
Polyphenol oxidases of apples, grapes and lettuces were most activated at pH 7.0,
7.0 and 6.5, respectively, and their optimum temperatures of polyphenol oxidases
were appeared at 25°C, 30C and 25C, respectively. Substrate specificities of
polyphenol oxidases were high to polyphenolics, but activities of polyphenol
oxidases were low to monophenolics. The activities of polyphenol oxidases were
catalyzed by Ca” and inhibited by ascorbic acid. Molecular weights of apple,
grape and lettuce polyphenol oxidases were measured 40 kDa, 36 kDa and 55
kDa, respectively.
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A12 98 FAFY TAAA BH AA

L2433y 2 s

7 FAAALY 37

THAAGA =HL A5 dA = 0.2M potassium phosphate buffer (PPB) 4
mLE W& 50 mLe vialdl Y1 pHE 752 Z43t}h. o 7)o methyl mercaptan
29 (1 pg/mL) 1 mLE 718t A A8 Aoz "WEste vortex mixer® 5

b ksl 37ColA 6%7F incubatedr F vial®] headspace®] +2¥ methyl

P

mercaptans FPD (flame photometric detector)”} &Zd GCol gas tight syringe
200 pLE T8t Ak, o] uf FHAALAL LS S Aol o) ALt

FaOARY 00 - g 100
C : control® methyl mercaptan 3= ™ %

St A8 AH7MA1Y methyl mercaptan 3 = H %]

1. Gas chromatography (GC)

Methyl mercaptan®] #4412 98] FPD (flame photometric detector)”} Z2H¥
GC (Hewlett Packard 5890, series I & AF&39 1, columne HP-1 phase (5
mx0.53 mmx*2.65 mY 2™ column temperature= 35C %1 3L, injector temperature=
150C 2™ detector temperature= 200C ST}, Carrier gas= NoE 1.45 mL/min®]

FHoE A8

s
off
A
BN
52
ML
i
A

z7F AHEEAT =
microns Hg®] ZAdA 347F AA %A
FTHEE 60T, 14 m/sec?] ZFNA 24A7HE<t, EFAERE 150TC, 0.7

. 1
m’/min 2 184 kPa2] Z 7oA ztz} A A % Qo).

g FHEEHFY H
A& 05 mL, Folin-Denis A19F 25 mL % ¥3} Na,CO; 5 mLE 7}sF¢] 50 mL
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443 AL 18CA 3087 FA ko] 760 nmol A FHEES S4akel A FaAT

u}. Polyphenol oxidased ZA =4

A 2 AMEFHAANA FAdEZ B3 polyphenol oxidase®] A& catecholS 7]
AR ko] 420 nmo] oA FHEo FIHE ol&3te] 25TolA 45Tt 0.2
M sodium phosphate buffer (pH 6.5)¢] 2= 0.1 M catechol 7|2 H& A Z3}]
Z1dgdoz ALESATE 71 2Ed 27 mLel 03 mLe &2dS Hrbste F -y
3 mLe WHEHE whEo] 420 nmpFel A 327 SUteke FR =Y e 546k
polyphenol oxidase?] A4S =AYt T42FA9 1 unit2 25CoA 187 57}

@ EYE 00019 B mao) BYVIE AN

o

v}, Polyphenol 3+gE& 9 £

Polyphenol 3}3+&E9] #42 HPLCE AFE3IAt. HPLC E47]7]d4 Hx
(water 510), HAZ7] (waters 486, Tunable Absobance Detector)®} controller
(Waters ~ Automated  Gradient  Controller)E  AF&3t99 o™  softwareZ+=
Autochro-Win 2.0 Plus 93 softwareE A}-&3F3t}h. Columne XTerra ™ RPis 5
um (3.9x150 mm), °] &5 A (5% formic acid)®t B (methanoD)E 1.0 mL/min
Lo FASATE 280 nmollA AlE FYFS 5 plelle™ B &wjE 1704 5
7RAL 5%l A 16%=, 1239 45%, 18%°] 80%7HA GAIA dsrlerIMoew &3
Al A EA AT

A= 30 goll 70% oFAlE 100 mLE Wi 10%3F wwdk & o]Feli of of
100 mL Aol 8]Z<} 100 mL dichloromethaneS ¥ i 107+ wukel At A=
xsh AdS4 100 mLE 93 553F wHke ek FS Aol 9 sodium sulfate® &
Gt ofMES R 5 mL AE3te] ECD ¥ NPDE ©]§3te] GC (HP 6890)= 4]
i

2. 2% 8 1%

7. 98 FAFY FHYA A AA
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A 2AlE dABs7] st #AFE HYSE 5] methyl mercaptans
ato] FAAASLS AR, ob&e THAA Bl AR o

i -1 ’
2 9 polyphenol oxidase?] EA4S =43t}

B
ST
e
M2
e e
i)

1w
rr
oy
5
i)

Table 1. Deodorizing activity of fruits against methyl mercaptan

Fruits DAs5 (mg)
Apple Fuji, Malus pumila Vitis vinifera 47.6
Grape Campbell, Vitis vinifera 299
Pear, Pyrus pyrifolia var. culta NAKAIL 86.5
Persimmon, Diospyros kaki 106.6
Tangerine, Citrus unshiu Yy 150

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

1) #+HAA =

HAFE #2347 T methyl mercaptano] 3t FHAALGHE =
& Table 1o YEHAATH T7HE F2 S24E A & o] 850
methyl mercaptan, hydrogen sulfide, dimethyl sulfide 59| 3|24 33513 &o] 73
AiEoz g3t} o] FolA 53] methyl mercapthan©] % o
A v wEbd 2E ATl A FF ek HlE A AREAE 7HA= methyl
mercaptan< ©]-&3te] FH A &S dopw ottt 73 A &S methyl mercaptans
50% AAAI7I=dH g F(DAs) o= RS TH

Ao Ax, #Yd FEFE HIbFo] FUHE wek FHAAGAG ] Frtee

e XX, AM d, 2E Fe] FoR FFH YA Aol

e
o
N
fo o
o,
Mr o

= vEbs

2) FUETH
Polyphenol®] 3F#o] methyl mercaptan®] Wk T+ AA g3 F&FS v Ed Ao
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2 e FdsdFes AU AL T FHETEFS 27 1629 me/g
<
-

o7 7 =gka &2 A} eyttt (Fig. 1).

’

i)
=
2
o
o
fru
i

’

18

16 1
14 1

12 -

l'otal polyphenol (mg/g)

apllale péar gr:ape tangerine persimmon
Kind of fruits

Fig. 1. Contents of total polyphenolic compounds in fruits. Different letters

indicate significant differences at p=0.05.

3) Polyphenol oxidase?] &4

Polyphenol oxidase: 2] %o BRAZAH o2 ZEyj Ex5o] ¢lon polyphenold]
Abstel] #ojste R HAAFAA FEANES FE3F9] polyphenol oxidase?] A4S
ZA3 A3E Fig. 29 YEFAQITE Polyphenol oxidase”} polyphenolE AF3hA] 7]
methyl mercaptan®] thd FH A GGl dFE vA Ao o Ak FAdo A
% polyphenol oxidase €732 oAl 7}b =Qka Abe, X% 7 #9] o= e

st

¥
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350

PPO activity (unit/mg)

d

O (S ——1

aplple plear grlape tanglerine pet*sllmmn

Fig. 2. Enzyme activity of polyphenol oxidase (PPO) partially purified from
several fruits. Different letters (a, b, a’, b’...) indicate significant differences at
p=0.05.

4) FHYA 48 FLY HAA

HdFolA FHAA dm5E APtz FHAAE gL
oxidase® &AHS HESIAUH. TolsgFe] 45 29 o] /M =4 dets=r
=2 polyphenol oxidased] &Aool A gle A= L}
7HE gkt ol dlEm e 3ol Bolk ol &
A7F s AF FHAAE] oA = AS gr|gth A FHAASAE S FH
= polyphenol oxidase®] &7 B AlEwe] A3} - & 1A} Apole] AdaA
of &3] ztol7} vepdrtar dekE T

Sl e ol Fo} 71EHo] Em A FAAAEAN Jons TAAA &
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AE AEsE A s pAA mol Held AFS Age] sluH wehx
B ATHRANNE BD Fol A PHAAE] B Ash L= FHA U

U, 948 okAFY FAYA &4 2AH
okl T FHAYAA AAE AdAstr] 9k dubd oz wWol AuHI e ¢
5 ofAlE AA 3 methyl mercpatane] e FHAAES HAsA L, T ETH

2 polyphenol oxidase?] A4S =435t

&
b FE TAVE o] gete] #A T 3AZl & methyl mercaptane] w3k
AGAES FA A5 Table 29 YEMNAY. 3 S A &2 methyl mercaptans
2 Y= DAxo = ¥t ddddz= A5 Ad, &
S A &o] =A UEgon, £ FHAAES A UE
WA okt obdle HAdET FHAA Ege] w2 BEFS HAATH

3T

o1
=

12
2
>,
N
rir
o
i)
fo
o

o
32

Table 2. Deodorizing activities of vegetables against methyl mercaptan

Vegetables DAs (mg)
Burdock, Arctium lappa LINNAEUS. 5.9
Lettuce, Lactuca sativa LINNAEUS. 1.4
Mushroom, Agaricus bisporus 7.2
Perilla leaf, Perilla frutescens var. japonica HARA. 4.6
Pine needles, Agaricus bisporus Pine needle ) 150

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

2) %‘—Tﬂ]%@'%

okl FHlEdHEHS FF7 120 mg/gleZ MY =shon,
HAle] sow Tﬂ]%@‘%ol A YErg o dAwA o g ofx= 3
Yolm o] w2

A, &

s}

[
o2

’

_Cl)__
o]

Ju nﬂ'
s
£l
o
i
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35

30 1

—

(V)]
L
(o]

10 1

L'otal polyphenol (mg/g)

lettuce perillla leaf pine needle burdock mushroom

Kind of vegetables

Fig. 3. Contents of total polyphenolic compounds in several vegetables.

Different letters indicate significant differences at p=0.05.

3) Polyphenol oxidase®] &4

Hdel AAE okAF Al polyphenol oxidaseZt Wol ehrE ol glom
polyphenol®] At3le]] Tojstm 2 ofx|FoA FEANES FE3F9  polyphenol
oxidase® &AE& FAMS AHAE Fig. 4o Wetlido. A3d4ax, A5 34, $9,

Al £ $=° = polyphenol oxidase?] Alo] A YEGT
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s

£
S

s

s

PPO activity (unit/mg)
&

<

S

€

0 . L 1

lettuce perilia leaf burdock mushroom pine needle

Fig. 4. Enzyme activities of polyphenol oxidase (PPO) partially purified
from several vegetables. Different letters (a, b, ..) indicate significant

differences at p=0.05.

4) THAA 95 ok HA

ofAf fFell Aol FHAA duE At FHAAE, FHlETF E polyphenol
oxidase®| &4& HAESIT AAAH 457 FosdEel 7MY B
Eom wg FHAA ddo] JHE A uEwth wepx] FHAA A4S oFx
Bd¢%= FH=TFH polyphenol oxidase® 2744 B Alm o] s} gk Ak A}
ol o] Ayl eaf Aozt vEbdrial dAdA Tk o Fe Hdol v HAA
gAol =2 AEFE Hola UMy okt /A= Heold BIHAHR A 715 e]
Holx FHAAA 5z el o] ol Aofo] mE Zo®m Ho] Hrh RhHo] AL
gFo] Fo} 7|ZAo] Ea HAAH FHAA Tt lerz FHAA T Hol

4 g4l
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& 3R Waste] FHA £AT Aetd N4 TALA Tl Held 4
Fo Aol v webq B ATAANAE okl 49 4FE A 4
sz A4t 97 Fasta

FHFs ekl #e AFHIMNES FaE AFFTE 7HHE HdA st Table 39

Ads el A, L8, 45 FEEele FEE A9AN AREHe o
L oReE e @gon ol ARZE T Aol ARHAAL HEH kol
Adgoltt AU Ha P EFU Y4Bl T Bal, 45 L B 5L B or

29 Astz AzhEd.

Table 3. Organophosphorin pesticide residues in apples, grapes and
lettuces

Sample
Pesticides
Apple Grape Lettuce
Fenitrothion ND ND ND
Chlorpyrifos ND ND ND
DDVP ND ND ND
Captan ND ND ND
Isofenphos ND ND ND
Chlorbenzilate ND ND ND
n-Endosulfan ND ND ND
Chinomethionate ND ND ND

ND means not detected.
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A2 A FANA £AY 2AE TAAA 54

1. A4

pis)
=

&

7 FHEdFy 24

A& &9 05 mL, Folin-Denis A¢F 25 mL ¥ ¥3} NayCO3 5 mL& 7}8to] 50
mL 883 AS 18TeA 307t HAste] 760 nmol A FHFE=E F43te] A &3t
At

1}. Water soluble, ethanol soluble @ methanol soluble®] #|Z

Water soluble> At} X% 2 J35 247 7 @72 &A vhfsle] A=E o] &
dl 2HFstar, FAbel 3] =& bl FE3] A X3S th Ethanol soluble®}
methanol soluble water solublell 4u]=Fo] of gh& 9 Weh&S T F5E7F 80%7F
HA ko] 4TNA 247 S HAT & FU2E9 3000 rpmoll A 30T A4
g3t & A S AE Aste] 60TCANA 729t T8l Al x5t

£ A FESEY A=

FAAZE ALY 200 g, 3% 100 g 283 A 50 g& FEZO ol xUAF
Z+ 1000 mLe] &%= 100 bard ™, 100Ce] =% #

st = Q=& 3198 stainless steel (316ss)S ARSI AL o]itsletAavt 22 A

T2 1/47 9 1/87 9 stainless steel (316ss)S AF&3tdth FE2x29 8L =<

FEZXE B89 HoE FEZE WS analogue pressure gauge

No. CM-123958, WIKA co. model No. DM-16007)& ©] &3t =

ottt FEEWe mAg e 2709 metering valueol ols =HAHAT. 24

H
A oSBT o]8F FEEANAN 2523 JsE ojusnas v 99
PexE olgad] $22S AT A4 oy £EE 45T, 50 bardl FHL &
AN AT
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2. 2% 3 1%
7 At 2AE FH 9A 54
Aol FHAA 54 dAE] SsiA Akt B 8l FERAER

A ByE ZAs,

1) Total polyphenol &%

AbshE Bl B o o] #8 AA 229 total polyphenol FEFEL =
A5 Table 41 UERQATE Alvhel #3jol A Hgu d deo] A U

i
Bus AS o Ui

Table 4. Contents of total polyphenolic compounds according to the parts

of apples

Sample Pericarp Flesh Total

Amount of total
polyphenolic compounds 118 98 219
(mg/100g, dry basis)
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Table 5. Deodorizing activities against methyl mercaptan and yields of

extracts according to parts of apples

Samples Deodorizing activity (%)" Yield (%)
Pericarp 54.6x£2.0 15.5%+1.8
Flesh 48.5x1.2 83.6x2.4
Fiber 32.3£2.6 16.8£2.8
Water soluble 65.4+1.5 83.5+1.2

xSixty milligrams of solid contents of samples were used.

THAA 4 2 FE&E& F437] 98l water soluble, ethanol

soluble, methanol soluble ¥ ZJAFA FE5ES A Z35Fo] Table 69 YEFH AT

Table 6. Deodorizing activities against methyl mercaptan and yields of

apple extracts as affected by extraction conditions

Treatment condition Deodorizing activity (%) Yield (%)
Water solubles 65.4+1.5 83.5x1.2
Ethanol solubles 61.2+£1.7 57.7x4.1

Methanol solubles 70.1x£2.7 60.4+3.9

Supercritical fluid
60.4+2.4 0.2%£0.0
extracts

*Sixty milligrams of solid content of apple extracts were used.
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AzE Azbe] 27 FHAA 4 2L &8 SAHS Ay FHAA A4 47}
o £& water solubleo] 7%

Q Zwoln FHA B

=A vErETh mepA FHA A ARE S AP A
Aol =11 & 9A =4 UEd, water solubleo] 7HE A 33 Ao w dAdHT

U 229 =AY FHYA EA

1) Total polyphenol &%
% (Campbel)E 3o} 5oz o] HFASAA ZH7He] total polyphenol

FUE 24 A4 Table 7o etk 4B, Hsk BEuT g Ax
Fae weon, A4 FIE AR total polyphenol FFel A vhehgrh,

Table 7. Total polyphenol contents according to the part of grape

Sample Pericarp Flesh Total

Total polyphenol
(mg/100g, dry basis)

332 214 548
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Table 8. Deodorizing activities against methyl mercaptan and yields of
extracts according to a part of grape
Samples Deodorizing activity (%) Yield (%)
Pericarp 80.2+2.4 24.6x4.5
Flesh 47.1x2.4 63.2%5.1
Fiber 35.3+2.4 17.9+2.6
Water solubles 73.7£1.9 81.7£4.5
xSixty milligrams of samples were used
ZaE FHAAA &2AY FHYGA EA
g4 9 FE&S F438t7] 98] water soluble,
AAFEES Ax3te] Table 991 YERH A

1%

3) &
Xro F& %A
ethanol soluble, methanol soluble
=
Table 9. Deodorizing activities against methyl mercaptan and yields of
grape extracts as affected by extraction conditions
Treatment condition Deodorizing activity (%) Yield (%)
Water solubles 73.7x1.9 81.7£4.5
Ethanol solubles 68.6£1.0 39.1£2.4
77.8%1.9 48.1%+3.1
55.9%1.0 0.8%+0.0

Methanol solubles

Supercritical fluid
*Sixty milligrams of solid content apple extracts were used

extracts
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o A3 20E FHYA 54

1) Total polyphenol & %
FEE AR B BIe B2 Urolx A 7] Wil FRE 4

1
FA] 231 total polyphenol ¥#S A% 23 1200 mg/100 go2 AL X &=

(S

2) #9d FHAA 24 2 T&

Table 10& 459 $918 FHdA B4 249 Aotk 4FE Ane] 54
=

4, Ak Asow UrolA AdA 71 Wi, 43 AAE A=E HAFsel U2
extractst #5 F @2 fibere] +HAA &4 ¥ F&& FAsA

AAAIANA ALFe} x= FEE3 vRIZEAR water solubled A =2 3 <
A &ds HYgorn, 782 fiber’t =4 YEST

Table 10. Deodorizing activities against methyl mercaptan and yields of

according to a part of lettuce

Condition Deodorizing activity (%) Yield (%)
Fiber 39.0£2.8 73.7x3.1
Water solubles 74.2%x1.7 26.0£3.8

Two milligrams of samples were used.
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FE 2724E FHIA &2A9 FHAA BA
Fo F&F z2dd FHAA A 2 F&S =437 Y8l water soluble,
3to] Table 119 e

oo AlzE Aol 2 A 24 R Fes AT AFelM FHAA 24

PN

ethanol soluble, methanol soluble ® ZUAFEES A

< water soluble®] 7} =4 WEE S ™, ethanol ¥ methanol solubles® & T
HAAA &S Bon, &9 AeE Hdy nusts o e AIdS Bt
THAA &Aool A Yeus AL F718ulE ol &3ty Tt w5t HA A

9] phenol ¥ polyphenol oxidase?] Eo]& <l Atstel] gt dA olgtm A Zhx o] X
S

HdFe vpR7A 2 water solublee] FEHAA AAZ s H I3

Table 11. Deodorizing activities against methyl mercaptan and yields of

lettuce extracts as affected by extraction conditions

Treatment condition Deodorizing activity (%) Yield (%)
Water solubles 74.2£1.7 26.0£3.8
Ethanol solubles 34.0£0.8 15.2+1.8
Methanol solubles 47.5%+3.1 16.2+2.1

Supercritical fluid
53.6%x1.4 0.4£0.0
extracts

Two milligrams of samples were used.
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A3 A FAAA A AxAY IF AA 54 T

Y. pH

BN

=43t7] 913t 6 N HCIL, 0.5 N NaOHE A %3}
"

vholaz SAE o) §te] v ksl 2ztel
al

o 7lE A Y
FAAZE -70CAA 543 & 35Col|A 5 microns Hgel Z7oA 3U7F A A

Havth dEAXE 60T, 14 m/secd] FAoA 24A7HE¢r BEAxE 150C, 0.7
Kk

mY/min 2 184 kPa®] Z A z+zt A A % 9},

2 @‘r =1 :]—,_7“_2-

AES Ax 2 7Ested dolA 2E9 pHE w$ Fag 43S 71300,
AdA 2AE AT v I 2% HY] YolA Hdige a3E 47 fste]
AAA &Aool =& water solubles o]&3te] 7t 2%, pH ©B= Yeh= F3HAA
44 F43A
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AbLe] water solubleS ©]&38t] &= FHAA S SAst] Fig. 59l o
BRI 2 AF, Lx7t Bold SR FHYA @4 Fa #actE 4TS 1Y
o, 20T 7HAe FHAA &4 Zol7F Aoy 60T o]l ds +3HAA &
Aol FAsA A28 ch. Aol polyphenol oxidase Aol 2 £x:= 20-25T
2 yeuya de=d olsh o= A= dXAsh= A3E yEhla 912w, polyphenol
oxidase®] H# =9t Z& 20T olete] 2=olA FHAA S %= =A detw

upebx] Al A FHAA AAE AT W FHAA EHE Fo]7] HEA
= 20T olstell A A ste] polyphenol oxidased] &4 W3S ZFojof & ZHo = 3
el ot

100

80 1

Deodorizing activity (%)

0 .

0 20 40 60 80 100
Temperature (°C)

Fig. 5. Effect of temperature on deodorizing activity against methyl
mercaptan of apple water solubles. Different letters indicate significant

differences at p=0.05. Sixty milligrams of apple water solubles were used.
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AbIbE 2ol pHE R T3 94 &5 A3k Fig. 6 YRSl pH 29
o] A3}t Abdbi= pH 3594 73 AA &4 7HE wtov, Ful pHEl Wl A
3
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Fig. 6. Effect of pH on deodorizing activity against methyl mercaptan of
apple water solubles. Different letters indicate significant differences at p=0.05.

Sixty milligrams of apple water solubles were used.
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AAZ AL water solubleS YHE
wom Aol water soluble AHA|7F 7FA] AL
I F o7k gl7] wiiEel Abzbe]l FHAA A Az Al pHO ZFHTE AR A
Al A pHAA 2 E Al Zxsts Aol &ttt AdeTh

3) 7tEAE ¥y

FHAA 24 A5 HF

Soll A7bE 7] el A @ AHE

o] pHE FAa w4 A=

pH 472 e}

S pHel A tehbe P elA 24

Aol e sla 2

ek 9 AAs) Aese Adzwy L AdAYd B THA
of WERH AT
100
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éi T
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Z 60
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freeze water boiling  spray hot-air
drying soluble drying drying

Fig. 7. Deodorizing activity against methyl mercaptan of apple water

solubles by different processing methods. Sixty milligrams of apple water

solubles were used.
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AxWHORZE dF0x, 4U0ZF, B5dx9 WS o83t Al5E Axs
of FHAA A4S SASAT. A@AFAA AR B AR LAY 7
AA &Aool 71 =A YES e, water solubled} BluEH S w 7 1| =S5

=
A RS Has @ 4 b Azwne 5Anzs
s,
B} ERS 9% Axe) 54 79

EZ 9] water solubles ©]&3te] &5 FHAA FAS =Hdo] Fig. 8o

100

80 -

Deodorizing activity (%)

20 .
0

20 40 60 80 100
Temperature (°C )

Fig. 8. Effect of temperature on deodorizing activity against methyl
mercaptan of grape water solubles. Different letters indicate significant

differences at p=0.05. Sixty milligrams of grape water solubles were used.
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Fig. 9. Effect of pH on deodorizing activity against methyl mercaptan of
grape water solubles. Different letters indicate significant differences at p=0.05.

Sixty milligrams of grape water solubles were used.
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2) pH
EEE A2dA pH =2 FHAA &4& 5743k Fig. 99l Yetlth pH 2
deo] 2y XE& pH 35004 FHAA &Aool 7 =dort. FH-2 pHO H 9ol

e S FAEAT. AAZ EX9 water solubled WHEo] pHE =43 »dA
% pH 3302 Yelgow X9 water soluble AA 7} 71A 12 Q= pHel A
Uit FE A 243 2 Aozt 7] wWiEel o A A Al xAlL A
Heb wpRziAl = pHOl AR TE AR AAA Y] pHelA AAE Axst= Ao
fr&stcta e
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7hEA 2 W
T A Aol 3 W or dFAxE, AR £FAxe] UHE o
skl A5 Alxste] A FAS FAsSH Fig. 100 Webidc. A4
Atdtel FASHAl FAAZE AAY FHAA FA o] M =A JEw o™, water
soluble¥} W38} S W 7 HlSakAl vebweh v Al 7he 27191 boiling, spray
drying ¥ hot-air drying®] A% EF FHIAA &Aool A yElgtoew o= Atz
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Fig. 10. Deodorizing activities of grape water solubles against methyl
mercaptan on processing methods. Sixty milligrams of grape water solubles

were used.
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Fig. 11. Effect of temperature on deodorizing activity against methyl
mercaptan of lettuce water solubles. Different letters indicate significant

differences at p=0.05. Two milligrams of lettuce water solubles were used.
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Fig. 12. Effect of pH on deodorizing activity against methyl mercaptan of
lettuce water solubles. Different letters indicate significant differences at p=0.05.

Two milligrams of lettuce water solubles were used.
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Fig. 13. Deodorizing activity of lettuce extracts against methyl mercaptan
of lettuce water solubles by different processing methods. Two milligrams

of lettuce water solubles were used.
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o B WS &AM 587FA] 5%l A 15% %, 12584 45%, 18%] 80%7+A A
A As7E7IHeE §EAA B3

g, SX o Ui FTA test

ZA O 2 Stretococcus mutans L Stretococcus sorbinusE AFg3lon Il
of #7107 A% Bol7tEE gAste] FRsATh A, % 2 A9 water
soluble¥} ethanol solubles FE=®E = BHI wjX ¢} &3+ste] 37T A 2447 v kst
o A= colonyd 5 =5 BHI #]#]9] colony ¢} v]ulsle] &t
31T}

S ool Mg Abgh, £ 9 A5 FHAA 7zt o

nxoz dolrr] $35Fe] water solubled] dA &% 2 A

A 30w At A G ES dolr Skt HE Als Fol R F
= dHE 3}3dE92 chlorogenic acidE #l&E 249 E&= o] g&3dle] A}

¥ ¥%= 2 A3 A polyphenol oxidase T F&o]2S WSAAAN FHAA FA

7b AR FHAA 249 7% 7

D a5 2 949 9%

AP R EE A2 FHAA Ao A7 S Wel 7] fste] WA a5 9 3
AAe] dee HAESY Fig. 149 YelH Al Al3e] water solubled] ZAE g
st Ag-olv= FHGAA & FAaTE A=, ol &A 59 phenole] polyphenol

oxidase % S Fol oJste] of = AR sty Felz EASte] Aiel JFS

AA wok7] Wi o® dHadn. 555 HMe Ao Cugs #HbsAE W A
AA el A FUEEA o, Fed Cas & THAA 2485 Aslshs oz 1
By}t Cue &4 F9 polyphenol oxidaseE &4 3}A|# phenol? A3 E F =313

7] WEo 2 #HoH™, Fell Cas phenol® AF3}i} polyphenol oxidase?] %“3 3R
t}+= phenol @ phenol AF3tE 7] Wk o2 FTHAA AL A= HoE 3

75



e @Al Ao dg= FAHAAA o] FAast=d ol FHAAC e

g phenol 4Fst=o] AAS AASH] oz dddn

100 S

. 80 -

X

>

Z b

£ 60 - c

S d e

(@)

£ f

240 - 9

S h

o]

~ i
20 1

Control N, Fe* Fe** Cu Ca Ascorbic Sulfite Citric acid
acid

Fig. 14. Effect of metal ions and reducing against on deodorizing activity
against methyl mercaptan of apple water solubles. Different letters (a, b...)

indicate significant differences at p=0.05.
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oxidase®] TgEo] FHAA o] =A ygkon, HE &, polyphenol oxidase
9 Cu o]2% H7heh AdFoA FHAA o] vz i s Huhg AR
o =A vehyth 28] 2 ascorbic acidE #H7FE A SolE S50 A FEES oA
o] oA 7HAE 9 o polyphenol oxidase?] &4 A= e Aoz dAuHt)
e HE E4S5 A8 99 chlorogenic acid ©%& FFH A &Alo] wto
1} polyphenol oxidase % Cu ©|<2S #H7Ish 49 F+3HAA &
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Fig. 15. Effect of metal and ascorbic acid on the deodorizing activity
against methyl mercaptan of phenol fraction and polyphenol oxidase from

apples. (P: phenol fraction, E: polyphenol oxidase, Cu: copper, As: ascorbic acid).

e



100

801

)

>

= |

g 60 .

o T b

£ T

N

= 40 A

_8 C

3 L ¢

a I e

20 f T
g T
= h
0 [ 1

(o4 E C+E C+Cu C+E+CuC+E+As C+Cu+As C+E+Cu+As

Fig. 16. Effect of metal, ascorbic acid and polyphenol oxidase from apple
on deodorizing activity against methyl mercaptan for authentic chlorogenic
acid. Different letters indicate significant difference at p=0.05.

(C: chlorogenic acid, E: polyphenol oxidase, Cu: copper, As: ascorbic acid)

3) X T g FTEA

THE T2 dFo EAsts F7148 Aldd FA el o= dojuA Hro
wEa] A oR 4 s FA e FHAA hAe] FHEFES S5
o] Table 120 YEeERATH AEZ =
solubles ¥kEel 79 mFEFFo] 100 mgol HA dIS w 3.25x10%0 A
1.48x10°. 2, 50 mge] AF=e 45 A = 91 wF ol T e £ g

I Streptococcus sorbinus+ Streptococcus mutans®t 2L HWH o R o] AFLEE

I}, ZX] Streptococcus mutans+= AFZ} water
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1.85x10%0 4 291x10°0.2 AEmoA= A 4 9

_%
22 AN gARoE FFHS B 5 ook

W F7hsAT ebd A

Table 12. Antimicrobial effects of apple water soluble on Stretococcus

mutans and Stretococcus sorbinus

Apple water soluble

Bacteria Control
100 mg 50 mg
Stretococcus 9 9
3.25 x 10° 1.48 x 10 TNTC
mutans
Soretococcus 9 9
] 1.85 x 10 291 x 10 TNTC
sorbinus

TNTC means Too Numberous To Count

U, 25 FHAA 249 71& 71

74 2 89A9 9%
TolA 4 FHAA LAY FAE&7E et et WA 55 2 Y
Aol dE&s AES] Fig. 179 UYeEUY. L% water solubled] ZAE A& g

49 control MRS wf, FHAA LAY HAaTF HAJed, ole &AA FY
phenol®] polyphenol oxidase ¥ AF}QIA} Fol ¢sto] o= Hx 4bsty HEH=Z &
Aste] kAol eSS AA weky] wifo® AddEY. 54 HUte 4§ CuE HUb

StAS W AR TR R FHAA o] AA STk oy, Fed Cas2
HAAA &S Adlst= Aoz yerut Cus &4 %9 polyphenol oxidaseE &
43 A1A phenold] 2FeE F=el$ 7] Wi o® IFTEH, Ferl Cas phenold 4+st

1t} polyphenol oxidase®] 24 3}H th= phenol % phenol AF3&E e ¥l og 13
AA ddS AR ATIE 2

= o= durEnh shdA A2l A5+ control# B st
S o, sulfited] A$E FHIA Aol A S ascorbic acid®} citric acidE
THAAA ol HoE TS v AA FUTE ole AL} HluEdS W ko]t

79



T
i
jutnt
(o,
iﬁ-s
o
i
i—‘a
g
o
>
ot
2
=
it
Hel
k1
‘l {
AL
1o
Jm
ox
)
Mo
o
i)
o
A
i)
9
)
o

100
a

_. 80 -
2
>
z 60| [ d e 2
O
©
(@]
c g
N 40 i h
o
§®)]
o
a

20 -

0

Control N, Fe* Fe* Cu Ca Ascorbic Sulfite Citric acid
acid

Fig. 17. Effect of metal ions and reducing agents on deodorizing activity
against methyl mercaptan of grape water solubles. Different letters (a, b...)

indicate significant differences at p=0.05.
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Fig. 18. Effect of metal and ascorbic acid on deodorizing activity against

methyl mercaptan of phenol fraction and polyphenol oxidase from grape.

(P: phenol fraction, E: polyphenol oxidase, Cu: copper, As: ascorbic acid).
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Fig. 19. Effect of metal, ascorbic acid and polyphenol oxidase from grape
on deodorizing activity against methyl mercaptan of authentic chlorogenic
acid. Different letters indicate significant differences at p=0.05. Sixty milligrams

of grape water solubles were used.

(C: chlorogenic acid, E: polyphenol oxidase, Cu: copper, As: ascorbic acid)
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1} polyphenol oxidase % Cu°l2& #7lgk 7%
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¥ % water soluble®] ZFX]1tol] thsk =2 Table 13 YeElRAT. 2 A3}
A} water soluble® & WHoE uF %9 AFLo F FroA AdHES H
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Streptococcus sorbinus+ LEFECAME 1.8 dol Al 9.00x10'0.2, ArEdA %
500x10"0. & °Fzte] i eS veblth wekbd ¥ % water soluble Ab#tol] u]&f
o A =2 g el

Table 13. Antimicrobial effects of grape water soluble on Streptococcus

mutans and Streptococcus sorbinus

Grape water soluble

Bacteria Control
100 mg 50 mg

Streptococcus 9 8 7
3.25 X 10 5.70 X 10 3.70 X 10

mutans
Soreptococcus 9 ; ;
] 1.85 X 10 9.00 < 10 5.00 X 10

sorbinus
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o2 Y, Fey Cai= phenol® 43} polyphenol oxidase?] A 3tH U=
phenol 3 phenol AFs}&E o] Wk o R FHAA A4S TAAIE AL
oh Al A ele 4§ control?} M-S W, ascorbic acid, sulfite<]
A Aol AR O citric acide T-H Al FHAel HuE IS vAA G

o},
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Fig. 20. Effect of metal ions and 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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A2 2 HEY 9F
AFE R HE3E 2 polyphenol oxidaseE A ZFsle] T A Ao mx=
dFES FAbskel Figo 213 2201 deEpdth xERFEH FEdE, dA=diEs
polyphenol oxidaseE H|u3tH S w H=IE d5HTE #H=EEF polyphenol
oxidase®] EgH&o] THAA &Aool =A vster, FA=E, polyphenol oxidase
% Cu o]25& F7HgE Aol FHAA &0 AswdEnts A7 ddEn
=4 Uebwtth. 223 ascorbic acidE H7be A -folls Abet ok de] 3
AAGAdel Frkete AFS UElAT o= Al 2 A
polyphenol oxidase?] A

|
2d HE B4 AFE3 9 chlorogenic acid ©%& T3 A &Ado] vror}
polyphenol oxidase ¥ Cu °o]& FH7tsh A5 ALt} w72 FH A &4 o)
AA F7FeFF o, ascorbic acide= 3 A il AUE S v XA U

100
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>
=
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= 40 -
3
b4 f
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0 P E P+E  P+Cu P+E+Cu P+E+AsP+Cu+As P+E+Cu+As

Fig. 21. 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. 22. 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)

3) AT g FdA

% water soluble®] Fx|vtol gk i8S Table 149 LeERAY 2 A3}
al T oskolA ol yErwowH

Streptococcus mutansd| w8t el ol A9 325x10°0 A 6.15x10'= Faf

Al HEhR e, As =l B 147310002 it d S JehA Eadvh &

23 Streptococcus sorbinuss s Zol| A= 1.85x10°0 A 4.30x10° 0.2 Ao

A= 350x1070.% gt o] okslAl vhEbwTh whebA A5 water soluble o A4 0.

A=

43 water soluble<
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Table 14. Antimicrobial effects of lettuce water soluble on Streptococcus

mutans and Strep

tococcus sorbinus

Lettuce water soluble

Bacteria Control
100 mg 50 mg
Streptococcus 9 7 9
3.25 x 10 6.15 x 10 1.47 x 10°
mutans
Soreptococcus 9 . 7
) 1.85 x 10° 430 x 10 3.50 x 10
sorbinus
2. 73 A 2AE polyphenol ¥4
THAA A9 polyphenol 3}§t&Eo] FiFel e 43 ZAH}E Table. 1590
eI A Y. L% = polyphenol 3HEES FTH7F Bol HAEFHY oW FTF &
sk =4 UEty o Abobe 25 vlE] FF R ko]l ZHA YErsi= o]+ Fig. 1
S Hola 9t

o] Tl daet 22 A

=

Table 15. Contents of polyphenolics of water solubles from apples, grapes

and lettuces
Polyphenolics (ug/g)
Samples
. . . Chlorogenic . . p — coumaric . .
Gallic acid  (£) catechin . Caffeic acid . Ferulic acid
acid acid
Apple 2.1 ND" 0.74 ND 0.42 0.19
Grape 0.16 0.67 0.53 0.60 0.76 0.24
Lettuce ND 0.27 0.41 ND ND ND
ND means not detected.
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el el B selEd el EaclE Easha 27HARE AEHA= ol
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o FHYA 24 4A 73

Abeh, EE g FFRRE Az 5 oA
Fig. 233 #o] &A% 9
quinone 59 =

2A7F YEUE ?5‘49111] 7] 22
¥+ 3} 53 polyphenol oxidase®t H4 So 93to]
Ab3lE o] methyl mercaptan®} ¥HE-3}7] uf
£ A Fo) il AT SHS

mercaptan®] Aol A= FFH A 7]ofgt

&<l Zifli weke
ejAlgtomA WAL 93 methyl
Ao g ket

Fruits & Vegetables

Phenolics '"&====== Quinones
Metal, Oxygen

“a 7
Acceleration by bacteria
Methyl mercaptan =T w

' Inhibition by phenolics

Mouth

Halitosis inhibition

Fig. 23. Proposed scheme for halitosis inhibition by fruits and vegetables
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21 b, AAHOE A, EE 2 SR FHAA SAE AR FEAR

ATt methyl mercaptanol] ™t F+H A E&H7F 53] =2 ASE YEGTT A
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Fig. 24. Comparison of deodorizing activity between water solubles and
commercial mouth rinses (A, B and C for commercial products). Sixty

milligrams of apple and grape water solubles, and 2 mg of lettuce water solubles

were used.
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A6 A FAGA A AA dF B VH dF

L 7HA &4 42A dBZAS AzTA=

THAA A 2AQAE AA FHNA AxsE7] Y3 AXFAEE Fig. 259 2

}.
Apple, Lettuce
100kg samples
Grape
I
Washing

Washed with 1-2 volume of

! «—
water at 20C for 30 min.

Filter press

Maintained at below 5T
and added to 5% dextrin.

|

Freezing

J Frozen at -70C.

Freeze drying
l

Deodorizing

Yields were 534 2%, 50.7 % and

) 75.9 % for apples, grapes and
materials

lettuces, respectively.

Fig. 25. Flow chart for manufacturing of deodorizing materials from apples,

grapes and lettuces.
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= T
FAS A 4 L AFRAAHS AR F 5%9] dextringS H7He ~70°C o A
HFESAANAY. 54248 ANEE ZAAR7 Yo A% ?L%QW] AR
3.

Az Axedes AA 2 73HGA &A= A 5341 %, £ 0 50.73 %,

2. THAA B4 A ANAF BAYE 24
7h d8 249 #3 7&

) A Aw) B8 2 =35

Abato] s A e A2 19954 50,103hacl Al 7HAste] 2003w ol = 26,398ha7t = %1
ko AbFe] At A S Aw AR AlG FAaEa e FAE Holi domn o=
B} ddo] wlE) AdozkAz 5o stol AujHAe] Had Aow FHHEch Ak
o] F A AEAMA 20039 7FoZ 16,778haz 7 ol A ujE oA 1
g, old AEAME A9-= 19959 Bk oF 50%7F 7HA 5w Ak

Ababo] 233582 Table 160 YEY dth AldE A#E 2v7F Ao s
AAska glom, 2001 d%EE Ay EH, g 2= 90.6%d vl 7FEgo
M= 84%0] Bt AA ot stFE o] AHE AL fiRiLo] AlHF
2 Aol o glom, o|ntAE Aule] A Qe AJibeke] AstE o]oix], 7}
TEORAY FaE AHHoR AHAAHL Jr HAAolth EE Ao FEAARE
Aol wmg AAAY, Fo& FEALA SHAZANE F, w=, At
AR Fat2 FEol ALA Fhdte FA0 Aok
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Table 16. Production amounts and usage amounts of apples

(Unit : M/T, %)

Year Total Processing Export Direct Eating
Amount | Amount % Amount % Amount %
1997 651,778 | 60,382 9.3 4,441 0.7 586,955 90.0
1998 459,010 | 32,314 7.0 3,519 0.4 424,901 92.6
1999 490,152 22,815 4.7 1,795 0.4 465,542 94.9
2000 488,960 | 37,971 7.8 2,340 0.4 448,649 91.8
2001 403,583 33,938 8.4 3,733 1.0 365,912 90.6

Reference is Agricultural Statistics of Department of Agriculture.

2) = AWHA A 3T
SELEO AwH A S 1999 30,537ha & HilxE HO|
w2 Aol ofbstE Qla] 2000 o] % AL o= AufHA
th 2 E ARl HlE], WA oR g AMEAS Holi glon 2
AL, FAALNA ol AmjE oA gk Hr g - Aebe] FTARAS 2a=

A% P A4 TR oY FYOE s T TR Fbe AR O

2R
%0
32
o
x
N
)
)
ol
ol
A
=2

RO $EEFS AN, Aol ws Ghg 2vE Solum goit, HEE
ome pHlE 3y AHKAHOR s = FAolth (Table 17). o= =il
SR EISE 5
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Table 17. Production amounts and usage amounts of grapes

(Unit : M/T, %)

Year Total Processing Export Direct eating
amount | Amount % Amount % Amount %
1990 131,324 | 27,009 20.6 2 0.0 104,313 79.4
1995 316,443 29,471 9.3 62 0.0 286,910 90.7
1999 470,124 9,137 1.9 156 0.0 460,987 98.1
2000 475,594 7,726 1.6 32 0.0 467,336 984
2001 453578 14,797 3.3 117 0.0 438,664 96.7

Reference is Agricultural Statistics of Department of Agriculture.

3) 3% AWEE 2 £FEF
e AN e AT WaE 1 5et A% A&Hn e AN
2 4, A8E 9 agk o REe e b F
g AeEgs Aem FE olgRm glow, Buvle 44
ool wheb sujerol AR F7hHa Utk (Table 18). 20024 7|& 45
o, Fulel Al 100% A 7Hs @ AlxnFolth

=

Table 18. Production amounts of lettuces

Year Production amount (ton)
1999 173,668
2000 203,509
2001 182,509
2002 178,998
2003 190,304

Reference is Agricultural Statistics of Department of Agriculture.
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. FHAYA 249 AAY 4

A, 2 9 o] FHAA FAAZR A9 724 2AE AE6 WYL Table
199} 2tk 98 A4S “wjrtdew 918t filter pressE o] §&te] ¢FE 2 o
= S A F48], 5% dextring H7tate] MZo] 9@
2AE FAAZRVE olgste] FHAA AA

r e YdEAby i)
o}, ANz v golrh AA A ArEES Folv] JdME 53 95 FAF
_04

TAN GG HArs A7E etel Badd, 2y AsAE ARl A o)
EEIES g

]_
THAAA A4 7FEArE o AEVE 2SI, 1 kg TFHIA AAE A x4
S ulo] AZ¥E A3kl Table. 1991 YeEUAT AZ297M= Alg Ao 35
T 8675, ExAA 0 A= kgD 6675, HFAAN F4E= kg 57759 9]

285 o5 249 AMHL Fig. 2691 vreb ).

Table 19. Price estimation of deodorizing materials from apples, grapes and

lettuces

Section Unit price (Won/kg)

Apple 4,400

Grape 2,400

Lettuce 1,500

Dextrin 1,500

Freeze drying 4,000

Filter press 100

Freezing 100
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<Freeze dried powders of water solubles>

<Freeze dried powders of homogenates>

<Supercritical fluid extracts>

Fig. 26. Prototype deodorizing materials from apples (1), grapes (2) and
lettuces (3).
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A7TA FHAAA 2AE ol & AYH SEAFY A=

1 449 ¥4

NE

iRy

7h AAE 89 A=

Azl FHAA 2AE o] &3 FHAA FEE Axs7] A widHE o
7 2t (Table 20-22). % FHl= g2 dHo 52 Azl 589 A%
A& Folst7]l flall ascorbic acidE H7Fetdom, F&8A HErt F83 A 7
% 7] W&ol maltodextrine F7FetAth. T3 ulo] RolZ 98] sorbitolS 3 7}sf

of AAFE FH7E AxsAh

Table 20. Formulation of beverage products containing deodorizing material

from apples and grapes

Ingredients Formulation (g)
Ascorbic acid 0.2 0.2 0.2 0.2 0.2
Maltodextrin 6.0 6.0 6.0 6.0 6.0
Sorbitol 5.0 5.0 5.0 5.0 5.0
Deodorizing
2.0 3.0 4.0 5.0 6.0
material
Water 86.8 85.8 84.8 83.8 82.8
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Table 21. Formulation of beverage products containing deodorizing material

from lettuces

Ingredients Formulation (g)

Ascorbic acid 0.2 0.2 0.2 0.2 0.2
Maltodextrin 6.0 6.0 6.0 6.0 6.0
Sorbitol 5.0 5.0 5.0 5.0 5.0

Deodorizing
0.1 0.2 0.3 0.4 0.5

material

Water 88.7 88.6 88.5 88.4 88.3

Table 22. Formulation of beverage product containing deodorizing material

from supercritical fluid extract

Ingredients Formulation (g)
Ascorbic acid 0.2 0.2 0.2 0.2 0.2
Maltodextrin 6.0 6.0 6.0 6.0 6.0
Sorbitol 5.0 5.0 5.0 5.0 5.0
Deodorizing
10.0 15.0 20.0 25.0 30.0
material
Water 78.8 73.8 68.8 63.8 58.8
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Table 23. Formulation of mouth rinse product containing deodorizing

material from apples and grapes

Ingredients Formulation (g)
Ethanol 4.000 4.000 4.000 4.000 4.000
Glycerine 0.500 0.500 0.500 0.500 0.500
Benzoic acid 0.025 0.025 0.025 0.025 0.025
Saccharine 0.013 0.013 0.013 0.013 0.013
Menthol 0.025 0.025 0.025 0.025 0.025
Deodorizing
0.500 0.750 1.000 1.250 1.500
material
Water 19.937 19.687 19.437 19.187 18.937
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Table 24. Formulation of mouth rinse product containing deodorizing

material from lettuces

Ingredients Formulation (g)
Ethanol 4.000 4.000 4.000 4.000 4.000
Glycerine 0.500 0.500 0.500 0.500 0.500
Benzoic acid 0.025 0.025 0.025 0.025 0.025
Saccharine 0.013 0.013 0.013 0.013 0.013
Menthol 0.025 0.025 0.025 0.025 0.025
Deodorizing
0.025 0.050 0.075 0.100 0.125
material
Water 20.412 20.387 20.362 20.337 20.312

Table 25. Formulation of mouth rinse product containing deodorizing

materials from supercritical fluid extract

Ingredients Formulation (g)
Ethanol 4.000 4.000 4.000 4.000 4.000
Glycerine 0.500 0.500 0.500 0.500 0.500
Benzoic acid 0.025 0.025 0.025 0.025 0.025
Saccharine 0.013 0.013 0.013 0.013 0.013
Menthol 0.025 0.025 0.025 0.025 0.025
Deodorizing
2.500 3.750 5.000 6.250 7.500
material
Water 17.937 16.687 15.437 14.187 12.937
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Table 26. Formulation of jelly product containing deodorizing material from

apples and grapes

Ingredients Formulation (g)
Millet jelly 100.00 100.00 100.00 100.00 100.00
Agar 1.50 1.50 1.50 1.50 1.50
Deodorizing
2.50 3.75 5.00 6.25 7.50
material
Water 21.00 19.75 18.50 17.25 16.00

Table 27. Formulation of jelly product containing deodorizing material from

lettuces
Ingredients Formulation (g)
Millet jelly 100.00 100.00 100.00 100.00 100.00
Agar 1.50 1.50 1.50 1.50 1.50
Deodorizing
] 0.13 0.25 0.38 0.50 0.63
material
Water 23.37 23.25 23.12 23.00 22.87
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Table 28. Formulation of jelly product containing deodorizing material from

supercritical fluid extract

Ingredients Formulation (g)
Millet jelly 100.0 100.0 100.00 100.0 100.0
Agar 1.5 1.5 1.5 1.5 1.5
Deodorizing
15.0 22.5 30.0 37.5 45.0
material
Water 33.5 26.0 18.5 11.0 3.5

2 AAE A9 A=z

245
of mol Fke] Eolat EFste] Told W 74 stEEdth e F Eo A
I E

Table 29. Formulation of candy product containing deodorizing material

from apples and grapes

Ingredients Formulation (g)
Millet jelly 25.0 25.0 25.0 25.0 25.0
Sugar 25.0 25.0 25.0 25.0 25.0
Deodorizing
14 2.1 2.8 3.5 4.2
material
Water 18.6 179 17.2 165 15.8
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Table 30. Formulation of candy product containing deodorizing material

from lettuces

Ingredients Formulation (g)
Millet jelly 25.00 25.00 25.00 25.00 25.00
Sugar 25.00 25.00 25.00 25.00 25.00
Deodorizing
0.07 0.14 0.21 0.28 0.35
material
Water 19.93 19.86 19.79 19.72 19.65

Table 31. Formulation of candy product containing deodorizing material

from supercritical fluid extract

Ingredients Formulation (g)
Millet jelly 25.0 25.0 25.0 25.0 25.0
Sugar 25.0 25.0 25.0 25.0 25.0
Deodorizing
9.0 135 18.0 22.5 27.0
material
Water 31.0 26.5 22.0 175 13.0
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Fig. 27. Effect of pH on deodorizing activities against methyl mercaptan of

prototype beverages using deodorizing materials from apples, grapes and
lettuces.
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Fig. 28. Deodorizing activities against methyl mercaptan of prototype

beverages using deodorizing materials from water solubles of apples and

grapes.
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Fig. 29. Deodorizing activities against methyl mercaptan of prototype

beverage using deodorizing material from water solubles of lettuces.
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3) Ethanol soluble®] H7}ZFH ANAEF S5 FHAA €4
Water soluble?} &datAl -H A &do] =4 HeEbd ethanol solubles &2
Z3&to] FH A gAE =AY (Fig. 30). A3 2= 60 mg/mL, 32
A= 5 mg/ml H7bP 71202 §US W, ethanol soluble?] g Altol A
70.2%, EZA 75.0%, oA 54.0% R . Ethanol solubles water solubleX Tk
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Fig. 30. Deodorizing activities against methyl mercaptan of prototype
beverages using deodorizing material from ethanol solubles of apples and

grapes.
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Fig. 31. Deodorizing activities against methyl mercaptan of prototype

beverage using deodorizing material from ethanol solubles of lettuces.
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Fig. 32. Deodorizing activity against methyl mercaptan of prototype
beverages using deodorizing material from supercritical fluid extracts of

apples, grapes and lettuces.
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Fig. 33. Prototype beverages from water solubles (A), ethanol solubles (B)
and supercritical fluid extracts (C).
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1) Water soluble®] H7}FE A|AF FZAZ Qe F+HAA &4
TGN FHAA A FHFS BEEm ALtete] Axsglow, 747t
F= g FHAA 24S S45ko] Fig. 34-359 WERATE Abbel = A
i 60 mg/mL, &2 4= 5 mg/mL H7bste]l Al AR A S A xS
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Fig. 34. Deodorizing activity against methyl mercaptan of prototype mouth
rinses using deodorizing material from water solubles of apples and

grapes.
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Fig. 35. Deodorizing activity against methyl mercaptan of prototype mouth

rinse using deodorizing material from water solubles of lettuces.
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Fig. 36. Deodorizing activity against methyl mercaptan of prototype mouth
rinses using deodorizing material from ethanol solubles of apples and

grapes.
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2) Ethanol soluble®] H7}FE AAF FAARZ A +HAA &4
Ethanol solubles ©]&3le] ZA F7AAH N FH A4S Fig. 36-37 ©
el Al e £ AAE 60 mg/mL, A5 A$E 5 mg/mL A7Fsle]l AlA
Z FRAANRAAE A x5S W, ethanol solubleE AF&3F 749 A AEQ FFH A

A2 Aboll Al 70.24%, EEONA 75.01%, GFelA 54.92% % LEFRTH
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Fig. 37. Deodorizing activity against methyl mercaptan of prototype mouth

rinse using deodorizing material from ethanol solubles of lettuces.

3) 294 FEE FHUMEFE FAARAY FAHAEA
294 FEES W ARG FHAAEH S 2dAFEE
30% H7 SRS ), AbFol A 42.4%, XA 52.0%, oA 49.4% 2 et
2 water soluble ¥ ethanol solubleR.t} ] & oz vre 3ol &

>4

ool Ao} ol 7 3% AN Axd AAE FAAANS] AAS Fig 39
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Fig. 38. Deodorizing activity against methyl mercaptan of prototype mouth
rinses using deodorizing material from supercritical fluid extracts of

lettuces.
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<Grape>

<Lettuce>

Fig. 39. Prototype mouth rinces from water solubles (A), ethanol solubles
(B) and supercritical fluid extracts (C) of apples, grapes and lettuces.
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o AAFE A2 THYA B

1) Water soluble®] H7lZFE A|AF A FHAAEA
Water solubles o]-&3to] Ae]E A %3 ¥ ultrasonic homogenizers ©] &3}
of Auls dAANA FHAALE S F46ke] Fig. 40-41 o deb A Abaket
= 60 mg/g, FF 45 5 mg/g F7bstel AAIE AYE Alxste] T
g4 St A3, water soluble?] A9, AlAFS FHAA AL A

ol Al 30.36%, EolA 19.18%, FFolA 3251%= ERW T AR AN HotEF

50
—_ HEN apple
oﬁ 40 {4 = grape
>
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©
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o
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S
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T
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o
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Added amount (mg/mL)

Fig. 40. Deodorizing activity against methyl mercaptan of prototype jelly

using deodorizing material from water solubles of apples and grapes.
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Fig. 41. Deodorizing activity against methyl mercaptan of prototype jelly

using deodorizing material from water solubles of lettuces.

2) Ethanol soluble®] 7} AAF A FHAALH
Ethanol solubles o]-&3te] A E A3 5 FHAAALA H7tFd FHAA
g4& FA3te] Fig. 42-43¢1 YeERidth AM#er 2% A= 60 me/g, &9
v 5 mg/g #7Este] AAE ArlEsE Axstd FHAA FHE AT A9
ethanol solubleE AF&3F 7490 AlA|F FHAA &AL Ao A 3626%, L=
ol Al 35.70%, ‘FFolA 2087%= YEISTE A ATl 4A AFS water soluble
I A 2 gl A g e s v FHAA E4S e AT

o
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Fig. 42. Deodorizing activity against methyl mercaptan of prototype jelly

using deodorizing material from ethanol solubles of apples and grapes.
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Fig. 43. Deodorizing activity against methyl mercaptan of prototype jelly

using deodorizing material from ethanol solubles of lettuces.
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3) 2UA FE2E9 HAMFE AAF A FHIANEA
ZQA FEES o83t A E Axste] HUtgE FHAALH S A
Fig. 440 Yetide. 2dAFE=2 45l 30% H7lstds o, AAEe] +
A Dd & Aol A 47.4%, Lol A 44.4%, ol A 33.6% = YHEFR:
o el Ao} o]l 7t F&F ZA AT AAFE A AMXES Fig. 459 o
ERu AT

]_

£
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A

[<3]
Sai
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< g0 | EEEE lettuce
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>
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Fig. 44. Deodorizing activity against methyl mercaptan of prototype jelly
using deodorizing material from supercritical fluid extracts of apples,

grapes and lettuces.
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<Apple>

<Grape>

o

<Lettuce>

Fig. 45. Prototype jellies from water solubles (A), ethanol solubles (B),
supercritical fluid extracts (C) of apples, grapes and lettuces.
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g AAF A FHAA &4

N

1) Water soluble®] H7lFE A|AF AY e FHAAEA
TANZLANE ol &3t AYE Az & 7A7te] FHAA S A/
Fig. 46 -47°] Jeplideh Abatel X% AAl= 60 me/g, &2 45
7hste] A AFE WY E Axste] FHAA S SH AF water soluble®] 7
9, AAFe] FHAA B Aol A 76.87%, EEolA 78.01%, ol 68.79%
2 vetuth d@AdeA Hrbgo] EeldaE FHAA G4 HAAHow Eo}

A= AEE dEdlen, FHAAGAE S ojde] AeEy 2 AiE B

ST

N

= 5 mg/g A

100
—_ EE apple
§ go 4 = grape I
2
2 =
3]
® 60 - -
2 T
N -
S
O 40 -
°
o
)
(a]
20 -
0 T T T T T
20 30 40 50 60

Added amount (mg/mL)

Fig. 46. Deodorizing activity against methyl mercaptan of prototype candy

using deodorizing material from water solubles of apples and grapes.
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Fig. 47. Deodorizing activity against methyl mercaptan of prototype candy

using deodorizing material from water solubles of lettuces.

2) Ethanol soluble®] H7tZd AAF AT THAALA
Ethanol solubles ©]&3tod Az 7AYo FHAA DS F4ste] Fig.
48-49 o YEfUIATE Al X% AAE 60 mg/g, A5 A$E 5 mg/g H7bet
o] AAE WYE Axdte] FHAA 4 =43 23} ethanol solubleS Ab-&3F
Aol AlAES] FHAA AL Aol A 63.6%, EEANA 76.4%, ‘5ol A 45.6%
2 Vet A8 Ad oA water solubleEtHE tiA|Zog o A A4S
e AT
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Fig. 48. Deodorizing activity against methyl mercaptan of prototype candy

using deodorizing material from ethanol solubles of apples and grapes.
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Fig. 49. Deodorizing activity against methyl mercaptan of prototype candy

using deodorizing material from ethanol solubles of lettuces.
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3) 29A FE=9 HFE AAF AU FHAAEA

2YA FEES olEse] AUE Azl FAAA LA PN FANA

44E FAste] Fig. 500 Yttt 2dAF=E9 45, 30% H7tetas
A A F ] FH ALY Aol A 37.39%, E=ol A 59.89%, FFelA 16.71% %
Ehwk ot

of ol et o] 7} F& oA AT AAF Aol AZlS Fig. 510 4

ERu AT
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Fig. 50. Deodorizing activity against methyl mercaptan of prototype candy

using deodorizing material from supercritical fluid extract of apples, grapes

and lettuces.
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<Apple>

<Lettuce>

Fig. 51. Prototype candies from water solubles (A), ethanol solubles (B)
and supercritical fluid extract (C) of apples, grapes and lettuces.
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3. AAFS BAE 4
7 FAGA gzl AAR B

THAA 2AE ol &3 59 Aitd L8H= FAIES W= Table 329
ek FHAA AA Az drket S8 Alxe] AoHE HUbES WRERE FR
Az 2QE= AuE AL BH, Aol A9 10339, 2= A5 9139, FF
o] 9§ 542902 YeElsttt (Table 33). Aol #vi== 7154 589 7142 o
AZF 100 mL 9 500-15009 AEolmz E AAES 100 mLE 3HAE] w9

50-100¢ FEol2® w=Fu[el JAHH|E AtetEet: FAlA o]l vkl ddE

Table 32. Cost estimation for beverage processing with deodorizing activity

Material Unit price (Won/kg) Amount (kg) Cost (Won/kg)
Deodorizing
material from 8,675 0.06 520.5
apple
Deodorizing
material from 6,675 0.06 400.5
grape
Deodorizing
material from 5,775 0.005 28.875
lettuce
Ascorbic acid 18,600 0.02 372
Maltodextrin 1,500 0.06 90
Sorbitol 850 0.05 42.5
Water 10 0.82 8.2
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Table 33. Cost estimation of prototype beverages with deodorizing

activity
Products Unit price (Won/kg)
Apple beverage 1033.2
Grape beverage 913.2
Lettuce beverage 541.58

Y. FHAYA TAAR G BAL A

TN Ak 285 = FAIES] ©@h= Table 34
of ol FHAA A Az d@rret FHAA A Axo] 2F = HUME wWrtz
5 A ¥ AuE Axs B2, A FAARd AEA
FoEE ¥ 250 mLE Vo ® 3w Abn fEle] AN 36375901
o, ¥EE 33398Y 23 AFE 24107902 AsEAT (Table 35). ©l& AA

k)

e n Qe FAAG A A 200099 oF 15% el SR FAlAel
ATkl AhE o
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Table 34. Cost estimation for processing of prototype mouth rinse with

deodorizing activity

Material Unit price (Won/kg) Amount (kg) Cost (Won/kg)
Deodorizing
material from 8,675 0.06 520.5
apple
Deodorizing
material from 6,675 0.06 400.5
grape
Deodorizing
material from 5,775 0.005 28.875
lettuce
Ethanol 5,000 0.16 800
Glycerine 3,700 0.02 74
Benzoic acid 1,500 0.001 15
Saccharine 8,600 0.0052 44.72
Menthol 7,600 0.001 76
Water 10 0.758 7.58

Table 35. Cost estimation for processing of prototype mouth rinse with

deodorizing activity

Products

Unit price(kg)

Cost(Won/250 ml)

Apple mouth rinse

Grape mouth rinse

Lettuce mouth rinse

1455.9

1335.9
964.28

363.75

333.98
241.07
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o FHAAA A FAY 4

THAA 2AE o] 8T A Aol x8¥E FARY Wrhs Table 369 2
ot FHAA 24 Az drkek A Axo] 2eHE HMEY WrlERH A
Aol 285= WS Adte] Zd, Apbrpde] e l7bs 150189901910, 2=
2= 1,381.7890 @Al AFgEE 101016902 A AT (Table 37). o] A
A e 744l 700099 °F 20% °f HAowA FiI AAel 9

7. ey e AFE e AERE Gy FHAA BAo] v
=

Table 36. Cost estimation of prototype jelly processing with deodorizing

activity
Material Unit price (Won/kg) Amount (kg) Cost (Won/kg)
Deodorizing
material from 8,675 0.06 520.5
apple
Deodorizing
material from 6,675 0.06 400.5
grape
Deodorizing
material from 5,775 0.005 28.9
lettuce
Millet jelly 850 0.8 680
Agar 25,000 0.012 300
Water 10 0.128 1.28
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Table 37. Cost estimation for prototype jelly with deodorizing activity

Products Cost (Won/kg)
Apple jelly 1,501.80
Grape jelly 1,381.78
Lettuce jelly 1,010.16

. FAAA A BAY 24

THAA 2SS o o] Aate] 2% FAES @k Table 389 2
o FHAA A Az drkek Y A Zol = H7bEe @R RFE Y9
Az Q%= AuE Axts] 2d Aol Al el == Fl 300gS 7]
For T u Al#Adne Yyt 33255909ow, xeAeE 296559 18] Al A
SaE 185.079 0% AAE AT (Table 39). o] AA A = Age] 7}
o

z =
A9l 400099 o 10% o FHAowM F23 Al ek wrEel AT,

1l

Table 38. Cost estimation of prototype candy processing with deodorizing

activity
Material Unit price (Won/kg) Amount (kg) Cost (Won/kg)
Deodorizing
material from 8,675 0.06 520.5
apple
Deodorizing
material from 6,675 0.06 400.5
grape
Deodorizing
material from 5775 0.005 28.875
lettuce
Millet jelly 350 0.355 301.75
Sugar 800 0.355 284
Water 10 0.226 2.26
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Table 39. Cost estimation for prototype candy with deodorizing

activity
Products Cost (Won/kg)
Apple candy 1108.51
Grape candy 988.51
Lettuce candy 616.89
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A8 A T3 AA B T4 AA

7t AERdS 100 go FAIE 2o} waring blender (HMF-340, Hanil, Korea)©l
0.IM phosphate buffer (pH 7.4) 100 mL #H7}ste] 587 #dA 71 & 3087 W
A8k 4CoA W AAEY 7] (SUPRA 30-K, Hanil, Korea)E ©o]&3to] 15000
rpmel A 303 Al Eete] A FEds xEL FEFHOE sto] AP AHE

s,

U, geld A

gz o] AL hovine serum albumin FE @A S AFREl] LowryHo®E
SAsA @d Sdol SRS H7beke] 1 mL7F HA & §F Lowry ®ES8
S 1 mLE H7bste] A0 A 2083 WSS A]ZIt} Folin & ciocalteu’s phenol
NS89 05 mLE A7 F, 3027 WA F 750 nmel A FHEEZ 245

my)
=
Y,
5]
MN
oo
12
o
fru
=
rln
o
ol
r>~
&
=
=
ol
ol
an)
=
Y,
o
ox
ol
ol
ol
2
=

t}. Ammonium sulfateo] 93+ &8

Polyphenol oxidase Z& Ao ammonium sulfateE 25%~75%° *Estiez F
sl wakstE A H7bsto]l 4TolAM st Eot WAANA dds HEAZY. 4
=d @S 10000 rpm, 4TelA 3027 dAdEste] 2 FHES 0IM
phosphate buffer (pH 7.4)° dAEA A 408)2] < bufferdl A F49 (MW cut-off:
12,000 supelco, USA)E ©|&3to] aFF4HhE<t bufferg wdstHA F24& st oh

K

2}. Gel chromatography
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249 AR zEads EAgRz ReA7] g8 A azvEadgds P
A =271L &3 2oL 01 M Phosphate buffer (pH 7.4)Z w2 H A7
-200 HR gel filtration column (2.6x100 cm; Pharmacia Biotech, USA)
S loadingslte] Y HdEgHoF AH 25 mL/hre] FEH5o2 &3

AZAL, 1829 2932 10 mL=2 shlth

’

Sephacryl
o vl

oltom

v}, Ion-exchange chromatography

[e) H 3] =0 =~ 5 3
< B85S Bol w53 24

2 ARvtEadgaz ZAS £3 F Ao =
S 0.1 M phosphate buffer (pH 7.4)% w]g] H¥ 3} A7l DEAE Sepharose fast flow
ion-exchange column (1.6x40 cm; Pharmacia Biotech, USA)°l loading3}¢] NaCl<

0 Mol A 05 M7 sE7uE WEo] 10 mL/min®] f50% 2ELe §54

ZAa, NaClel wxw 25709 && woton E3ze 10 mL2 stdv. AA ¥
‘)r% ARE F FAo] & FRES 3 01 M phosphate buffer (pH 7.4)WH ol A
FA5le] g429S 48 7 AAgTH

v, 4719 % (SDS-PAGE)

SDS-PAGEE= Laemmli9] W oz 100 Vo AALGA ATt #2 gel
75% gelS AFE3FE L, 114 gel2 5%9 gelS AMEdlgom, 13 FHHS 20 1
2 3ttt

—

2. 247 2 nF
7}. A3 22 E polyphenol oxidased A Al

Aol A polyphenol oxidaseE g Alsto] thg-2F o] YERNITE (Table 40). ¥
A ammonium sulfatet™ 25~75%<] &dEolA Fiol FAHS AT = ATt

0~25% ¢ 75~100%¢2] X3 =oM= w49 FAlo]l yelyA &9kt Sephacryl
S-200 HR column¥ DEAE Sephacel ©¢|2FA& £33 A total activitys
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66,700 unit/mL <]

AE ddow specific activitys HZE AAZS A jr 176.5
unit/mg® WET AA @E sk 2200 megolA HEAAES AR F 68 mg
o7 Yetwth =& 18%E YElyrom, 5839 purification foldE <At}
Table 40. Stepwise purification results of polyphenol oxidase of apples
Specific
Total Total . . .
o ) activity  Purificatio  Yield
Step activity protein .
] (unit/mg n fold (%)
(unit/ml) (mg) .
protein)
Crude extract 66,700 2,200 30.3 1.0 100.0
Ammonium sulfate
(95-75%) saturation 40,000 1,080 37.0 1.2 60.0
Sephacryl S-200 HR 14,500 191 69.8 2.3 21.7
DEAE Sephacel 12,000 68 176.5 5.8 18.0
Ald}o| Al =3 polyphenol oxidase?] 2 A RvlE2HIE HAAS A3 379
T8 WA peakE 280 nme| JGoA &l H i (Fig. 52), 1 T 28A ]
B peakol 4] polyphenol oxidase®] &

e Seletg

h4
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Fig. 52. Gel filteration of polyphenol oxidase of apples on Sephacryl S-200
HR. flow rate : 25 mL/hr, 10 mL/fraction.

A o3 ARMEIRIE A o] gle dMdS AT $ v53te] DEAE
Sephacel ©]& Fxo] Fds A b3 22 Z37F Yelyth (Fig. 53). DEAE
Sephacel ©o|2FXE o]&3lo] NaCle HETFulES o] &3te] @iz o oAV
o] g3te] EAho HAE Fxe Ay 3Me T2 WA peakE & Uil 3

2 peak NaCle] H=7F 0.0 MollA g7 o] Folxom,
T WA peakE ¢F 0.1 M NaCle] Exo|A 27t o]Folxom A WAl peak:
°F 0.3 MelA 27t olFAS S 1T F AMrh Al A peaks ol A

polyphenol oxidase®] A4S Hol:= peak:E 3 WAl 0 Mol A YES:
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Fig. 53. Ion-exchange chromatography of polyphenol oxidase of apples on
DEAE-Sephacel.

HE=AAZE AR Atz polyphenol oxidase™ 7.5% polyacrylamide gel #7194 %<&
o] &3} polyphenol oxidase®] ®#A#HS AAIIG N, 2 A= oS3 o] YEY
t} (Fig. 54). i+ @@ e vuwgE SalA A2 polyphenol oxidasex ¢F 4

kDa®l ®A#%E 7h vl wmdE o] Fojxl o ey

(e)
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1

116 kDa

97.4 kDa
84 kDa

e
55 kDa ;

45 kDa

36 kDa

Fig. 54. SDS-PAGE of PPO purified from apples.

Lane 1 contained molecular mass markers of galactosidase (116 kDa),
phosphorylase b (974 kDa), fructose-6-phosphate kinase (84 kDa)
albumin, bovine (66 kDa), glutamic dehydrogenase (55 kDa) albumin, egg (45
kDa), glyceraldehyde-3-phosphate dehydrogenase (36 kDa). Lane 2 arrows
indicate the PPO position (around 40 kDa).

Y. EX 2 8¥ polyphenol oxidased] & A|

EZo A 73 polyphenol oxidaseE A#|$+ A3} Table 413 22 235 A
AANAAS SAA a2 hANA A3 specific activity Z Tl oF 7]
ol ¥ A4S 28l 19%2 &5 st AAFTES 7002 e

wkal, HSAAAI F 20,000 units: AATH

Of
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Table 41. Stepwise purification results of polyphenol oxidase of grapes

Specific
Total Total activity ~ Purificati  Yield
Step activity protein (unit/m fol (%)
(unit/ml) (mg) mg  on o d ?

protein)
Crude extract 105,000 2,000 525 1.0 100.0

Ammonium sulfate

(95-75%) saturation 90,200 1,540 58.5 1.1 86.0
Sephacryl S-200 HR 36,000 144 250.0 4.8 34.2
DEAE Sephacel 20,000 54 370.0 7.0 19.0

Sephacryl S-200 HR columng ©]&3}e] E oAl FZ3F polyphenol oxidaseZ

A

A dz L 23 2709] peaks £ 4 A2w, Fig. 5501 WERHAT F
el &

Me] peaks ol A 3 HA L] peakol A =
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Absorbance at 280nm *=—=
FPO activity at 420 nin =—=

(M)

Fractuon numbe

Fig. 55. Gel filteration of polyphenol oxidase purified from grapes on
Sepharose S-200 HR. flow rate: 25mL/hr, 10mL/fraction.

Columnoll A #e]gh @il ds Rolx F53 F NaCl w2+ HE g o] 2u sk
A5 A dude ZFgE Arstel 1 ZA3E Figo 560 WERATH
DEAE-Sephacel o2l ul
4 peakEs T3 WAL, 02~03 M Atolol A 2719 peakEs EEletR o™, 04 M
o] FEolA &FHojz 4 A peakoll A polyphenol oxidase®] &4& &3 5 3
2t} o2 Ea) EXo| EA3E polyphenol oxidases] o] %E

S >~
9+ Ak
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Fig. 56. Ion-exchange chromatography of polyphenol oxidase purified from

grapes on DEAE-Sephacel.

7.5% polyacrylamide gel 7195 S ©] &34 polyphenol oxidase ¥A%& =43t
R, 1 AF}E Fig. 5791 YERATh X @ d e nuE FElA Xl
polyphenol oxidase= ¢F 36 kDa®] A4S 7F @Y dwdz o]Fojxl oz

ks
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116 kDa

97 41kDa
f4kDa

66 kIa

S5 kDa

45 kIa

36 kDa
PPO

Fig. 57. SDS-PAGE of PPO purified from grapes.

Lane 1 contained molecular mass markers of galactosidase (116 kDa),
phosphorylase b (974 kDa), fructose-6-phosphate kinase (84 kDa)
albumin, bovine (66 kDa), glutamic dehydrogenase (55 kDa) albumin, egg (45
kDa), glyceraldehyde-3-phosphate dehydrogenase (36 kDa). Lane 2 arrows
indicate the PPO position (around 36 kDa).

t}. 432 H polyphenol oxidased A A

*3=2] polyphenol oxidase?] AAE AA3 Ay= Table 420 el o)
ABAGES EsiA 116%Y &S dJoem 1006.7 unit/mge specific activity=

=

ol

ot
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Table 42. Stepwise purification results of polyphenol oxidase of lettuces

Specific
Ste Total activity Total protein activity Purification Yield
b (unit/ml) (mg) (unit/mg fold (%)

protein)
Crude extract 520,000 3,830 135.8 1.0 100.0

Ammonium sulfate

(95-75%) saturation 380,000 1,220 3115 2.3 73.1
Sephacryl S-100 HR 183,000 400 4575 34 35.2
DEAE Sephacel 60,400 60 1006.7 74 11.6

Hajo] el peakoll A polyphenol oxidased &4S ettt (Fig. 58).
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Fig. 58. Gel filteration of polyphenol oxidase purified from lettuces on
Sepharose S-200 HR. flow rate: 25mlL/min, 10mL/fraction.

S| 7S 533o] DEAE Sephacel &
= = 2 AYE FAsdn
(Fig. 59). DEAE Sephacel ©]2u3t5+2E 34 3719 peaks w&lstlal, WA
NaCl 0.0 M®] F%ollA peakE welatdom, 0.1 M| Fx=elA 18]i 0.3 Mo &
Lol M peaksS EHAZ = AT I F polyphenol oxidase®] &4 o] yERH peak
= F WHACA e peakoll A A& FolE F UfUT) o] ANE EdE F

of 1 2]k polyphenol oxidase®] ol %=+ ¢F 0.1 Melgtal A3t

il
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Fig. 59. Ion-exchange chromatography of polyphenol oxidase purified from

lettuces on DEAE-Sephacel.

Gel chromatography$}t DEAE Sephacel columns £3] HZRZAE AZ E%9
polyphenol oxidasetx 7.5% polyacrylamide gel A7]19%& ©]&3}e] polyphenol
oxidase W AI#HS ol oy, 1 AXE eI (Fig. 60). ¥ wld 3ol H]
WE FIA dF9 polyphenol oxidase®] EAF2 oF 55 kDalZ AAHIUT &
A A FdolA E2] 3 polyphenol oxidaseel A Aol7 U o] f=
Zkzkol #F Aol A o= Ay AdHm ot AIE EviE A
) Fgojt} A9 polyphenol oxidase® 30~60 kDa A X2 WH$jol| A Atkalgdct.

r

e
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116 kDa
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84 kDa
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S5 kDa PPO
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36 kDa

Fig. 60. SDS-PAGE of PPO purified from lettuces.

Lane 1 contained molecular mass markers of galactosidase (116 kDa),
phosphorylase b (974 kDa), fructose-6-phosphate kinase (84  kDa)
albumin bovine (66 kDa), glutamic dehydrogenase (55 kDa) albumin, egg (45
kDa), glyceraldehyde-3-phosphate dehydrogenase (36 kDa). Lane 2 arrows
indicate the PPO position (around 60 kDa).
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Fig. 61. Effects of pH on polyphenol oxidase activities from apples.
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Fig. 62. Effects of pH on polyphenol oxidases activities from grapes.
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Fig. 63. Effects of pH on polyphenol oxidases activities from lettuces.
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Fig. 64. Effects of temperature on polyphenol oxidases activities from

apples.
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Fig. 65. Effects of temperature on polyphenol oxidases activities from

grapes.
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Fig. 66. Effects of temperature on polyphenol oxidases activities from

lettuces.
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Table 43. Substrates specificity of polyphenol oxidases from apples, grape

and lettuces

Relative activity (%)

Substrates
Apples Grapes Lettuces

Monophenols

para — Courmaric acid 20 20 197

Ferulic acid 13 24 255
ortho—Diphenols

(+)-Catechin 28 64 1200

L-DOPA 130 40 260

Chlorogenic acid 50 38 193

Caffeic acid 97 287 807
Polyphenol

Gallic acid 262 830 860

Zo] 99 s F40l23 WA polyphenol oxidases] BAL Asek AshA

o 3k gt dolH ] 3 1 mMe ascorbic acid, sodium hydrosulfite ~28] i

citric acidZ ©]&3to] A} polyphenol oxidase®] &S =Aa] ¥kl Ascorbic
acid®] H7b= At g4 AAE HrrekA] Zks we] &4 v o
50%°l3l7HA] A& FA3 TFaA7e TS A Th E3 sodium hydrosulfite s

Ak Mol magge A8 et g
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Fig. 67. Effcts of metal ions and inhibitors on the activities of polyphenol

oxidases from apples.

2) ¥ polyphenol oxidase?] 5% % AFHA|9 4
E o A9 polyphenol oxidase?] =& 2 A3AS ko] Uit AFAFE=
Fig. 6891 Jelg vk 35499 v%& 770 10 mM9 =2 A 24 Cu™'H
bl s dAdol M =% ouﬂ Febﬂﬂ‘?oﬂ’\ib 247 o] duiAo® vt £
u Sgse = F5ol23 ¥4 polyphenol oxidased XS A= A & Aol
3l geks dolH ] Y3 1 mME ascorbic acid, sodium hydrosulfite 2]l
citric acidE& ©]&3te] X% polyphenol oxidase?] XS =A3] Bt} Ascorbic

acid®] H7h= AMate] BA8A AsAlE HIbskAl FokS W &4 3 vlus]E o

50%0°l8t7kA] & w438 A= 982 e, dAder & wf Al
& A7teksle wWe 2242 5012 HVMAIEY WA SAE A

156



min)

400

300

200

10} = T —

PPO activity at 420nim (unit

] ] ] ]
l*'li['lz l"f{‘d [‘l.l".'lz 1’.‘:{1: Aseonrbic Sodimn  Ciirie add
aciid hvdrosulfite

Fig. 68. Effcts of metal ions and inhibitors on the activities of polyphenol

oxidases from grapes.
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