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2. GFSEe] e] - 3oy BAJ23-20

GFSEL: grapefruit&ate}l 2182 2 EYB(FY] 4:1) 8, glycerine-§ Fol& 3}
of UM systemo] AULKFEHARM FEEle) Mzt Aoz FeUYEUR
naringin 2.8%(Fig.1), ascorbic acid 9.5%(Fig.2)7} $F-REle] slem, olgjofw
hesperidin 0.46%, citric acid 0.35%, caffeic acid 10mg/1, chlorogenic acid
5mg/1, p-coumaric acid 5wg/1, phloroglucinol 20mg/1 ™ malic acid, fumaric acid,
oxalic acid$2] #7142} B-limonenego] 2% EYNER F/dElo] Ut
A BE22AY Aol stol $2 - ZAY GSEE AEW WE S AME
A2a ozt &sto] U], HENYe] 4S8N E E, UF, F714S ¥ e
582nmof M 2 tAEREE Rlch(Fig.3).
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Fig.1. The HPLC chromatogram of naringin in GFSE,
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Fig.2. The HPLC chromatogram of ascorbic acid in GFSE.
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Fig.3. Absorption spectra of GFSE,

Perkin-Elmer Model 1330 Infrared Spectrophotometer& o]-23}o 4,000-400CH-1
Frequencyo*] <o}zl Infrared spectrumZiz}, 3600CM~10fA] carboxyl acid2] OH
stretch, 3500-3200CM-1o}jr] H-Faxafe] oOH, 3080 Y 3050CM-'ojA| terminal
unsaturated carbon2] CH, 3000CM~t1o§A] trans C=C2} CH stretch, 2980-2880CM—1o0}A
pmehtyl groups2] CH, 1770CM~1o§Ar] unsaturated ester2] C=0, 1700CM-1o}x]
unsaturated carboxylic acid2| C=0 stretch, 1610 % 1580CM-1ofr] W&} 3|3}Eo
C=C stretch =4 carboxylic acid2] OH deformation, 1520CM-1of§A] W}aF& 28}-5o]
skeletal ring stretch, 1470CM~tojr] Cliz2] CH deformation, 1370CM-1o}A] CHs2} CH
deformation, 1300CM—tofA] carboxylic acld2] OH deformation, 1250CM-10§A]
carboxyl2] C-0 stretch, 1150 3l 1050CM~1o}4] carboxylic acid2| OH deformationg}

carboxylice] C-0, =&t 15} amine2] C-N, B870-720CM-1of4] Wsrx se}4t-Ee] CH

out-of-plane deformation2} -2 functional group2] &zi-g ¥<l&t 4 st}

(Fig.4).
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Fig.4. The infrared spectral interpretation of GFSE.
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Table 1, Physical properties of Grapefruit seed extract

Appearance ' Liquid/Heavy Viscous
Colour {Gardner) 2{lemmon yellow)

Specific gravity(25°C) 1.110

Density(lbs/gal) 9.37

pH(25°C) 2.5 - 3.0

Flash pount(°F) 292
Viscosity(centistokes) 134.91

Viscosity index -23.2

Surface tension - average of 5 readings{dynes/cm) 40.0

Apparent interfacial tension(dynes/cm) 5.0

True corrected interfacial tension(dynes/cm) 4.5

Flavour (taste) lightly bitter

Smell fragance lemmon agreeable
Solubility 100% in water, alcohol, organic acids
Stability and knock down better in acid pH

Corrosivity similar potable water

3. GFSES| &g-¥4d21?

GFSEE M, #%o], X2 o ujojziAs FHeitt ¥ o Fyid vjdEol thst
of 7eigt S FA_g 28ka 3Lom, the Table 22f 3to] 2} wjd-Fof thab 2 ax

#)% S (Minimum Inhibitory Concentration : MIC)-& iiejihil glth.



Table 2, Antimicrobial activity of grapefruit seed extract

Bacteria HIC*(ppm)
Escherichia coli 25
Staphylococcus aureus 3.1
Bacillus sublilis -3
Pseudomonas acruginosa 1000

Salmonella typhimuriua 6.3
Klebsnelld pncuzoniae 6.3
Proteus sp. 50
Staphylococcus aureus(multi-resistant) 3.15
Staphylococcus aureus 4-10
Streptococcus(beta hemolytic) 5-10
Streptococcus faecalis 14-100
Streptococcus pyvogenes 2-5
Diplococcus pneumoniae 10
hleb51ella sp. 7-10
Proteus sSp. 1-3
Pseudomonas Sp. 100-250

allonella sp. 3-9
Escherichia coli 4-1
Blucel] “abortus . 4
Mycobacterium Sp. 100
Corynebacterium equi 6
Shigella dysentariae 7

Molds YIC(ppm)

Trichopyton sp. 4.9
Epidermophyton floccosum 7
Aspergillus sp. ' 50-100
Penicillium sp. 20-50
Aspvrglllus niger 1000
Aureobasidium pullulans 125
Gliocladiuam virens 1000
Fusarium moniliforme 1000
Alternaria alternata 500
‘Trichophyton mentagrophytes 500

Yeasts
Candida sp. . 9-10
accharomzces sp. 100
Viruses
Avian influenza virus 1000
Foot and mouth disease virus 4000
African swine fever virus 4000
Vesicular stomatilis virus 4000

Note : The above research was conducted by ¥ells Laboratory
and Southern Research Laboratory in the U.S.A. with
the exception of the viruses, which were researched
by the United States Department of Agriculture.
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GFSE2} A itz} e AF25A|) sodium hypochlorite2] Me|E el ujAl
22 A]UAE B 72 Table 32} U},
Table‘3. Effects of GFSE and sodium hypochlorite on the growth of

bacteria and molds in the nutrient broth and in the pot-
ato dextrose broth, respectively

CONCENTRATION OF GFSE
AND SODIUM HYPOCHLORITE (ppm)
TEST ORGANISMS

2000 1000 500 250 100 0

Vibrio vulnifiocus —(=)% ~(-) (=) +(4) 4 (+) 4(+)
Vivrio fluvialis -(=)  =(-) —(=)  +(+)  +(#) e (+)
Bacillus cereus -(=)  =(-) (=) =(=)  +(4)  4(4)
Staphyloocoocus aureus =(-) =(-) =(=)  =(+)  +(+)  +(4)
Serratia sp. -(=)  =(=) =(=)  =(=)  ~(=)  +(#)

Asperglllus parasiticus -(-) =(-) +(=) (=) +(e)  +(4)
Aspergillus versiclor ~(-) =(-) =(=)  +(e)  +(+)  +(#)

Penloillium funioulosum -(=) =(-) +(=)  +(+)  +(4) o+ (4)

Pyrenochaeta terrestris -(=) -(-) -(=) (=) =(+)  +(¥)

Trichoderna viride -(=)  =(-) -(=) =(=)  +(4) 4 (#)

Krebsiella pneumoniae (=) (=)  =(=) —=(+) +(+) +(+)

Esoherichia ooll =(=)  =(=) =(¢)  +(+)  +(4)  +(¥)
+ : Growth - ¢ No growth

% The inhibitory effect of sodium hypochlorite for bacteria and
molds is expressed in the parenthesis,

&, 4718t 5ol uigt GFSES] ®3¥/d2 sodium hypochloriteol u}s}od
ol xjzx] gtond, gt @A e FyPolst HeYolrM 1 A8 Y
sltt.



4. GFSEe] v] g T84 o 44 1z}

(1) dspergillus parasiticuso) 2]&t aflatoxin A34}/A428>
GFSES] Aspergillus parasiticus2] 45 % aflatoxin‘dgdoll u|xj= )i
3} Table 42} t}.

Table 4. Inhibitory effects of GFSE on growth and aflatoxin production

in the medium containing tritium labeled sodium acetate by
Aspergillus parasiticus after 7days at 30°C

Conc. with Mycelial weight Aflatoxin production
treatment(ppm) Weight(g) Inhibitory(%X) Radicactivity(dpm) Inhibition(%)

) 12.5 0 7.5x104 0
500 8.7 30.4 6.8x104 9.3
1,000 6.6 47.2 3.9x104 48.0
2,000 3.8 69.6 4,4x103 94.1
3,000 2.9 76.8 2.0x103 97.3
4,000 1.0 92.0 7.2x102 99.0
5,000 Y 100.0 0 100.0

&, GFSEZ 4,000ppm 5% . Aspergillus parasiticus®] A3 92% ajsjs}siony,
5,000ppn FEofME FHo] AdR-g Vs] zsisisich, =&, 2,000pps F-SofA
aflatoxin2] A37de] 94.1% 2 si=jgl2, 4,000ppm 2 ofA = 99.0%, 5,000ppm 5 %.of

< aflatoxin2] 4}/do] ¥%] AMsigigict. ulelM, GFSExE YH42 ol4te] ¥xof
A Aspergillus parasiticus 3§ ol KoM afla.toxini’-l Mg Bz 2s|st-
& ¢ 4 Usich, M, 14C-labeled precursorz} aflatoxino® M #5]= 7|2tof o]

2| GPSES] A shE2} 4% GFSE ¥%= 2,000ppmos] M E¥t nigh 42 z27leg W
Al Table 52} & dz2bF dgich.

Table 52} 7z} 2,000ppm2] GFSEe] sodium acetate, averufin, versiconal
acetate % 'sterigmatocystino] aflatoxin2 @ $olslvdl v]2]:s sli2E ¥
2 olch. GFSEol Mejeglx] -2 wiord<sofaie] tritium labeled precursor 2.7}

aflatoxin® 2. ZoJele g 2oifglon], o|3e & Afold AR g3t



AL aflatoxin¥Y4d $Yg& 7k22 &g Msi32 Slch. GFSER tritium
labeled sodium acetate, averufin %l versiconal acetate®] aflatoxino 2.2 > gyt
& B3] Asistsion} sterigmatocysting] aflatoxine g2] Mg 7] 2tofle M
& vlAlz] Esh= Zle® ulepytel. whalM, GFSEL aflatoxinAl&}4d 74z 3
sterigmatocystin 438144 o] PA U versiconal acetate $7tchaAlAbE o) rhx|e] X

2¢EAE AslYE 2™l 22 9lon], ol A¥R 9 mycotoxinAMU}Ad s}

N

P E3igde v 32 glch

Table 5. Incorporation of tritium labeled sodium acetate, averufin,versiconal
acetate, and sterigmatocystin into aflatoxin by Aspergillus
parasiticus in the level of 2,000ppm of GFSE.

Aflatoxin
Precursor®’ Radioactivity ~ Incorporation
(x104dpm) efficiencys?(X)

Sodiua acetate 24.0 1.2
Sodium acetate NRb? 0

+ GFSE
Averufin 9.0 25.0
Averufin + GFSE NR 0
VYersiconal acetate 14.4 57.6
Yersiconal acetate NR 0

+ GFSE
Sterigmatocystin . 18.2 72.8
Sterigmatocystin 15.9 70.5

+ GFSE

=) Amount of tritium labeled precursors added:Sodium acetate
20umol (1,0x10¢dpm/umol), Averufin 1.5umol(2.4x105dpm/umol),
Versiconal acetate 1,25umol(2.0x105dpm/umol),
Sterigmatocystin 0.5umol(4.51x10%dpn/umcl)
k> NR : No radioactivity
<) Incorporation efficiency(%)
Anount of incorporated aflatoxin
= x 100
Amount of tritium labeled precursors added




(2) Penicillium islandicumol 2}%t skyrin A3§FAd23>
GFSE2] Penicilliumm islandicum2] A3-8 "8 skyrind/gdoll vix|= AsjHzl=

Table 62} Zt}., &, GFSEX 500ppmis% 2 Penicillium islandicum2] 35

wlo

91% sfsigion], 75oppmy=2 #WolMEE YHsl Asisigich. =Rb,
250ppms =0 skyrine] Axdo] 83% xsfE] i 500ppmiE E o= skyring]
24do)  shds] AsjElgich. wielr, GFSEe 500-750ppme]  FEE
Penicillium islandicum2] 3-8 3 EA4243% skyrinddS fxxog As)
32 o 4 3lth. Table 7°) 7z 500ppme] GFSE7}  acetate,
emodinanthrone, emodin % skyrinanthroneo} skyrino. @ Flg|led vjxle
odsr.g Roj 3 glt}. GrapefruitZatZdEo| Ae|ela] o2 vjdd <ol
2] [3H) -labeled acetate?} skyrino & Fj&le A4S ALY FF74
FAAe) skyrindYd $¥E 7hxlR YF& AA) Fa glvk o] AdA
2}2 wv|Bo} GFSEx [3H] -labeled acetate, emodinanthrone % emodin2]
skyrino.ge] H#-g oxs] xslhsisler), [3H] -labeled skyrinanthrone
o] skyrino. 22 MHr|ztole 28 dE v|A|x] Ribe A& Liebytct.
nele @, GFSE: skyrin W¥Ad73 2%, emodinanthrone—emodin—skyrin2
2 gl favb2AE A sistr, emodinanthrone—skyrinanthrone—
skyrino. & H¥g)= 73 2o)4 = emodinanthrone-s 7§ skyrinanthrone 2 &

Ae8ele ol AsGAZE EAY-E AH3) o gl

Table 6. Inhibitory effects of GFSE on growth and
skyrin production in Czapek-Dox broth containing tri-
tium labeled sodium acetate byPenicillium islandicum

NRRL 1175 after 10 days at 30°C
Mycelial Skyrin
weight
Treatment
(ppm) Weight Inhibition Radioactivity Inhibition
(g) (%) (10'dm) (%)
0 2.97 0 13.27 0
100 221 26 357 74
250 1.53 48 2.26 83
500 0.26 91 NR 100
750 0 100 NR 100
1,000 0 100 NR 100

NR : No radioactivity
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Table 7. Incorporation of [*H]—labeled sodium acetate,
emodinanthrone, emodin, and skyrinanthrone into skyrin
by Penicillium islandicum treated with 500 of GFSE

Skyrin
Precusor”
Radioactivity Incorporation
(10* dpm) efficiency”( %)
Sodium acetate 7.25 0.36
Sodium acetate NR -
+ DF-100
Emodinanthrone 10.42 50.10
Emodinanthrone NR -
+ DF—-100
Emodin 13.54 54.20
Emodin+ DF - 100 NR -
Skyrinanthrone 16.33 77.30
Skyrinanthrone 16.48 78.00

a) Amount of ["H] —iabeled precursors added :
Sodium acetate 20 12 mol(1.0 % 10* dpm/ u mol),
Emodinanthrone 1.3 4 mol(1.6 x 10* dpm/ # mal),
Emodin 1.25 4 mol(2.0 x 10* dpm/ u mol} and
Skyrinanthrone 0.4 4 mol{4.8 x 10° dpm/ u mol)
b) NR : No radicactivity
¢) Incorporation _ Amount of incorporated skyrin 100
efficency(%)  Amount of ["H ]~ labeled precusors added

5. GFSEMz|ol 2)gt 2| g e|u| B Be] sdefig)2s>

HsfY kA FohM Re|yt Escherichia coli, Staphylococcus aureus, Bacillus
cereus -5-& 50ppm, 100ppm, FEi= 250ppm 2| GFSERfo g Helgh & Az|s}ta
WE URF F52 U datuin)d ddr 22 ZAste) iyt P} Fig.s W
Fig.6 12|31 Fig.72} 3lch. Fig.5044 X uie}l o] GFSEE Melgt E.coli #MA|
Fe MEee] 71ge] vt2iso] MRULEo| FHUY-E FBE| FHe) Ago] o
MEH, oleitt Y2 Melgt GFSES st Aolz 48 Ashelo} 100ppn o] 42| S5 &
Melxt E.coli MR MEre] 527)%50] 7lojA o] 4l ghost MEfe] FM4r 2
UHE o 4 Usich olel R YA Staphylococcus aureus(Fig.6) o Bacillus
cereus(Fig. 7)o M= S818}A vtelstom, Bacillus cereuse] M Eujo) t4ds]of gl
© AR =4t el g 2e05t0] v)]BEARL] del7)5ol Ay ot ohe}
zarzre] FA7]sutA A4lElo] GFSES] Sk 83 A 2E ®oj Z3ir},
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U, d3aujol  2dEe] 2o w9 FzAe] UsniAe Yok
Penicillium sp. 2| 2382 2}?) conidia M| E 27} GFSEMz|o) o|slo] x| sIej2 o}
Het Zabrz Wg-Ee] fAR AAHA Uopriso] ofHdaln MAsctege] ma
Aol stafglo] Yol wrta, AULEE 2™EM sl e UYL Ro 23
3AtHFig.8). ojA2 GFSEZ} vld&e|l MEul delgdise] 7|%g otsir|s|a,
DNA/RNA 774 7)1 2b-g Welttche B7R 08 u]fo] =ape] My o Axute] 7|
ol sl RAUEEe] 44 o8 URF GFSES] ¥ @atgo) 7|stes Hog A

2,

Fig.8. Transmission electron micrographs of conidiospore of Penicillium sp.
contaminated on Satsuma mandarin(a) and a conidiospore of Penicilliun
sp. treated with GFSE(b).
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Heel, 2 Folr Be|gt Fusariur sp.-§ GRTEE Me|gh gipolgAe] Haidu]”d
l.e Fi

Apzl2 Fig. 92k th b ofAlgt Mgojre} o], WOl FAMe] MEH7)Eo]

}3'4510'! FAA &g FUdel F3sbA eyttt

um sp. contaminated on fruits
treated with grapefruit seed

Fig.9. Mycelial morphology of Fusari
(A:Control) and Fusarium Sp.
extract.

6. GrapefruitZale&-Fo| MAM7|5ol o2l Ff21.29)

M7l 5of vlxj= GFSE2| <& HEs}7] %Mo-i THE d5 UHTER shod
GFSEE 5292 F Aol AtaFol Xristn 357 AldAlr M5 78 9 AaY
BganY AERFPY S MF 6 deesich &, YYANEQL GFSEF
IQOPpl. 300ppm, 500ppm % 1,000ppa2] =7} =% EEY AtRol 4ol HojAlR R
s} 2 GFSES *37hstz] g2 7|23 F 48§ ol Al&% shgich. 100ofe2] £¥o}
el g FetolM Folste] Mg &t atgel Fol Sulslo] gloo, UYL o
ZAld g 2 a2 BrzbdElE Yote] & F2lko] Yol AbRsigich 3742 &
2l&olM 2tz 10vfe]4] Aursted 33 2 Zhzte] AYARE AolAA Z Fojct 2
2o} o] MEE SHUshch ALRAUIEES 7 Seldola Muwy ¢ udes
olE Ay Ay &g ete] ARYYEL LEsisich THE W 3T ATAlA
dojzl MEZ7H-g W AL2HP82 7M7) Table 8 B Table 92} o) GFSEE 7yt
Aotz 2 Abokat Al el feldslE Ate] & Ro|x| ggirh. =%, 3533ke] AWy
7o) YA RE He) dAolM Masted ARY R2appof Y 30°CollA 6413 83l
th. S "Hoje|r} HAE L FHUMe] dojd F, YHEAE YMHALYY W ¥
My Ade|dEg 3498 W2 2tz Table 10 W Table 112} th, o] HzoME F
ko] BojF uie} o], GFSEMZIZ YW Zadd o del¥d EHe 240 F
Sigh 2w Ag uska] @sth. &, GFSEZL Aojrta ol HriEglg ul, HHEE

of BAM7Iol vIXE %4 o ARAs) AaeA ALsha] YHE YUY 4 U
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Table 8. Effect of dietary GFSE on body weight gain of broiler chicks

Body weight gain (g)

GFSE v
concentration Week
(ppm)
: 0 1 2 3
0 (Control) 43 120 323 576
100 44 140 351 572
300 44 122 311 562
500 42 130 336 566
1,000 44 134 341 573
F-ratio 0.01 0.70 1.12 0.70

NS NS NS NS

% NS : not significant

Table 9. Effect of dietary GFSE on weekly feed conversion ratio of broiler

chicks
Feed conversion ratio
GFSE ( g feed concentrations/g weight gain )
concentration
(ppm) Interval (days)
0-17 8 - 14 15 ~ 21
0 (Control) 1.34 1.41 1.75
100 1.16 1.44 1.93
300 1.35 1.47 1.78
500 1.21 1.47 1.86
1,000 1.18 1.45 1.76
F-ratio 1.55 0.30 1.16
NS NS NS

% NS : not significant
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Table 10. Effect of dietary GFSE on serum enzymes of broiler chicks

Serum enzyme activity (units/liter)

GFSE

concentration Lactic Glutamic Alkaline

(ppm) dehydrogenase oxaloacetic phosphatase
transaminase

0 (Control) 1004 236 33,290

100 973 256 31,618

300 1030 232 32,123

500 921 248 35,110

1,000 1129 245 29,175

F-ratio 0.92 0.64 1.00
NS NS NS

% NS : not significant

Table 11. Effect of dietary GFSE on serum blood components of broiler chicks

GFSE Glucose Cholesterol Creatinine Uric acid Calcium Potassium Sodium Phosphorus
(ppm) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (meq/1) (meq/1) (mg/dl)

0 278 140 0.40 5.7 11.2 4.8 149 7.0
100 270 152 0.45 4.8 11.2 4.6 150 8.0
300 282 154 0.43 6.6 11.4 5.2 150 8.1
500 269 151 0.40 5.1 11.1 4.3 149 7.9

1,000 211 146 0.45 5.1 11.3 4.6 150 8.0
F-ratio 0.90 0.46 1.39 0.78 0.81 1.44 0.38 0.40
NS NS NS NS NS NS NS NS

% NS : not significant



ghw, GFSEol iyt 7243454, v ¢854, 3718Usd o A3 o

etrdo] edZsiglen, LDsodko] Uel FEANEFAHUY-E Fshol Table 12044

ul2} 2fo] 2,900mg/kg. o2, o tHAIEIU ARl kAL bE o) 600m/kg, AL

7rE2l 1,000mg/kgoll Hlstod 1 ko]l 2 w&E VWY £ ol UAHFURN
2r5-2) 1,000mg/kgol ] 3tod 2

E2A2M H&HHE "oish v Ro|uh

Table 12. Various Dose levels of GFSE was injected in R.1. chicken eggs to determine the toxicity anc
hatchability. Each group consisted of 10 control eggs. The dose level consisted of 1 active

test material.

No.of
Eggs

No Embryo No.Chicks No.Chicks No.chicks No.chicks No.chicks No.chick:

Dose level Clean eggs Hatched Surv.3days Surv.Tdays Surv.ld4days Surv.30days Dead
8,000mg/ke 0 0 0 0 0 0 10
6,000me/ke 1 0 0 0 0 0 0
3,000me/ke 9 9 ] 1 7 3
1,500me/kg 0 10 ] 9 9 9 1
Control 0 10 10 10 10 10 0
900 me/keg

LDso 2,

* All deaths reported are exclusive of traumatic death at the 90-120 hour period. All elbryo which
died during the first 3-4 day period were considered to be due to a variety of causes, and not

specifically to the administration of GFSE,

were considered to be due to the activity of GFSE.

7.GFSE2| 2tMF Meliah
(1) cis}, It W 2525

Auxioold AAHL sl oish, dub 8 RASE FUste] GRENeStL dE
A F, 25-30C Atole] SEUL T0-90% AhsE Z7skohM olF HolrBel A
AaAHY-5 Mdrssith AYUabEES Yol sl polyethylene film bagol GFSE
§ 1,0000pm of8} SESTO2 Nelth T BASET 302 Bt AAsUM UYL
Abgshsich. olu) CREF M GFSE PAMe|AlYTeh 22y S30gx|8 GFSEAelA| g7
(250ppm, 500ppm, 1,000ppm)-E *488s}ol Y2 AAlste] 2t2f Fig.102h 22 AA4E
Asich.

Al] deaths following the first 3-4 day trauma death



Fig.10. Photograph of Allium fistulosum L., Allium cepa L. and Capsicum
annuum  washed only in tap water(control) and steeped in
250ppm, 500ppm, 1,000ppm of GFSE, respectively, freeze—dried
and stored for 30days in the temperature range of 25°C-30°C.

5, MM RY AN FEEFe Ate) wiEo) VRES0) e Ao|7}t 3lof ofvfe)
B, AM YY) Y BAZ WS AR AN GFSES] M| e} o}

L)

+8® zlaazle| tha YREE AYE WA gch $PPRAY 7t pArBe] A
T AREE Y A PUAM BUY e Aol F B4 Uon, T He PE
Aule] 24 o FAY Y42 QY Buae) S0 Be Hoe myg

GFSE 250, 500, 1,000ppm ®ofof Ax|¢t Tsh, 43}, m3Be] xpMul Yizfgo
i AE $ihe7] tiEo) EUzAe] E4o] thRFo) uistel I} Hog Algwn
zze] A 3 Asho] vlay FxstH BEsE Hog vebyth W, gzl
Y7 GFSEMe|¥ 3092 Aygt v}, U3}, n3o] 249 UYL 24 P34
Table 132} zt}.
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Table 13, Effect of various dilutions of grapefruit seed extract in
reducing Escherichia coli on vegetables stored for 30days
at 25°C-30°C(Unit:CFU)*

Concentration of GFSE in water(ppm)

Vegetables*k

0 100 250 500 1,000
Welch onion 60 41 24 5 0
Onion 97 84 30 13 0
Red pepper 48 27 6 ] 0

% CFU:Colony-Forming Unit(#/g)
%% Sliced vegetables were dipped into various dilutions of GFSE solution,
respectively, drained, freeze—dried and stored for 30 days at 25°C-30°C

&, A% 304 ¥ oz Ae vist, I3t W 2o LHE N e vAEFE Y
2} 60 CFU/g, 97 CFU/g W 48 CFU/gle.2 2 ¥¥ =7} A viepyt yhd GFSEXMeE|F-2]
735, 100ppm Mels=ofM & 2Hz} 41 CFU/g, 84 CFU/g W 27 CFU/gE tjZ--of |8}
of 31.6%, 13.0% Bl 43.8% J = F4st3om 500ppm M| FEAME T3t 5 CFU/e,
o}u} 13 CFU/gs thR ol u]slod 91,6%2} 86.5%8 A LSt 152 Hfols
i gol MY B ] @tk ohg#, 1,000ppr X o] GFSE&AoiME o=
F5e SAEAE UEEe] AJo] AHE & + Usith

(2) :Q@u)
15°C~-20°Cofj#] 85 B3} polyethylene film bagod ¥ viR-2} GFSEE M|yt
Uzke) 2} @A Wb Fig 113} At}

. Photograph of Satsuma mandarin washed only in tap water(Control) and
steeped in 100ppm & 250ppm of GFSE, respectively, dried and stored for
8 weeks at 15°C-20°C.



4, GFSEE AMe|sta] ¢fe WHARE URIFE $ta A &U& GFSE 100ppr
250ppmofl Al 30-£3t AU IA|HA 15C-20ColM A AstUM 2l @] Wi FAY 23,
15do| Z2}s}7]7k2] GFSEX 2| Al 2] 2390 HrhE 2ldAde] Aol 8 # 4 2Usl
o, dhzFe] 39, ofzte] Witzbv|of #Folzt &l e AE HUY 4 U
o, 2ivjzzle] o] WAsty] Aabsiglem, Table 604M R uigl o]
MA7|Zke] A8 WP et FeeAlA el

Table 14 Effect of grapefruit seed extract on fungal contamination and rind
breakdown of Satsuma mandarin stored for 8 weeks at 15°C-20C

X Fungal contamination % Rind breakdown
Treatments -
2 4 6 8 (weeks) 2 4 6 8 (weeks)
Control 20 53 68 80 7 24 49 74
GFSE(100ppm) 0 6 15 27 0 2 7 14
GFSE(250ppm) 0 0 5 13 0 0 1 5

5, 25 ¥ gzFe] A, ot eivjRzo] Fexla die] YW 4
SHA Fvfsigiond, AYrE F 200d €0t FYolof 2s|o} )|zt FAs}r) A3
shgith. ojof xbstod GFSE 100ppm 3l 250ppmA2|F-2] 739, 2}ule| A2} Y vpds ¢
A YWaiddg Aot B4 Aok 45 HAF vizFe] 73§ 53%7) Rujggoloy o
stod £fu|7} FslEla v¥-e] AR dEiglon ysle B2jslo] 44&&qo| Yol
M va] 208 EE FHo|7t dslo] wnjst AlEle S-S vebUgich w
W, GFSEE Me|tt Ald7e] 73+ 100ppe Ae|FE 6% FEqte] AlzyUzfol |4 Eol
LHHAEE HUY & o], 250ppm Me|7e| 9 Wy Lun|dEe] o
Wzze] deg BUY 5 Aok 83 A3 F uzFe] Ay, soxy ke Yty
7} A3t FEFYole fYdsigla uR-25R3o] dEiglon 13 9RHEV}
Hrisle A& =elwtd, 100ppm GFSEE Melth Ay o] 2 2744 =7t FYolo)
24l O F tge] Wake| zu|z} ¥ii.vhEEIYE Folglon, 250ppm GFSEMZ|
Aol 239, @A) 13%2] YztHs|ojMY odY FWolE HAY 4 Uglen, 3
2 23] a1 AFAS &&ol 72| dojihxl o} GFSEMe|of 2%t wzke) 4
F3 7Rt 2 Faskal dkEE A 5 UReh F, Udole AF frl4ate]
£lo} 3lo] pHrl W 3|7} waxe} Eo] Rome MEel AUsle Mo FWo|e

3ehe 2 AOE vehutch 2
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A AYZ Gawols Aulstol 19924 sdol S UAE TUNA )7} &
ASSAY HPNE UL A WA 50714 2228 o] HEPE SWG A
2iglo] M¥she the, GRSENe|7& 500ppas 2] GFSES1o] 10-20% ot 31x|s}3l
b UM el FUAN fslo) 2 B21E 2 g, Uz HEe) o
Aol ot F71e) #3ol AHEH LB Melold 50U ML, 42T 4
e M BUAYE o) Ur| AsiRon], MY BYMolE MUY BE Yapol
A o] ke, winlol, GRES Aol UMl Aake M 50U 50705 67hah 4t

oREM & EEMNE T A Aoy Wl PelE = 881A Yyt

Fig.12. Inhibitory effect of GFSE on the germination of potatoes.

U, T4<t 3Falof GFSESA(500ppm, 1,000ppm) & & gas atomizer® H3sjof W
e 08 2AUY & USSR 2UY £718 30T Aol Mpshus, THFAE
dd 248 022 §xM& S, 0.2 FP4Eet PHLES 500ppm W
1,000ppm2] GFSE8-4-g Meltt 39, MY 10UF 2z 7o) 61.52 Y 45.7%8 =
A zrasisich. o] W GFsEe] YA EUol E) T EAE W o9y Vmnj4E

2] 43& AMste 71%E 288k Ythe 2y Ms) 23 tH(Table 15).
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Table 15. Cumulative (02 production in potatoes treated with grapefruit seed

extract. (Unit: ml)
GFSE Incubation time (days)
concentration -
(ppm) v 2 4 6 8 10
0 (Control) 7.8 13.7 22.3 46.5 79.2
500 3.7 7.2 16.1 29.6 48.7
1,000 1.3 4.4 12.4 20.5 36.2

= The values, average of 3 replicate flasks/treatment, are significantly
different (p<0.05).

(4) 253%

TEERE] 7| dste] YHE FEste Botrytis cinredas] AAYAE £m5}7] 9
8o GFSEZfA2]gk (100-300ppm) A% 29} SOz M2l A% 78 $AM2|8t thzre AlY
A3E vl ARSIt M| F 41U BAe| oM 3,25%7} Botrytis cinerea®)
.40 2jshM El]gla, SOzA2| e 2.28%, GFSE(300ppm) £ A el 1.66%% -1
F-olgo| GFSEXe] 7 FAje|Fe] S0XY 2 Hastglon, 7|8 ReMaNe|ywya

SOz7tzAe| et o EMoe Xre] Sl wa|st 4 glgict



Table 18, Effect of GFSE treatment on the export table grapes
for the control of Botrytis cinerea

% of grapes damaged by Botrytis cinerea
Treatment warehousing time in days
0 7 14 21 27 34 41

Thompson seedless variety

A (Control) 0,00 0,00 0,70 0.83 1.00 1.78 3.25
B (S02) 0.00 0.00 0,57 0.60 0.64 1,00 2,28
C-1(GFSE) 0.00 0.00 1.10 2.51 3.89 5.10 6.78
C-2(GFSE) 0.00 0,00 0.34 0,52 1,00 1.36 .93
C-3(GFSE) 0.00 0,00 0,22 0.39 0.43 0.80 1.66
Red seedless variety

A (Control) 0.00 0.00 0,12 0.19 0.31 0.43 0.49
B (S02) 0.00 0,00 0,05 0,08 0.14 0,23 0.33
C-1(GFSE) 0.00 0.00 0,28 0.41 0.57 0.63 0.86
C-2(GFSE) 0.00 0.00 0.11 0,13 0.22 0.33 0.4
C-3(GFSE) 0.00 0.00 0.00 0.05 0.09 0.21 0.27

#* C-1 : GFSE(100ppm), C-2 : GFSE(200ppm), C-3 : GFSE(300ppm)

(5) 7je} A5

7HAM 85t ANF(2Y, FHAl, 20|, BulE, 37, 4HHE)§ GFSE
&1 (100ppm-250ppm) 2.2 2| E& £l F20% b, 0.05-0. 1nne
polyethylene filmujo} A5t AU A-(10-15C)& FalstE Zto|xabn
of E3¥oas, FMz|3d gz AYAFol sty Walud g 2
A Za A7 4 Ugem, Age] $Fol mel tha o] E xo|: glovt,
Moz AYr)zhEt HEE RaIska 22 o) §Woia)a] gpo} A=}
A E Fo4% 4 30 $13Uchk(Fig.13).
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Fig.13. Photographs of pumpkin(A), eggplant(B), cucumber((),
tomato(D), Kumquat(E) and wild edible greens(F) treated
with grapefruit seed extract..
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