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SUMMARY
I. Title

Development of Minimally Processed and Refrigerated (MPR) and Health

Improving Salad by Non-thermal processing
II. The Objectives and Importances of Research

Consumption of minimally processed vegetable salad has increased in recent
years, partly due to its nutritional value and presumed beneficial health effects.
The convenience of shredded, packaged vegetable salad consisted of several
kinds of green vegetables such as lettuce benefits to consumers provides the
industry with considerable savings in transportation and storage costs.
However, minimally processed salad vegetables are subject to microbial decay
largely caused by the growth of microorganisms originating from preharvest
environments as well as softening of texture and browning. Therefore, the
objectives of this study were to develop the optimal processing for extending
the shelf-life and improving quality of fresh vegetable salad in the marketplace
by chemical treatment(chlorine dioxida and citric acid), and to prepare the
vegetable salad with health improving effect such as antioxidant and

antiatherosclerosis activities.

IM. The Scope and Contents of Research

The vegetables rich in antioxidant activities such as DPPH scavenging and
Fe-hydroxyl radicals, were chosen for the preparation of functional salad. In an
attempt to evaluate the mixed vegetable salads with good antioxidant and

antiatherosclerosis activities were evaluated by the animal experiments.

1. Development of health improving vegetable salad and salad dressing

1) Development of vegetable salad :antioxidant

(1) Screening of vegetables among 52 kinds of commonly-consumed traditional
vegetables and newly-introduced western vegetables in Korea, by measuring



DPPH-free radical scavenging activity, the ability to inhibit Fe*~mediated lipid
peroxidation in bovine brain tissue and phenol content.

(2) Selection and combination of vegetables from screening data.

(3) Test of antioxidant activity by animal experiment: body weight, fat pad
weight, food efficiency, plasma lipid profile, TBA, carbonyl value, antioxidant
material contents (glutathione, [i-carotene), antioxidant enzyme assay(GPx, GR,
SOD), DNA damage by comet assay.

2) Development of vegetable salad : antiatherosclerosis
(1) Human plasma LDL antioxidant activity of vegetables
(2) Lipid peroxidation inhibition activity

(3) Test of antiatheroscleosis activity by animal experiment: body weight, fat
pad weight, food efficiency, plasma lipid profile, TBA, carbonyl value, antioxidant
material contents (glutathione, [—carotene), antioxidant enzyme assay(GPx, GR,
SOD), DNA damage by comet assay.

3) Development of salad dressing
(1) Development of salad dressing consisted of soybean paste and/or spirurina
(2) Quality and storage study of salad dressing

(3) Test of antioxidant activity by animal experiment:body weight, fat pad
weight, food efficiency, plasma lipid profile, TBA, carbonyl value, antioxidant
material contents (glutathione, [i-carotene), antioxidant enzyme assay(GPx, GR,
SOD), DNA damage by comet assay.

2. Development of non-thermal processing treatment technology

1) Establishment of optimal minimally processing & refrgerated condition
washing, cutting, dewatering condition

2) Establishment of Chemical treatment condition

(1) Microbial assay of raw salad vegetable: pathogenic bacteria such as E. coli
O157:H7, Salmonella typhimurium, Listeria monocytogenes

(2) Comparison of several methods of chemical treatments: chlorine dioxide,
ozonated water, and citric acid: D value, PPO & PG activity

(3) Optimum chemical treatment condition :combination of chlorine dioxide and
citric acid: treatment time, treatment dosage, cutting condition

(4) Application of development mixed vegetable salad

3. Study for commercialization of MPR vegetable salad
1) Nutrients analysis

proximate analysis, mineral and vitamin analysis of each nine vegetables and
MPR treated mixed vegetable salad

2) Storage study : Change of quality during storage



(1) Storage condition: 4 & 10T, 12 days

(2) Physicochemical qualities of each nine vegetables and MPR treated mixed
vegetable salad: weight loss, moisture content, pH, acidity, soluble solid content

3) Package material study:Change of quality during storage

(1) Each nine Vegetables and MPR treated mixed vegetable salad

(2) PET (polyethylene terephthalate)& BOPS (bisxially oriented PS sheet)
4) Establishment of shelf-life by sensory and quality test

IV. Results and Recommendation

1. Development of health improving vegetable salad and salad dressing

Fifty two kinds of salad vegetables were screened by DPPH scavenging,
Fe-hydroxyl radicals, phenol content, and human LDL antioxidant assay, good
antioxidant activities vegetables were selected and combined by 2 or more than 3
kinds of vegetables. Two kinds of combined vegetable salad consisted of 7 or 9
kinds of vegetables showing the best antioxidant activities based on the in vitro
assay, were prepared @ antioxidant and antiatherosclerosis. Moreover, antioxidant
or antiatheroscleosis activity of each prepared vegetable salad were confirmed by
animal experiments: Animal experiment showed that mixed vegetable salad
(antioxidant activity) diet containing high amount of antioxidant and free radical
scavenging activities, reduced body weight and body fat deposition, elevated
antioxidant materials(fi—-carotene and glutathione), and antioxidant enzyme
activities(GPx and SOD), and protected lipid peroxidation by TBA, and DNA
damage by comet assay in mice. Base on these results, our vegetable salad
exerts degenerative disease—protective effects on oxidative DNA damage possibly
via a free radical levels. Also, antiatherogenesis vegetable salad diet showed 1)
improved plasma lipid profile and decreased atherosclerotic index; 2) increased
antioxidant activity; 3) reductions in protein oxidation damage and; 4) reductions
in DNA oxidative damage associated. it is suggested that mixed vegetable salad
could be considered as a functional salad for preventing risks of atheroscelerosis
and may recommend that daily consumption of mixed salad vegetables should be
included in the diet.

2. Development of non-thermal processing treatment technology

Optimum condition for the non-thermal treatment to improve microbial safety,
and to keep freshness during storage of minimally processed and refrigerated
(MPR) salad, were established by using combination of aqueous chlorine
dioxide(50ppm, 5 min) and citric acid(1 %) : Aqueous chlorine dioxide and citric
acid treatment was introduced to insure microbial safety of minimally processed
and refrigerated (MPR) salad. Salad samples were treated with 50 ppm chlorine
dioxide and 1% citric acid. Chemical treatment decreased total aerobic bacteria,
yveast and molds, E. coli, and Listeria by 3.75, 3.47, 3.41, and 3.38 log cycles,
respectvely, and polyphenoloxidase activity of MPR salad by 49.73%. Plain water



washing of salad did not effectively decrease microbial growht. These results
indicate appropriate chemical treatment provides microbial safety and quality

control in MPR salad during marketing.

3. Study for commercialization of MPR vegetable salad

Nutrients analyses showed that two kinds of MPR vegetable salads contained
higher antioxidant vitamins and minerals such as Ca, Mg. PET for packaging
material was good for keeping freshness of salad. Shelf-life for commercialization
of MPR salad was recommended to be 2 days at 10 C, although good and fresh
quality was kept for 7 days based on sensory test.
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Table 1. DPPH radical-scavenging activity and inhibition of lipid peroxidation (TBA) of
methanol extract of forty five salad vegetables

Water )

English name Scientific name co(rl/z?nt Eztr(a(;’t;o E(g]r?tgcr)wlt DPPH ICso TBA
joasiache 110932 1sodon japonicus 815 267 43+0.1 32408  80.4+11.9
Arugula Angelica K|u3|ana 84.2 22.7 8.8%0.1 2.2+0.3 95.1+1.7
Beet leaf Eruca satlv.’;l 90.4 15.8 6.710.4 7.4+0.7 28.3+13.1
GCabbage, green Beta yulgans var _ 91.1 156.7 4.3+0.2 5.2+0.9 35.4+3.4
Cabbage’ red Brass!ca oleracea var camtgta 91.7 12.4 1.6+£0.2 17.6%£8.2 14.8+2.4
Celery ’ Bre_158|ca oleracea var. Capitata 91.9 12.1 5.7+0.1 11.5+£3.2 54.14+7.2
Cherry tomato Apium gr.aveolens spp 85.9 30.9 2.4+0A1 8.1£1.4 35.0+6.5
Chicory, red Lycopgrsmqn esculentum 93.8 58.6 3.5+x0.6 33.6%7.8 36.7+5.1
Chicory, red C!chor!um !ntybus 93.2 31.4 1.6+1.2 4.6+1.4 18.3+2.7
Chicoryy witloof C!Chor!um !ntybus 90.6 22.7 3.840.3 5.0£0.8 32.6+2.6
Chinesé cabbage CIChO.I'IUI'T’I intybus .(green) 93.2 21.8  4.440.2 6.7+£0.9 64.5+1.5
Chinese radish. lobo Brassica campestns 94.2 50.0 3.4+2.3 47.4+17.9 10.6%x1.6
Cos lettuce gryeen Raphanus s_at|vus 94.2 23.8 3.1+0.2 8.0+£0.8 15.6+6.0
Cos Iettuce: red Lactuca sat!va var 94.2 22.0 4.2+0A1 10.4+11 70.9+5.2
Dandelion Lactuca sat|va_ var ‘ 94.0 20.1 4.7+0.4 5.8+0.8 18.3+1.3
Dill Taraxacum officinale Wiggers 84.6 23.1 8.8+0.1 0.4+0.3 88.8+5.6
Endive Anethum gravep]ens 97.5 22.3 3504 5.940.8 35.5+1.1
Grumoro C!chor!um Qndlwa var 92.6 23.2 4.2+01 4.8+0.6 74.4+3.8
Kale Clcho.num intybus 90.0 23.9 5.11+0.5 4.9+0.6 25.3+3.4
Kale, green Brass!ca oleracea var. acephala 89.8 30.3 3.4+£0.2 10.9%0.1 19.3+£5.8
Kale‘ red Brass!ca oleracea var. Acephala 91.0 16.3 5.5+0.1 4.5+0.6 84.3+7.1
Kale’ Scotch Brass!ca oleracea var. Acephala 90.4 25.6  3.3%0.1 7.0+0.7 20.3+5.9
Laciﬁiata Brass!ca plerecea var. ac'e.phala 90.8 20.2  4.6%0.2 5.310.1 77.0+x1.4
Leaf broccoli Brass!ca juncea var. Lacm|a_ta 91.2 24.3 3.6+0.3 8.1+£0.5 4.8+2.8
Leaf lettuce, green Brassica ole_racea var.botrytis 88.8 17.3 4.8+0.1 9.5+1.5 36.4+8.3
Leaf Iettuce: red Lactuca sat!va 93.4 25,5 5.7£0.1 0.8+0.1 72.1+3.4
Lettuce, iceberg Lactuca sat_lva _ 92.0 20.3 4.940.1 0.6+0.1 72.9+1.8
Lettuce: Romaine Lacluce satl_va var. capitata 96.2 40.3 1.6+£0.2 52.1+2.3 6.4+2.7
Lollo Rosso Lactuca sat!va 94 1 19.2 3.7£0.3 3.5+0.2 11.4+£2.9
Mustard leaf, green Lactuga s_atlva 94.2 16.8 4.7+£0.1 6.5+1.8 54.0+4.8
Mustard Ieaf‘ red Brass!ca juncea 90.8 21.8 8.1+04 5.0+2.0 82.3+10.7
Oak leaf Ietfuce Brassica juncea 93.5 20.5 4.6%0.3 6.1+£1.9 33.2+8.6
Parsley Lactuca_satwa var 92.5 22.0 4.2+01 8.0+1.2 56.5+5.5
Perila leaf Petroselmum crispum ) 88.5 24.7 1.840.2 67.1£18.1 28.4+4.3
Radish leaf. red Perilla frutescens var. japonica 93.7 22.0 4.6%0.3 0.3+£0.4 84.7+6.6
Short—frui ’ Rhaphanus_ sa’uvus_ 92.6 22.0 3.3%0.1 7.1£1.5 47.7+9.2
Sugar loaf C_rypto.taem_a japonica 87.2 17.2  4.4+01 71+1.1 74.6+1.5
Tah tasai Chinese Clchoy|um |ntybus‘ ) 93.0 24.8 5.940.3 6.2+0.8 48.9+4.8
cabbage Brassma‘campestns var. narinosa 92.1 22.3 3.6%0.1 8.3+1.5 29.3+5.9
Teragon Tetragonia tetragonmdes 92.5 14.0 5.7+£0.1 4.3+0.8 67.7+5.9
Water spinach Ipomogaa aquaﬂca 89.4 149 7.3+£0.3 3.7x1.4 87.0+3.1
Witloof Cichorium intybus 89.7 20.6  6.4+0.1 5.1+0.4 3.0+£2.0
Trolox 0.066+0.006 94.2+1.4

0.048+0.002 93.1+1.6

Ascorbic acid
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Table 2. A= 229 LDL 34tsts

Ay eir 25 Conc.(ug/ml) Oxidative injury( % )
el x 250 11.0
Hlo} 250 13.7
CL13 250 13.7
AlA z 250 13.7
A A 250 15.7
KRS 250 20.9
H|E Q) 250 21.8
A= =2 250 40.12
HUE 250 61.2
278 250 745
A&7 =9 250 85.0
AL 250 115.6
= 7 A} 250 117.6
oF u} 250 121.1
Z o ~EF 250 125.2
A2 g 250 137.9
TR 250 142.2
2] 250 142.2
5~ 250 145.8
A 250 155.8
=9 250 156.2
500
400 | [
%, 300 — 1 1 1 [
=
@ 200 — 1 1 1 [
e
100 f H
) I:II:IDDH
N ; S 4 4 9 X % N
R I S &K
% % 2

Fig. 2. A¢j= 49 LDL 4tsts
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Table 3. 45 %<9 phenol &% % 3113

DPPH 1Cs TBA (%) T8 (%) S5 (%) Phenol (ug/ml)

A3 0.07£0.01¢ 0.61£0.19 91.97 20.33 4.64
445 0.08+0.00° 0.81£0.11 93.43 25.47 4.99
A2 058008 1.40+0.03 94.05 20.10 4.63
o 1.21+0.24° 0.5410.12 94.16 21.0 4.24
ZZEA 05320127 0.96£0.10 94.22 16.80 4.56
=2l 0.34+0.00" 2.11£0.30 94.08 19.23 3.98
FdF  539+0.08" 2.98+0.07 96.18 40.33 171
67 f

5 -

DPPH (mg/ml)
w

2 [
1 b ab a
d ¢ -
O | — | L | — | L I I I
HaE =S M3 A FIA EYERAN  2HQ SIS

Fig. 3. 45 #%%¥ DPPH ICs value
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)
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1) 45 AaF =3 DPPH ICx 54
Faele] A 4PBAN B wE FFsh ARl $5F AFUE,
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A, ZALS =3¢Ete] @ 7HA 2FHS vE §F o] 2359 DPPH ICx
valueE® =43 23 += Table 49 &

A7) mollAeh ol AAAFY HAFE Fatstso] SFEdon, EE A9
DEd, FAA, Ad, AduFE AdF 2= ST 44 EFEAS 9 3
Akshsel S7hE AT

Table 4. 459} AxF =3 DPPH ICs 574
el Aas 2 ANrzdd F o A & oAl &
DPPH ICso{lmg/ml) DPPH ICso(mg/ml) DPPH ICso(mg/ml)

A5+ 45 0.05+0.029 0.068+0.001 0.075%0.011
A F+ Y 0.1194+0.006 0.068+0.001 0.178+0.009
AdF+EAYA 0.142+0.005 0.068+0.001 0.628+0.007
AT+ 0.157+0.005 0.068+0.001 2.253+0.045
A o F+ 2 gl 0.157+0.010 0.068+0.001 0.64940.041
22 F+3 2 A 0.071+0.019 0.068+0.001 0.283+0.026
g+ e 0.14240.001 0.075+0.011 0.17840.009
AT +EAd 0.141+0.001 0.07540.011 0.628+0.007
2 5+ gl 5 0.171+0.009 0.07540.011 2.253+0.045
R R R RVl 0.157+0.005 0.07540.011 0.649+0.041
2 F+3 A A 0.090+0.005 0.075+0.011 0.283+0.026

A2 299 DPPH 1Cs =4

, S
aasel 1oAY
Tt FAA, Pob, AN, Fehrw, wARZE 4% 54 A TFo
whsgonz e a2 gAstel 45U rHTable 6). WE, AP,
A 2ol 5 FAsES e
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Z3e] DPPH ICs

Al x% ICs A= 23 1Cs Al x% ICs0
(& 1:1) (10mg/ml) (& 1:1) (10mg/ml) (M& 1:1) (10mg/ml)
Wrol+3 4l A 0.22 FRZ+ A Y 0.86 AR 2NN %2 0.03
Hroh vl £ 7 0.23 FIEZ+R S 0.29 2] Z+3 A A 0.03
Hhol+ Z2} ~ g} 0.39 IR EZ+H AR 0.71 AA 2+ 0.40
Hrol+al M 2 051 FAFR I+ A A 0.35 X ZItRE 041
Wol+ g AR} 052 FARZAM 2 055 2 x| 2+ AR A 052
Hpol+ A x| 2 057 IR IE A 0.83 AR+ A R 0.75
HWol+p7l 2 X 0.67 AR5+ A A A 0.95 A2+ AL 1.3
Wpob+ 2] g4 0.69 A+ A A LA 1.00 ME e+ AR 050
Wol+ A A Y 0.69 AR 2 0.61 MEH+FAY 055
EER R 0.11 AT E 048 AEH+S A A 0.14
S By RRSR R 05 AR+ A A 0.36 A= RIS 031
Zeh e+ T A A 0.15 AR Z+HAL 0.67 AAAAN AN 2 050
S R RO S 0.24 AN Z+3 A A 0.43 AAAA+ R AL 0.84
e B sl 0.29 AL+ A 043 AR+ A A 0.32
e S = 0.38
ot e A AR 0.43
Zetne gAY 045
Table 6. A2 =%< DPPH ICs
Au=afa =9 DPPEI}\Ié:(ng/mD Dpp}? ;Egjjé\_ng/ml) DPPH%IO(E;j(ig/mI)
N5 e + <l 041 0.18+0.00 2.37+0.04
W5 o+ A vl 0.29 0.18+0.00 0.65+0.04
ol 5+ A ) 1.19 2.25+0.05 0.65+0.04
FA A+ 0.18 0.28+0.03 0.18+0.00
T4 A+ gl 5 0.29 0.28+0.03 2.25+0.05
AL A+ A g S 0.27 0.28+0.03 0.65+0.04
Z2A D+ 5 0.83 0.63+0.00 2.25+0.05
ZALD+A S S 0.69 0.63+0.00 0.65+0.04
ZAL+NE 0.38 0.63+0.00 0.18+0.00
ZA L+ A A 0.29 0.63+0.00 0.28+0.03
oz 271A o] AH= AAhE st FAHI e o9
Table 73 2t Zzke] 23 FellA DPPH 2ttt 275 53 &2 CAl, 2
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3,4, 7 12, 17, 18 o] $F3st oy TBA A& #ikst oJA=do] & 2, CAl, 2,
3, 4, 125 Al&1g CA7, 17, 18372 DPPH &tz 2AGY AAAssd A g o]
$ SRt F, A5 AYS 2FOR CUHARL+BELAF

A

/g
DA, CLT(BRZAY 254 P 53 A+ 24 2 2 5wl S+ 27

3

[e)

o

_l

PR, CIR(AA T+ AN 2+ Fep e g g Fr g u R

g2 Ab)o] DPPH 2tz &~71% 2 TBAol 23 A& 33k3l oA o] uj

Table 7. &4kst 7164 AYE AxE 98 AYs AL 3o B2 FAiksts

No. AYe 23 52 (2 LD B
CAl AHAX+EZIZAYEZ I+ 5+ 2 Gl 3 0.20 11.72
CA2 EREAHYEZ I+ A Gu S+ A +a1 02 0.18 4.65
CA3 Adz+A&ANEH+FAA+ZAL+HFF 0.07 45.44
CA4 AR Z+2AERNE N+ A+ 5+ 2 Gl 3 0.18 9.88
CA5 Al X Z+ZAL+ L2 T+ F A A+ 2 gl 5 0.25 5.81
CA6 AF+ERZZA+A A2+ EREH+YEZ 2 0.31 19.86
CA7 HIAZ+EZZA+FTAA+EAL+HEF 0.15  64.63
CA8 HAF+A I F+TAAM+=AL+2 5 0.25 18.12
CA9 AHAX+EZZAAANZ+AENEU+LEZ TS ENE 0.39 63.66
CAI0 HAF+A S F+T AN+ ZA L+ A G F+ L EEE 0.32 15.31
CAll wWE+dop+ A A+ A FF+ AL 0.20 63.88
CA12 HAZ+ANMz+0 S +3 A A+ Z b} 0.17 43.28
CA13 FT2e+ WS+ A4 A+ A X 2+ 2 4 0.25 34.57
CAl4 722+ A4+ A AL+ S+ 4 A 0.34 37.48
CA1S A A z+H X Z+p7} 2 E+F e} ~Ep+ 1o} 0.31 24.78
CA17T EZZZAYER I+ Gl F+F AN+ AN 2 +H 3

PRS-+ RAL+HGF 019 8875
CAlI8 ARNZ+ANZ+AEY+FAAN+Z A+ ZAAF+geax 0.22 82.31

71 AdA-E CA 7, 17, 189 AMaToe AFSE4Y A a5 =7tse
A2Q), FAA, BERE, Fepreh, 402S GE AL gHste] Aol BA @

A3 Table 894 ¢} o] CASW (R E+AIA Z2+4 44 F+11

=9+
viel+zA A+ 4 E2A )] DPPH eheld 2750 A @sptstel Aol $5ahgm
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T3 LDL &4kslso] $-¢3 HE AlAdzx WS, A4t 239 289 CA2S
& HTHoz It 7eAg Y= AT e duk Aysg FAAFE
ZIEo R sho] uhak AE agste] AHE AiE 2eete] oAt =g vHEll
c}.
Table 8. 714 AH= i =%
A=z} ICs (mg/ml)  TBA(%)
P eI EoLE A 27 24 )
Control +H|E}+& 32 ~+3 9 0.30 69.1
M&E5:4:1:2:1/2:1:1:1/2:1)
M E A 2GRN B B2 B SR AR R Q)
CA25 +ZAL+HEAY 0.17 86.2
M&2:2:2:2:2:2:2:1:1)
i
sl 7leA AY=
LAz A4A 9 A=A A HY
JAY7F &% 5 T Raud Az 2 FAHI gaksts HrE Tl AA S
A APAGe] AH=ZF F 2 g d5Pd Ays 23S AEsiAdnt
7F dsAy=e A
Ay =] gatslgde ths Me= z3te] u)ste] phenol 33 DPPH oz
2A% 2 TBAYS o] &3t A4 kst A8 S S4 st DPPH &vlZd & A
T2 DPPHE EtOHe| I A X3 & Ay=Asr 5244x A58 ez F5
F%ete] 849 02 mLe DPPHE Y 08 mLE ¥a & &3 F 3087 44 &
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o 517 nmel A FHEE FAsAh A A qAge Ax FEHAN & Holg
A3l A7l 3 TBA/TCAS 91 ve A17] & 535 nmoll A &3 %

pseise] 2ge A4a) N9 A A AdEe Aadvd £7%3
TBAWol 93 & sl oAl =AHsAut. Zi= Table 103 FowH
DPPH =tz &itslzo] & AH=ZFoZe HE, AXx Ad5F WEd, 3=
2 BEEAL 2Rl EAY, AEALS &3t CA25 salad’t €53 =g A4
kst JAAE G4 CAZ salad’t 7H4 Eskth 7 ggomE HE AXx #4
F, WUEd, 3, Ay, I, AAAYE =F3 CL13 salad’t =2 ditshss
7HA = AL gtk 12l8ke] Table 113 2 2oz datsldei=s HAAs
t}. Table 12138 AAE Azt =o AutA R L7248 BAs 2zo|t)
Table 10. o1& 7}A] AH= x3 o] itsts
Conc.(10 mg/ml) DPPH ICs (mg/ml) TBA (%)
CA?24 salad 0.3000 69.4
CA25 salad 0.1700 85.8
CC11 salad 0.2300 82.1
CL13 salad 0.1900 83.7
Vitamin C 0.0048 94.1
Vitamin E 0.0153 425
Table 11. &2t e =9 =3
H| E e HaF DI Seh YIA EERAL EHQ Z2AY HEAY
2 2 2 2 2 2 2 1 1
Table 12. &tz e = o] AukAd i (per 100g edibe portion)
Energy Moisture Protein Fat Non-fibaas Fiber Ash
(kcal) (%) () () (g) (g) (g)
27.18 91.26 2.38 0.06 4.24 0.87 1.19
Table 13. g4tstAz =9 F7|4 (per 100g edibe portion)
a n e Na g
(mg) (mg) (mg) (mg) (mg) (mg) (mg)
165.88 0.41 2.65 43.00 27.68 389.71 0.004

U FeAsAy=e 44
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Aol geumde Alde ¥4 S5 LDL #ditsles SAste] AAsiasd
LDL3 el s2 PBS ¥, Cu® &9, LDL cholesterols 2-& 219 cello] z+7he] 7
S FEY ALFHAE Y g A F 234 nmell A FHEE S48 A

et A= 23s AASH] Slal oA HA AL Ag 4 S LDL
dikstsE SAsAY. A¥d= Fig 7% #Zom LDL d4bstso] -atid Ax

oz g

ol of\
=3

1)

500

300

LDL IC50

200

0
HAAAY APz g3 TAA got E¥2A  Ad=z FUE HeuEd HAZ HES CL13

Fig. 7. a8 71A a9 A &% 5 LDL @d4tsls vy

Table 14. FsW st AHq =] =%
HE MMz Ao s 3 A g % s} A2 A e
2 2 2 2 2 2 2 2
Table 15. ¥4 & (per 100g edibe portion)
Energy Moisture Protein Fat Norfiberaus Fiber Ash
(kcal) (%) (g) (g) (g) () (g)
2774 90.88 2.30 0.05 4.47 0.84 1.46
Table 16. F71& (per 100g edibe portion)
Ca Zn Fe Na Mg K
(mg) (mg) (mg) (mg) (mg) (mg) (mg)
235.65 0.72 1.82 105.60 40.88 433.16 0.003
. 29 Fy H7F AH=sdg Ao A
kst o] =4S gtFo] 7SS Fostal sdd Ygutd 2= AR FolA
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k)
oX,
o
>
BN
o
. J
off
b

S

= HSAAE B W wee AASAT. £ A

= cegel AEE suRe srel We) £ BEPAE B3 2YsAh
FAsgol 2HE BFo] J5HL Rolshu FEele Qo] B AR FolA
4, g, ANE A9SE, AR ez o Az A7 vEs 2
WA deEEd e Az F BEEAE Bd A7 wee Agsdc £ A9
= = Table 177 %

o] A4
A Aol

Table 17. 223 F 2]} 7t AH=cdde] A&

(%)

corn oil egg, york mustard onion water S(S;Z?gn sucrose

27.55 0.01 0.001 5.51 5.51 11.02 16.53
soybean . ..

saUce vinegar sesame pepper salt spirulina total

1.65 22.04 8.26 0.55 1.10 0.28 100

Table 18. =¥ F& v} A7} A=A JIFAdE (per 100g edibe portion)

Energy Water Protein Fat Carbohydrate Ash

() (%) () (g) Sugar(g)  Fiber (g) (@)

376 35.3 5.3 32.8 19.0 5.0 2.6

Minerals Vitamins

a Fe Na K 7n Mg Niacin =~ _~, Riboflabin
(mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) Carotene (mg)
123 69 05 865 130 0.1 18 0.4 1.139 0.13

D AR 2 Adeseyge] wgh

o AgetGith EE, BHENRE), FAE), HFHAY), BB, I
o FuubAA Tl AHgSA L, 29Tt AT DICA AES A
o,

i
e
rlr
>
o
5

—
&
L
n
2
=

= AN AT ¥Ry s =g
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Tablel9. Ingredients ratio of spirulina salad dressing (%)

Ingredients Sample 1 2 3 4 5 6

corn oil 27.62 27.61 27.59 27.55 27.47 27.32
egg, york 0.01 0.01 0.01 0.01 0.01 0.01
mustard 0.001 0.001 0.001 0.001 0.001 0.001
onion 5.52 5.52 5.52 5.51 5.49 5.46
water 5.52 5.52 5.52 5.51 5.49 5.46
soybean paste 11.05 11.04 11.03 11.02 10.99 10.93
sucrose 16.57 16.56 16.55 16.53 16.48 16.39
soybean sauce 1.66 1.66 1.66 1.65 1.65 1.64
vinegar 22.10 22.08 22.07 22.04 21.98 21.82
sesame 8.29 8.28 8.28 8.26 8.24 8.20
pepper 0.55 0.55 0.55 0.55 0.55 0.55
salt 1.10 1.10 1.10 1.10 1.10 1.10
spirulina 0.00 0.07 0.14 0.28 0.55 1.09
total 100 100 100 100 100 100

2) A=A Az
w3 AR, A, —fﬁ—ir% d al
Electrical Factory Ltd)& 10%7F wwkAZHTh of 7]
AR ”“‘l%é AMAs FYeke _
F3l7t B 5 o] thaA] 387 J_’LL‘H = e = ZHJ‘ELE ALE-sFaiTh B

%, & A, = A'ES |55
A b o Az g vtad = A @7%}‘5/\1 7] Eii ﬂ‘ﬂﬂ‘?ﬂ’ﬂ =%
stk e ~FFEve vk & =HAd Hoksl HUbES gEste] (0, 0.07,
028, 0.5, 1.09%) =el4& A%t

ol

Az AH= =Ade B4 Hlo]AGBG) mL)d Ad= =44 50 g& ¥ 19
mm(id) ] plunger 7} 50 mm/s¢] £52 B4 ZAHAE THOZRE 5 mmY Z
ol 744 W2l 7} =& texture analyser(TA/XT2, Microstable Systems Co., England)Z
Abgstel TPAE SAstdlon, Zb Algvtt 63 v SAsAY. 54 202
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Table 202} -t}

HE= A 2% A= =44 50mL< &2 (MSB-2011D,
(F)CIRCULATOR)® 10%3F Wxgle] 228 10CH 20C7F HIEE 3 & HEA
(Brookfield Digital Viscometer DV I+, USA)Z Al&3le] 5% 7+Z4 o =

sttt

Table 20. Condition of texture analyser

Sample rate 100 pps

Force threshold 50 g

Distance threshold 0.5 mm®

Contact force 50 g

Pre test speed 5.0 mm/sec

Post test speed 5.0 mm/sec

Test speed 5.0 mm/sec

Strain 30%

Time 0.5 sec

Trigger type Auto 10 g

27 FYUE Hrs des =gAe 245 #4138 A3 Table 217 2
wE s FE} Wbl SHERE o402 ShshR0 (K005, L L

17 g Sl mske] 0.07% H7bES 2623 g, 0.28% H7bt2 27.77 g oIt 3%
Ao A Azd vlav|=ze] HEi= 182 g ooy, B A Axd A=
g el Aol Hlste] Ags] ke, o] 71¥¢ B 1(Chun & Song 1995)%t
o)t F3g A 2u Ry "] FUMESE FoH R Tt
121 (p<0.05), thaEwr e -0.28 1dl Hlste] 0.07% 7kt -.0.59, 0.28% F 7kt
-0.71, 1.09% H7be -0.82 ot A B AFHo|A A x3 wpoy=e] R
-438 ol om, E A Az AH= =g ade] A nlste] JI
ol 7]£9 X (Chun & Song 1995)¢} fAFE Aot ©@EAdL ~
ATFJ\%E H7bgh ol tixktol HlEte] mkow, HIMEF 0.28% 7HAl= 0.07% H
btk o ARl Aol 7 gl ot M bkl 055% 0174l A ol A7kl whek &
o] 0 7 oA THp<0.05). ETE 0.84 ¢d HEe] 0.07% FH7F2e 0.87, 0.55%
A7 0.89, 1.04% H7FES 0.920] %)
7 Fgy "t AEE =94 AEE 10C9 20C 2dste A Axes
Table 22014 ¢ 2t} 10TolA thxa9 H== 1600cP o] ew 20Tl A= 800cP
v 2E7F Fobdd weEt AxEE fAsTh 29 Ry Hukgs 9 gte Ax

r_..u

HE oX rlo O Ho | iz B3 ox
¥ >
>
o,
ol

m 32 rlo
rlr
=

J

lo



g =YY Axe 2Ry Aol 0.07%-0.28% 7HA = fol A AFeol7b Il
o a2y 29 Ry HJES SUHAA 055% T 1.09%E H7FeS "W dl
Zarel Hlste] HEe oA om Frhete] 247 1620cP, 1653cP o] AtH(p<0.05). 7]
Fo] HuH vlovlze] Ay AYs =R E=okon, ek B AFA A
Z% Ag= =g FEd vl =% (Chun & Song 1995 Lee & Song

)

Table 21. Textural properties of spirulina added-salad dressing

Spirulina(%) Hardness(g) Adhesiveness Spinginess Cohesiveness
0.00 23.17+0.64° ~0.28+0.08" 0.84+0.017 0.79+0.05
0.07 26.23+0.31¢ -0.59+0.00" 0.87+0.00° 0.81+0.01™
0.14 27.17+0.12° -0.59+0.00" 0.87+0.00° 0.82+0.0™
0.28 27.77+0.15° -0.71£0.01° 0.88+0.00° 0.82+0.01%°
0.55 28.13+0.06" -0.74%0.00° 0.89+0.00" 0.83+0.01™°
1.09 28.70+0.00° -0.82+0.01¢ 0.92+0.00" 0.85+0.01°

“Means in the same column with different letters are significantly different(p<0.05).

Table 22. Viscosity of spirulina-added salad dressing

Spirulina(%) 10C viscosity(cP) 20C viscosity(cP)
0.00 1600.0+0.0° 800.0+0.0°
0.07 1600.00.0° 800.0+0.0
0.14 1613.3+11.5 800.0+0.0
0.28 1616.7£28.9 800.0+0.0
0.55 1620.0=0.0° 813.3+11.5"
1.09 1653.3+5.8" 813.3+11.5°

“Means in the same column with different letters are significantly different(p<0.05).

Azs A= =g A #3¢A AL Pearce & Kinsella(1978)¢] Wy oz =4
AT =5 A

QAR ol 10mL Yol 587 941E 2 (UNIONSKR, ()3,
F(water phase)®] Hl &S o] Zo] 4&3te F3h

ES(%) = {(0.5T-X)/0.5T}x 100

& T : emulsion A& (mL), X : 23 442 &3 (mL)

)

HATZE 2As7] 93 A= =dA 05 g€ 10% glycerol(in  sodium
dodecyl sulfate, SDS) 20 mLZ 3]X3 & 2% Sudanlll 2 mLE 9 23}e] capped
vialel T3 AetA EE5ATE 2A12F A o] dAE AEE slide glass 9o =3
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pud

ste]l & v 74 (DMLP, Leica) o2 #
Z(Q600, Leica)S &t

A

55
)
-z
do
lo,
2
of
12
o,
53
i
i,
b
o
>~
>

suFet A7 A=A 8 a4y 2@ Ash, Table 2391419 o]
Z2 40%0lR o A9 FEy H7hr 0.07%-1.09% EF 40%= dxza 5
Aste] v T Arbgol FagAel e FA @gvh AW vhay

2}
=9 3} AL 90%ol o g =9ko 1} (Chun & Song 1995; Lee & Song 2003),
2 AR A Az Aes =AY FEtAAd S 0%E W2 HolAt

2 A A Az 2uFey des =y F Vs 74/\}01]/‘1 e
TE L 028%°] 29FYUE Uk A= =AY mATERE dndeR @
Zhek Ay a9 89 2k mE Ad= = AT 279 ‘ﬂ}_—t— % 99
el 2 Z717F 0705 mel A HFE7F 255% 5 X]'X] 39 A, 0571.0 mme 30.3%

& A8t om, 1.071.5 m7F 20.8% 5 AAske] iR A& A TE o] FaL U2
t} AL o83 A mau=e A (Lee & Song 2003) Ao YA =Z717F
0457456 m7FA ¥ " dbdHo] 1 028% ~¥F2 A= =g A =27
05740 ymo.2 BEEHo] Ax A7e EX W FAEAY 28y B Adys =
el A AR A71E A 15 pm o] skrt A 85.6% =t b g vk,
AE o] g3 AAW wpau=ol A$(Lee & Song 2003) Aol A= 228
7F 59.37% 5 AAste]l =] YA 2717 | wlAlgk Ao ® UER

i

i

Table 23. Emulsion stability of spirulina added-salad dressing

Spirulina(%) Emulsion stability(%6)
0.00 40
0.07 40
0.14 40
0.28 40
0.55 40
1.09 40
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Fig. 8. Microscopic examination of spirulina added-salad dressing.

Distribution (%)

0-05 0510 1015 1520 2025 2530 3035 3540

Diameter (um)

Fig. 9. Frequency distribution(%) of lipid droplet sizes of spirulina added-salad
dressing.

>

5 A%

AgE Aus =94 20 g& HEZHA(G0x12 mm)el ol M AFA(CM-3500d,
Minolta Co., Ltd.,, Japan)E A}&3lo] Hunter color system® WZ(L 3, S =(-a
), FA=(b hHE S48

23 FEy HrbES gEste] Axd A= =dde] A
systemO. 2 ¥ AISH A= Table 249 2ok dix2v9] WXL 3He FH=(b 3hH<
ZkzF 30.79 % 18,01 ollem ~uFeup Hrteo] B&
9 (p<0.05), =3 FH "7 0.28%2] A= 23.74 213.35°]
o] 1.09%<! 19.89 % 1097¢]ct. A, HME(-a ghHate o

}osueetE A7k Al grol fodor Zbadl
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0.28%°] 74932 3681903 A9y H7bgo] 1.09%%1 422010t ¢ AE g2
23]t 7ol 0.07% A el Hlske] Apolghe] AT1= @A Al
of7b dlew, 0.14%= F7hetd 0.07%c vlste] 0.7128 ZLagk AFole] A4S i
Bl et 0.14%° A4 0.28% = 718t 17622 AT + & ARz g 2}
o] 7} WHHKim et al 2004). & H@ol A&7 AvFevb= g 524 9] tablet
S wdstete] drbstalisd, Aveue] Aa AFoRs S0 ARE o s
Aol e, A9 vsAehd go] th(Kim & Park 2003).

Table 24. Hunter color value of spirulina added-salad dressing

Spirulina(%) L value -a value b value AE value
0.00 30.79+1.14% ~4.21+0.00° 18.01£0.01° 46.68+0.00"
0.07 27.35+0.01° 1.35+0.01" 16.34+0.01° 51.39+0.12°
0.14 25.63+0.01° 3.34+0.02° 14.32+0.00¢ 52.11+0.00°
0.28 23.74+0.01¢ 3.68+0.01¢ 13.35+0.01¢ 53.87+0.01°
0.55 21.0+0.01¢ 3.98+0.00° 12.11+0.00° 55.09+0.00"
1.09 19.89+0.00" 4.22+0.01" 10.97+0.01° 58.01+0.00°

“Means in the same column with different letters are significantly different(p<0.05).

6) Fitsts A

Agedz 2A5e A¥s= =d4 10 yﬂzﬂ% Hess 9a 10%1t
blendingA| A g % 3 ) 5
=°] DPPH &9e 303 WAzl & awmﬂﬁ %%E% 4= A (352,
Pharmacia Co.)2 374 3}%

w5 A Iqkst AAA

How =AY, =d4d 05 goll thiobarbituric acid(TBA)/trichloroacetic
ac1d(TCA)*‘l°H 2mLE &% % 90TAA 157 7FEsta 1023 d5=5=2 W7t

)

3 & AR (3000rpm, 20min) ¥ AEAS 533nmel A SHEE AU EF

2142 malondialdehydeE AFE3om ojuf FFHAe] 22 Y=24525X +0.1071
(R*= 0.9896)°] % ol Aojz A= ug malondialdehyde/ml sampleZ 3* A}
=3

e 270 e =dye] @84 SDPPH 22 ~A% % TBARS
FE Zgse] 10(B0% AsA7IEd BT HE)FHS Table 2590 hERRATE
DPPH 2tz 27% 9 ICH(DPPH dZs 50% AAA7=d 223 %)%

flo



Age Sy Ale tgixao]l 11463 mg/miol o, A¥FeuE Hrbstd 3 7hako]
S7heel wek ICs w2 FolH oz A ATHP<0.05). 1y A3 FEy HIt
0.07% 7 0.14% w2 thzaroll Hlste] feofA o vkokont 2a7ke] Aol gllth
(110.55-108.17 mg/ml). B3+ 0.28% % 7S 0.14% % 7btol wsto] DPPH vz A&
Aol FHor Frstd ot 0.28%FE 1.04%7H4] H74e A$-ole A 7kat7tol
ol H el Apol7b ¢l TtH104.98-102.14 mg/ml). =, 0.28% 7}l DPPH #vlz &
Aso] o2 Hubotol vlste] S8t F1E Ascorbic acid®] DPPH #tolZ 4
A5 e ICxakol 0.0048 mg/me= w4~ SFapdom, e nfayl=e] ICs#ke 17491
ng/m= 715 AEE FH7ESHA &S ol Hlste] ol FAksiAd o] it

a7, Az AYE sS4l A4 Hats AAEE TBAMCR 243 A3
(Table 25), &9 ICs(AAI4EsE 50% AAI7]=dH 2ok F%)82 6.85
pg/meolglom 23 Felubs Arbstm Wobde] Fkatel weh Gy g FelHow

s =l (p<0.05), 23 FHu H7b 0.07% 7 (6.8]1 mg/m)S thET(6.85 mg/ml) I}
FolA el 2ol 2 bl A @gtom 0.14% ol H7H6.74 mg/mh)Adl fe]H o7 A
Apatst A AE7E =A ekt 3 0.28% % 7 (6.71 mg/ml)-S 0.14% % 7
o Hlate] FolFel Aol Aoy 055%H S 0.28%F 7ktel Ml Eto] LI
1.09% 3 72 055% % 7ol Hl&te] felH o2 ICs #ol Hastich F, A&y
ksl A7 ok a8y nteul =9 ICs#ke 766 mg/ml o2 7|54 ARE
A7petA e el Hlshe] wol FAstde] vtk

N

Table 25. Antioxidant activities of spirulina added-salad dressing

Spirulina(%) DPPH ICs0(mg/mf) TBARS (ng/ml)
0.00 114.63+2.60° 6.85+0.06
0.07 110.55+0.62" 6.81+0.02°
0.14 108.17+1.14¢ 6.74+0.05°
0.28 104.98+0.59¢ 6.71+0.03"
0.55 104.29+0.17% 6.63+0.03°
1.09 102.14+1.33° 6.52+0.03¢

Ascorbic acid 0.0048

"ICso :50% inhibition concentration
“Means in the same column with different letters are significantly different(p<0.05).

ssFet W} Aes sege EEE ke Astel Fddiein 4%
Fsrt 14 608S tldom ARS AdE Sodd AYcE I ATl /%
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= grhE AASATh AR 9, F, %, W%, AW S Ewe] hate] 54
AEyor Wrislok

gu Ae= =g e 7|E% HAF A= Table 267 2o < ()] of
3) deeE x4 o] 36779010401,} /\yq E]L]—E 0.07% z47].6l o“r_ 4337(4 /\Lq
FEu 0.14% H7bed 028% H ke 747t 7504 2 783" o w axE Mt
Eoh AT (p<0.05). 1y 2Ry H7bES o SRR Afede = 055% B
1.09% 7kt 7hzb 383 2 283702 ~¥Fy H7FEE 055%0] 4oz F7t

23
7

Y &
Ir

¢

A A= 7R ATt vebit AYE =4 Ao dig VEe HeTt
b e = 014% 2 028%E A FE =yl Ae] maAlmi= 334 9 3680] 31t}
(Table 6). el td 7|S% AFEs dxatS 533 d oy, 29 Fus Hrtet

T 5575802 qEad FoHd Aolvt fldTh FolHd Aole flAA R ~
9 Zg} HrbeFe]l 0.28%¢<1 o] 7580 R JHE = HAEE worr) uho] tishk 7)
T% HAee dxzate] 55801y, A9 RuE 007% H7heh A9 5834,
g F2u 0.14% ™7kt 7174, 028% H7FES 800H o2 F9490 Aol ¢l
A 7NE% A7t wobAth 1Yy AF Ry HUbES o SRR Aol
%, 055% 2 1.09% H7bte zhz 500 2 4178082 29Feu HAES 055%
oo ® F7kAIZ ﬁfoﬂ~ NEE Ae7E 9oz wobA th(p<0.05). HE oﬂ m
&

[>

F 7leE HAee dEae 433%0l0a, 29Fu HUkg o2 4.6775.33%
eSS S R i}°l7} Atk AW Ve HAes dxdol 417%401MJ~
29 FYUE 0.07% H27he 4= 4334, 29F2y 014% 7k 0.28% 7t
T 747 5018 2 797 o= 7]§5 A47F 2ot (p<0.05). 18y 23] F v
A7tEgS o =747 OToﬂ =, 055% B 1.09% H7be Zh7F 433 9 3833 o
2 29 Fey JobE OBMOWOE SN AgelE NEE HAE57E foHe
= sob tH(p<0.05). w}aw, WA A, 29 FYUE 0.28% 7k Aes =4
ol 7t & oz e

Table 26. Mean scores of sensory evaluation of spirulina added-salad dressing

1 1 (0] —
Spirulina(5¢ Color Flavor Taste Viscosity Over-all
) preference

0.00 367+1.75°  533+1.97"  550+2.43™  433+1.97*  4.17+1.72"
0.07 433+197° 583+240" 5.83+1.94™  517+2.23"  4.33+1.21"
0.14 750+1.05"  6.33+2.42°  7.17+1.60"  517+2.32°  501+1.64°
0.28 7.83+098"  7.50+1.38  800+0.89°  533+266°  7.97+1.21°
0.55 3.83+1.33" 583214  500+2.19™  4.67+234"  4.33+1.37"
1.09 283+1.72° 5504243  417+2.86°  467+3.08"  3.83+1.72°

“Means in the same column with different letters are significantly different(p<0.05).

_34_



delo g Ao Az 2 & AHH
Ao Az vy AYE =g v Table 277 o) W

X
g AR, Aw, $FE A Ee ¥ A7IHH(MHM-213: Main Power Electrical
WHHA AT o7]d] A%E 23 thA] 1027 wEkA 7]
| Alg WHAZIAA 1023 A A S, F38H 7t
T Ue =dd AEE AREsET 94, 1H
A

F3t, A, B, 4TS Osterizer blender(SQ-205, (F)LX7Fd)ell A wytstdA &

T Foll Az @ vadzol 24 drbstdA A7IHIHE wukstuA E93 gl

o g 29 R e us AR (Cho et al 20059 A@ARNA HAFER 0.28%E H
al

S
8
Zbekoltt. 3 = dE dAFH EkaE W((PET+CPP)Ol 9

A% 232 5T 3= 10T 853 BastuA Aol ARgssith

Table 27. Ingredients ratio of spirulina-added salad dressing(%)

Ingredients Ratio
corn oil 27.55
egg, york 0.01
mustard 0.001
onion 551
water 551
soybean paste 11.02
sucrose 16.53
soybean sauce 1.65
vinegar 22.04
sesame 8.26
pepper 0.55
salt 1.10
spirulina 0.28
total 100

2) A=

Az AY= =4 50 mLS 42(MSB-2011D, ()R x=8)d] 1083+
Aste] 25 10 2 20C7F H =5 3 & A XA (Brookfield Digital Viscometer DV
O+, USA)E AH&3te] 5% A= 1#3F SA AT

29 FEy Mo Aes =g de] A7t e HEo WslE Fig. 103 2



o =g ke 10CAA S 45 1,616 cPollaL, 20Tl A

ol

b B
43 A= 766 cPE 10TAA S =i A& 20CAA =4 =44
o] HxrHt EJd=d(p<0.05), 5 AX 25:FHEH AA7|7te] A wg #9
Hqow 7a S ae= =aqe] Ane fAsa

Aol AxE AZLEst 10T
= #9149 Aol & el o}
AFLE7F Aol B AFdxAqAE AF %_I,Z_oﬂ g2 ol Aoy & 5 A9

= o)

TR

o 71Ee mad vhavze) Hx w, 3, 2 Ao
S
=

A Az Ades =gy HRe Hste] = kD}(Chun & Song 1995, Lee & Song
2003).
2,000
—e—5TC-10T
—A—5C-20C
a a —O0—10T-10T
——10C-20C
1,500 [
5
2 e
3 C
> 1,000 | D D
a a
b
A . > Cc [¢] d
500 D
0 1 2 4 6 8

Storage period (wks)

Fig. 10. Changes in viscosity of spirulina—added salad dressing during storage at 5C and

10C. ® “ Means in the same line (storage period) with different letters are significantly

different(p<0.05).

Azgh Ael= =879 F3ltH A2 Pearce & Kinsella(1978)9] Wi o= %74
vk == e dAEY el 10 mL ¥ol 5&3F 942 (UNIONSKR, ()%
Q. 3,600 rpm)d & ¥ FAH(water phase)®] H &S ofef o] AEdlo] 3

ES(%) = {(0.5T-X)/0.5T}x 100

o T : emulsion A&#F(mL), X : £ 3 F49 &F(mL)

ssFe Wb dee sdel A7l mE fahegel Wal: Fig 11
3 2 auge A7 sy AzATAE 40%009L

_36_



et gastgd, 5T AF® A A 3FRE 8344 30%8] YL #A
sholth Eat, 10To] A8 2 A% 2 F A% ARE A% 8FAA 30%E 44
ol Az A F fEAES ele] 2% FaaTh A% 27 2FAAE LEo|

=

E oAl Aol7b Aoy A 2F olFFHE A VI 2 AY 2R w
ARl zbol7b YERUA] gFol BlulA QEA ST o2 Ad= wis A=

Ao} FAFEFA tH(Lee KJ 1993). dwtA o=z wig LﬂZJ sk FFAgE

90%°) 4o & E=¢ko 1} (Chun & Song 1995, Lee & Song 2003), Ao A Az

A= =g/ b dde 40%= v Holdth

_|>~I

50
—e—5C
a a —0—10T
9
= 40
5
©
b
C
S
£ 30 ¢
=
w
20

Storage period (wks)

Fig. 11. Changes in emulsion stability of spirulina-added salad dressing.

A Means in the same line (storage period) with different letters are significantly different(p<0.05).

) WA=

A Eﬁ‘: =d4 05 g2 10% glycerol(in sodium dodecyl sulfate, SDS) 20 mL=
848 & 2% Sudanlll 2 mL2 AA3}e] capped vialel i1 438HA] EEATh 24]
b A Fo] gME AEE slide glass Yol E=*3e] dnZH(DMLB, Leica,
Germany) o= ##3 & Ex g Folo d g9o] EFHEE AFX(Q600, Leica,
Germany)< & 3t}

A A Az 20 Fy AYe = mAFRE A7z A uf
g dAv|Fdos B A= Fig. 129 2rh E=3 Aes =g AW A27]9
EEE #2800 YERAT. A 304 Fol= A A7 E7F A x2 S0l H] st
| %7}3}7\1 gkt Yy A B Sl 5 TARY B¢ M A2 27

0 mi 11.3%, 10CAZe] A4 135%= Az 2 F9 255%¢°] Hlste] A
Al ZFagh W, A7 & 15720 me] Ag, ARAFo] 114% A 5 T2
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49, 301%, 10 TAHFS A%, 323%= AA F7F s A% 2271 10T F
G- 5T vlste] & Aol= A AA 7)zbo]l Aol Aol ¥ F FFS 7
Ao ol Ade v A= =4 Aot AR THLee KJ 1993). A&
o] &3 AXH mau|=9 A$(Lee & Song 2003) A9 4= =77} 0.4574.56
m7hA] EEE e @ Au Ry A= =ede 4k A7]E 05740 me®

wxEol A A7]e] BE M= FARSAT 2y 2 A =4 AR
d2b 271= A4 15 m olst7t AA 2] 85.6%% i AA g v HE o] &3
AAY w29 A9 (Lee & Song 2003) Ao YA= 228 m 7 59.37%F
AAetel & =g Ak 2717 8 mAld Ao® UERd

Fig. 12. Microscopic examination of spirulina—added salad dressing.
A: Freshly made dressing, B: stored for 30 days at 5C, C: stored for 30 days at 10°C, D: stored for
75 days at 5C, E: stored for 75 days at 10T

Table 28. Changes in frequency distribution of lipid droplet sizes of
spirulina—added salad dressing during storage at 5C or 10T.
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30 days 75 days

£m 0 day

5C 10C 5T 10T
0~0.5 25.5 20.3 22.1 11.3 13.5
05~1.0 30.3 30.5 30.6 19.8 16.7
1.0~15 29.8 30.4 275 29 22.4
15~2.0 114 9.6 10.3 30.1 32.3
2.0~25 2.1 4.6 8.1 6.2 8.1
25~3.0 0.4 3.1 0.3 2.3 3.5
3.0~35 0.4 1.1 0.6 1.1 2.3
35~4.0 0.1 0.4 0.5 0.2 1.2
5) 41

A AHE =94 20 g& HAEZYF(B0x12 mm)ell Fol A 2FA (CM-3500d,
Minolta Co., Ltd.,, Japan)Z A}&3}le] Hunter color system® ®W%(L ), S %=(-a
), FA=D hHE SAFAT

23 FEy Hrb Ades =4 A7k mE A4S Hunter color system
OS2 A A= Fig. 133 2ok 239 Fy H7F Ays =g e 9=l gh<
AT (h g2 47 2374 2 133501931, HAE(-a FH)7S 36803t AyE =
dAS At ¢ L &2 243893, a 2 b gtol S7Mete 4¢SS Yl
= A AFEE A9 FEue g FA9 tablet FEIE EE ISt HUbe A=
g, 29 Fgue] i o2 eE T8 IR oy Ao FRaY Ao
g FAjobd 5ol JTHKIm & Park 2003).

(M = ol

350 180
. C—LC—b—a—g
5T
A i
A A 6.0
250 | ,_ A
® = AB AB
3 = B 3
> 140 ©
2 2 >
. P :
15.0 | NS 4 |
b B b 2.0
b J .
5.0 ‘ ‘ ‘ A I ) 0.0
0 1 2 4 6 8

Storage period (w ks)
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350 ¢ 1 80

10C C—L——b—a—g
A AB 160
250 | =] AB AB  AB
0 =~ " -~ - B
3 N g
g 140 3
e} z *
) ;\ . . * * o
150 H| |2 [
~
b y 2 - 20
b 2
b
(o]
50 ‘ ‘ ‘ ‘ ‘ 0.0
0 1 2 4 6 8

Storage period (w ks)

Fig. 13. Changes in Hunter L, a and b value of spirulina-added salad dressing during
storage at 5C or 10TC. * Means in the same column with different letters are significantly
different at L-value(p<0.05), " significantly different at b-value(p<0.05), “ Mean in the same column
with different letters are significantly different at g-value(p<0.05).

6) A A2kl =
A A HArst A A == TBARS(2-thiobarbituric acid reactive substances)®H 2 2
=359tk =9 A 05 goll thiobarbituric acid(TBA)/trichloroacetic acid(TCA)-& <4

2 mLS &3 3 90TolA 1587 7Fdsta 1087 452 JZ3 & Q48
2 < 533 nmolA FIFEE SAH3AY. FEFAHALS

(3000 rpm, 20 min) & A=9S
malondialdehyde® Abg38tom ojw] TaE3Mol AL Y=24525X+0.1071 (R’=
0.9896)°] A t}. olm} Ao} A= g malondialdehyde/mL sample® 3 A3+t
29 FE Hrp dels ﬁEVOA A7)k mE A AL EE TBAHSRE =
g3 A¥+= Fig. 149 2o AZRE7F =3 A7) A#AE 55 TBARSH ]
Z7 sttt 5ColA AFsle] 45 A9E Ay =949 TBARSHS 7.24 ugol gl
3 10CoNA Agste] 45 Aapd A= ZAS 749 w2 A 27 2S5 E
TBARS @& S7he At =9, 5CelA At 85 Axd A= =449
TBARS#S 745 pgo 2 AZxA F9o 11%Z7F8td L, 10T~ A &dste] 8F A3
d As =yAe 769 ugl 2 AFAFo| Hlee] 15% F7hete] A 7| 7ro] A3
5 TBARS#HS =obdlth, 2oy o2 A= vhav=d =3y 53
= ArtetslE W A Abe7E AAE AT Bal(Park & Park 2002)9F 4]
, 2 Ay =Ad Hrbkd 233y, Z4 5ol g% polyphenolo] v
ol A9 A E JAs F7] Wit

W

oy

_Y‘i 2 my o

o

L 2
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Malondialdehyde (ug/ml)
~

£ —e—5TC
—o—10C
6
0 1 2 4 6 8

Storage period (wks)

Fig. 14. Changes in TBARS value of spirulina added-salad dressing during storage at 5T
or 10C. ® * Means in the same line (storage period) with different letters are significantly
different(p<0.05).

7) ks

DPPH #tz &A% Ays= =874 10 gol 2v]9 #e&s Y 103t
blendingA| A & AAE2(3000 rpm 20 min)dtth AEHES 1.
X9 DPPH &0 30%%F WAzl ¥ 515 nmollA F3E85 3FEA1(352,
Pharmacia Co.) 2 =733}t

29 FEu Mo AYE =gy A% F aksld 4EE DPPH gz AA
5= S48t ICs#ks Fig. 1591 YeERWSlth. DPPH 2tz A&7 59 ICs(DPPH
g S 50% AAA7I=H 8% FwE)Fe Aus =S Az FSo gz
°] 1049 mg/mLelom, 5CeA At 45 Aad AY= =49 [Cooihe
132 mg/mL, ©] 3 10TColA AFste] 47 Ayd AH= =g AL 1498 mg/mL=
A% &7t #2575 [Coata 7 AT =, 3Akstd & FAas At B, 5T
A At 8F AdE AY= =#A e 1G> 1574 mg/mL, °]AaL 10T A
AAste]l 85 Ayy A= =#AL 1946 mg/mLE A% 7|7to] Aty uhet
[Csoat> Z7HE ATk 5Col A% Al A% 157744 dAksid o] kgt o 10T
A Al A 1F5E Akt FojA Abol7t vERY Y] A &S ol 2 #
T frz°l tocopherolo] FhHfr=o] S W o}
AbstEAe] 711E Aoy Sl BX

Zl o]

of =l e A=

1

ot o
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60
Storage period (wks)

Fig. 15. Changes in DPPH ICsy (mg/mL) of spirulina-added salad dressing during storage
at 5C or 10TC. “ICx : 50% inhibition concentration, ® *: Means in the same line (storage period)
with different letters are significantly different(p<0.05).

.
ES
U 9 mLol ¥ @ sH(Bagmixer 400, Timer 2min,
Speed 7) g F 3Asto] Z4zpo] wiAle] EFete] AdsE FRMFHoR FA 5
dom ALgE "Higol WX d = 3% NaCle #H7Fshsdth. F3-2 nutrient broth
(Difco, Co., USA)9} agar powder (Samchun Chemical Co.)E &3§tsle] e v,
S EMB agar(Difco, Co., USA)M A S AL&3Fth 7+ 30T, EH I
37°C w7 A 48A1%F vl F YERE colonyE A s old HiFTES &
£A4& e S5 JAFE AFAr. MAETE AR 1 g9 colony forming
unit(CFU)Z e Sl T},

2y Fe iy Hrh Ade =949 Xiﬂ 717kl whE Far ) ot et
+ Table 29¢F 2t} A ZA%9 FHF+ 6.2 log(CFU/mL)eI Tk A%
5C9 4% 75 log(CFU/mL)°] % 1L, 10C—4 49 7.3 log(CFU/mL) o= A%+
e 2ol A 28y, AR 8F Fole 79 log(CFU/mL)Z #AlZ A3
o Z7ietdh @3, Falu|AEL WA TS A 8 FI7A] HEH A o} 4
A9 Ao AgFeAHETAFTAH S 2003).

g]

_ﬁ—lr
o2 (2

He oL = rr b

oN

=
=
|

H

—_
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Table 29. Total microbial and FEscherichia coli number of spirulina-added salad dressing
during storage.

Total microbial profile Escherichia coli profile

Storage day (wks) 5O 10C 50 10C
0 6.2+0.2¢ 6.2+0.2P nd nd
1 6.6%0.1° 6.6+0.1° nd nd
2 6.8+0.1° 6.8+0.1° nd nd
3 7.2+0.2° 7.3+0.28 nd nd
4 7.5+0.2% 7.6+0.38 nd nd
5 7.7+0.22 7.7+0.24 nd nd
6 7.7+0.0° 7.8+0.0" nd nd
7 7.8+0.1% 7.8+0.0% nd nd
] 7.9+0.1% 7.9+0.14 nd nd

& A Means in the same line (storage period) with different letters are significantly different(p<0.05),

"nd: Not detected.

2t Fakst A= AYE =949 FFH 28R JAHQCT)
Tt AFFdFta et Jgda oo wgaEs = Bt 9
A 1208 S tdeR Fakst dejrel aval HAAME AAlsinh o, &, o, 24
A, AnbARl 7Eee) 574 @dEE 53 W o R Hrlsklt
D A=l &nzk 72 % AL
Adej=e] o, vt =A% B 7|SE7F 242 40, 40, 4.1, 42 Fo® w2 VS
5 Wk 2 38%e ok ol Aol Fol Ao mAAA dgk7] wiEoly
el vl A=t g7 457 49 was e AzEv(Fig. 16).
30
20
10
00
Fig. 16.
2) AYE =dd ana V2= GAL
2y, 28 H7F AeE =dds auAAL sb7] 9l datsi e =
ok A A e 2u ey HoF AEsd e o, & ot Akl 9l
ZH2F 3.6, 34, 45, 40 A& Bk vtol dede o 4 ghar, ofel we At
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2l 713% 9A 43 Hoz =gty 1% Wb Aysoygae 9w, & u
7ol oA 247y 37, 39, 40, 36 FE Wk AukHQl yaEE 38 Ho
ok 2 Mo AyEsgde] ~dFey Mot AYEsddng g i
ME Aoz & A5s wokoy vt AzkoA fold oz A e
31 o) AWAQl | EEe] whed = Q1 tH(Table 30).

appearance flavor taste texture prefer
Spirulina 3.6£0.9a 34+1.1a 4.5+0.7b 4.0£0.7b 4.3+0.6b
Soybean paste 3.7£1.0a 3.9+0.8b 4.0£0.7a 3.6£0.9a 3.8+0.8a
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7}. ICR miceE ©| &% Fitstde =9 7|54 37t

D AdsE

Ao ol gd TE2 AT 1822 g A% AF 4 FH9 ICR mice(2) 16v
28 FYste]l 49 AF A AIN 76 diet® 1 FU3F ASAHAT H37]3ke] 2
A

A E5EL AT W W3 ¥ (randomized complete block design) .= Table 300
| 7t % 8utElH 270 ® o] 8F FF AMSSTh AFSAS 2R

23+2C, %= 50760%= =dstdla, Wd FF7] R dF7E 47 1243%0] HEs
E2 7 vt stainless steel cageoll Al AFeFSlaL, A3 A o]}

B2 24M3 % A wAeR Fasdlen, F714 9

A go‘g
S Q3 BE 7| FE 04%9 EDTAZ AL 3 gol& ZHF= dFo] AL

IAL DY 2HET AAGIAEH = EF”“’“”‘}@E*E
] J:r‘__L o
HFC HFS
B nlg] 8 ntg
2) AolzxA
A3 2 o]= Table 3104 H+= uvfel o] F o] FA9 20%(EFY 11.7%)&
S EFH(ENFE)Y BE(FSEhE THFEIL 1% FU AU SS Hubste] 1
A nZd g E2olE FFatAY. T3 kst Ae= HUbEe F o] H A9
20%E H7istga Ao AR 5 i, uuE, e d3FS dxzatolA A

4
F F ooEEd FA¥S BUsS) wFe] 2ESAT. HoROTE choline
bitartrate(ICN Biomedicals Inc. Germany), casein(Dae Jung Chemiclas & Metals
Co, Ltd, Korea), cellulose(Aldrich chemical Co. Inc. USA), DL-methionine
(Reserach Chemicals Ltd, Korea)S AF&3tth. 2 9] 2lol= v 3 HAA THE
of Ab&etR I Aol AbsiE WAE ] Y3 -70C WE e HaAstHA Gzl Al

ol mjd S Holskd
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Table 31. 2ol x4 (g/kg diet)

RERE DAY R A2 ET s
casein 200.0 200.0
DL-methionine 3.0 3.0
corn starch 70.0 70.0
sucrose 220.0 123.0
cellulose 50.0 30.1
corn oil 20.0 20.0
lard 180.0 180.0
cholesterol 10.0 10.0
salt mix" 35.0 28.0
vitamin mix” 10.0 8.0
choline bitartrate 4.0 4.0
& 3tsalad 0.0 200.0
total 802.0 876.1

U AIN 76 mineral mixture(g/kg) : calcium lactate 620.0, sodium cholide 74.0. potassium phosphate
dibasic 220.0, potassium sulfate 52.0, magnesium oxide 23.0, manganous carbonate 3.3, ferric citrate 6.0,
zinc carbonate 1.0, cupric carbonate 0.2, potassium iodate 0.01, sodium selenite 0.01, chromium
potassium sulfate 0.5, finely powdered to make 1,000g

? AIN 76 Vitamin mixture(mg/kg): thiamine-HCl 600, riboflavin 600, pyridoxine-HCl 700, nicotinic
acid 3,000, D-calcium pantothenate 1,600, folic acid 200, D-biothin 20, Vit Bz 2.5, Vit A 400,000 IU,
Vit Ds 100, 000 IU, Vit E 7,500 IU, Vit K 75, finely powdered to make 1,000g

3) TAIAE

RE AR 2= A = 8 v AAArZFAAE FAGR O, oA

A5 -2-SPSS(Statistical Package for Social Sciences. SPSS Inc., Chicago IL, USA)
software package X% 1% o] 8-3}e] a=0.05 o4 Duncan’s multiple range
testoll &ste] ZF AT HHEA T FAAHES HASA

4) s=4F I

ot 2ol F & (food efficiency ratio, FER)
o2 Uik o= L&A 2y 42 o] wpxdt
o 54 Zﬂi 5 FAE S48

29 160149k el dE Aol 35 AAtA = R (HFC)} datstde =37}
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ol AFEI Aol Aol7h glglot, dWAo] 4FA olF 2FH AF o]}

wol7l Algtste] Aol 6FAAACNE FelH AolZ LR THP<0.05).

Table 21419 Lol A=l Mol PUAAA= B2 Aol A Y] wed u
o

& ATS7rEe] A2 FHo| 7]235te] o] & &0 9]%43; A YERR L g
ol oF 28] 7t FUFEA = o= %Jﬁ}% g Eo] Aol dfe o A=z Azt
o] At}
50
45 |
E
S 40 t
(@]
O
© * *
= 35 f *
k=)
()
=
30 —O—HFC
—B—HFS
25

0 1 2 3 4 5 6 7 8

Experimental feeding period (wks)

Fig. 16. A%< W3}

Table 32. AFZ7h, Aol H4AT, Aolag L Buel
Gain weight Food intake FER Fecal weight
() (g/day) (%) (g/day)
HFC 22.2+0.46 4.03+0.22 9.78+1.28 0.28+0.03
HFS 18.8+0.25 4.60+0.18" 7.33+0.95" 0.51+0.08"
* ¢ significantly different(p<0.05)
) A RAG R AR
7 e A AT FA AZse] 09% A AdFE AT o

(Whatman No. 2)2 7|5 AA% & THS A0 £ e A7 & =
gt & ZulE retroperitonial(H7 F), mesenteric(57 W), epidydimal(i23F F9]),
el 57kA H9lel A ool FHS S48

o] IH A, A FAE UErd I A= Z‘?}&fﬂf

inguinal(31 ¥ #A]), spleen(¥] g
Table 33 txv"2 A3

o
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o]

Hp>0.05). ¥ 17

A

ol
00
o
o]

Pme @ A

o= Al

o},

o

(g/100 g BW)

Table 33. %7]5 7

Kidney
1.367+0.161
1.710+0.140N

Heart
0.388+0.048
0.558+0.046>">

Liver
4.207+0.876
4.250+0.453%

HEC
HFS

: not significant(p>0.05)

N.S.

OHFC mHFS

o)
—

o (o]

—

(M8 6 001/6) 18} [ensia o 1yBlam

o

B

S{eix|

. significantly different(p<0.05)

Fig. 17. #9148 A5A(g/100 g BW). ~
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il
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Fom A
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2,000 rpmell A 5

2

of) O
o) &

Al Al A E

=
=

?l.

delzz mtHAAT vk AdEdA A

o
=

3]
pud

=% AYe o
1ol

S

ol
T

wo} @

=H 0
#(plasma) <

Edl

heparin©]

& ol &
=1 =

1

A%

Fe -70CeA dF

=

3
=

3

2~ ®) = (total cholesterol), HDL-Z

T =

A 4 (triglyceride),

Kit(g&AF) Alekrioll 3] &334 (Model 80-2088-64,

ax

T
T
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Pharmacia Biotech. Co., Cambridge, England)& ©]-&3}o] Z+7} 546, 500 nmol A &
FEE Z43A)

L2k

=
=] S

oo

Ol

SXE
LDL-cholesterol = total cholesterol — (HDL-C) +
5

Total cholesterol-HDL-C
HDOL-C

Al(Atherogenic Index) =

T AT Table o) AT WA FHALL Anm 234
o g5 Aol mETO] Qo] ashs 5 o
(HFS)®] 79 tl2(HFC)RT mEr7]Ql A4 650 oo 7

[e]
el ol del Aol AAFA ot Aol 4FdA 8%
4 ]

Table 34. & 444, & Fdzds, 1d=AGNE - Ad=Add Sg2ds 3 9

o ] Experimental
Lipid profile . . [P HES
Feeding period
Triglycerides . 0 "
(mg/dl) 0 i %
g 8 32 30
4 212 244
Toral(lﬁh;)é?)sterol 6 201 227
g 3 205 202
4 134 157
HDL(—childeﬁterol 6 144 156
mg 3 148 168
LDL- cholesterol 1 o i
(mg/dl) 0 0 2
g ] 51 29
4 0.58 0.55
Al 6 0.40 0.46
3 0.39 0.20
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gh) B o] AskeE A
NBAZ @ 2AA%xs] 22353 WS Folch 59 W (Folch et al, J Biol

Z&}e] 2081 2] chloroform : methanol = 2 : 1

Chem 1957, 226, 497)° wte} oA =
o] gl # o] A FE3} & 3000rpm°ﬂ/\1 1083 g gl ste] gt
2 584 &4 gErth 2F5E 20% #7Es 3 2000rpmol A 1527 QA2 st

S5 AAE HEehel e w% BaAs

¢l
A FAEA : F AH(total lipid), &= @ ~®|=(total cholesterol) ¥E+E= T A
Kit(3d &A1 eF) Aol 95 EFF=A (Model 80-2083-64, Pharmacia Biotech.
Co., Cambridge, England)& ©]&3lo] Z+Z} 546, 500 nmol A §3 =5 At
Table 3501418} zFo] tZ=a-(HFC)Ol Hl& dabstdie] = A7 (HFS)o] ¥ F e
=2 SAAAR FHzHES Fete AEFS HAH FoAQ Aol A EHA
1

L (p>0.05). 12y Table 3204 <} o] silstAle] =d7ato] B ko] 202l
AL e W ARHon wWAEE ALY FosuEge FAdmE ok
244 mvte 8450,

i

Table 35. ¥ T & SAAAN} T FH=HE

Triglyceride Total cholesterol
(mg/dl) (mg/dl)
HFC 20.6+8.4 305.0+21.3
HFS 24.9+5.8"% 319.8+26.7"

NS0 not significant(p>0.05)

uh) grkstEd e 54

Total glutathiones 93 A|BEAZF @ vfg29 AL 2000 rpmolA 55 &

] g ste] dH(plasma)S skl #& RBCE /\}33}"1‘?} npg-29] bz
=]
a}

o>

r\l
O{

Foak2] 19919 6% metaphosphoric acid= &3} 3 & 25000rpmo. = 30
2 (4TC)3 & F5d FH3 AL FUo| F glutathione =4 Ao A&

i& [N )

oo to o
)
ME

Total Glutathione(GSH) : % glutathione2 Floreani 52 W (Floreani M,
Skaper D.S. Facci L., Lipartiti M, and Giusti P.,1997)% <k7F ¥A3&to] A&
o Az A 8o Asd 15 wE FHAMA 500 pb 9 cuvette celle] 0.1 M
potassium phosphate/0.005 M EDTA buffer(pH 7.4) 400 & Y3 10 mM9
[5,5' —dithiobis—(2-nitrobenzoic acid), DTNB] 125 1, 5 mM NADPH 40 ptZE 34l
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A1 27 HE8S #2127 3o 05 unit® GR(type I Sigma, from bakers yeast,

diluted in 0.1 M phosphate buffer pH 7.4)& ¥ 2 H& & vk$2 JHAF A 412

nmol| Al 283 AEHEHoR JFFEE 74 D} 004 mM GSHZ A %3l
j s

]_
g Bt

standard curveE ¥ ¥ FF o Ut &
p-carotene : HPLCE o] &3}¢] ézéﬁ}‘ii%tl 2713 e g5 2

(a). HPLC =71
: 20¢0 injection
: ODS column
. mobile phase
acetonitrile/ isoprpoanol/ methanol (68:20:12 v/v/v)
+ 0.02% ammonium acetate
* Flow 1.0 mL/min
: UV detector at 450nm
(b). Extraction of —carotene from plasma 3 step

- 100 u0 plasma & glass vial o H+=t}

protein denaturation
: 500 pf ethanol & 25 w0 ¢ 91 mmol BHT/L methanol & add 3t}

organic solvent extraction with addition of IS
- IS solution (bug/mL) 20u¢ add
: 3 mL ¢ hexane & add

solvent exchange
. each tube = teflon-lined screw cap &% sealing 3t %
. vortexing 30 s
: 400 ulL water add
: vortex 30 s
. centrifuge at 1500rpm for 2 min separate organic and aqueous phase
. upper phase & new glass vial Ztransfer 3} t}.
. evaporate to dryness under a stream of nitrogen
. residue was redissloved in 30u¢ isopropanol/acetonitrile (50:50, v/v)

. filtrate 3% HPLC o 9 3}

Table 36 “AikstE <l
3 FHol A F ZFEE
T (HFC)ol vl&f =& i%%k
o] A o] A tHp<0.05). T3k WEl7IZE 9



Ay =7kt el A= 0.040 nmole/mls 33t Ao &2 YESHH(p<0.05).

=)

Table 36. &7} 7he] % FREEL F23 94 Fo WErzy

GSH in Liver GSH in RBC [f-carotene
(ng) (ng) (nmole/ml)

HFC 7.11+1.58 0.017+0.002 ND
HFS 8.06£1.19 0.025+0.004" 0.040+0.020"

* ¢ significantly different(p<0.05)

uh) gatsta s S 54

ABAZ 2o r2AS 59 9891¢] 0.01 M Sodium phosphate buffer
pH 742 23 25000rpmoll Al 30E7F YAEHUT)S & ASAS A, -7
0C Waae maAstHA Faksta iz 54(GPx, GR, SOD) &4 A3 283+
}.

Glutathione peroxidase(GPx) assay : GPx+= Tappel(Tappel, A.L. Glutathione
peroxidase hydroperoxides.1978)2] WH-& A3l HHF3ATt 1.0 mM EDTAE
sF5-3F 0.1 M sodium phosphate buffer(pH 7.2)°l| catalase®] 282 JAst7] ¢35
Al 1 mM9] azideE 92 % 891u0S 1 mL cuvette celld]l Y3 A]JEZ enzyme 50
10, 0.25mM glutathione 20 wf, 10 mM NADPH 20 ¢, GR(0.5 unit/m¢) 10 @& ¥

401'

3L wpx] el 100 mM cumene hydroperoxide 10 & ¥ %o 340 nmolA T3 =
= 287 =33t GPxe A X 1 unitE mg protein® 18#7F A3 E uM
2 A},

Glutathione reductase(GR) @ 7tx2# ] GR 49 &4 F42 Pinto 59 WH
(Pinto M.C., Mata A.M., Lopes-Barea J].1984)°] w2} F#+3}Atk. A& 50 wl, ImM
EDTAE &3 0.1M Tris~HCI buffer(pH 8.0) 940 /Ai 0.1 mM GSSG &9 20
E ShfE &9 10mM NADPH 20 w2 #7Fsk & 412 nmolA 3 =5 Z43}
At

Superoxide dismutase(SOD) : SOD activity®= McCord®} Fridovich
(McCord and Fridovich Superoxide Dismutase;1969)2] =i o whal A =k31 3l
$€ 1 unit xanthine oxidase 4 W A= Yol F33%7F 0.021 + 0.005°] H == %
E ZH3F & cytosol A& 40 wlE HFEA]AA 550 nmolA 28I =AHS 3
SOD 1 unit¥ cytochrome CE 50% Walsh= o a3k SODS o= Aostdd

gz A GPx, GR, SODE mg protein@ unit® AlAFsEA+=d o) w] iz
%L bovine serum albumin(BSA)é 5 O ARE ARGt Bradford SAW
(Bradford, M.M,.1976)°] 7]%Z & Bio-Rad ©¥ & Ao 23 Bio-Rad protein

H rE‘: olft
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kitE AF&3te] 595 nmoll Al S 3te] ALt

Table 37914 = 5 31%e] FFollAd 543E GPx, GR, SOD &4
HFO) R ksl =7 (HFS)o] =9ker 53] GPxe fFoldes &2 #
< YEr At (Table 38).

L3 miced] FFE Edlste] C57BL/6] mice® A &3 A3E Table 37-1¢]
BaAnh 7l A9 GPx, GR, SOD 348 TE EHZ—TL(HFC)EE} ghalksl Al B =
7HE(HFS)o] 2 43S Yehlilen, 53] GPx, SOD= =L ztol7} wi$- 5213t
A H(p<0.05).

gkl @47 % Glutathione peroxidase(GPx)9} glutathion reductase: Al ¥
oA AbshE EFel os BAE AA FHAstE FollA hydroperoxidesE & &
(detoxification) A A F+ Z8& gth. GPx7F glutathione(GSH)E Y7l 2 HO.5
AAG= RAANA FRAS] GSH7E AbstE o] dHEake] GSSGE AAdsHAl #rh
3 SODE WhgAol 2 &4 2AFE 07 2 OF 9 HOE AFAIE AL v
e §aw HAodE 079 #EdE s WS A 2dE d SODE A&t =

b

Ni

|Z=7F o] Fo)d Az FAsa oA Fasit & 2ol de= Fofito]
Z%Oﬂ Hjsto] atsl @Al GPxet SOD7F #ejAem F7HE A7 wiiol 4t

Table 37. &4Fst &40 &4 = (ICR mice)

GPx-Liver GR-Liver SOD-liver SOD-Blood

(unit/mg prot.) (unit/mg prot.) (unit/mg prot.) (unit/mg prot.)
HEFC 1.64+0.13 0.386+0.05 1.66+0.83 0.037+0.010
HES 2.15+0.17" 0.395+0.06 2.02+0.33 0.041+0.009

" significantly different(p<0.05)

Table 37-1. &3F3t & 49 &A= (C57BL/6] mice)

GPx-Liver GR-Liver SOD-liver

(unit/mg prot.) (unit/mg prot.) (unit/mg prot.)
HEFC 1.13+£0.11 0.45+0.05 0.52+0.06
HFS 1.55+0.09" 0.52+0.05 0.70+0.04"

“ . significantly different(p<0.05)
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Table 38. 73} o] whuld A

Protein in liver Protein in RBC
(mg/ml) (mg/ml)
HFC 19.79+2.41 282.48+26.85
HFS 22.37+2.53% 303.96+37.51"%

NS not significant(p>0.05)
AP A A o] #}AkstE(TBARS) 574
AgAZ : vgxo A4S H5E9] 9l 0.01 M Sodium phosphate buffer
pH 742 w43 & -70C | ®¥#3tHEA TBARS =3 28] AL&shglo).
TBARS : &%, 71 G‘J , Aol A A7 AEE 2 thiobarbituric acid(TBA)WHH
(Bidlack, W.T & Tappel, A.L.1973)S ©o|&3}o] A% malondialdehyde(MDA) %

£

Fa

2

z o

S 533 nmolAd TR=E —f—xé, 3} 2 tetramethoxypropane (malonaldehyde bis,
TMP)E EZEAR Aga9.
Table 3904t o] &, 3 AA, AGE2AY AdiitsteEs TBAROR =

A Ay g3 7H Ao AAEEo] hRA(HFC)E T ksl =3 7t
(HFS)oll o AA vebhd RS & = Aok (p<0.05). 28y 3] A A3tk E o A
R S S ) 5 B

=
ot

= sto] C57BL/6] mice® A3+ A (Table 39-1), &,
A F A A A ET fodoe s ASAT 53] oA <F 50%
Els

LN
Ane wol Tl

Table 39. @43 719 24 Jita =(ICR mice)

Plasma Liver Heart Kidney

(ug/ml) (ug/ml) (ug/ml) (ug/ml)
HFC 5.29+2.05 21.80+3.00 12.58+1.62 15.14+1.72
HFS 3.38+0.93" 16.77+1.75" 12.79+1.10 11.41£2.27"

* ¢ significantly different(p<0.05)

Table 39-1. @3} 7] A A4k =(C57BL/6] mice)

Plasma Liver Heart Kidney

(ug/ml) (ug/ml) (ug/ml) (ug/ml)
HFC 8.11+1.31 5.84+0.93 10.24+0.81 10.24+0.35
HFS 4.18+0.39" 4.63+0.59" 7.40+0.42" 8.02+0.84"

* ¢ significantly different(p<0.05)
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oh) =AW el AtstE 54

ABAZR @ v 225 HEEe 999 0.01 M Sodium phosphate buffer

wHyEd TBARS 4 A gl AF&3kdth
Carbonyl value : t3} A7 2ol 20% TCAE 600 gl 3l 14,000rpm =315

QARG 7oA 1087 dAEYstn A5AS HHEHo 10 mM DNPHA S 1 ml

N Fh A Z13E] vortexA 7l & A B tF Yol 50%7F 38Tl A wlA AT W 15

Bult} vortexE /\]74—7?%1 20 %2 TCAE 1 m! A3 2o 8000rpmolA 1557+
AR F G A4S W EtOH/ethyl acetate(EA)E 1 : 1 &2 &35}
Ed v O T Ez?—ﬂ 10 &<k 2 A2 ¥ 8000rpmel Al 1027 A8t FAd oA
o W3, Agolo] BelAA wdao] mol & WA 53 AE wdale] A
oAl JAE(ppt)e]l 6 M guanidine® 42 1 mé® Y il incubator(38TC)ol A 30%
o F 380 nmol 4 FHEES S4eeln,

3k g =AN WA AAEE S4F An WAL §14 Aol
gl ot Zhell A 2w (HFC) AFstA=rE bt el B3 7 (HFS) Bt 259
Eoe geld + AATH(Table 40).
Table 40. 7t} A1 =AW thjd bshe

Liver Carbonyl Heart Carbonyl
(umole/ml) (umole/ml)
HFC 0.73x0.23 0.28+0.07
HFS 0.49+0.09" 0.25£0.06

* : significantly different(p<0.05)

2 @] DNAS &4 %

Mice DNA &£4AEE =A3E7] 98 alkalin single-cell gel electrophoresis
(comet assay)E AA|stSG Tt} Slidedl 0.5% Normal melting agarose(NMA)E 50 ul
¢ 75 w2 28 FYI F A58 5 et 0.75% Low melting agarose(LMA) 75 9]
HegANSs T BAAZ & cover glassE Yol 4T WHdLxo AAs9ct. Gel
o] oW 1 9ol 0.75% LMA 75 wE =33t -3 o zysch mgl ZA
FH A FAW pH 10 lysis buffere]l DMSO$®t TritionX-1002 4312 Al ¢ko] slideZ
w10] A ZHEor obAdo] B HEHA lysis FAH L AT Lysis FAHES B slide
£ electrophoresis bufferol] 40| A #3347} electrophoresis chamberel] i< &}
I 25V, 300mA°lA 208 ¢ unwindingAl AT H71Gd%o] #y slide= pH7.5
tris bufferel] 5&4 33] A 3slaL vpA| o2 o ehLof 58 Tzivirp v

A7t 2 A& Comet image +41S 7] 93l ethidium bromide(20 f/m¢)
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2 nucleotideE fAste] FF&u oA #Fsta FhvEtE S8 comet image
analyzing systemeo] AX|¥d FAFEoA A5t DNA S A EE o ZHE o]
53 DNA 339 Az(tail length, TL), tail W ¥ DNA% (tail DNA%) 12
3 TLgkel tail DNA%E #3ll% tail moment(TM) @< A3

Table 412 Ao 2] DNA EAAEE =43 Aod HEa(HFC)H 43}
A = H 7 (HFS) 9] tail lengths A2l ¥]523k ghs YR AR kst =4
7hte] Tail DNAge] fojd o= AA Jetiila 18]38te] Olive tail moment %t
T o og gadts 4EFS YER A THp<0.05).
ol ko] DNA &4 HEE T3 miced THE 28 dte] C57BL/6] mice®

I

233 A3E Table 41-1, Table 41-20] Yel itk d Aol 739 Head DNA(%)
7} EarstAae e kato] FeoFoer =& kS YERa, Tail DNA(%), Tail

o= vre s e o]
DNA R3EFo] wig 53hS o = Ak =3 2] 49 Tail Extent Moment,
Tail Length(um) oAl Fefdeoz e 7h& Yepddrh. 3
izt vlask 2 FHy) 2ho A 9] DNA K550

Table 41. Ao DNA 44 E(ICR mice)

Tail DNA(%) Olive Tail Moment Tail Length(zm)
HFC 10.48+1.38 1.80+0.26 23.56+2.95
HFS 8.07£2.17 * 1.65+0.68" 23.79+10.46

* ¢ significantly different(p<0.05)

Table 41-1. 892 DNA <44 =(C57BL/6] mice)

Tail Extent Olive Tail Tail Length
Moment Moment (fm)

HFC 87.69+2.11 12.31£2.11 3.261£1.91 2.12+0.72 19.43+11.21
HFS 01.45+1.44" 8.55+1.44" 1.46+0.54" 1.2740.18" 14.61+7.06
* ¢ significantly different(p<0.05)

Head DNA(%) Tail DNA(%)

Table 41-2. 2+¢] DNA 44 = (C57BL/6] mice)

Tail Extent Olive Tail
0, 1 0, 3
Head DNA(%) Tail DNA(%) Moment Moment Tail Length(gm)
HFC 86.61+4.12 13.39+4.12 8.06£2.68 451+1.16 4953+11.02
HFS 84.66+£4.29 15.34+4.29 5.09+£1.86" 3.27+0.84 30.98+6.39"

" ¢ significantly different(p<0.05)
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Y. C57BL/6] miceE ©| &3 JFAAFFAHE= 7|FAH H7}

Ao o]8H TELS AT 19-23 g =9 AF 6 4% C57BL/6] mouse(
Z) 1678 S FYste] A3 A& A AIN 93G dietZ 1 U7 2SA A 287
Zr

£ W39 (randomized complete block design)o =

N
e
>
o
ol
o
flo
__>|~1_1,‘
ol
2

2 =

g 8T &<t AT AFSA e EE 23£2T, &
50760% = ZFdstRa, M FF7] 2@ dFUE 47 128300 HES 2HE
8o £ ngA stainless steel cageoll X A3t ga, A
24X B A gAoR FEetdon, Frdel o WAE fEA ARSA
3 mE

7172 04%°] EDTAR A2 & 2ol THFE 7] A833

o SRR EEVEC R ey
Control HFES
o 8 el 8 ule]
2) o] 24
A el= Table 43914 ®= whe} #Zo] & Ao] F719 20%E S (i
G BE(ERET FFAAL 1% TA2NSS Arbete] nAR o2 B4
ol deus As AR 3 AolTAe) 8% Wrlea

5t

G, vulE, vEpe] S glRadA Al & g2ty $E
A owEE 49, Aolgd o2 choline bitartrate(ICN
Biomedicals Inc. Germany), casein(Dae Jung Chemiclas & Metals Co, Ltd, Korea),
cellulose(Aldrich chemical Co. Inc. USA), DL-methionine(Reserach Chemicals Ltd,
Korea)& AH&SFATE 7} t9] Aol= wiF gk WA whEo] ARESERlaL A Whe] A
E WAsH] fa -70C WEatel BykstuA ezl Alghel] wid A TS Folst
AT
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Table 43.2o]z27

(g/kg diet)

IAFREH2HEL ;%}7%35“%5} | EL]_‘]:—_
Casein 200.00 200.00
corn starch 388.00 376.08
sucrose 100.00 39.20
cellulose 50.00 46.32
corn oil 20.00 20.00
lard 180.00 180.00
salt mix" 35.00 32.20
vitamin mix” 10.00 9.20
L-cystine 3.00 3.00
choline bitartrate 4.00 4.00
cholesterol 10.00 10.00
Salad 0.00 80.00
TOTAL 1000.00 1000.00

D" AIN 93 mineral mixture(g/kg) : Calcium Carbonate 357.00, Potassium Phosphate (monobasic) 196.00,
Potassium Citrate HxO 70.78, Sodium Chloride 74.00, Potassium Sulfate 46.60, Magnesium Oxide 24.00,
Ferric Citrate, U.S.P. 6.06, Zinc Carbonate 1.65, Manganous Carbonate 0.63, Cupric Carbonate 0.30,
Potassium Iodate 0.01, Sodium Selenate 0.01025, Ammonium Paramolybdate 4H>O 0.00795, Sodium
Metasilicate 9H2O 1.45, Chromium Potassium Sulfate 12H>O 0.275, Lithium Chloride 0.0174, Boric Acid
0.0815, Sodium Flouride 0.0635, Nickel Carbonate 0.0318, Ammonium Vanadate 0.0066, Sucrose finely
powdered 221.026

? AIN 93 Vitamin mixture(g/kg): Niacin 3.00, Calcium Pantothenate 1.60, Pyridoxine HCl 0.70,
Thiamine HCl 0.60, Riboflavin 0.60, Folic Acid 0.20, Biotin 0.02, Vitamin E Acetate(500 1U/g) 15.00,
Vitamin B12 (0.1%) 250, Vitamin A Palmitate(500,000 IU/g) 0.80, Vitamin D3(400,000 IU/g) 0.25,
Vitamin K1/Dextrose Mix(10 mg/g) 7.50, Sucrose 967.23

3) TAIAE

RE AR 2= A3 = 8 vl AdArZFAAE FAGR O, oA

A 5-2-SPSS(Statistical Package for Social Sciences. SPSS Inc., Chicago IL, USA)
software package ZZ 1S o] 83l 0=0.05 FFo|A Duncan’'s multiple range
testoll oJste] 7} Ao HAEAT FodS HABEA

4) 13 Wy

skl 2lo] &S (food efficiency ratio, FER)
HAFSE e o= }\]'EO} I Rl 2 2]
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19 189 9F o] i (Control)ell Bl FEwdstA = 7 (HFS)]
o2l 2ol AAHA AT ¥ e AFFE YERIATHD>0.05). TA Ao
2 o)A Ael= AR FEHAst Y= HIREMHES)e] & (Control)el
Al AT SrhEel Ha Aol Fe]l B AFS wol wok Aojasge FsHA
3} A Hrho] fojAom AA yEsth(Table 44). 3k 2o FoHow
T7HE S & AT P<0.05).

31

—— Control
——HFS

28

25

Weight of Body (g)

22

Experiment feeding period (wks)

Fig. 18. A5¢] ®s3t

Table 44. A F5 71, AoldHA %, Hojas L #¥9 &

Gain weight Food intake FER Fecal weight
(g) (g/day) (%) (g/3day)
Control 3.7+1.2 3.0+0.3 45 0.45+0.14
HFS 2.510.6 3.2£0.3 2.8" 0.65+0.06"

" ¢ significantly different(p<0.05)

) A7FAeE F-eid A A

ZF A7le A AF FA AEFste] 09% AE AdeER g0l oA
(Whatman No. 2)2 E7]& AAS & TS S =g Ag2 ’{}7] Sy
3k & ZHlE retroperitonial(E7 F), mesenteric(E7 W), epidydimal(i23 F9]),
inguinal(3] M #]), spleen(¥]7d F91)e] 57kA] F-9lollA wojuo] T&& 45 At

Table 4504 H%o] Z7|HF A= EETAA F40 2ol7F Al 17 199]
Al YERd ARFEAE EE g2 HFO) O vle] s s e =3 7kt (HES)o|
A s et 53 5725, AU, HA F99 Agge] FojHoRE =

qE AL B 4 AN
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Table 45. 715 A (g/100 g BW)

Liver Heart Brain Kidney
Control 4.06+0.60 0.42+0.03 0.98+0.28 1.21+0.08
HFS 3.97+0.18%% 0.42+0.03N5 0.99+0.22N5 1.08+0.44N5

NS not significant(p>0.05)

O Control OHFS

Weight of visual fat (g/100 g BW)
N

:ﬁﬁ mﬂﬂﬁﬁ

=25 =zu DEFe sux AwRel &

Fig. 19. %948 A9WFA(g/100 g BW). " : significantly different(p<0.05)
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M F SAA Altriglyceride), & F#|2H Z(total cholesterol), HDL-&
A2EE SR &4 Ki(GEAH Ahgel ofs] 33 (Model 80-2088-64,
Pharmacia Biotech. Co., Cambridge, England)& ©]-&3}e] Z+Z 546, 500 nmel A &
FEE SA4stAr

o-1-=2 T

F AP

LDL-cholesterol = total cholesterol - (HDL-C) +

5
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Total cholesterol-HDL-C

AlI(Atherogenic Index) =

HDL-C
g T At AES 4% A= Table 469 2d @ & F FAA
A FAT WoAE BAEFE wWAALP>005), T FULHE A= FelAHoR Yot
Aok =3 HDL ZeselEe] FA= o4l Aols vellA %A LDL =
O}ﬁiiuﬂ a9 20014 & Aol sUASA STt
I

daeE A7 FoH s
Hx(0.33)0] vl dEd3
AEE Feugside=rt Az eNgEAE

9ee Arbal 9T

Table 46. & T4AH, & Zu2HE, pEEAGNd AUEAcid FH2dHE

Triglyceride Total cholesterol HDL cholesterol ~ LDL cholesterol

(mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 79.1£8.0 175.8+15.7 132.8£6.0 42.8+5.1
HFS 62.7£16.3 146.8+15.8" 130.9%9.9 15.7+2.1"

“ . significantly different(p<0.05)
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00
Control HFS

Fig. 20. =W A 3124, " ° significantly different(p<0.05)

o) B o] AseH A 24
NBAZ @ FAAZRS ] £23tet WS Folch 59 WY (Folch et al, ] Biol
Chem 1957, 226, 497)° et A4 = FH3ske] 208]9] chloroform : methanol = 2 @ 1
o] golo] & Ho] AAS FEI F OOOrpmoﬂl\i 1087 QAR FF
gE FR &A gt SHTFE 20% H7FsE & 2000rpmeol A 1557 AAIE
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o Aozl AFANE AASE T AAE FHE WFe AFE EsATh
T A A AREe E¥EF 3099 ethanole] FHo] Ao BHAZHEA A
o] Ap-&3F3ltt.

A AEY © & AH(total lipid), &= =¥ ~®|Z(total cholesterol) FE+E= T4

Kit(d-sAek) Aok od] 33 =A(Model 80-2088-64, Pharmacia Biotech.
Co., Cambridge, England)S ©]83}9] Z}Z} 546, 500 nmoll A 3325 ZA 359
RF o] HlE] Aol FoHer w& FUHES st Ao
T TARAAEFS FAAQ Aot A EH A FdtH(Table 47). ol Table 449 2
ol A@A B 5 e 5 FE2HESY] A W] ZH2"HEY S
2 &) Aol yroz wiEE oz Holw AMy=o HFfivt ZeEaEHEo] A
5 A & Aow AzbE)

Total cholesterol Triglyceride

(mg/dl) (mg/dl)

Control 239.5+25.7 21.8+34
HFS 265.5+36.5" 16.9£3.9N

* ¢ significantly different(p<0.05)

uh) &AkstE4d el 54

Total glutathione 3L Y43 ANBAZF : v~ 1xAE 7+ 19u]9)
6% metaphosphoric acid® ??“5} 3 = 25000mm£§ 307 A T &
ded AT AL Tl F glutathione 54 A gl AHEskai

Total Glutathlone(GSH) 1 & glutathione2 Floreani 52 9 (Floreani M,
Skaper D.S. Facci L., Lipartiti M, and Giusti P.,1997)% <7+ W3 alo] AL&3+
o AZzE Alge Asd 15 wE HaNA 500 x o cuvette celld] 0.1 M
potassium phosphate/0.006 M EDTA buffer(pH 7.4) 400 @S ¥ 10 mMY
[5,5'—dithiobis—(2—nitrobenzoic acid), DTNB] 125 @0, 5 mM NADPH 40 wZE % 3}
A1 B HE8S A2 Fo 05 unite GR(type I Sigma, from bakers yeast,
diluted in 0.1 M phosphate buffer pH 7.4)& Y1 2 H& & wk$2 JHAE ™ 412
nmell A 2&E3F AHFHer FFEE FASAT. 004 mM GSHE  Alx3}o]

jubad
Me
L)
~

standard curve® 1¥ $ F@Lo] i3 FEE5 SR
ZF22AWe] F 2FEES dES B4 Ayes a9 219 2o 594
Hq= HZRHES)e] iz (HFC)Ol Hl3] =& s Yedls 2s & & Addd

(p<0.05).
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Fig. 21. 2tz220 e & FFEElL 3% " ! significantly different(p<0.05)

Aol 911 0.01 M Sodium phosphate buffer
pH 74% w23 % 25000rpmell Al 3027 AR AC)TF § FFaqs AUk 7
0C Wz ®AstHA gaksta A S4(GPx, GR, SOD) &4 Add A183%
t}.

Glutathione peroxidase(GPx) assay : GPx+& Tappel(Tappel, A.L. Glutathione
peroxidase hydroperoxides.1978)2] WH-& A3t HHF3ATt 1.0 mM EDTAE
k3 0.1 M sodium phosphate buffer(pH 7.2)°l catalase®] 2Z-8<& JAsl7] 98l
A1 mM9] azideE 92 % 89105 1 mL cuvette celld]l Y3 A]JEZ enzyme 50
w0, 0.25 mM glutathione 20 0, 10 mM NADPH 20 ¢, GR(0.5 unit/m¢) 10 w0 %
3 mkA 2]l 100 mM cumene hydroperoxide 10 w2 28 Fo 340 nmol A &3 %
2 287 =As A GPxY A% 1 unit® mg protein@d 1#7F A3lE = uM
2 A3k

Glutathione reductase(GR) @ 7+x4¢] GR &4° &4 542 Pinto 59 34
(Pinto M.C., Mata A.M., Lopes-Barea J].1984)°] w2} F+3}Att. A& 50 wf, ImM
EDTAE /3 0.1 M Tris—HCI buffer(pH 8.0) 940 0, 0.1 mM GSSG £ 20
2 359 g9 10 mM NADPH 20 wlS 713 & 412 nmolA S35 =435}
At

Superoxide dismutase(SOD) : SOD activity®= McCord®} Fridovich
(McCord and Fridovich Superoxide Dismutase;1969)¢] s o wha} A4 =3a} 3 th,
£ % 1 unit xanthine oxidase 4 ¢ AE Yol &FF %7} 0.021 + 0.005°] H == »
E Z2H3 & cytosol A& 40 wE HFEAIAA 550 nmolA 28I AL 3
SOD 1 unitE cytochrome CE 50% W= o] a3k SODS Yoz Aot

=

Paraoxonase(PON) : ParaoxonaseE =743}7] 93] arylesterase activity assay

M ol

oo



£ 3tk 1 mM CaCl7b &% 20 mM Tris-HCI pH 8.0 buffer 495 ptell @7 5
e ¥ F cuvette §Fe] EXE7F 1 mMe] ¥ =% phenylacetates 3 7Fshal 270
nmol A FHEE ST F 5] A 9l activityE AlLbe At

2 & x xcuvette A (#£)x 1000
2A(1)x1310%x BFS Al 2Hmin)

G " FF 0 GPx, GR, SOD+ mg protein@ unit® A4bstel =] ojw) oz
492 bovine serum albumin(BSA)% ¥ ©ld =2 AL8-3lo] Bradford 449
(Bradford, M.M,.1976)° 7]|%E ¥ Bio-Rad w¥ & A o] 23t Bio-Rad protein
kitE AR8&ste]l 595 nmolA 54 0}04 A%kst A

HIOII

PA(U) = A

Table 4894 H=AF o] A= HI7FAHFS)o] hERFHFC)H T 3FEH o
e GPx9t SOD BAEAS IR YA o Paraoxonased] S HHAH oz
UEl o] == aryesterase activity® ¥ AI¢FS YEMUAY. GR £484L2 /9
Q1 Aot ARHA ket Frbale A& WolFAT. Table 495 2 el
Gulde AR Auld oxes FEugsAds AsbEtel felel sole
YERFA] 29kt (p>0.05).

Table 48. 34tst a4 4=
GPx-Liver GR-Liver SOD-liver Paraoxonase
(unit/mg prot.) (unit/mg prot.) (unit/mg prot.) U

Control 1.13+0.11 0.45+0.05 0.52+0.06 43.6£6.5

HFS 1.59+0.31" 0.52+0.14 0.71+0.15" 50.8+4.0
" significantly different(p<0.05)

Table 49. 7FxA Y gl = A=
Protein in liver
(mg/ml)
Control 10.34+0.61
HFS 10.39+1.91M%

NS not significant(p>0.05)
A A -] #aketE (TBARS) 54
ABAZE U}O 2ol 2A4E AT 9812 0.01 M Sodium phosphate buffer
pH 742 #dg & -70C Wdire] B3t TBARS 574 Aol A1&34
TBARS : &%, 1, A%, Ao Ad3kst=2 thiobarbituric acid(TBA)' ‘?3
(Bidlack, W.T & Tappel, AL.1973)& ©¢]&3te] A4 ¥ malondialdehyde(MDA) <

S 533 nmollA FHEE =AY S, tetramethoxypropane (malonaldehyde bis,
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TMP)E &4 =2 AMg3sadr).
Table 50014 HZo] dFA3n mE #ro A AH2aE7t= gZ2H(HFC)RT &
T st = HI7H(HES)o] B A S w A tH(p<0.05).

Table 50. x| &2 #HAtst&E7}

Plasma Liver Heart Kidney

(ug/ml) (ug/ml) (ug/ml) (ug/ml)
Control 8.11+1.31 5.84+0.93 10.24+0.81 10.24+0.35
HFS 4.13+0.91" 4.73+0.58" 7.40+0.62" 7.80+0.68"

. significantly different(p<0.05)

of) @My} 2kA|ES] DNAS &4 %

Mice DNA £4AHEE =A317] ¢ alkalin single-cell gel electrophoresis
(comet assay)Z A A& th. Slidee] 05% Normal melting agarose(NMA)ZS 50 uf
o 75 Wz 2H FZYI T AR 5 ule 0.75% Low melting agarose(LMA) 75 ul2]
HAaals ZaF BEAANZ T cover glass®E Ho] 4T WALTo AAeAT Gel
o] #om 1 ¢ 0.75% LMA 75 wE X3t 3@ ¢ Z”ESAG. vlg] AZA
FH S FAE pH 10 lysis buffere]l DMSO$®F TritionX-1002 412 Al ¢Fo] slideE
0] A FEe obalo] HAStHA] lysis FAS AFTE Lysis A S 249 slide
£ electrophoresis bufferol] 40%<] #3331 th7} electrophoresis chamberel] w3}
I 25V, 300mA°lA 20% E<F unwinding Al At A7) 0] £y slidex pH 7.5
tris bufferel] 54 33] Al H st wpA = o &2 o gh&of] 5&F HaT7F ERith

27t B AE 9 Comet image #4128 37] 93] ethidium bromide(20 x0/mé)
2 nucleotideE FAste] FF&um Fo A #Fsta JhHEtE S8 comet image
analyzing systemo] A X% FHAFE oA #4313t DNA £A4AEE o g HE o]
&% DNA 9] A (tail length, TL), tail W $F¥ DNA% (tail DNA%) 1%
3l TLFkol tail DNA%E #3l% tail moment(TM) #<& At 18] F71=2
&l o] DNAZFF 22 Head DNA(%), Tail Extent Moment(TEM)9] LS =43t th.

Table 51 oA 2] DNA EHALEE S48 Zlolil Table 528 {HAE 9]
DNA &3AEE SAT Aelth tizato] Hls] A3 ] head DNA7F &2 43
S W tail DNAS} tail length7}F wgkow AuwkA o2 tail extent moment2}
olive tail moment7} Yo} Ae]= H7paro] PNyt A EZe] DNA EAAE A&

= & ST

i
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Table 51. 92 DNA =44 %
. Tail Extent Olive Tail .
Head DNA(%) Tail DNA(%) Moment Moment Tail Length(zm)
HFC 87.69+2.11 12.31£2.11 3.26+1.91 2.12+0.72 19.43+11.21

HFS 92.05+1.64" 7.96+1.64" 1.86+1.15" 1.28+0.45" 16.38+8.43

Table 52. THAI3E 9] DNA &34 =

Head DNA(%) Tail DNA(%)  1ail Extent Qive Tail il Length(um)

HFC 86.61+4.12 13.39+4.12 8.06+4.68 451+1.16 49.53+11.02
HFS 89.49+3.45 10.51+3.45 4.04+2.20" 2.62+1.02" 30.81+12.49"

* ¢ significantly different(p<0.05)

th. ICR miceE °]|-&3% 23 Fy 7l AH==449 7|54 H7}

D ARsE

Ao ol TE2 AT 18-22 ¢ AL A% 4 F=3HH ICR mice(57) 167}
& FHste] 28 A A AIN 76 dietZ 1 L3 ASA AL A S7|3ke] B4t
A FELS A Fo WE W39 (randomized complete block design)© & Table 5l
o ol Z} ud 8nbEH 2w o' o] 8F Fob AMFESlTh AlFAY ke
2T, % 50760% =2 =dstsla, wWd F7] 92 dF71S 44 1243k ==
zAdstget. AP ES F g A stainless steel cagedl Al AMS3Fdar, Ad 2 o]
= e A AR FEstden, Fride o9 WAE fsA

o] ad BE 719 04% EDTAR A& & gol T2 g AL

L
S

r}o
off |
g o2

- 474 o] A ol+ A== A7
AgE

LFC LFD
5% 8 v}e] 8 v}

2) Aojx4d
!

Yol Table 54014 Wi vk} 2ol F Aol FA 5%F G55 FCEYH
W FEEFFHD FEAGG. G PN Aus AhEe F AT
RocE A/betdn Aetel ¥ F P, Vv, vee] FHe dxTA AT



T dEad FEEFE Fds stFo] 2SIt Aol o ®=  choline
bitartrate(ICN Biomedicals Inc. Germany), casein(Dae Jung Chemiclas & Metals
Co, Ltd, Korea), cellulose(Aldrich chemical Co. Inc. USA), DL-methionine
(Reserach Chemicals Ltd, Korea)S AF-&3Fth 7t o] 2ol w5 3 ¥4 th&
o] Akt ar Ae] AbsiE WAetr] fal -70C WEalel ®BastHA] gzl Al
Zroll vl dAFFS FolstaTh

Table 54. 2] o] %A (g/kg diet)

A2 A B AT g2 o]+ }Q:EjLEEﬂ]/giﬁ]ﬂ'
casein 200.0 200.0
DL-methionine 3.0 3.0
corn starch 150.0 150.0
sucrose 500.0 345.0
cellulose 50.0 50.0
corn oil 20.0 20.0
lard 30.0 30.0
dressing 0.0 149.0
salt mix" 35.0 35.0
vitamin mix” 10.0 10.0
choline bitartrate 2.0 2.0
Total Energy(kcal) 3,862 3,862
Fat ratio(%) 11.7 24.9

U AIN 76 mineral mixture(g/kg) : calcium lactate 620.0, sodium cholide 74.0. potassium phosphate
dibasic 220.0, potassium sulfate 52.0, magnesium oxide 23.0, manganous carbonate 3.3, ferric citrate 6.0,
zinc carbonate 1.0, cupric carbonate 0.2, potassium iodate 0.01, sodium selenite 0.01, chromium
potassium sulfate 0.5, finely powdered to make 1,000g

? AIN 76 Vitamin mixture(mg/kg): thiamine-HCl 600, riboflavin 600, pyridoxine-HCIl 700, nicotinic
acid 3,000, D-calcium pantothenate 1,600, folic acid 200, D-biothin 20, Vit B2 2.5, Vit A 400,000 IU,
Vit D3 100, 000 IU, Vit E 7500 IU, Vit K 75, finely powdered to make 1,000g

3) BAAE

RE AF Ay AY FE 8 vig HdXrRFHARE ZAER e, o4

= 2SPSS(Statistical Package for Social Sciences. SPSS Inc., Chicago IL, USA)
software package ZEI1#E o] &3] n=0.05 =4 Duncan’s multiple range

testol]l 9)8te] 72+ AE e FA A SIS AAFA
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= s =4 1=
i‘jd iﬂ% %7}‘2 7] Q&) 1A Aol Ao FHS Tudt & oulg A A7t
3 M =A35kgTh 2lo] &8 (food efficiency ratio, FER)S & AS ZF7lHS 2o
71 Fete] & ”01 ”%Ekoi Ui go® &3S ‘:‘r WO k& Ao] mpx]ut

3|
Fotol AFWElE a9y 229 gon, 21]??7}‘1* *‘OW%E% Aolgg 9 FHe
& Table 559 #th Ao)AdH Fe NE2F(LFO) Y =4 F AT (LFD) Alolel
oAl Aol7b gl AFL =4 AF 4F o]THE Uzt HF sk

gFFol 414 gow txTel 429 gol Wlal Aoyt frelHel Aot g 1
AU Aola g =Rl txwel val wekm weld ol =4 T
To] tlxEuTh Bty o1l Aol AAHA kg,

45

40

35 r

Weight of body (g)

30 r —4—LFC
——LFD

25

0 1 2 3 4 5 6 7 8
Experimental feeding period (wks)

Fig. 22. A5 ®3}.

o

Table 55. A= 37HE, AoldAd, Aolas & £W ¢

Gain weight Food intake FER Fecal weight
(g) (g/day) (%) (g/day)
LFC 15.1+£2.2 5.2+0.5 5.7+0.4 0.7+0.1
LFD 11.5+3.2 5.310.6 3.6£0.5" 1.0+0.1

" ¢ significantly different(p<0.05)

) A TFASE R9E AT
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ZF 7= A8 AT FA AEse] 09% Y AdFR o] oA
(Whatman No. 2)2 =7]& AAT & TS S0 w3 AL F7s A=
3k & ZulE retroperitonial(E7 ¥), mesenteric(E7 W), epidydimal(23 F9),
inguinal(8] ¥ #]), spleen(H]% F21)2] 57FA] F-9lel A wojo] FFS FAsAth

Table 56+= x4 AF] H A%, AFe] FAE Uetda sled =44
Fo(LFD) ¥ t 2= (LFC) Atelel A<l Afol= gl th(p>0.05). 19 23
A Aol FAE YEha lon A Fodto] fRaET e AES LhE
= 3E B o ey 9A 949 Aol= AT (p>0.05). 1y 7]Ee] Ay

AAFoRZA DEdFS 7ML o] AFTS TV AARS 5

2

e @rtn B o B AP Aud suTey A7 Adesdde 49
% Adccdgosd AF L AR Fb) 9L vHA = Aow wo}
Ee AdEsdge] Aol BeE T AFeln 4w

Table 56. 7] %7 (g/100 g BW)
Liver Heart Kidney
LFC 3.9+0.7 0.498+0.127 0.015+0.001
LFD 4.1+1.9N 0.602+0.131™5 0.016£0.002N5
N.

S ¢ not significant(p>0.05)

9
=
o OLFC @LFD
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o
o
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s
©
@
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©
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[
2 5 l_- ‘
2 S8 ngFel  HR dHEFF A

Fig. 23. #9138 A %FA(g/100 g BW)
B HY Fo AR 4R B

ANaARH A TR Tl 8F AIA e
e 22 spH AT, whH el A5 SAL Al Fels AH st
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#H3s dANS heparine] ©7l FHO wol &4 R A s & 2000rpmel A 5
et
1

E 5ot dAEYse] dF(plasma)S st Ed dFe -70CoNA WS
HaAgh 5 Z4o] Abgskith
ANARA  F FA4X4(triglyceride), & Zd ~H =(total cholesterol), HDL-Z

S
A2HE 55 &4 Kit(dsAe) Akl ofs] 33 =A (Model 80-2083-64,
Pharmacia Biotech. Co., Cambridge, England)& ©]-&3}o] z}7z} 546, 500 nmol A &
FEE FSASAT

/\ Il Xl SF t

5

0 M'
noll

LDL-cholesterol = total cholesterol - (HDL-C) +

Total cholesterol-HDL-C
HDL-C

Al(Atherogenic Index) =

AA Aol E T3 2Ty Ae= =gAe Fo2 A3 mouseo A U
TAAE, T ZFd2dE, 14E Addd FH2EHE, ALYE A9id ZY2HE
2 TGS F= Table 573 vt e A9 FEoAM =4 FAL(LFD)E o
ZaH(LFO)el vlaf oAl 2ol & WebA] &ttt o] & A= HojxAo] =
A A7 S Aol A FH Y ‘QE’“’] 249% = 9 11.7%9 ]BP"% «]

o
O

o] 2u} o] wol wWEol =4

m@
e
i
=)
Dz
2
o[ﬂ

>~ L N

%7 motd Aoz dAHAoY dxud feolAl
oRE Y gieta A

Table 57. & T4AH, & ZuxdE, 12X dld AdEXctuld Ze2dHE
Triglyceride Total cholesterol HDL cholesterol LDL cholesterol Al
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
LFC 56+25 178+28 145+27 22+10 0.23
LFD 64145 180+15™% 14215 2510N 0.275

NS not significant(p>0.05)

o) AtstEde] 24
Total glutathione® 3 AZAZ : vl§29o AL 2000rpmel A 5iF<k
A ste] @4 (plasma)s EEet F RBCE AF&3HATh wh9-29] x4
= o] 19HH—4 6% metaphosphoric acid® @33 & 25000rpme 2 30&7F LA
AT F 5 HIAS FUol F glutathione A F ol AH&3HA

Total Glutathione(GSH) : = glutathmnet Floreani &2 W (Floreani M,

il

KX
=

A

o N 1
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Skaper D.S. Facci L., Lipartiti M, and Giusti P.,1997)% <7y W slo] AL&3+
ok A x3 Alge A5 15 wE HEA 500 pl 2] cuvette celld] 0.1 M
potassium phosphate/0.005 M EDTA buffer(pH 7.4) 400 @5 Y3 10 mM9
[5,5' ~dithiobis—(2-nitrobenzoic acid), DTNB] 125 @, 5 mM NADPH 40 & 3 3|
A1 EDY Y X471 3o 05 unity GR(type I Sigma, from bakers yeast,
diluted in 0.1 M phosphate buffer pH 7T4H)S 93 & 42 3 dkgS JIAIEE 412
nmoll A 283t AEHEHom FFEE FAHIFIAUL 004 mM GSHE  Alx3}he]
standard curveZ 18 % %% TEE ST
p-carotene : HPLCE o] & FR=d 2 2303 He o5 2o
(a). HPLC =71
. 20 ul injection
: ODS column

: mobile phase

Jl)léém

oxl o

Olt

o
3ol

acetonitrile/ isoprpoanol/ methanol (68:20:12 v/v/v)
+ 0.022% ammonium acetate
: Flow 1.0 mL/min
: UV detector at 450nm
(b). Extraction of —carotene from plasma 3 step
- 100 gl plasma & glass vial o ©+=t}
protein denaturation
1 500 w0 ethanol ¥ 25 x¢ ¢ 91 mmol BHT/L methanol < add 3t}
organic solvent extraction with addition of IS
: IS solution (5 pg/mL) 20 w0 add
3 mL ¢ hexane & add
solvent exchange
. each tube & teflon-lined screw cap &% sealing 3+ %
. vortexing 30 s
: 400 ulL water add
: vortex 30 s
. centrifuge at 1500rpm for 2 min separate organic and aqueous phase
. upper phase < new glass vial Ztransfer 3} t}.
. evaporate to dryness under a stream of nitrogen

. residue was redissloved in 30 wl isopropanol/acetonitrile (50:50, v/v)
¢ filtrate 3 % HPLC ol < 33t}
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Table 58& tl&a SelyFolite] Aojst Ao Faseds 543 2
ofth. b3t Wele] N F FFEE L FF2 F4F A3 =y FIR(LFDe] o
TMHFO) Wls) =& §Fo] ZRHAoU §949 Aol 94
- CI R ES R SRR %9}3»} A Feld A%

Table 58. @3t ko] 5 2TetEle Gt BF Fo veAzd I

GSH in liver GSH in RBC [i-carotene
(ng) (ng) (nmole/ml)
LFC 5.37+1.56 0.053+0.010 N.D.
LFD 6.32+£0.82 0.058+0.027 0.011+0.012"

N.D. : Not detected
" ¢ significantly different(p<0.05)

vh) FrtstEgs R FA
AIBAZ 2o hx2AS 7H5E9 9819] 0.01 M Sodium phosphate buffer

pH 742 4% T 25000rpmol A 307 YA EZUT)S T ASHS AJT. -
0C Wiael RystdA aiabstairA &4:(GPx, GR, SOD) 574 A3l A&3t3d
o},

Glutathione peroxidase(GPx) assay : GPx+: Tappel(Tappel, A.L. Glutathione
peroxidase hydroperoxides. 1978)2] W& Al&3le] Ak 1.0 mM EDTAE
k33 0.1 M sodium phosphate buffer(pH 7.2)°l catalase®] 28-S oAtz 93|
1 mM9 azideE ¥ F 891 S 1 mL cuvette celld] ¥il A|EZE enzyme 50
w0, 0.25 mM glutathione 20 w0, 10 mM NADPH 20 ¢, GR(0.5 unit/ml) 100& 4
3 kA Ete]]l 100 mM cumene hydroperoxide 10 (/& Y2 Fo 340 nmolA S3 %=
2 287 24390 GPxe FA = 1 unitE mg proteind 187F AH3tE = uM
2 At

Glutathione reductase(GR) : 7+x4¢ GR &4° 4542 Pinto 59 W
(Pinto M.C., Mata A.M., Lopes—Barea ].1984)°l] w2} 3ttt A& 50 xl, 1 mM
EDTAE 73 01 M Tris-HCI buffer(pH 8.0) 940 ,uﬂ 0.1 mM GSSG €9 20
E 79 &9 10 mM NADPH 20 = #H7FsF & 412 nmolA FF =& 543}
At

Superoxide dismutase(SOD) : SOD activity®= McCord®} Fridovich %
(McCord and Fridovich Superoxide Dismutase;1969)2] HHof| whg} A 2kstio). wb
S 1 unit xanthine oxidase 4 W A% ¥o] 3%=7F 0.021 £ 0.005¢] F =2 F&=

g
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Bz
= gosa

A A 550 nmoll A 2
gt of <4

}7] $18 aryesterase activity assay

SFal

(o

Z cytosol AE 40 wE 9% A
cytochrome C& 50% w3lsl= o] 223 SOD2
ParaoxonaseS =743 S
7l 20 mM Tris-HCL pH 8.0 buffer 495 plo] 3%
= phenylacetateE % 7}star 270
2o &l activityS AlAFEFA T}

3l

2 xA3
SOD 1 unit=
Paraoxonase(PON)
= 5kt 1 mM CaCl7t g
5 mE ¥ F cuvette 9o %7l 1 mMeo] H=
nmel A FF=E ST F U5 ¥
SZE xxcuvette IJ1(#£)x1000
PA(U) =
A2 2F(ul)x1310x BF=Z Al 2Hmin)
guld AZ : GPx, GR, SODE mg protein@ unit® AAME R =4 ojuf vl =a
A %&S bovine serum albumin(BSA)S FF wlA 2 ARE3le] Bradford =AW
(Bradford, M.M,.1976)° 7]%E & Bio-Rad ©¥l & Ao 23 Bio-Rad protein
kitE AR&3to] 595 nmellAl A3k A4bst ).
Table 59914 & 4 Qlxo] 7tolA &A% GPx, GR, SOD 484 E= HERT
(LFO)¥ =84 FoH(LFD) Alelel F¢A <l 2ol 7b vepb=] edth, 18y &
%o g 2H2 =S walste]l phenold =S FAJAIAFTTE paraoxonaser =
ddFoydto]l xTo vd Fodoz =A UElE T p<0.05). 48 F9] 7t A o
B e B4 Ay FoA S Aolrk itk (Table 60).
Table 59. 4t a i EAE
GPx-Liver GR-Liver SOD-liver SOD-Blood PON
(unit/mg prot.) (unit/mg prot.) (unit/mg prot.) (unit/mg prot.) (U.)
LFC 3.51+0.48 0.46+0.04 1.73£0.64 0.033£0.013 40.8+3.8
LFD 3.37+0.37 0.51+0.07 1.90+0.57 0.041+0.010 48.8+7.6
* ¢ significantly different(p<0.05)
Table 60. 7+2} FHeo] ki ek
Protein in liver Protein in RBC
(mg/ml) (mg/ml)
LFC 18.6+2.1 291.6+21.8
LFD 19.9+1.6M% 277.9+31.3%°
NS-: not significant(p>0.05)
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vh) 2@ e #}AakstE (TBARS) 54

NBAZR : g2 224FF 9ufo] 0.01 M Sodium phosphate buffer pH 7.4
2 g & -70C WHae] RustEA TBARS 574 A3l ARgsdh

TBARS @ 3%, 1 A4, 239 A4#5stES thiobarbituric acid(TBA)WH
(Bidlack, W.T & Tappel, A.L.1973)& ©]&3}lo A% malondialdehyde(MDA) <
S 533 nmollA THE=S SAHFA o9, tetramethoxypropane (malonaldehyde bis,
TMP)E ®T+Ed=Z AFE3oh

Table 6141} o] 4, 1t
g A7 7+ AL o2 7

Ad#ststES TBAYMOR &
< ] .
FolZ(LFD)7He] 2] # Q] kel 7}

28 2
1 s AATAEES Y 2ELFOT} =Y

£ONE g

Table 61. x| & 2] #}2t3}E 7}

Plasma Liver Heart Kidney

(ug/ml) (ug/ml) (ug/ml) (ug/ml)
LFC 166.86+33.81 19.02+0.40 13.88+0.30 13.05+2.14
LFD 183.09+42.30 16.60+0.20" 13.10+0.30 15.28+1.12

*  significantly different(p<0.05)

AIBAZ v 27S 759 9819 001 M Sodium phosphate buffer
pH 74% w23 F -70C Yo ®2astds TBARS 574 Al A&kt

Carbonyl value : ZF¥} A% ZZ o] 20% TCAZ 600 pl ¥ 14,000rpm Z L%
daEe 7l 1023 fAEesta el WEth 10 mM DNPHA°F& 1 ml
A b A Z83] vortexAl 7l T A3 o} o] 5087 38Tl A mlFA AL W 15
wrlth vortexE AlAFTAA 20%9] TCAE 1 ml S o] 8000 rpmolAl 15&3F
1t} EtOH/ethyl acetate(EA)S 1 : 1 H| &2 £33}

N
=1
ZkzF 1 me A gaL 108 9 & AL 5 8,000rpmell A 103 A efste] 3 ol
An]

o
ofWlitt. AW E=(pt)oll 6 M guanidined S 1 m¥ %3 incubator(38C) oA 30%
o Fst 380 nmollA FEEE ST

3 A =AWl gide] AbsteE SA% 23 i 2H(LFO)F =8 Foa
(LFD) Abolell f<2]4 <l =}o]i= velL}A] 2 9ktH(Table 62).
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Table 62. 7F3} A& Z 2 wulad A3l e

Liver Carbonyl Heart Carbonyl
(umole/ml) (umole/ml)
LFC 0.20£0.13 0.42+0.13
LFD 0.25+0.04" 0.39+0.13%

NS not significant(p>0.05)

2 =A43%7] ¢l alkalin single—cell gel electrophoresis
A A8k Slidedl 0.5% Normal melting agarose(NMA)ZS 50 ul
FYs & Alg 5 e 0.75% Low melting agarose(LMA) 75 ul9]
FEALAIZ] & cover glass® Ho] 4T WAoo A3t Gel
o] #ow 1 %o 0.75% LMA 75 utE E3x3te] sy ol ZEsIATh v A
=8]8l FAY pH 10 lysis buffero]l DMSO$} TritionX-100S 412 Al ¢Fol] slideZ
G0o] A FEe obalo] HAEtHA] lysis FAS AFTE Lysis A S 249 slide
£ electrophoresis bufferol] 40%<)] A &3t th7} electrophoresis chamberel] w3}
3 25V, 300mA°l A 208 F<9F unwindingAl At A7 Fo] 1 slides pH 7.5
tris bufferel] 54 33] Al H st wpA = o &2 o gh&of] 5F HAT7F ERith

A2 7F #d M E9] Comet image +4& 3171 $13l ethidium bromide(20 0/ml)
Z nucleotideE AMEte] FAIAnAA HAAstn FivgE E&] comet image
analyzing system©] Ax]H FFEHANA 43590 DNA 4= do2HE o]
&% DNA 9] A (tail length, TL), tail W $F¥ DNA% (tail DNA%) 1%
31 TLgkell tail DNA%E &3]3 tail moment(TM) %L*o* =313

O 24 A2l DNA £4ALTE 43 ol TZH’_’\‘TL(I_,FC)J’} cqd 7
oA (LFD)& HluE v e FHolA FolAl a7 vepgtem 1 Ay ~9F
G A= =#Ae Foj7t @ F DNA EIsadrb JSo= A s ozt
(p<0.05). 19 25 o =gl Fofate] syl o x A
ol Hlal] =l Folae] Al mert o s SUoRERE Gd & AU

(comet assay
o} 7B WE 2
At s 3

= g

T

me
PI
o 2 |
—iN
K
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36
OLFC
g 80 mLFD
(o]
g 24 *
e
<
Zz 18
[a)
ERRPS *
S
o
3 67 .
0 L L
Tail DNA(%) Tail Length(um) Olive Tail
Moment
Fig. 24. @92 DNA £AH X, * : significantly different(p<0.05)

Fig. 25. 2w ($) 3} =2l ol (obel) o] sml o] m A

9. Y=o} AHE=EFHA L LH A A}

A Gasae =) 2v ey Adesdy, 83 A Azt
]

O-

LA o i
daigtn At T AFA Yty wSFdES 3 JdE A 1208S tde=
H 2 AALE AAlskAt 98 HER S AFgstd e BE &5 sty 7e®
(Over all acceptance)® H7}8HA stttk 2 A3t ofl 2] Table 62-1, 62-29F 7
=
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2, 74, 7158& Wt
C -

2] 7
BTm Be F5E dAvE A Aoy =

oh. opAlRE StH kgl = = =
Sag A AHAAE W VExE 9 =otA gl ZigHET

wd ~u Ty Ayeeygae k7 65 6.1, 80, 7.2, 7788, A e =g
e 66, 71, 72, 65, 6848 YEFHAL Ay FEy =gAe 53] gt Aae
A RS ue] A 453 =& HULE wton AUkl VEE JA =
oot 28a ¥ A=Al &y ko] o] Ee HEE weton o] I
olo] Qlubo] Hhe= Ay gAS BEuA Y FHA o] HSe= Aatel AzbE o
EI=
62-1. g2t = o] 2n| A7 T = AAL

9]¢ i % =A% NE%
A= 7.3+0.9 6.8£1.0 7.2+1.1 7.4+0.8 75+1.0

62-2. 23 % el AeuEd s 94 ddssdye s e A4

RE 3 % 243 New
o=t
gl 65+09 61111 80107 72:07 77:06
v
goe Sy 66410 71408 72407 65+0.9 6.8+0.8
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Al2d A2 AFHA

ATHYA $3% 0 MPR AAALY WARSH AAAR AAS A%

non—-thermal processing 7]< 7i'%

1. A& AL=FEH HAA vAESY AS

A1 AFGANA - A7 F HETZE F=

18] slomn Ank mAE L HAgA mAEY] HE
&

sttt Haxes ol 719l vty A Al

ol rr e
2
&
>
o
=2,
o
-
0
ol
o
s
>
=
ofo
of
S
8
=
ok
o
ox,
=)
0%
i

QL

N oy e

o}
7] AAE AmE sample 10-15 g& A& dA7|E 24 F A= AeA
crude extract® % 3ttt FF9 crude extractE 0.1% peptone water=
serial dilutiondte] Z}7] wjx|o| EF3te] wjgstr FAE colonyES AlF3se] Al
B crude extract ml¥ colony forming unit (CFU)¢] 4322 el AT

B Ado A& A" vjx|E= total aerobic bacteria® plate count agar (Difco
Co., USA)Z Alg 393 yeast and moldE potato dextrose ager (Difco Co.,
USA), Pseudomonast pseudomonas agar F (Difco Co.,, USA), E. colit
chromogenic E. coli / coliform media (Oxoid LTD, England), Listeria© listeria
selective agar base (Oxoid LTD, England)Z A}-& 3l ).

oA A AAF Fmae] A Awbrdoew 10° CFU A= A#4E Ue
T F9 A4FE 10710" CFUY A#FE 223 5 32dth(Table 64).
2w A& Pseudomonas, E. coli, Listeria =3+ 1077] A=2 ngon
AH A3 s9s e 143 e 242 83 ¢ e FHon

Helg ool AFH HUAL Fu soof & glolh

o T
22
K

o o

ll

& Ay o

e X o
e e o

Table 64. 3=} AFFo EAst= AS A=
unit : Log CFU / ml

EEEEES A Ay =

fe] T
Total aerobic Bacteria 6.44 4.89
Yeast and Mold 6.21 3.77
Pseudomonas 6.32 4.40
Escherichia coli IR 3.65
Listeria o A A 4.22
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2. Non-thermal treatmento] €] & microbial analysis
2 AT A= non-thermal treatment @22 chlorine dioxide treatment& A}
& St wEkA o] o]Abstd el gk 7] WA mAd=Eel dE D-value:
SAFoEMN A ZHE gels) B vt SACd AFEE HdAd vAAES
AE R AR kol A Wi skAl T ASkaL Q1= E. coli O157:HY7, Salmonella
typhimurium, Listeria monocytogenesS Ab-& 3} AL},
E. coli O157H7-> 55 ppm ©]4tstd 2 &< 9 mldl cell culture 1 mlS ¥
#E %7} 5 ppmel HEE ko] 1, 2, 3, 4, 5, 7% F< Agsda, AL F v
2 dilution 3}°] spreading 3Fth. ®Hix]= TBA plates AFE dtlom 37TColA
24 h ¥l % colony counting 3t ZA3E &4 9t Salmonella typhimurium
& 55 ppm ©]Akstd & &4 9 mlol| cell culture 1 ml& Yol % %%7} 5 ppm

o] HxE 3dto] 1, 2, 3, 4, 5 7, 10% & A s, A F vl serial

dilution 3} spreading 331t} Hix]:= TBA plateE AL-&3Fo] 37Co|A 48h Hi <%

% colony counting 3dted A= B &t} Listeria monocytogenes= 11 ppm

ojatatd & & 45 mlol cell culture 0.5 mle ¥°] HF F%7F 10 ppmo] =

= 3to] 1, 2,3, 4,5 7, 102 &<+ A2l sFdch wi#A= BHI agar plates A8 &}

gom 37ColA 48h ¥l ¥ colony counting 3] A3 S B4 14t

D-valuex ©oJA3td A e & HEF3 Z media platedl ] FAE colonyE

counting3}¢] colony forming units (CFU)Z YeRN AT Z+7] counting® Z 3=

log scale® 3FAtale] 27 AJ7bo] W& survival rate ZHZE 23 o A7t

1 log #Z4st=d gk AHS AAele] D-value®E 3kt

E. coil O157:H7¢] A2 A3+ Fig. 273 2k A A ziepd d43 v &= 7+

2 3}o] survival plote] A& A<l 1st order FE8L HAFAT. o2 EL 5

ppmoll A9 AHeE Ay 58 & %27 #FolA 15 log #FAE ®AY E coli

O157:H79] survival plot9] slopel ZH-E D-valueE T3 A3} 337802 =A5

At

E. coli O157:H79+= 232 Salmonella typhimurium Listeria monocytogenes

o g A= AFAHQ biphasic curveE: H Pt (Fig. 28, 29). Salmonella

typhimurium} Listeria monocytogenes®| biphasic curveE 48] B 58 A

A= BlE FEAA 71U ¢ de AbE E37F gl vER 1 o]t e] A

g A7 I fles HojETh

_79_



9.0

8.5 -
y =-0.2966x + 8.2292

_ 80+ 5
E R* =0.9871
= D-value : 3.37 min
6 7.5
o0
(=]
=

7.0 -

6.5 -

6.0 ; . i :

Time (min)

Fig. 27. ©12r8t9 4 5 ppmol A €] E. coli O157:H79] A&

9.0

8.5 1

8.0

Log CFU/ml

7.5 4

7.0

6.5 . . : , :

Time (min)

Fig. 28. ©]4t3l9 4 5 ppmoll A9 Salmonella typhimurium® A8 &
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9.5

9.0

8.5

8.0

7.5 4

Log CFU/ml

7.0

6.5

6.0 T T T T T T T

Time (min)

Fig. 29. o]4kstd 4 10 ppmoll A ] Listeria monocytigenes®] AH8 &

_81_



3. MPR A XA A2 non-thermal processingo] &% 7}1% - 5% A "AESHFH

¢Hd g™
AAl FDANA 53 ClOo A 38 F=+ ofx 2 #del tisiA] 5 ppm

o7 Agstar gk, 2y D-value =4 23 & F7]E9] *“ZH 3}7(] o=
pure cell cultured] ZHAANAME o]Ait3ld 4 Z
A Fes AT F AT aHBRE, oY fU]E0
ofaf el A A= AFA HHPE
& 7IdEtr] o A

Hoha Ao wet A o
EYE AR UE agentde] WA HZE Tl AHE= A ?i—q iﬂi—ﬂ 2]
w4 s FRE ¢ e 23s AA s
| 93te] 2F 289} citric acid A 8=

ojitst A& T Ao anE HFeH
Bl 3t AMEE sample> H@2~Z Tl 719
st gl 2712 2F 3 ppm 104, °]4ksl9 4 10 ppm 10+, citric acid 1% 1
B oA stk Sample2 2x2 cm ¢ A2 A2 F zhzbo] Lol A g s}l
crude extract® F% 3ttt F£9¥ crude extractE 0.1% peptone water=
serial dilutionste] Z}7] wijx|o| EF3he] wjgstr JAE colonyES AlFshe] Al
2 crude extract ml%¥ colony forming unit (CFU)¢] 4322 et

2t &3 374 AT Y &E, Pseudomonas® ABEES wnd AZF A
t}.

Al Ay A7EA Y 25 %x7] #FolA 172 log reductioniel ®olx] ok
o g F G vAPEo] 10° CFU ooz AFoan nPEstsy kol

BAETa 87] o §rH(Table 65).

wepaA] mAESA S FHE7] fete] WAAE Stk Wa A=
ojibstd A Ao GAA Ao EodE FriEelH WA & AAs] A
I g de= AHE AAE ol&dte] 1a AMAHE st 1 Foll o]akEd A A
& FAY. olistd A AHEle B AFoA AA] $ microbial analysis Z23&
Ed 2 olibstd i 5 ppme F-Fetthal ddete] Fie A ads #Estr] 9
skl 50 ppm °lgtE E=& FLEE AME Sl A AR 5RO R T gt
Y5k o} 742 FDACIA 518k il o]ibstd A A 7+ A=A &2 Ax
of 37}7F & dEjo]lmE o]ibstd A A Al cuttingdtA
A2l $ cutting sFATH weEbA cutting FHNA Dol Fe 9}% HVB%PJ 94

g 3

gl—ﬂh:x}oﬂ/q xﬂ_w—ﬁl—o]_ /\154

=

S "WAF Y] Yste] cutting F citric acid 1% & o] HZFA]
TAL AYste] 2, 53 Zoh(Fig. 30).
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1. 39 9 Ay = AxE AAZ washing
2. o]23td 4 50 ppm 5% A €

3. AGE A2 A

4. Citric acid 1% 1% # 2]

A B3E 3V AT &R, PseudomonasE ¥ £33 E. coli, Listeria®] A
& 3 vugow ZuA B vt WA 235 A58 flstke
ARG AlRE ANdFE S shith

HgFol WaAe Ay Ay vAE 9 Wdg vAES F7F 2 log ©oletE W

%S|

o2 MAESA ks FdRE 5 AAtH(Table 66).

Washing by Alclean 7.0

2

Water washing

2

S0 ppm CIC, Tor 5 min

2

cutting 2 cm = 2 cm

a2

T reated with 1% (w/v) citric acid solution for | min

: 1

Packaging by PET and stored at 10°C
(polyethviene terephthalate)

Fig. 30. A= A% A &4
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Table 65. 320 &5 olxtald A citric acidE A 83 & AE n P& v

unit : Log CFU / ml

PCD PDA PaF

Non-treatment 6.44 6.21 6.37
O3 treatment 5.69 5.43 5.74
ClO; treatment 5.23 5.09 5.04
Citric acid treatment 455 4.38 4.96

Table 66. A7Fo] o|4kstd A 2 cirtic aicd WA 29 4 &3
unit : Log CFU / ml

PCD PDA PaF E. coli Listeria
Non-treatment 4.89 3.77 4.40 3.65 4.22
Treatment < 20 < 20 < 2.0 < 1.0 <10

4. A= AFAY AT+
7h. @Akst 7leAd Y=Y 2%
A= A 1 Aol Ml Ao wel 2gste] Fn] stk £
Ayl == 33 water washing 3 & 94 =
PET (polyethylene terephthalate) 3 A& A}-83te] 1 pack @ 150 g¥ *
AT A= E 4T 10CE 3FA T

o,
oo
oft
ol
2
it
N
il
2

ol
of ol
- -
2 M &

ofy
¥0, oft
[o
=
Mo
o
u
x
>
o
2
i
ful
=
2
o
R
o3t
P
N
RN

Az FAZE FFel E W AA Axste] pEgE I 3 al
HEE2 el A% 27] 24h ¢ A =olA viFe] Fie] #Aad A
= 7 et oA EAA UiFe] AdisEvE Ayl s el Bkl
- srgom Qlste] X7l vl o] EAA Ui R U Jewm
dodn. 4TEY 10T AFSd Ay=rt Al Fskemw AR 7|10l
dojol whel 10CA o] FE&e] Esdhth =, 10T A&o] HFAo] Fo
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. A7 A
A A crude extract® 0.1 N NaOHS o]&3lo] pH 8174 HAI & 4Lns
NaOH%S o] &35l o3 Ak e o 3] Akstsd ).

A < 0.019214
B

Acid value = ( j>< 100

Unit of acid value : mg% citric acid
A D AFH NaOHe &

B : sample crude extract®] %

For #Fastglon 10CAHG ] A7t &< 3

g Ay=o TFd I cell WHF<2 2

)
>
o b

vt. pH 573

A crude extract® pH meter (Model No. pH Meter 240, Corning Inc.,
Corning, NY, USA)Z SAstAth F 7FA A% doA pHe A A7)zt
Fok Wa Fo] wate] felAst gy @ & Aok

a. 3997}

AAHA AP ARE PA 2 @ 0CAF] ACHT T AZAE
ngon #A Qubm wslE o@m 10CAFe] 4TAZRG A
ZrolA festa @ & QA A% F W A% 24 h S a2 F
WETL A9n T ol FE @ men gasdth A% vl B2 JELS
#od A3, MPR Ae=i 10TA4 A% oM Az ohedsd st
Hsea AlE F 3A7A Aol BAZ gl Aow guEy AdE 2 53
F A3 FAL fA7 AA4 UL oU] BUE gEaE o Ern

SEEL
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Fig. 31 . Effect of storage temperature on the weight loss of MPR salad.
@ : Storage at 4T, A : Storage at 10T

98 A

96

94 -

92 A

90 A

88

86

Moisture content (%)

84

82 A

80 A

3 5

o
N
N
~

Storage (days)
Fig. 32. Effect of storage temperature on the moisture content of MPR salad.
@ : Storage at 47T, A : Storage at 10T
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Fig. 33. Effect of storage temperature on the acid value of MPR salad.
@ : Storage at 4T, A : Storage at 10T
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Fig. 34. Effect of storage temperature on the pH of MPR salad.
@ : Storage at 47T, A : Storage at 10T
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5. A= {5 f% 244 HE € HAF

Aucs 4 sty S HAY 2RAAE AAsSH] feo
THRA 2 dFRALE ARG Ay 7P Bol AREEHI e
(polyethylene terephthalate) A& <] XA om ZHt Zga =
BOPS (bisxially oriented PS sheet) ©]lt}. PET+ Zgt~dY FE S
ARlgh AEol &sta, A7) ddo]l s, ©Ad&o] Aa, F3] gFe
AbEE o dew, A, FHA, iEAAd R A2, =T A Q)
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Wgdgdol et #357Iv 71Ale] FHETE Ao AbA o] &o] HA
£7]o]th, BOPSE @Al =u fastfood?d LAFS] A#= XA o] &5l
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A x 0.019214
B

Acid value = ( J>< 100

Unit of acid value : mg% citric acid
A D A2RE NaOHe| <%
B : sample crude extract®] %

pHE A2 crude extractE pH meter (Model No. pH Meter 240, Corning Inc.,
Corning, NY, USA)Z =743}

AgA3 A=y pHO A9 EFA ] mE Aol 1A AT AN T
AREI FEIFS] A BOPSel HlE] PETelA ®stzb A dch o] 21& BOPSKH
t PETol ®4stds o 79 Sl wE =84 Wiy 2SS et 2
dolth, wEka E HAFAE PETEZAES HF AFe 4= d8e3t
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Fig. 35. Change of the weight loss of packaged MPR salad in BOPS and PET
after water washing. ® : PET A : BOPS
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Fig. 36. Change of the weight loss of packaged MPR salad in BOPS and PET
after chemical treatment. ® : PET A : BOPS
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Fig. 37. Change of the moisture content of packaged MPR salad in BOPS and
PET after water washing. @ : PET A : BOPS
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Fig. 38. Change of the moisture content of packaged MPR salad in BOPS and
PET after chemical treatment ® : PET A  BOPS
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Fig. 39. Change of the pH of packaged MPR salad in BOPS and PET after water
washing. ® : PET A : BOPS
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Fig. 40. Change of the pH of packaged MPR salad in BOPS and PET after
chemical treatment. ® : PET A
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Fig. 41. Change of the acid value of packaged MPR salad in BOPS and PET
after water washing. ® : PET A
BOPS
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Fig. 42. Change of the acid value of packaged MPR salad in BOPS and PET
after chemical treatment. ® . PET A
BOPS

6. &Y E non-thermal processing A3 ETF 7|&d 23 AFxA FH

7}. MPR (minimally processed & refrigerated) Az =9 A=

D g3t 754 Aeee] 2% 9 4

AHEE A 1 MEGAANA st 24 ue} z23ete] T 5HEFS
st 2¢E Agss oAbstdAE o] &35te] treatment SFR oM
Az Azl M Hslx] e AHE 7o AFAAY Aolrt wlg Foz

chemical treatment®] J&¥& 135ty st AFgE dlEZFE=  water
washingS 3}t  Control2 AF8%  water washing7™% chemical
treatment®t FATF =S WE7] 9t =2 53] Al stk Treatment”}
28" AMy=x= PET (polyethylene terephthalate) FAA= I3 X
7 78k S e

2) Chemical treatment

Aol wolde f7lEoly WA & AAS7] 98 Hd o A=
M=A-E AA (Alclean 7.0, CH2O Inc., Olympia, WA, USA)E o|&3ld 1z}
AHE st AlAl Ads AAs7] A == 23] AlFs 1 Fol
ojAtgtd A 50 ppmelA 5w3F Ao A ST Chlorine  dioxide
treatment ¥ °F 2cm x 2cm A7 E ATg F citric acid 1% & Ho 131t
AAst HEFAE s Th

Control® chemical treatment®}t Y3 7S RE7] 98ty &= 53
Al = sF A

3) MPR A &j=2] A%
Treatment’} $¢453F Aot A @47
PET (polyethylene terephthalate) ZZFAE o]
EAste] A% adv A 2= 10T oAk

oJg3tel wE A F

€3t 1 pack F 150g®

. Al2"E MPR A8 =9 AXFA 9 ulAESTH oA =4

D A% WA 24
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A7 9 MPR A= 10716 g & 722 3 A==2 AHA crude extract=
F% 3. FE9 crude extracts= 0.1% sterile peptone water® serial
dilutions}o] Z}7] wjAlo] EFste] wjdstal F4E colonyEs AFslel Alw
crude extract ml%3 colony forming unit (CFU)¢] X2 Yeld it

A% Abg® AE WA= total aerobic bacteriat plate count agar
(Difco Co., USA)E A& 3} yeast and moldi potato dextrose ager
(Difco Co., USA), Escherichia coli spp. + chromogenic E. coli / coliform
media (Oxoid Ltd., England), Listeria spp. © listeria selective agar base
(Oxoid Ltd., England)E& A}-& 3}sich

T8 AFo AYE Aiol= EY HAE T 2
- B HAEo] EAste auE AdFHseE A
7ERo A A EE SS9t BHE W 5= =
ol we wAE A AR KIF AoE FAFATE AN E
oAtol A AFE-3F chemical treatmenti ¢F 99.98%¢] W AES AbE Al =
AN cutting °]F HFTHOZ citric acid treatmentE TS ZH cutting
Al eddE F de MAEAA ZEHAoR AAs Y= FWol citric
acid7b Fobdlel WO pHE YHoEM Adx7]d Holde A=Y K
Al &7t AT

Total aerobic bacteria™ non-treatment®] H]&}%] controlQ] water
washing= 098 log 433 AFF<2 chemical treatmentt 3.75 log
skt 27 #5771 598 log ¢ controle A% 7L A 847 log 7MA =7}
stA L %7] 321 log ?1 A+ A 794 6.76 log 7HA S7F skt
Chemical treatment& & Zl1o] A% T5 A F7FA 9] total aerobic bacteria®l
7 o] o ZARE HA FEU|teRE Fe= MPR AH= X $ 24h
Fotol W3lE #Es] B chemical treatmentT = %719 A9 W3 glA|vt
control A& 1478 #57F ®Wol T/ AE B F Utk =%
chemical treatment®] <=7} water washing® %7] w¥F7FA Z7} sl
A4d A% 717+& 5492 chemical treatment= MPR A =o] lojA
n A e A S R Foa & 5 9tk

Yeast and moldE non-treatmentel] H|3}e] water washing< 1.47 log
238t AE ¢ chemical treatment:= 3.47 log 7423t th,

Control® 2% %7] 4.19 logolA 652 log 74A =7} 891 A F++= 2.2
logoll A 542 log 7VA F7F &t & 7FA 2% A# 72 h 74A 757}
w2 A 7 Far 1oo] %l AL wErt gl9le™ chemical treatment”t

water washing®] %7] @<wE F71 st=d 48 hol AL FHIUTh

o

o A

-
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Fungi®] 45 2% 4% A5 dAHAE FAds] Ste

A 7A7A dAA S HEEA g wEbA F7
yveastZ FZ¥t}.  Chemical treatment®] & A 2
washing®] %7] #5953 F718t9] MPR A8 =9 F57|7F < A ESHH
MAAS Fre 4 99l

E. coli¥ non-treatmento] ¥H]3}o] water washing< 093 log 743t 1
A& ¢l chemical treatment:= 3.41 log 723+ th.

Control2 %7] 459 logollAdl 741 logZ7tA =7F 393l chemical
treatment® 2.11 logol Al 6.27 logZ7tA &7} sttt & A% =5 A7 24h
o B o o] T4 sl o] F w3 FUMES Holw FUFeRsith
SRS 7t st
A=

Chemical treatment® <7} water washing® %7] ¥ F =
% BAas) #rha

39 ol AEle= Aeow FEHe weh wAEsHA kA
Sk

Listeria spp.©= non-treatment®] ¥]&}l¢] water washing= 099 log
7238t A& ¢l chemical treatment® 3.38 log 743} th.

Control %7] 3.81 logollA 6.06 log 7}A] =7} 3l Al treatment:= 1.42
logo| A 356 log7Z7tAl 57} 89t} Listeria spp.%= aerobic bacteria®} 79|
treatmentt= 24 h &<k %7] F5ol Wi AL W3EsE §lel chemical
treatment’} Listeria spp.2] A5& A3l 53 AA7| 7 AANE A B
) AF 79 E<2t control& 2.25 log cycleo] =7} 81912 ™ treatment= 2.14
log cyclee] =7} sl a =3 A3 79 3 treatment®] HE 77} 356 log
cycle® control®] %7] #4¢l 381 log cycle® WA €202 =ZH chemical
treatment’} MUA v AAEQ] Listeria spp.2l AHS Adste] A4 7175t
/%31#9,] u]xg 6‘]—Z—] oA A e Ezl— 3 011;}—7 jq.r/}gq_

A F7tA 9] d8 ZAy=z Addd ul water washingS A3 24 h §<¢F %7]
ol Be FU7FES Ho|AYh chemical treatmenti= A9 FTUME
Hol|A ststa Azt dej=o wAdE APEERE ofy gt A Gx7] nAgEe
A ®Egk Agste Aoz Yetyth W29 chemical treatment®] A<
v A EF7F A% S water washing®] %7] #FwrE SUFsked 2739 WA
1ol AYe AR #AHAAAN E AT AEE shehA AP HHE
MPR %3159/] u]xg rslx% o].xqﬂ E%}?—__} I olq_ g ‘Q_q_
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Table. 67 . Effect of chemical treatment on the microorganism of MPR salad.

. Population Reduction in
Media Treatment (logio CFU/ml) population
- +
PCA Non-treatment 6.96 £ 0.05
(Total bic b ) Water washing 598 £ 0.11 098 + 0.11
otal aeroblc bacteria) . hical treatment 321 001 375 + 001
- +
PDA Non-treatment 5.67 £ 0.05
Water washing 419 + 0.02 1.47 = 0.02

(Yeast and Mold)

Chemical treatment 2.2 £ 014 347 + 0.14
EC Non-treatment 552 = 0.12
(Escherichi 0 Water washing 459 £ 0.13 093 + 0.13
scherienia con Chemical treatment 211 + 003 341 + 0.03
. . . Non-treatment 48 £ 0.01
Listeria selective agar ]
Water washing 3.81 = 0.13 0.99 + 0.13

Li ] .
(Listeria spp.) Chemical treatment 1.42 + 0.19 3.38 £ 0.19

Log CFU / ml
[}

3 5

o
N
N
~

Storage (days)
Fig. 43. Effect of chemical treatment on the total aerobic bacteria of MPR salad.
@ : Water washing, A  Chemical treatment

_96_



Log CFU / ml

Fra

0 1 2 3 5 7

Storage (days)
Fig. 44. Effect of chemical treatment on the yeast and mold of MPR salad.

@® : Water washing, A : Chemical treatment
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Fig. 45. Effect of chemical treatment on the Escherichia coli of MPR salad.
@® : Water washing, A : Chemical treatment
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Fig. 46. Effect of chemical treatment on the Listeria spp. of MPR salad.
@ : Water washing, A : Chemical treatment
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g =qe 27 Pl dF A F FL Rps=
Askstel etk SRgwel ZAe Aa ¥ del @ oW A
dzstel ggE g F¥ Fom stu WEER tehlgdon Wte A

AN =
crude extract® 0.IN NaOHS o]|&3te pH 817FA AAH3} + A%
NaOHY S o] &3l v Aol o) ALletdrt.

A < 0.019214
B

Acid value = ( J>< 100

Unit of acid value : mg% citric acid
A D 25 % NaOHe| &

B . sample crude extract®] %

Aol A F pHW3l= crude extractE pH meter (Model No. pH Meter
240, Corning Inc., Corning, NY, USA)Z ZA3}th A T AH =9 535
ot =49 WstE #FsH] 9ot 7HEA L E TS S8 oH
7heA 1 E 328 Hand Refractometer (N1 type, Atago Co., Ltd., Tokyo,
Japan)E )83l S48t Brix %Z2 WEH T

o|z}8}% W3}

Fo27} glol

i

[e)
A A¥ FF ARe B FRFLS APT Aol
[e)

e Holw ZHaskid

b
o,
=
o
=

B F Zog ZATAT T HEEY 49 AFY 24 h FF W] Fo
Zkom o]% W3l A= controlo] treatmentol] W]slY ¥ W F ol
Aastath FEdEe] AeE ARG sF sdE &2 Fio] sk
Aol Hls2d 8 %S w9tk Chemical treatment 25 20% =2 A7ME
B+ o2& chemical treatment®] #H & WA 7} citric acid treatment©] 7]
9l Ao e A =& At SAEH ARt s Ad
AubE =7 Are oiym A= AFAd A= gle Ao ddHEn
pHe 749X chemical treatment 4% < pHE HIe=dY oL HF
2] el citric acid treatment©]”7] wiE<l Aoz Az wrEbA AF %27
A

=S A7 2 Ue pHE Ay F A= wHeldde A=Y AY T

AsAsfel 2-ggoge Az, M8 1¥E FEFS

A z7] ok FUkeh o] F A &A O R FhAastE AdS B

Chemical treatment= A&=9] FH 7 4 el

Hygde Aol Jade] gle Aoz AU AW 27 9 pHoll= @S
=

daFo]l A3 o]HL  chemical treatmente] HIF A7t citric acidE
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Fig. 47. Effect of chemical treatment on the weight loss of MPR salad.
@® : Water washing,
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Fig. 48. Effect of chemical treatment on the moisture content of MPR salad.

@ : Water washing, A : Chemical treatment
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Fig. 49. Effect of chemical treatment on the acid value of MPR salad.
@ : Water washing, A : Chemical treatment
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Fig. 50. Effect of chemical treatment on the pH of MPR salad.
@ : Water washing, A : Chemical treatment
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Fig. 51. Effect of chemical treatment on the total solid content of MPR salad.
@ : Water washing, A : Chemical treatment
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3) A = BeH7t

o]t‘s} AT §ﬂ7]-

Chemical treatment’} MPR salad®] # 2ol v X+ FIFS AH R 7] 95}
AAdE 7Eel A SdA HHo=w FeHAE AAEAY. deHAE
¥ panel &9 1090l oa ZAME AR AR, AlgE, 2RI,
Fi3f Ax 2 A sz dis] AAlskAd. 7 A" Alse oig
T3 AANE AR FS AIEE HERFR slo] vl EA A

Chemical treatment’} MPR salad®] #5574 FZd nlxi= ko] o3|
HeAAE AAS A, AHEE A5 g2t Alolo] QlojA MR AlE,
ZAZAEA), o Az 2 34 Ja=ddA Fo9d4d xolrt gle
Zo® e tH(Table. 68).

Table. 68. Sensory evaluation of chemical treated MPR salad.
Organoleptic Treatment Storage Period (day)
parameter type 1 2 3 5 7
control 4.63£0.52" 4.13+0.64 * 350053 * 2.75+0.71 * 1.88+0.64 ?*
Freshness ) ) . .
treatment 4.63+0.52% 4.13+0.83 * 3.88+0.64 * 3.00+0.53 * 2.50+0.76 *©
control  4.13+0.35 * 4.13+0.64 * 3.38+0.52 ¢ 27071 L7530.89
Wilting )
treatment 4.63+0.52 * 4.00+0.93 * 3.75+0.71 * 3.13+0.64 * 2.38+0.92 *
control  4.63x0.52 * 4.13+0.83 * 3.63+0.74 * 2.75+0.71 * 1.75+0.89
Texture )
treatment 4.75+0.46 * 4.00+1.07 * 3.88+0.83 * 3.00+0.53 * 250+1.31 *
control  4.63x0.52 * 3.88+0.83 * 3.63+0.52 * 2.75+0.71 * 2.00+0.76 ®
Decay
treatment 4.88+0.35 * 4.00+0.93 * 3.88+0.83 * 3.13+0.64 * 2.63+1.06 *
control 450053 * 3.88+0.64 * 3.50+0.53 * 2.75+0.71 * 1.75+0.89 *®
Total
treatment 4.63+0.52 * 4.00+0.93 * 3.88+0.83 * 3.00+0.53 * 2.38+0.92 *©
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A 34d FeAd77H  sEHEFI=d

FEALANEA TS

AT AL A& MPR AXA 29 TA §
A5P7le BF SE7H AR

I
nc]
o
of
e
b~
M
>
S

1. 48A =

w ATlME HE, Adx, A, e, Fas, ERRAL 2, 2AY, A2
A, AdulF, AAA, Exvbe, dds], A, ok, AxAR, FE5, F, A Ert
B, AFs, g, HEY 5 28 AaE S 3T A dos e AR A

AL Azl AARHE welse] AFelA A T

e
of
L
£
~
=
ofo
ol
ol
38
o
o2
o,
ML

EAg ARE Aoeg Are) A4 ARE TIE A HEL AASn 2
A AR, Bese] Aol ARE TYF F 4C PFL] BEstn 24A2F o
o AYrg Azxste] FA A gzl F &7l ¥o] 70Tl AspuA o] &3kl
o Ay Esdd(suFeu, 4d) 232 AAFAAA Aleelon, 7eE 248
NeFe 57 ol el Aok Fskel ALl
Table 69. Mej= A x5 913 758 A4 v

A 2w Fdst A =(g) FeAE =(g) G P ede =(g) dnkde] = (g)

Bl E 20 20 20 -

A % 20 20 20 -

A % F 20 20 20 -

woE 20 10 20 -

3 =2 20 10 20 -

g R =2 A} 20 - - -

2z o 9 20 - - 40

E 10 - - -
x4 10 - - -
SR - 40 - -

A4 A A - 10 - 10

L= S - 10 - -

a4 9 4 - 20 - -

A - - 20 -

& e - - 20

A A A - - 20 5

¢ F F - - - 50

) < - - - 10

A EntE - - - 20

I - - - 5

3 K - - - 10

HOE oW - - - 10

i Gl 160 160 160 160
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2. AHER 7|5 Axe] dFFH 54 24

TS 105TCo Ax7|dA] Fi
micro -Kjeldahl'} &.& A #slo] Aozl
Fom  FAHE  Soxhlelt
Henneberg-stohmann® & 71 #3F W
Ww,owE JHl 2, 3R RS A BeR ala, duXs= 7H pr-?% 100 g
T A gwmd g 2] ggoll, FAO/WHO olUA] SHAIGFE 4835t 4b&3)
9}\@.

5w Ak BEEE ARsIftel H4E 2F AUcg Ax F AW

=2 -0
sol 7] RuH A dub Ao go] AbgH I gl= Fuh, FEF, T, A
EntE I HduF dus 5 73S AQdsta vE, WsdY, 4T 5 15%e

S 7] olubay 4% A3 Table 707 2t
A

754 MY =g 5% FRFEFS 88792% Fa=olqar, 7HAH 100 g& &
NA 174 g, AW 01711 g, 74 06718 g, & 172 g& & el
th g e EAglwTF 100 g9 47 ¢ 08 BEAY Qi F b geka, A
Z(4.4 g/100g), ZAL(3.3 g/100g), AEALBI g/100g) o] th Aol HlF
Fulqes iy ko] wokon ERZ2AYE 100 g9 11 g 9idS
b g dwld geks yEbdlt AR Ee A x7E 100g9 1.1 go® UMY =
P NEY, EAV e AXAY, HA2s T2 05~06 g/100g oz A Hkg o]
wokow, AAZZE 100 g 0.1 g 22 +A4E A4 F 7P AUk
AfFagdsFe AAdx7 1.8 g/100 go2 7Hg w@oka, 1 tgo 2 HXAL, UEY,
d

M
o

l->

HEAY, Ervhe £oz woo, A4, Ams, TAAL 100 g9 1g ol
Fae VEA Aea el Atk ARIAINE FAR ABS wold A4
2 g Eavhe Sol Bk, 42AY, 43s ol 4 Aom e
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Table 70. A =8 7154 i dvgE =4 (ZFA 5 100g)

5 gz & w@wd 2 A Fd A 3%
. kea) ) @ @ @ @ (@
H] E 20 92.1 2.4 0.4 2.9 0.8 14
A % 57 80.3 4.4 1.1 10.4 1.8 2.0
A 4 F 18 92.4 1.8 0.3 31 1.0 14
95 9 30 88.2 2.2 05 5.7 16 18
I PN 21 92.3 1.8 0.4 36 0.6 1.3
2 8 7 A} 18 929 1.1 0.2 39 0.6 1.3
2 1 2 26 90.6 1.8 0.2 5.7 0.7 1.0
z A o 29 885 3.3 0.2 5.4 1.1 15
A2 d 26 89.7 3.1 0.3 4.4 14 1.1
AA A 17 926 2.2 0.1 2.9 0.9 13
E 29w 35 86.4 47 0.6 53 14 16
G 22 91.1 18 0.2 46 0.9 14
2 A A g 21 91.3 2.3 0.6 2.9 1.7 1.2
ESIE R 27 90.5 1.9 0.6 49 1.0 1.1
v g vl 12 945 2.1 0.2 1.4 0.6 12

7158 AA 156% T FEFS AHAERGT keal/100 g)7F 7HE =kar, wlERI(12
keal/100 g)o] A-%-7F 7Hd sekedl, EAE Ao FEFS dE 7HAE 100 g9
20~30 kcal WHelE YEMA A 22 2 HololES AFnAR FEA] =5 A
oz 7t .

. F71AA8E

714 AEe Ca P, Fe, NA, K, Mg, Zn?] 9
Al &84 e]7](Mile-stone, MLS1200, USA)Z <724 - Z3lst § 4532 A (Hitachi
76100, Japan)< ©]&3ke] A8kt P2 ammonium vanadate Ao whEl 3
3% A(Simazu, Japan)E 7FA 3L 470 nmol| A =43+ ch

HE WEd, A3 5 1529 7|54 Ao 7714 ;\é%% BAE Az
Table 71JJr 2t) Ao B7)A e 100 g ZE 847292 mg, < 33777 mg, 2
0587 mg, YEF 317197 mg, ZE 1957752 mg, U]—:LLﬂ—E— 257113 mg, o}l

04712 mg 9 FFeldon. Fao ARe 7% ZH, UEF 2 wladFon e
1}
AN

FI)A AR Ao ER uel e Hol2 mAtu, Zadde 2A U] 7}
& RSk, v ﬂ*dé LR (RS Zﬂ.ii 50| a}am. UJEF ke nETL 7}
ZowEka EREREAN 2ol EAT . o

d, AAA, AlERle] sow Wik “}:Lhﬂﬁ
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9 A% ¥E(13 mg/100g), ZA Y64 mg/100g), BIEFTI(25 mg/100g)S #|<]3}aL
] Aol A 100 g 40 mg Wele] AR oS AT 9 RS s
79. WAL, BT oW
™

N
s, A, AMEY Fow Wy, ALFFS ZWd WEAAA  wgo

2
Cobdel Aol mrre] AkolA fAR SRR ek,

9y e

Table 71. Aej=g 714 AMre] 7714 = (7F21 - 100g)
PN FAnty Sl A YEF ZE  wadle o
B (mg) (mg) (mg) (mg) (mg) (mg) (mg)
H] E 100 39 3.0 197 327 113 04
Aoz 235 62 3.2 87 752 34 05
2 F 94 34 1.7 34 345 32 0.9
IR = | 87 41 4.4 31 539 37 0.6
I 178 77 0.5 102 231 48 1.2
E =2 2 A} 118 52 2.7 161 207 44 1.2
2 7 < 84 33 8.7 161 222 36 1.1
x A 4 292 66 3.3 103 195 64 0.9
2 EAY 89 35 35 65 232 42 1.0
2 A & 112 59 14 37 538 42 1.1
E 29 = 254 46 04 189 263 48 1.1
I - 177 53 1.4 150 298 41 1.1
A A A E 90 47 1.3 57 488 45 0.9
ECI RS 200 73 2.0 47 477 43 1.0
v g W 91 51 2.7 17 559 25 0.7

o HER A&

Hjelyl g2 F vitamin AE MM vitamin Bi(Elo}H)&  thiochrom &34,
vitamin Bo(2] X Z 24 = lumiflavin @39, vitamin C(e}~F2HI12H+= 24-DNPH
niacin& Konig %+$-9] /]fl HjAl o 2 =349t

HE, wiEd, 45 5 1659 74 A& vgwl dis 4% 23
Table 729 2t} A% 743 100 g3 vlebn Fe wleb7l=e 4157264
okl 0087024 mg, 2REeh 0097046 mg, tFolobl 04710 mg, oz
137118 mgel 2ol et

HIERRD A& 40 Sl wel g g Bdled, detEd e 4l
Nz, EAFx7F 2442 100 ¢ 2721 ug, 2647 ug o & 7} =93, 15y

HJN
II
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AaAE, 43222, HESY o2 Fo] it Aoz yepyth, gopnl e

AAR, 2He, Z2AYd, EA7w7F 100 g9 02 mg ©]A dfdte] 7bE =gk,

HEZF 0.08 mg/100ge.= 7p vkoron, vt aie] A& 100 g2 0.1270.19

mg?] oS i35 Aoz yeigtt 754 i grEEHN dEe s

AW@} Z+7F 100 ¢ 0.85 mg# 046 mg o2 7P Bota, 1 vgE EATwe H
, EAY, A3, AEALY] £o 2 Edth dololile] AeE WEH 100 g9

_|L
_& ,

0.96 mgS FHfratel 7HE =i, 7IER e Afele 04708 mg/100g o FES
Bty ofxsEnhe EATM7 100g 9 118 mge ?}%z%}o% 7V Eoka, E£A9 7
HEAAde] A= 22 106 mg/100g¥} 108 mg/100g2] of~=EZHIALS df3lo] &
Al 2ol 1] }01 =S TS B vES A& 0}*2 JA& e 100 g9 13 mg
02 Agd Ak F 7PF ko thE A= 24778 mg/100g FE 9] ofxmENIAL
< dRete Ade® EAEA
Table 72. MH=g 7|54 A4 vlghy &= (7F2 5 100g)
A = m o e} 7L 2§ Ej ol 2l B Z el ttolopal  ofnzE Rl
B ° (ug) (mg) (mg) (mg) (mg)
b E 1010 0.08 0.26 0.4 13
EAE = 2721 0.17 0.46 0.6 71
A4 F 617 0.19 0.13 05 31
U= 1480 0.12 0.85 0.96 24
4 = A~ 652 0.17 0.25 0.4 39
2 2 2 A 505 0.13 0.09 0.4 26
2 0 9l 1095 0.23 0.16 0.4 45
z A 4 1212 0.23 0.27 0.7 105
22 A9 415 0.18 0.24 0.6 109
2 A A 556 0.24 0.12 0.4 78
(P A 2647 0.22 0.38 0.8 118
A4 9 g 648 0.16 0.18 0.8 47
2 7 1065 0.17 0.23 05 48
ESIE RPN 1045 0.16 0.13 0.6 45
il g W 405 0.12 0.20 05 20
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3. 71%d Ax AY=Y 44TgH &4
7 Qdid B

7edE AyE 3Fy durdg =
Table 733 2t} Alzxd A= 459 F

=]

- )
ag sheke 172 g AW 01 g W, AR4LE 07710 g, §%%

. B}

[e)

ek Ao yEpEth daksl, &k fz} = 73

Al EEH R wol AEHE AaR T Ik
FoHE, Afa 2 gEdEe] ddAoer me ow

A =S FASE ANAh T/ Zb7te] 244819 Aol
o FEHE AY= 100 gF 16724 kcal FFO2 wjg- o
E T ARAE Joi= e, o

2 B840 ¥ AoR
9]

A =Tt = UERS

oA e

ESCESSLIERS %%, =
Wl v Ueuk,
o

Aoz AztE

ofA A 2z % tholo]
HA kel =o] vl

Table 73. 7158 A2y =o AnkgR x4 (7} 5 100g)
Fakstd e = 21 91.3 2.4 0.1 4.1 0.9 1.2
gy = 24 90.5 2.4 0.1 4.9 1.0 1.1

FrumAsde = 22 90.9 2.3 0.1 44 0.8 1.5
SRl = R 16 93.9 1.1 0.1 35 0.7 0.7

Y. F71d A%

AY = 459 F712 AHEE Table 749 2ol F7Fol wet & 2ol L]—E}M_‘Uﬂ]
Avtd o g 7)eA Y=o A7 gzl Hlo}o% T3 ghake] wokom,
T8RS ZE, 4w, HEF 9 vladle ook AEe %315 100 g 135~235
mg, °+3-& 03707 mg, YEF 367105 mg, "1+ 17741 mg, ZF2 3147433 mg

4
&

)
32
(o

o, FEuPgst dyes Algd AYE 4% F 7‘

=%, ]"_,

JEF 2 o

Sl gelA A Bk Adsel A Pwe 1530 me/l00ge Melgom, @

SHEI =7k 100 g% 30 mge kel b Ekeh

Table 74. 71598 AL eo] 7|4 3k

(7}21 5 100g)

A = Edety A UEH Ede=s vl 1| 5 o}l

= © (mg) (mg) (mg) (mg) (mg) (mg)
ks Ay = 166 2.7 43 390 28 0.4
oA = 205 3.0 63 413 26 0.3
GG sl = 236 1.8 106 433 41 0.7
Al Y = 135 15 36 315 18 0.4
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o HER C A&

A 479 vER CEES Fig. 529 o] Myseo] Fio W Hol& =Y
oh gk Ay = H97F 100 g% 52 mg °& %OLE, skl g = 35 mg/100g, 3}
T = 33 mg/100g wo= FA S 1 e A9 100g @
25 mge] WEl CE grsto] 7 v ol o9k 2
_‘|

N

o A= AY=EE T
Aot Al TR AR wE Aol AZHH, T Ayss Ik A=
Hoh kel HlERYl CE etz J4esd AHAANE 57T Buk olye; A%
71Zbel w2 Ay FEWslE fash dJeks o Fow Azt
80
O Antioxidative Salad [0 Anticancer Salad
[0 Anti-atherosclerotic Salad [ Control salad
60 |
ob
g
)
E
Sa0t
g
O il
g
£
8
S
20 |
0

Fig. 52. 7|5 A& Aej=eo] gl C o vl
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4. Az de F8E

=l g .
WL HT T K Y
il < N ) —_— s 13-3-
W%m%%ﬂmﬂ_zﬁ_% cl ac) e T o
e — o < o~
BETES g oy = ) o R,
—_ Mo — o} = —
oyﬂegoﬂoigyM&UM - Mm\wbo . ﬂu%mﬂmﬂao
RRTdFE o™ T S Mo B B
G5 ™~ ! Oﬁo — 10
%m.xEuuu_/AM}Am% > | meﬂaH
9 0 ™ — RO %O &
MrﬂeEMQL‘DromeNo:i ﬂ%\o/bonv Ur%mﬂﬂ:/a
uro%owrv %ﬂﬂa . 2|5 ut,JlE T
g P w 2N X m oy
T W 8N g N _ L
SR S Rl = g H Tald I LRGN
~ A oo B S~ om o RERC I B~ Qe LQQLALA
™ oE o S <M o 70 ap) NI %
LEETre TN 3 S2E M
L#L}wruﬂﬂiqonmﬂ z 7 dra7ﬂ
o X o E R ° ] IR RS T
W%%sz_%ly% o o 16 o M TR
oﬂoﬁoxﬂlﬁ?wﬂlﬂm 20 WD =
ZT‘F (LR o0 — e © ,UI.EOW
TH?_ EOﬁAE S T o =Ny . SSK S
S =T T |#z|pg| gEis
Luo ﬂEE_OC‘Q‘LSﬂ%ﬂX . o ATM\ % W ML‘“.X‘N{
: I = SN o F
‘HA_IMﬂ‘mJ ,HAEL. _L ,WOOHL _L ﬂﬁ ,IEN_ 4 sz W: Ot
o R o BT o K <3 ol HoAF Ao
TwHgTae M . 3R le = 5 B g
Ezm%%7MQgﬂ@ I L o s
MR I o) < o A
X n —o X A
= T daw o B wadru@uﬁa
Hoam s MET 5 o oy W
2L EETEa%a, < H T
X O Ho . - =
- X i : ol <] - o i ST
I T W o 2 0 o 7o uf M
R G S XY oo = g 2K 3%
oﬁin_; e wo N 2y meb X bl Bo ol Eoﬂﬂa %E
BL w\ll_auﬂwu %;du fatd e HEZE]M
Eﬂwkwﬂé S R L ol = HOJUrmW&rEE
S<EzeciEiil 2 |T|EI| eRigst
N o - ub_/iﬂw 10 T oo ﬂgﬁ%ﬁ.x
orﬁ%lﬁ%.@ IH Mﬁ o | © S ] E) ,DroTaL
Bo o wed N = LA
B OH R o of o R T G < W T X
_voﬁOfEMJJH T _W)AE .OﬁOt‘_llhﬂ
B R S U

A==

24 (1370

=
H A

3 B vl e

Z =
uk

L
.

oo

A (761 g/100g), ol&z] k=24 (87

2001). A= 7N

Y

= =
x|
d 3

s
=

obral
5 9o
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Table 76. A2 =& AvFeuf 3 @F=d4do #712 ¢ (Z7F21 4 100g)

g = w ey ol A YEF Ze vl o

o (mg) (mg) (mg) (mg) (mg) (mg) (mg)
23 F =gy 123 69 0.5 865 130 18 0.1
H23 =94 116 72 0.4 679 153 21 0.1

o HEgE A&

AeEsay 250 we e BAS A3E Table 773 2tk F A A=
calgel wET e WEE £ES duwon, 100 g9 WEAZE e 200
ug Fwolda, Hopwld gHEenle 0.1370.18 mg, Holokrle] A= 100 g 0.4
mgelQor], olimENe AEHA @gkvh oUW A3t ASHAE ojdPs:
ol Hlste] vEbbEE G 2u) £Folul, Hlobuldt HuFebn W tpolopdl e
217k 26u) AR @ol st Anw )£ Adecdynn v mgne 3
frobe A VEATHAEARE, 2001). ARAoz AR AuE deEsgye )

Eo] AY=ryA B o] HERS it dYstH s ®Hoh sk, 7
ol A=A Hlate] AFFA O B} gyH o sojs Aow AL

Table 77. Al =4 2% 7 9 4=y wed (7h4 7 100g)
. Web2E Eolwl  @rZehyl delopdl  ofxzmEwal

e (ug) (mg) (mg) (mg) (mg)

29 FE =7 206 0.14 0.13 0.4 0

24 =494 205 0.18 0.13 0.4 0

5. 71574 ML FAAMNEAL A WA= MPR A9 &3

=3

=

R

=
AH= A7 10 g2 Qa8 9 (pH 7.0) 20 mLel Y31 30% &<k &4
3t & A=z ZAeA crude enzyme extract® F%314th Crude enzyme solution

Bradford assayE ©]-&3}9] total protein¥S =74 314t}

(
==

B
Bk

Polygalacturonase(PG)
PG(polygalacturonase)2] &4 =42 DNS(Dinitrosalicylic acid) H] A%l wel 1%

o
polygalacturonic acidE 7] &= 3d}o] @AM} 30T A 30=3F WESAIA S48, a
Aol ols] PG A4S At o w PG 1

-D-galacturonic acidE AF&3F 3%
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unit? pH 45, 30C Z#AlA polygalacturonic acidE #afste] 1
D-galacturonic acid 1.0 pmolS AAdsl= 549 &S 9 st
Polyphenoloxidase(PPO)
PPO(polyphenoloxidase)?] 42 50 mM potassium phosphae buffer 2.2 mL¥}
0.2 M catechol 0.2 mLIol &4 0.1 mLIE #7Fste] 224 w-3A#A 420 nmol
o] Was Ao, 84224 1 units 127 00019 FHEE W3

=
2o FE ofm R

M
o
2
rlot
o,
ofl

A E
7=

ol ol

f

PPO(polyphenoloxidase) = N4 2 HdoA ZAHS doy|= a4h2 A F56
= S W3lAA EAS Al A7 PG(polygalacturonase)= el =9] pectinz<
walste] A fF T AY=U BYAE U #BAstE 4EA V)T Aa Ay
o

FAT AZAL AN AAAE o5 mael BHL o A

Iy

[e:

§]—
A7l 205 AAs7] $18d iéiiﬁ
ppm, 10%) % FAAH1%, 1&)o= ?‘ﬂ
Table 79¢F Zth. H3 29 PPOS PGE L&,
FagA ol A=, AL A= A=
PG 84385 % AdE Asfstes =2 a9E H

Table 78 29 HAFo FAAG #d a4 &4 vw (Unit/g)
a 2 ;‘g S & Ak _7‘,':
Polyphenoloxidase 15,300 42,221
Polygalacturonase 292 128

% Specific activity : Protein 1 mgoll ™3} enzyme activity

Table 79. A 722 PPO ¥ PG &4 n X &= 34 gl &z
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Polyphenoloxidase Polygalacturonase

o Specific activity Relative activity Specific activity Relative activity
(unit) (%) (unit) (%)
AP T 15,300 100 292 100
L EF 10,891 71.2 181 62.0
ojakst A & 12,164 795 186 62.7
T A 8,758 57.2 72 24.7

Table 80. 452 PPO 3 PG&Adol nx|=olqtst Aol AL WAl a3t

Polyphenoloxidase Polygalacturonase
T2
Specific activity Relative activity Specific activity Relative activity
(unit) (%) (unit) (%)
A 42,221 100 128 100
3}t A 2] 7 15,881 37.6 89 70.2

6. MPR A €8 A& A= FHAAHNR
HavtgAel s 4% AWs doA AEA FEH 7HAE sHEAT
PPOE 31314 A= Qlate] &Ado] A= sow AZHIT 3}
7, Ay =9 PPO E42 27 E AFH 727%9 S48 Hlukd
ZTo Hste] 49.7%= ZAaskrh. A 1%711}011 w2 MPR # 2 Al
g4 Wt A% 5474 = 7}o}t‘r7} 2t AES Bied, 3
7F gz R Wele]l Zo] HQIth(Fig. 53.). ThL 5(2003)2 #27l&4
Fo] A T AU ethylene $Fwo] =71sho] wgl PPOC] &A=
Hustd=d A% 59 o] PPOe &4do] Hasks 22 Ui ethylene 3%

=

%

2

2
-
= oo

_>‘.I_4‘

.

o B o
w2
W
e
O

gl

[
N

olN
N
o
)

ok
o&i
:;
rﬁ R

"ol Y Ao Wtk ARHOE 3sp Ao ool ghxel mste] PPO
o BHe FadGa: PPOS BY Ade AR, KB/ F AYS Adwe] G
29U AFomn MPR dejte] 4EY A0 34 Ao AuHh
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Fig. 53. 7|54
Hal A el gyt

Storage (days)
Aadel=e] PPO  &/dwW st

@ =A47, A : 3}
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=9 §% 7% 24

22

7. 715 X

7k Aol dRbA

—

Fo] 3x3 ecm® A

2 PRS

&g F24

2% A

o Az R 3
29] 7]

& A

b

715 d

.

tol PP

o] o]AF

s

& Table 69°] uj

-
=4

zr

Aol W &7 1 pack & 160g® &

)

=]
e

1]

5]

i3

I A =9 #F57]

A

Ll

71eE AL A EE 4TdA 142

JJo

\

7]
el

T M

73 7t

JJo
e

ol 7}
ol

X
™

fohd

)
—_

ﬁv_wo
JJo
e

=i
=

7Hdel A m543

3

20%& T4 %

EEE

—

Nd

oF
N
=

7l
H

7!
<

o
]

4

X
K

b

Ju
=)

)

A7) 7kol

ok
o
\._m.o
T

o

H

7Fak Sl et

3

Dz

=

(1) 214 %= (freshness)

-

=}
3

yej-ubol Az

2l

\

%0
e

|

A 7

<0

o
o
gk
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—

<

—_
file)

(wilting)

=
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X
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(3) 227 (firmness, texture)
q

54 3 AFe] ge-vdeta 9w obAlela

47 58 AT e oR 2] Aot TR x7] Fesh v
&

$3%: A7) Aol 27] Feisks Aolsk UAW TR A go] Ths
3

22/ B A Ao Agalx] o A

S1%: ok A3

(4) 9 (decay)

53 8 Aol gu-u) 40 43 gt A
LN

S47: W) gl @ T Ueus] Az g

L33 Rl BHo] 56w E et AF XS 9] AR JEE EoM A
of  7FsE e

24 o7k o= AE AGso] Aol wor Hge =g A

14: 27k S8 Ae-Ralsh 50% o4 WaEol dAMow Eig A
9.

(5) =32 H7} (overall acceptability)
.5xﬂ4; __g]- x_l"a,] Al A sk /\]—F,H
<4740 9o 17485 5 F4 A3 a.9do] 1727 o) YEeb7] Al=st A
-3 AAEE 25 WAL 482 7 AdH
<278 A A ETE Wol AFtE o] A §o] BUtEE FEAAE IS
<148 AAETE o g AEEE] #H7] A A

9. % A A g

FAIAE = SAS 23S o] &3t #AHEA(ANOVA)F Duncan’s multiplem
testi = ©|&3sto] 7 % ﬂ%%oﬂ gk FoAE ZAVEA T FYTES 5% oW E
st om Zh Ag R e Hir gk ¥+ 2 A (Standard errors of the mean)® WEFY A
}.
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etm AR A0S

ﬂw_wo

ol

JJo

7

I 47TCel 142
] 71225 5 AdHo=R

155}
K

7§71l

=1
=

=
o,

Al

)

2 YEStH(Table 81).
e

]

Ry

H= 455 PPAIAE ]
A

AN
=

}

o A7zl uhe
= A 297K

ted A"
A 7713kl 7 2t
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=
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e
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A

1
L.

B2 A% 2d7HA

o Azl stolA A 10

jze]
wjr
0
Jlo
W

E

)
ol

48

Pl Al el == 4T A%

o)A 0w volA A

[e]

H

&2

Aoz 2AH

=7}

Els

<

7]

gl Aoz yeistth meA,

Ly
a

3

ko
=

7} 71 7k0] Bs Ao A 8U7A JHs

/\01—

’

~
;OO

ﬂw_wo

N

21
=

&}
2ol q A 274 folHow

o A 744717

=

oHApe]

25

4 540] A4 Rop ot o 7]

Skt uhebAd,

o)
=)

g, A% 2~109 Alolel
[e)

ERSARES

-

o

g

fol 4

o gl Aoz EAH
T

FONERER S E

N
o

o)
o
"

Mo

o
Eos

ol

H| 1l
541

°

1

i

H

1
.

[e]

=

]

oz
s

}

77

pud

=
ogi

o)
of o
A4

R

Bo] 4% 8
o] Fol =

3

- 119 -

HAl stobxl o,

215

EEE

=) 2~
S =

7}

%
Aow eyt

kol

s



Table 81. &5 7t ot 754 A Ao AGAd HMSH4T AA)
(A) gitsiAde =
A 771 7¢
(g 1 2 4 6 8 10 12 14
3 %
A A& 4.62° 4.65" 359" 3.63" 353" 2.39° 2.60° 2.20°
Al 443 4.40° 3.41° 3.63" 347" 2.39° 2.60° 2.07°
%2 7F 433" 435" 3.59° 358" 347" 2.72° 253 2.20°
L 4.86° 4.70° 3.82° 3.68° 3.76° 2.50° 267 227
=34 F7} 462 4.40° 3.59° 353" 353" 2.39° 253 2.13°
¥ g2 TR Zo A= AR 2 TAF ALolol F2oA 0 Aol S (p< 0.05).
(B) gy =
A %71 3¢
(o 1 2 4 6 8 10 12 14
Rl
AAE 467 4.65" 4.00° 496® 400" 3.83° 2.60° 2.47°
Al 443" 450 4.06™  4.16™  3.88™ 3.72° 2671 2.13¢
z=A 7+ 438" 475" 406 4.00™ 3.65° 367 2.73¢ 2.40°
L 4.81° 475" 412" 432 406° 3.89° 2.60° 2.47°
Z34 ot 452 4.65" 394 416" 3.76° 367 2479 2.40°
¥ e TMRFAAMNE AR g8 FAF Alolo] fF9Z <l Aol dg(p< 0.05).
C) e AdsiAy=
R
() 1 2 4 6 8 10 12 14
3 5
A= 467 445™ 382 395 418" 3.33° 2271 2.209
Al 448° 4.40° 371" 374 394 317 2.20¢ 1.80¢
e 457 435" 3710 374 394 3.33¢ 2.27° 2.07°
B3 4.81° 455® 3.94° 3.95° 4.06 3507 2.33% 1.87°
34 Bt 4717 4.45° 382  363™ 3.88" 3.28° 227" 1.87¢
* g2 TR Zo A= AR OE TR Abolol oA Aol & (p< 0.05).
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A 2713k
() 1 2 4 6 8 10 12 14

3 %

A= 4.90° 4.25 3.06° 2.37¢ 2.47° 172 1.80° 153
Al 4.81° 3.90" 3.06° 2.47° 2419 189" 180"  1.33¢
z47 4.62* 4.05" 3.18° 2.63¢ 2590 222%  1.80° 153
L] 4.86" 435" 329° 242% 259 1.94% 167 140"
=34 Bt 4.81° 4.05" 3.00° 2.26¢ 2200 183% 173 127

* A2 TFREAME MR TE AR Abolel #FolA el Aol e (p< 0.05).

8. MPR A2l 7154 A29 B%4d 45 1@ 24

7b. A4 ¢ MPR A

HE, Adx, A45F, s, 3325 2224 290, 244, 4E2AY 5 155
o AiAE FHER 747 FEsY #d 2 Ag= M 3FHE MA(Aclean 7.0, ChO
Inc., Olympia, Washington, USA)Z 12} A &3, gA] B2 23] AF35te] a0l
Eoldle F71EH AAALEES AAS AT AlFHo] $xd A+ Chlorine dioxide
generator system(Ch2O Inc., Olympia, Washington, USA)°l|] ¢]3le] A %% 50 ppm
ojibst 4 & el 5EZF A Ao, = oAb d A tal B2 A aith
ojabstd A4 AHEl & AlAhE 2x2cm AV|E A tS 1% (w/v) FAA &l T}

A 1R AARG oM, ANDFIE o §ete] BrHA

¢

Y. MPR A& =
MPR &7} &
ZFAjoll 1 pack & 50g

o & 5 3 7t

Andes 52 F5E N i ReRrhe sEAMEAT LY FdE Aw
Hdegl 208E TSt bl ARSA R F7PEY 5 AAbEel dste] &
WA AW F ATl mE Adrs B A ARe] ANE WA, 2, 24
#5854 Mo Atk
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(5) &34 H7} (overall acceptability)
-5 g A5 s AE
47 919 1748 E T F-4 A 2910 1727 o] vElUr] Al EFSE A E]

34 ANEE 27 "olAu g b5 A

Ko

RRLARE ML B —1 O
<270 AMAZETE Fol AdtEo] 48] BIbEsta AEAAE S
<18 A= w9 AstE o] H 7] 2 e e

2 5 A A g

EAAYE SASEZEINS o] §dte] EAHEA(ANOVA)# Duncan’s multiple-
test o ol&dte] ZF Hagkel ik FAE HAFsIATH FYFES 5% o=
st o, 7zt A% Ao Hi gy ¥ 2 2H(Standard errors of the mean)® WERY ST,

MPR A2 754 A AFd3 A4 &7 Aks7] f1eted MPR A8 &
AT 22 AEe 2T+ AL 1552 polyethylene terephthalate(PET) 374 of|
7t7t 1 pack 3 50g ) E£Aska 10Tl 1297 A8t sl oste] A
71k mE AAE A&E, 247, FE 2 4 EE 55 WUbskea, 1

A= Table 829 7t}

NAE, A&, 247, 24 2 299 P7h 5 154 Az BsH F4e A
F717ke] Aagel wek Ak vtobA= Ade uEhdlal, Ao A% T FEAG
SR Ao FHRER DEA FE7TAE AolE BAH 715 Az B
FAL AZ2Y] 8 F FUGH)NA Ha 5UoA Aol 11Yo] A3 Fole
FATLEA B mEEAL, ArERE HME, AdEx, Exvhd, e o] the
Aol vkl F7IZE frEo] Tbed ALR ARSI

MPR A2 friol me 7154 Az A% T #sH F4& wusg A, gy
o AaEEolM MPR Aed Ao f57182 =2 A dz79 i o
Astant. ey, wigel, 2lel, 4ARe] 4§ MPR A2l 77F TR 57
o] 1739 A% AAE whH HAZ= MPR AT RTRT 294 T SE27)
o] g5 Aow A TH(p<0.05).

AG71 wE MPR A2 7154 Azl #5d §5718e AMEe] 4, 2
Az7b A% 12900 Ago] 7Hsd FHlE frAlste] Add 155 M & #54 #
F71%] 7P Aglen, HESH EAvhgE A 1174 Aol Thed Aem =
AtEITh AR, A, AA7e, Has 2 HERIE A% A7t 4§l Ths
@ AARE AR, A4F, Vs, B2, 200 2 AEAL] AdEE A
G 6A7HA A8 Thed A SRR

om Uehton] Bl AAE §77]7ko]
SR b
o

-é; A he
7hE o] AldE A T tol 7ha &kt s H 7bol| oste] MPR A €]

5 d
54 Az AHEES Brkdtel dold FHW RE/NTE BAYOR fosAC
(p<005), NEAE, 24, FAE 2 T FA F BeFIAE MPR A
o 7154 Ak FENFS AR sk AR AAE e

- 123 -



Table 82. ¥ 7ol ©|& MPR A€ 754 Ao A4 W3H(10T A%)
(A) A=

—
e

2d 3d 5¢ 6 8Y 9¢ 114 124

Ao\ =T AT dE2T AR vy A daT AR ez A ey A ez AR vy A da2 g AR

[e]
H E  49+03" 4.9+0.3" 4.7+0.4" 4.8+0.4™ 4606 4.6=0.6" 4.3x0.6% 4.3+0.6% 4.3+0.7” 4.3+0.6™ 3.9+0.77 3.9+0.6" 3.3+05° 2.9+057 32+0.6° 32:05° 26=0.6% 2.3+0.6"
Al Z 5000 504017 4.9+0.3" 4.9+0.3" 4.7:05 47+0.6" 45+06° 43:067 45:057 46+057 43+05° 4305 39:0.6° 39+0.6° 36057 36057 33:06" 32:06
ZAFZE 49+0.3" 48404 4.8+0.4" 4.6+04" 44+06™ 42+05° 44+06™ 3707 38+0.6" 3.3+0.6° 3.0+0.37 27:04% 26+0.6° 24+0.6%" 234065 21+06" 1506 1.4+0.6'
WE9  46+03" 45:05° 44+0.3" 42+05 4106 3.9+05° 38+0.6% 35:0.8° 2.6+05° 3.0+0.6' 23+05° 23+0.4° 18+05" 17+05" 1.6+0.6" 15:06" 1.2+04" 1.1+0.4
A F A 48:04" 48+0.3" 46204 45:0.4" 42406 41£0.6™ 41:05° 38057 35:06° 3.1+04° 25:03" 25:04" 21+05° 2505 14:06" 15:06" 1.2:04" 1.3+0.6"
EZ A} 4903 49:0.3" 44:04" 4404 39:0.7° 39+0.7° 33+0.7% 33:08" 3.0+05° 2.7+0.6° 2005 2106 1.3+06° 1.3+0.7° 1.1404° 1.2+05° 1.1+04* 1.0+0.4"
2ol 49+03" 4.9+0.3" 4.6+0.3" 45+0.4" 42+05™ 4.3+05 3.7:0.8" 4.0£0.4%° 28+0.4 3.0£0.7° 2506 3.10.6° 2.4+0.6° 25+0.7% 1.3+05" 16+05" 1.1+0.3 1.2+0.4"
AEAY 50401 4.9+0.3" 4.8£0.3" 4.8+0.3" 4.6+0.6" 45+0.6™ 4.4+0.6 4.3+0.6 4.0+0.7% 3.9+0.7° 2.70.6" 2.7+06" 20+£0.6° 2.0+0.7° 1.6+05° 1.8+05% 1.2+04" 1.2+0.4"
AR 4.9+0.2" 4.9+0.3" 4.7+0.4" 4.7:0.4" 45£04" 4.6+04" 4.3+0.6™ 45+04™" 38+0.7" 4.0+0.7 25:08" 3.0+0.6° 1.8+0.7" 22+0.8% 1.3x04' 15:05" 1.3+04" 1.3+05
EATR} 50007 494037 49+0.3" 48+05" 46+0.6™ 4.6+0.6™ 45+0.6° 45:06% 45:04° 44+05° 39+0.70 4.0+0.6" 3.3+05° 35065 34+07° 3.3+0.7° 22+04% 2.7+04"
A g 50+0.0° 4.9+0.3" 4.8+0.4" 4.8+04" 47404 45+0.6™ 4.4+05™ 4.2+05% 43+057 4.3+05¢ 3.8+0.7° 3.8+0.6° 3.0:05% 2.8+04" 3.0:0.6' 2.6=06" 2.6+06%" 2.3+0.7
ARAE] 5.0+01" 49+0.3" 48+0.4™ 4.8+0.4™ 4406 45+0.6™ 41x05° 4.2x0.7° 35x0.7° 4107 2.7:05" 3.3+0.8° 22+0.4% 24+05% 0+05" 22+05° 1.4x05 1.6=0.7"
A FA 4940.3" 48+04" 46+04" 46403 44406 4.4+0.6™ 4105 41057 38:0.6° 3.7+04" 32:06° 3.1:05° 28406 27+04% 27+0.7% 27+0.7% 2.3:0.6%" 2.1+0.6"

HIEFR]  4.8+04" 4.9+0.3" 4.7+0.4™ 4.6+06™ 4.4+06™ 45504 4206 424057 4.0+0.6%° 3.9+0.6° 32:06" 3506  2.3+0.4° 21+0.3*" 24+06° 250.6° 1.8+0.7" 1.6+0.7

# 2 ThREM = MR GE EAF Abolel Fo1A 8l Aol e (p< 0.05).
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B) A

o

1¢ 24 34 59 6d 8 9¢d 114 12¢

A\ W=7 AT iz AT oz AT 2 A5 dxzT AT T AT iz AT iz AT 27 AT
H E  49+03" 48+0.3" 4.8+04" 4.8+04" 4.6=0.6" 45:06" 4.4+0.6™ 4.3+0.6 41+0.7% 41+0.6%" 3907 38+0.7 32405 29+05" 3.0+0.5° 3.1+04°% 26+0.6" 2.3+0.6
Al Z 50£01% 49£0.3" 49+0.3" 49:0.3" 4.8+0.3" 48+0.3" 45+06™ 45:06% 4.4+05% 45:04° 4.2+05° 4.2+05° 37+05 37+05 35:06% 34:06% 3.3+0.6° 3.2+0.6"°
AP 49403 48+04" 47+04™ 45:06™ 45:04° 43:05 42+06° 3.8+0.7% 37+06% 33067 31:04% 2.7+04" 25:04" 24+06" 2306 20:06 15:0F 1.4+06"
W= 46204 46£06° 44+05" 42+05° 4.0+06™ 3.9+05™ 37+0.8¢ 35:0.8° 26+05 3005 23405 22+05 18405 1.7+05° 1.6+05" 1.5:0.6” 1.2:0.4" 1.1+04'
S 47+047 48+0.37 46047 451047 4.2+06™ 41+06° 41+06° 3.8+057 35:06" 3.1:04% 2.3+0.3" 2404" 21405 25+05" 14+05 1506 12404 1.3+0.6
EZFA} 48403 48+04" 43+05° 43:05" 39+07" 3907 34+09° 3.4:08° 3.0+06% 27+0.7° 19+05° 20:06° 1306 13+07° 1.1:04" 12405 1.1+04" 1.0+0.3"
2l 49:01% 50+0.1" 45+05" 45+05" 4.1x05 4.3+0.3" 3.7:0.8" 4.0:057 2.8+057 3.0+0.6° 25+0.7% 31=0.7° 24+0.6° 25x0.7% 1.3+04" 15+05" 1.1+0.3 1.2+0.4"
AEAY 50+01° 50+0.0° 4.8+0.3" 49+0.3" 4706 4.7x0.3" 44+06° 44:06" 3.9+0.6° 3.9+0.6° 27+0.6° 2.8+0.6° 2.1+06° 2.0+0.7° 1.8+05 1805 12+04" 1.2+05'
K AR 49102 50401 47+04™ 47+0.4" 45:06° 45:0.6™ 4.2+07% 45:0.4 38+0.7° 40:06" 25:06" 3.0+0.4% 18+06 22+08" 14404 16206 1304 13+05
EATR} 50401° 49403 4.8+03" 4.7+05" 45:06™ 45:06™ 45:0.6™ 45+0.6™ 4.1+0.6 4.0+0.6" 3.8+0.7% 39+0.6" 33+05 35:0.6 3.4+06" 3.3+06" 23+04" 2.7+0.4°
Al 50+00° 4.9+0.3" 4.8+04" 4.8+05" 47+04" 44+08" 44405 4.2+057 4.0£0.7% 39+0.7° 3.8+0.6° 37:0.6° 3.0+05% 29:04% 3006 26+0.6% 2506 23+0.7"
AT 5.0+0.0° 50+0.0° 4.8+05% 4.8+05" 43+057 45:05% 42405 4307 33+09° 39407 27+06" 32:0.6° 22+04* 24:05% 21:06° 2.3+06% 14+05" 16+0.7"
A FAA 49+01" 4.9+0.2" 46+04™ 4.6+05" 45+0.6™ 4.4+05” 41+05 41+05 3.7+05° 35x05% 3.1x0.77 3.1+0.7° 29+04" 27+04% 27+0.7% 27+0.7% 2.3x06" 2.2+0.6"
H B 502007 5.0%0.0° 47£0.3" 4.6+0.5" 44205 45:04™ 4306 4.3:06% 39067 3.8+0.6% 32+0.7" 34:06™ 23+05 22405 23206 24:06 1.7:07 1.6+0.7
* e TtREAAE A2 8 EAF Aboldl oAl Aol & (p< 0.05).
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14 2d 3d 5¢ 6 84 9¢ 11d 12

WET AT ET AT hE2T AT HET AT BT AT hET AT 2T AT hE2T AT HET AT

49+04" 48+04" 48+04" 47+06" 46:0.6" 4706 45+0.6" 44+06™ 42+0.6™ 42:06% 3.9+0.7° 38+0.7° 33405 3.0+05% 3.1+05% 3.1+04%* 27:0.7" 25:06
5.00.0° 4.940.3" 4.9+0.3" 4.9+0.3" 4.9+0.3" 4.8+0.3" 4606 45:06™ 43+06% 45:05% 4.1+06% 42+05% 3807 38067 35:0.6% 35:05% 3.3+0.6° 3.2+0.6"
5.0£0.0° 4.90.3" 4.8+0.3" 4.7+0.3" 45:06™ 44+04° 43:06° 38:06° 36+05° 32:05° 3.1+05° 2805 25:04% 24+05° 23:06™ 2.0+0.6" 14:06 1.4+06'
47£04° 4704 464047 44405 43+05™ 4106 38+07% 37:08° 25+05° 3.0+05 24+05% 23+04% 17:05" 1.6+05" 1.6+06" 15:06" 12:04 1.1+04'
49+0.3" 4.8+027 47+04™ 46+04™ 44+06™ 42+05 42:07" 39+0.7° 35+0.6° 3.3+05° 2.3+0.3% 24+04" 20+05% 26+05 14+05" 15:06" 12:04" 1.3+06"
49+0.2" 49+0.3" 4405 43+05° 4.1:05° 4.1:05" 33+0.8° 34:08° 3106 29:07% 1.9+05° 20+0.6° 12:05 12+06" 1.1:04" 12+05 1.1:04" 1.0+03"
5.0£0.1% 4.940.1% 4.6+0.4™ 4.6+0.4™ 44059 4404 39+0.8° 4.1+06% 2.8+05% 3.0+0.7 2305 29:06% 24+06" 26+08" 1.3+04% 15:05 1.1+0.3" 1.2:04"
5.0£0.0° 50+0.1" 4.8+05% 4.8+0.3" 4.7+0.6™ 4.7+04™ 45:05° 4605 4.0+06° 38:06° 2.8:07° 29+07° 21:0.6° 20+0.7° 19+06° 19+0.7° 12:04" 12:05'
50+0.1° 50+0.1° 48+0.3" 4.8+0.3" 4.7+04™ 46+0.6" 4.306™ 45:04™ 38+0.7% 4006 2508 31+0.6° 1.8+0.7%" 22+08% 14+04" 16x07" 13:04 13405
5.0£0.0° 5.0+0.0° 4.9+0.3" 4.8+05" 4.7+0.4™ 45+0.6™ 45:0.6™ 45:06% 42+057 41:06% 3.9+0.7° 39+0.6° 33:05 34+06" 34:07 34:07 24+04" 2.8+04"
5.0£0.0° 4.940.3" 4.8+0.6™ 4.7+0.6" 4.7+0.6" 4.6+0.6" 45:05% 42+06% 4.0+06° 38:0.7% 3.8:06° 3.8+0.6° 3.0:0.6° 2.9+04° 3.0+0.6° 2.7+0.6" 2606 24+06'
5.040.1% 5.0+0.1" 4.9+0.3" 4.8+0.3" 4.4+059 4510.6™ 4.2+06% 43+0.7% 32+09" 4.0:07° 27+06% 3206 22:04" 23:05" 2.1+06" 23+05" 15:06 1.6+0.7
49+0.1° 4.9+0.3" 4.8+0.3" 4.7+0.3" 46:0.6™ 45106™ 42:06° 42:06° 36+04% 35:05%° 34+05° 32:057 2.9+05% 28+045" 27:06™ 27:05" 24+06" 23406

49+0.3" 5.0+0.1% 4.8+0.3" 47+0.3" 45+06™ 4.6+04" 43+0.6" 43+0.6° 38+0.6° 3.7+06° 32+0.7¢ 3406° 2.3+04° 22+04° 24+06° 25:06' 1.7+0.7° 1.6+0.7"

t2EdM s A2 vE A Abolel Fo4 )l kel & (p< 0.05).
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(D) FHf =

14 24 3y 59 64 8y 9¢ 14 129

A\ 2z AT g2t Al iz A gz A a2 AgT ez AT R AT Rz AT gzt AT
H E  49+03" 4.9+0.3" 48:04" 48+0.4" 47406 47+0.6™ 4.6+0.6" 4.6+0.6" 4.4+0.7™ 4406™ 40:0.7° 40:0.7° 34:06° 3106 32+06° 32:05° 27077 2507
AlA 2 49403" 49+0.3° 49+0.3" 49+0.3" 4.9+0.3" 4.8+0.3" 46+0.6" 4.6+06" 45t0.6” 46+04” 45+06° 45+0.6° 3.9+0.7° 3.9+0.7° 3.7+0.6% 3.7+0.6 3.4:06° 3.3+0.6
AAFFE 4903 49:03° 48403 47:03° 47+04™ 46+05° 44+0.7° 412087 38+0.7% 354087 33+0.6% 2.9:06™ 26+05" 2305 22:06" 19406 14+06° 1406
WS 48+04" 48:03 4506 43:06° 43+0.8" 41x08% 37:08™ 3608 2.7:0.77 31:07° 23+05 2305 18+05° 1.6:05% 16+06™ 15:06% 1.2+04" 1.1+04"
J I 49+0.3" 48+0.3° 48+0.3° 484037 44+05™ 4.3+0.6° 4.2+0.7° 4.0£0.7 37:0.7% 3.3:06° 22+03% 24:04% 20+05° 25:06' 14+05" 15+06" 1.2+04" 1.3+06"
E22ZA} 49:0.3° 490.3% 462047 455047 42:08” 4.1x0.8" 34+1.1° 35:1.0° 32:08° 28:07 1905 19+06° 12+05 13x06° 1.1:04" 1205 1.1:04" 1.0£0.3'
ZQl  50£00" 50:0.0° 48+03" 4704 44+0.7° 46205 4.0+08" 42:06 28+0.6° 30087 23:05° 3006 2.3+06° 26:08% 13:04" 15:05" 11+0.3 1.2£04"
AEZAY 50£00" 5000" 4.9+0.3% 48:0.3" 47+06™ 4804 45+06™ 45:06™ 4.2+0.6° 4106 3.0:08° 3.0:06° 23+09° 2.1x09° 19+06° 19+06° 1.1+03" 1.1:03"
A AR 50+01° 50£00" 4.8:0.3" 4.9£03" 4704™ 47:04" 45:06" 46+05” 3.9+0.7° 41:06° 24:09° 3.0:05" 18:06% 22:077 14:05" 16+0.6™ 12+04" 1.3+04"
E2IR} 502007 5.0:0.0" 49037 48+05" 48:0.3™ 4.8+04” 46+0.6™ 4.6£06™ 45:04° 45+0.4° 41+07° 41£06° 34207 35:07" 36:08" 36:08" 25:04" 29+0.3°
Aeld]  50+00° 49+0.3" 49+0.3" 49+03" 4706™ 47:0.6" 45+06™ 4506 4405 43+057 39+06% 39+0.6° 32+0.7° 31+07° 32+07 29+0.7% 28+06" 25+0.7"
ARFAZ] 5000° 50+0.0" 4.9:0.3" 4.9:0.3" 46:0.6" 4.7:0.6" 44407 45+0.7° 35:1.1° 412070 262060 32+0.6° 2.1:05° 2.3+05% 20+05™ 2.2+05% 15:06 1.6+0.7"
AFA 50201% 50+01° 49+03% 4.7:05" 4.6:0.67 4.6:0.6% 4.4x07° 44406 39+0.6° 3.7+057 34+£06% 3.3+0.7 2.9:06% 2.8:05" 26£06% 2.6+05" 24+06" 2306
HIEFE 50200" 5.0£00° 49+0.3™ 48+03% 4.6+06™ 4704 45:0.7° 4407 41206 39:0.7° 3307 35:06 24:07° 2306° 25:06% 2.6+06° 1.7+06" 15:0.7"
s 2 hEZNE A2 e B4 Aol §o49 Aol & (p< 005).
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(E) %47

- 128 -

14 24 3y 59 64 8y 9¢ 14 124

A\ dzT AT dET AT ey AYT Rz AYT dE2T AT 2T AT 2T AT 2T AT T AT
H E  49+03" 48+03" 48:04" 47406 4.7+0.6" 4706 4.4+0.6™ 4306 42+0.7° 43:06™ 39+0.7% 38+06% 3.3+0.6" 3.0+0.6" 31x05" 3104" 2.7+06" 2406
A Z 50£01° 49403 49403 4.9+0.3" 4.8:0.3" 4.8:0.3" 45:06™ 45:06™ 44+06% 45:05% 43:05° 4.3+0.6° 39067 39+0.7° 36067 35:0.6% 3.3t0.6° 3.2+0.6"
AAAFZE 50+01" 48+0.3" 4.8+0.3" 45+05™ 45:06™ 43+05° 4.3:0.6° 3.8x0.6° 37x0.6° 3.3x0.7° 32+04° 2805 25:05% 2.3+05" 2.3+0.6 1.9+0.6" 1.4+0.6 1.4+0.6'
TE 48:03" 47403 45:05% 4.3+06™ 41405 4.0+04 38+0.6% 35:0.8° 25:05% 3.0+0.6 24+05° 23:05° 1.8+05" 1.6+05" 1.6+06" 15:06" 12:04 1.1+04'
T 48+04" 4.8+0.3" 4.7+0.3" 4.6+0.3% 4.3+05% 4.2+0.° 4.1+0.6% 3.9+0.6% 36077 3.3+0.6' 2.3+0.3%" 24+04™ 2.0+05" 2.6+05° 14+05 14405 1.2+04" 1.4+0.6
EZZA} 4803 4804 4405 4305 4.0£0.7° 39:0.7° 3.3+0.8° 3.4:08° 31069 27:06° 1.9+05° 20+0.6° 1306 13+06" 1.1:04" 12+04" 1.1:04" 1.0:03'
Zuel 49+0.1° 49+0.1" 4.6+04" 45+04" 4.2+057 44039 3.8+0.7° 4.0+05% 2.8+05% 3.0+0.7 2.3+06" 3006 23+05" 25:0.7" 1.3+04" 15+05 1.1+03 1.2+04"
AEZAL 50+0.0" 4.9+0.1" 48+05" 4.8+0.3" 4706 4.7+0.3" 45:05" 45:04° 4.0£06° 39+0.6° 2.8+0.7% 2.8+0.7% 2.1+0.6° 2.0+0.7° 1.7+05° 1.8+0.6° 12+04" 1.2+04'
AR 49+02" 5.0+0.1" 4.7+0.4™ 4.8+03" 45£04" 45:0.6° 4.3+0.6" 45+04™ 37+0.9° 4.0+0.6% 24+0.8° 3005 1.8+0.6" 2.2+0.7%" 1.4+04' 1.6+0.6" 12+04 1306
EXFR} 50£0.0° 49£0.3" 4903 4.8+05" 4.6:04" 45:05° 45:0.6™ 45:0.6™ 4.2+0.6° 42+057 3.9+0.8% 39:0.6 3.3:0.6% 35:0.6" 3507 3.4+0.7° 23:04" 2.8+0.4°
A g 50:00° 49+0.3" 48+04™ 48+057 4.7+04" 46+06 45+0.4° 4.2+05 4.1+0.6% 3.9+0.6° 3.9:0.7° 3.8+0.6° 3.0:05 29405 3.1+0.7" 2.7+0.6% 2.7+0.6" 2.4+0.7°
ARAE] 50£0.0° 50+01" 4.9:03" 4.9:03" 44057 45:05™ 4306 43206 34+09° 4.0:0.87 2.6:06  32:06° 21:04% 23x04% 21x06° 2.2:05% 15:06" 1.7x0.6"
K FA 49402° 48+03% 49:03% 46405 45406 44405 42:05 42:05 36:05° 36+04° 33x0.7%° 3.1+06% 28:06% 28+05% 26065 2.6+05" 2.4+06" 2.2+0.6"
HIEFR] 48403 4.9+0.2" 49+0.3" 4.6+05" 4405 4.604" 4306 4.2+057 3.9+0.6% 38+05° 31+06" 34+06" 23+05° 22+04° 24+06° 26:06° 1.7:06" 1.60.7"
# e TR EANE AR G E4 Afeld #2149l 2ol 21&(p< 0.05).



9. MPR A2 H2=AHE=S Ax E #FF 718 A}

7}. MPR A& AH =9 A3

HE, Az, A3 UEd, 35 22241 292, £#AY, A4EAY 5 156%F
o AihE FHHEE A7 FEste] #d B AY= AlFHE AlA(Aclean 7.0, Ch:0
Inc., Olympia, Washington, USA)& 1x} A& 3}, thAa] B2 23] A& sle] 240
oA 7l AAALES AAsIAT AFe] ¢k5¥ A4+ Chlorine dioxide
generator system(Ch.O Inc., Olympia, Washington, USA)9] 2]3}o] Al zZ¥H 50 ppm
ojAbstd & Aol 57 A E o, = olikEd A tiAl B2 A st ol
Ashda ARl & AaE 2x2em AV)E A O 1%((w/v) 7L &6l thA] 1
w1 AA R on, dAgGFTE ol &5t @t

4. MPR A& dE=9 Ax 2 I3

HE, Az, Usd, 332, S22 2491, #AY, 4E2AY 5 959 Ax
s F5EE 47 FEste]l MPR A 2lg ¥ Table 699 3abstael= wijgtr]s=ol
o] A3kl polyethylene terephthalate(PET) ZA)e 160 g# zt7z} 343819 o},
. MPR & del=9 &7

4% MPR A2 A5 10CAA 12470 A%star] g 7hgiel ofste] 4

[nt

AzAes g F2w R Ak BEPAE FEAANTATLY FAR AR
Aded 203 FART Yrhdel AREY 2 FbW 5 @Al dstel %
& AR AAE, WA, 29, 27

27 WAjo] Aste] 4 gL AT gl
130 W Aol SAlg Ale]-w o] 50% o4 AE A

(2) A& (wilting)
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5% & AFo] A dH

47 FdA ol 3k AET] AAEE A

38 o= A AEdoy A8 e

24 A Arh Akl FRA afre] Azt AdE H
134 ofF AstA AlE .

-5%: 8 HF o Ae-vdsta HS ] olatolatst Abe)

4@: '/I:-iﬂ]' Z}j’r“oﬂ H] ‘H 91]:21' }_XJ,Z}O] Z{B‘]—El?j\_()«q_ aHEg = }_7] }\o]'EHQ]' H) 2=
gk ZdE

34: A 7ro] AstEo] 27| AE o= ztolr} vpxwk aEigiE Ago] Jbs
gk el

<27 B A Ao HgElA] 92

z
<14 obF AsHAl =X AH.

47§39 £4o] g Fotdl yERT] Al ESE A

3F: Fa E2jo] 576w UEh} 4FE THEIE 97 AAEE dHE o A8
o]  7lsgk g

24 Foj7t o= A= Jguo] FHEo] won A& 2dg Ay

14: Fuli7h S48 Je-Full7t 50% o] W Eoe] dA Aoz Hast A
Ef.

%34 %7} (overall acceptability)

<53 7 A5 A% AH

<47 9] 1748 T FAAE acleo] 17270 o] vERr] Alzgk A

<33 AR 2 oAU A8 T A

<274 AAETY Wol Ao} A&l Erbsetal FEEAE /S

14 A ETE w9 A stE o] H7] Ao AH

A A =

FAIARE SAS Z2a9S o] &ste] FAHEA(ANOVA)Z Duncan’s multiplem

testi S ol&ste] ZF Hirgkddl digk FoAE ZAEAT. FYFE 5% olUE
stow 7 Agl o] HrFy #HF 2 AH(Standard errors of the mean)® YER A
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FEEE 247 FEste] MPR A g]skal Table 589 aabstde = wjstr]<zol ¢ A
3ol polyethylene terephthalate(PET) %A1 160g® 2z}zF %3 & ¥ 2F
MPR A4 AHEE 10CAA 1285t AstaA AR Alg, =247, 5

THA Vze 5 WA 5A4S WU A3 Fig. 549 2k

E, AR, e, s, EE2AL 2YQl, =AY, 4EAL T 9% ALE
e 1 _

o

Ag71zke] mE MPR Ak Aelmel wsd FAL ARzt Azhge] ulet
A} ok AR deblEd, A% 2944 gAdeR Fa 45 ANG
g FANAL, A% 3Y olF Axe] BeH Fol A% Wobd A, AF 9Y o] Fo
= 2go] Hrbse Ao 7HA
/;1'

2 ZAFE ST wEbA, MPR A& A== A4 8Y

go] 7bsstH MPR AAdE =% f57]¢He 8U = glw At

st AaxAe=e FE7Ie AFS 21 MPR Ao ay& g5ty 93t
2 AYg 279 #s4 F4S vt 1 A9 g2+ A= A 8
A7t=] Aol 7hegk AoR HrtE o] MPR Aol &g M=o f&7]g
AFEd= YEuA sk =g, A% P A e #ed FAE A
ARl FoAdE iAo (p<0.05) AY 5d7HA+= =2 A o #5484 F4
Btk MPR XH*‘”ﬂ o B4 FHo Ay 3%y v A}E HAvh 1
A% 69l Agol= MPR AMaAdes 52 F4o] 272 53 08 3
7bE LA, A 8 A MPR A Aej=e] #e4 #42 A% 69x tjxz+9 35
A FAAA Aol 7 glATHp<0.05). WekAl, MPR A &= A7 59 o] Fof A
co] g43% FdAsE BAst A2 F4 Aol 718k, ol= MPR A el
o5k a4 9] Polyphenoloxidase & #A AN a4 &4 AAL o4 vAE HA7
B ol o FFo= AZET

ﬂ
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[9))
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processing®l]l 9% 71F - £% Al H A=}
A dAALE gEsart =3 AS AAE
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analysis® 2 A& ©vAES AESE D
value 5 434 S48 A= \315}01]
Aro] WESA Y| 217438 non-thermal processing A< &
AR AA 9k 3+t
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