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Inhibitory Effects of Natural Antimicrobial Agent on Postharvest Decay
in Fruits and Vegetables under Natural Low Temperatures

Sung-Hwan Che', Jin-Hwan Chung and Chung-Ho Ryu*

Dept. of Food Science and Technology, Gyeongsang National University, Chinju 660- 701, Korea
* ab. of Gabo Food Co., Chungnam 315 - 830, Korea

Abstraci

I: order to prevent the postharvest decay and to promote the freshness retention of fruits and vegetables
grapefruit seed extract (GFSE), natural microorganism control agent, was applied to the preservation of fresh
fruits and vegetables. Fresh fruits and vegetables treated with GFSE and stored in polyethylene film (0.1mm) at
10° C~15° C of natural low temperature kept better qualities in color and texture than the GFSE-not-treated
control. The treatment using GFSE in a 250ppm to 500ppm conceniration seemed to be an effective one for
the control of Botrytis cinerea isofated in red wine grapes. After 4 weeks of storage the firmness rate of
cucumbers ireated with the dilute GFSE was four times higher than that of non-treated ones. GFSE showed
effective inhibitory action towards plant pathological bacteria and fungi which were involved in the decay of
fruits and vegetables. Minimum inhibitory concentrations of GFSE towards them were in the range of 250ppm
to 500ppm. Direct visualizatior: of microbial cells and spores using eleciron microscopy showed microbial
cells and fungal spores the function of which was destroyed by treating with the dilute solutions of GFSE. It
was chserved that GFSE would reduce disease damages and have bactericide & fungicide properties during the
storage of such fruits and vegetables as egg plant, wild edible greens, kumquat, and kiwifruit.

Key words : grapefruit seed extract, freshness retention, natural microorganism controf agent -
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Table 1. Measuring condition of texturometer

Type of texturometer Instron, Model 1000

Full scale range 50~500kg
Cross head speed 10cm/min
Plunger #9.5mm

Load transducer S50kg

o] u texturometerg] &4 z71-L

+2 Jehggic
Table 12} 7],
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Table 2. Effect of GFSE treatment on the red wine grapes for
the conirol of Botrytis cinerea

GFSE % of grapes damaged by Botrytis cinerea

concentration warehousing time in weeks

{ppm} 0 1 2 3 4 5 6

0(Controly 0.060 073 1.88 272 415 643 755
100 0.00 000 .20 157 269 3.17 3.71
25¢ 0.00 000 G46 082 1.12 .48 197
500 000 000 G23 054 087 0495 1.24
SO 0.00 000 077 136 204 267 3.18

* Treated with 500ppm of SO2

GESE—-TREATED

Fig. 1. Phntographs of egg plant (A), wild ed:bie greens (B), kumquat (C), and kiwifruit (D) non-treated or treated with 100ppm
~300ppm of grapefiuit seed extract and stored at 10° C~15°C.
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Fig. 2. Changes in firmness of cucumbers freated with 306
pm of grapefruit seed extract and stored at 1¢° C~15
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Fig. 3. Inhibitory effect of grapefruit seed extract of mycelii-
al extension of Bacillus subtilis.
a : Oppm{Control), b : 50ppm, ¢ : 100ppm,
d : 250ppm of GFSE

Table 3. Effects of GFSE and sodium hypochlorite on the growth of bacteria and molds on the nutrient agar and on the potato

dextrose agar, respectively

Concentration of GFSE or sodium hypochlorite (ppm}

Test organisms
2000 1000

500 250 100

e}

Bacillus subtilis - ()
Erwinia aroideze —{-)
Escherichia coli - (=)
Rhizopus nigricans -{-}
Alternaria tenufs -{=)
Aspergillus parasiticus = (=)
Fusarium solani = (=)
Penicillium digitatum (-}
Trichoderma viride —{-)
Trichothecium roseum - - (=)
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*The inhibitory effect of sodium hypechlorite for bacteria and molds is expressed in the parenthesis
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2, A}1g Fol ohgr GFSES] FA Tl AT F
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m~500ppm .24 1 &-F&4-& sodium hypochlorite
o ¥5te] HHoiA) A} row], ZE3 FRATA F
9% A T AR QA S gl

Fig. 4. Transmission electron micrographs of Baciilus subtilis
contaminated on vegetables(A : control) and Bacillus
subtilis treated with grapefruit seed extract(B :
100ppm).

{Magpnification : x17,000)

HMAHO|ZS ofEE MF Haio|4Ee) HekHE

W ogl A Eola] Be]g Bacillus subtilisel]l o5l
o} 100ppm 52| GFSE - .2 A3 717 A=z
A e dET FFEE A, BAA0 A SRR
A 5T ARl @edsled dejal AR Fig 49 FAoh
Fig. 40l 4] = v}e} o], GFSEE- A 2} 3t Bacillus sub-
tilis FA ML= AEGe 7] gdge] AE &
Fol FAYHE fEH FAY AFo] A, A
Fute] R3priso] 7joiA 4ee] il ghost &eie] T
227} ZO1§e o 4 eigdrh =5, Bacilfus subtilis £
Az ol PAE e NAZAE FAT e
o] Ao}, xR M FAFF wA A

Fig. 5. Mycelial morphology of Fusarium sp. contaminated on
fruits (A : control) and Fusarium sp. treated with 1,
000ppm of grapefruit seed extract (B).

{Magnification : x35,000)

Fig. 6. Transmission electron micrographs of conidiospore of Aspergilius sp. contaminated on fruits and vegetabies {A) and a
conidiospore of Aspergillus sp. treated with 1,000ppm of GFSE{B).

(Magnification : % 35,000



320 =AY B - %

GrsE] T2l 37 2F-F 2ok

T, e 2dse XA 5 AT Hag
f9ie] ®li= bl Fusarium sp.2] FAAIS GFSE &
E (1 L00ppm) 22 22) g 29 M2 akr) G2 da=T

ok g HAbEnla g ABE 2 sle] ey

ﬁﬁrw Fig. 5ot 2tk &, A2 A% AXUEEe
TH sre2 FE=o] Apdsle b, FAAE #4A
Bhi Ee] 9] 3%, GFSE B8 Aelgo s s F
AbA g o] B e B =l v AT AR} TG
sof gl ofAlse g ¥ 5 AN obe,
Aol o] el vl W ALz H °‘i-‘*°‘3
A5 dor]s Aspergillus sp 8] M2 Atel conidia
A Z &7} GFSE A 2]el] 2)ste] EAPyel B oh
2k EAl T2 WEEY fARZ Al el 2]l
Bl w gaedeze] warAde] wuiEe] 4
ol Urtz, ZANEEE d:“éﬂ"i?}j“’_ e dabg
BojFE 3 ¢lek (Fig. 6). o] AL GFSEZ} o] Al &2} &l
W Ade] SR A 752 2541 7] 3 DNA/RNA
A 7lag vhedoks AFRIVE vl Fe] 4E
W9 Azate] Jge] AAslel TAUEES 24

E
)

FLE I8k GFSES] ggabgol 7| e ZleE A
ZrE ),

el A g3 vle} o] Halnkx 2] A4z,
GFSEE 34bE 53], BA59) A 27 R

[”:‘:‘ _J]m

of FYT BE afelw aleh o
FA 5 Y FTFHL A
= B0g £ ged o ivd
=li} 2Hgv)at B8 AgHal @7 Aol & 4
o, GFSES] A2 A 9] o oAb )24 9] 52

@ B5E $AN SEA ool gol 2 2 RT
ol B¥EAL gl U e 47T 2eot e
o)}

e o

bl

A Fe AAE FA 2 wlei g E g7 A
A 2 A7) Sisted, Hed Al B4 gdael gra-
pefruit F7)28% (Grapefiuit seed extract 1 GFSE)E %]
?,] 2 polyethylene film Eadato] AT F4 T4
&A= e i AAF W vl gEe] 2od 8w A
22 A Y = elgirh. CFSEx A7, o] 5 W 9
T 9 W el g theled 250ppm~500ppm <)
Ay g Fag $FESES Jehigch Wl o

Aol Byt Bacillus subtiliss} 7H& AT FH A

o] Pi3bed 100ppm )42} GFSE Sl a2 F4
Zale]l dAlE= TR Foye HAY 5 99
o, AAE e A AP EH, A F Al EAe] A
Fbr]ge] 33 g of HIE‘—H%—E—C'T AR £
ey FAY o] SAHE AL XY S slge
w, 3ol Fusarium sp.2 ﬂ“r’\}—zﬂE_ 1,000ppm2] %<8
M2 Axgr)se] o3 9la, Aspergillus sp.o)
A vlE-25 GFSE Mgl 2 Ao 4l delr]s
o] Al sl B & of S~ oigdeh 3, Fotbella] &g AHA],
Ah g, 29], oftiEl, 58, B 55 GFSES e A
=] A ] 8+ . polyehtlyene film XE&3}o] AbdR]-£410°C
~i5° 0l A ARG e 2, Ael o gl $a=5)
AARAE L& S Uy, TX CGFSES Hefdt 4
5, Botrytis cingrea)] 21%F 59 8- 3 A Ao}
o}-2-#], GFSE ¥ 23l o8 B xi A 45 Foix
2717 53k 65% oAb vfeldo] t) &2 15%¢i
el 8 AERE FXe itk AgEARE 2
Zhete] & o, GFSEE W83 4 f-2 Ahed A 9-“0 b
& B Re] Adxext Y Zaldz god &
CL} = alach

l'ulf> [ia

ziAre 2

2 oATs g4k A TS 199335 97 7|
dapgdel fotel gl ZleR oo P2 FALE =
EREh=

= &
1. Harich, . 1 BF-100. U. 5. A. Patent, 1, 354, 818, FD-

A No. R~0013982 (1980)

2. 2AE, AL, Had, F4)
pefruit TaL22go] 4 9l aka
E 7], 23(4), 28%(1990)

3. 2AR, o, Adal, ol ¥ EAE 2 27}

D epabEel] it gra-
ARSI g At

FAFe z}o:l/ﬂ;w? A S o] g8t AAFET. 2
oA (92 w4 YA EYE), 35, 275
(1993)

4. B4, A, o FH T AQGFA Aol 2 7
AF-9) U EGA 2 AL o Do DT fw%‘%}
%] 2], 36(4), 265 {1993}

5. Davidson, P. M. and Parish, M. E, : Methods for testing
the efficacy of food antimicrobials. Feod Technol., 43,
148 (1989)

6. Beuchat, L. R. and Brackett, R. E. : Inhibitory effects
of raw carrots on Listeria monccytogenes. Appl. Envi-
ron. Microbiol., 53, 198 (1990}

7. Shannen, W. M. : The comparison of the antivial, an-
tibacterial and antifungal properties of a new disinfe-



11.

HedwhFA+2lg F4Y8 A7 AQA LA G e %o B AT 321

ctant formulation (IMVSOL : GFSE) with those of a
positive control disinfectant (NOLVASAN) in vitro. A
report submitted to ImUTech, inc. Huntingdon Valley,
PA 19006, U. 5. A.(1984)

HEe, dd, 24D Grapefruit T2HE2-84 3
Aot ek 3. Fa B E x], 23 (4), 296 (1990)
Pyliotis, N, A., Withecross, M. }. and Jacebsen, J. V. :
Localization of gibberlic acid-induced acid phospho-
rylase activity in the endoplasmic reticulum of barley
aleurone cells with the electron microscope. Planta,
147, 134{1979)

Bendayan, M. : Protein A geld electron microscopic
immunochemistry ; methods, application and limit-
ations. . Efect, Microsc. Tech., 1, 243(1984)

Altman, L. G., Schneider, B. . and Papaermaster, D.

13.

- Z2AE, A, Md4,

$. : Rapid embedding of tissues in Lowicryl K4M for
immunoelectron microscopy. J. Histachem. Cytoch-
em., 32 (113, 1217 (1984}

ol¥ld: u |, wpgE
Grapefruit® A} -3 8-& o1 8%t Aspergillus parasit-
icus®] A% 9 aflatoxin A AL FAFH A
A, 7(1), 15(1992)

lonescu, G., Kiehi, R., Wichmann-Kunz, F., Williams,
Ch., Bauml, L. and Levine, 5. : Oral citrus seed extract
in atopic eczema ; in vitro and in vivo studies on inte-
stinal microflora. journal of orthomolecular medicine,
5(3), 155{199G}

(19944 19 2549 A=)



