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

In 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 preser-
vation of fresh fruits and vegetables. Fresh fruits and vegetables treated with GFSE and stored in poly-
ethylene film(0.Imm) at 10°C ~15C 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 concentration
seemed to be an effective one for the control of Botrytis cinerea isolated in red wine grapes. After 4
weeks of storage the firmness rate of cucumbers treated 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 inibitory concentrations of
GFSE towards them were in the range of 250ppm to 500ppm. Direct visualization of microbial cells and
spores using electron microscopy showed microbial cells and fungal spores the function of which was de-
stroyed by treating with the dilute solutions of GFSE. It was observed 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.
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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 50kg
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Fig. 1. Photographs of egg plant(A), wild edible greens(B) kumquat(C), and kiwifruit(D) non-treated or treated with

100ppm ~300ppm of grapefruit seed extract and stored at 10C ~15T.
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Table 2. Effect of GFSE treatment on the red wine grapes for

the control of Botrytis cinerea

GFSE % of grapes damaged by Botrytis

Concentration cinerea warehousing time in weeks

(ppm) 0 1 2 3 4 5 6

0(Control) 000 073 188 272 415 643 755

100 000 000 120 157 269 317 371
250 000 000 046 082 112 148 197
500 0.00 000 023 054 087 095 124

SO2* 000 000 077 136 204 267 3.8

* Treated with 500ppm of SO2.
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Fig. 2. Changes in firmness of cucumbers treated with

~—": Control,

300ppm of grapefruit seed extract and stored at
10TC~15C.
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Inhibitory effect of grapefruit seed extract of

Fig. 3.

mycellial extension of Bacillus subtilis.
a: 0 ppm (Control), b: 50 ppm, ¢: 100ppm,
d: 250ppm of GFSE
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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

Concentrtion of GFSE or sodium hypochlorite(ppm)

Test organisms

2000 1000 500 250 100 0
Bacillus subtilis —(—* —(-) —(=) —(-) —(+) +(+)
Erwinia aroideae =l=) —{= —(=) —(+) +(+) +(+)
Escherichia coli —~f=} —(=) —(+) —(+) +(+) +(+)
Rhizopus nigricans —(=) —{=1) —(—) —(+) +(+) +(+)
Alternaria tenuis —{=) —(=) =(=) —(=) —(+) +(+)
Aspergillus parasiticus —(=) == +(=) +(-) +(+) +(+)
Fusarium solani —(=) —(=) =(=) (+) +(+) +(+)
Penicillium digitatum —(=) —(=) +(=) +(+) +(+) +(+)
Trichoderma viride ~{=} —(=) —(=) —(=) +(+) +(+)
Trichothecium roseum —(—) —(=) —=) +(+) +(+4) +(4)

+ :Growth  — : No growth

* The inhibitory effect of sodium hypochlorite for bacteria and molds is expressed in the parenthesis.
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Fig. 4. Transmission electron micrographs of Bacillus sub-
tilis contaminated on vegetables (A:Control) and Ba-
cillus subtilis treated with grapefruit

seed extract(B:100ppm). (Magnification: x 17,000)
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Fig. 5. Mycelial morphology of Fusarium sp. contaminated
on fruits (A:Control) and Fusarium sp. treated with
1000ppm of grapefruit
seed extract(B). (Magnification : x 35,000)

Fig. 6. Transmission electron micrographs of conidiospore of Aspergillus sp. contaminated on fruits and vegetables(A) and a

conidiospore of Aspergillus sp. treated with 1,000ppm of GFSE (B).

(Magpification : x 35,000)



AdegtA A&

QoA A vt 2ol B AYARE, Grste
g 54 SRl A8 3 oA 999 &
T 9Tk ol% 2 ANE fAEH % G
rsEdEl AgZne 89d £ ARou
Uehde 2391 o 44714 59 4549
Q77} Aahsolor & Rolsl, Grsee] A2 A gl g3}
SFAEAY BLS G5 BAH £EAA olsfald
gol 1 2EE Fol A5 ¥ 2 /e A7E Y
27 9g Relth

o};‘ o}r o}){"

, & mo
nI
_?L

4]
fot
o|r

I‘IO b~

mlo > Jo
N
2
rE

¥ 2

FaA 7o ANE 2 2 He) A Bl BAAA A4
£ FAANF17] At A AEA FFAQ grapefruitd A}
FZ E(Grapefruit seed extract : GFSDE 2] 3}aL polyethyl-
ene fimEsted AfFe] F3 F4& F2€ F A%l
G F Wl v g g 2"“‘ 2 A%E JAE F AU
GFSE= M7, F%0l5 e H9 o] W4 st
& 250ppm~500ppm2] ﬂﬂ%ii FElg gHans Ue
udch e B Fol A el g Bacilus subtilisd 7+
A A A Eo disted 100ppmol el GFSEEAA e 2
9] F4o] AAH e il g s #FE & Aoy,
Axdn 7 Ad25, FHAAE L WA Ez AES)5
o] gijslo] MEWEZo] FAYLE FEHA FH 4

Fo] A= AL #AT F Ao}, FFo| Fusanium
sp. & FAHIZ 1,000ppm o] EA A2 2 LY 7]5 o] 33
AL, Aspergillus sp. ] T3 WEEE CFSEX 2 2 A4
o A4AQ Hoprlgol AL & & Ak FH, 57t
AN F&g 74, g, 0], I, 3F EEFE
GFSEE-oll Z A 2|3}l polyehtlyene film E % }od Z}"”‘Zi
10T ~15T)elAM AFgez ”Q, Al g ZAHA A $-
FAZEAHE 42 F AR 5011 GFSES A2 3 73%
Botrytis cinerea®l ©J3+ -3 8 ‘% ZAAAY. ofgy,
GFSEN 2| 2019 Axe A% 4-r—7-°“5 Z27173% 3k
65%01 4 LrERof 279 15%0] Hldtq £& ATE
AL Ut A2 S 1A B of, CFSES ¥ &
g A F A FAfF A=edy ¥ FAn

m&‘.

10) Bendayan, M. :

W43 3 Fof Al A A7) SN el B AT 95

ol

2
=]

Ho
rek

1) Harich, J. : DF-100. U. S. A. Patent, 1, 354, 818, FDA No.
R-0013982 (1980)

2 ZHE AAY, A3Y, 294 - £080 B Grape-
fruitdAF229] g 4 FAstan FF5as3]),
23(4), 289(1990)

24Y, 14, AUY, o128 : $34E 3 27134
3—4 AQNEY FHAE o8 AREY. FAEE
%J 92 EUEH FUIHHF), 35 27501993)

2R NLY, o128 AdgAN A% B 7
4 AERA 9 e #8 A7 253833,
36(4), 265(1993)

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

6) Beuchat, L. R. and brackett, R. E. : Inhibitory effects of raw
carrots on Listeria monocytogenes. Appl. Environ. Mic-
robiol. 53, 198(1990)

7)Shannon, W. M. : The comparison of the antivial,
antibacterial and antifungal properties of a new disinfec-
tant formulation (IMVSOL:GFSE) with those of a positive
control disinfectant (NOLVASAN) in vitro. A report submit-
ted to ImUTech, inc. Huntingdon Valley, PA 19006, U. S. A.
(1984)

8) HFY, NYY A : Crapefruit 525
of #3 A7 F=4418131), 234), 296(1990)

9) Pyliotis, N, A, Withecross, M. J. and Jacobsen, J. V.

o ¥4

Localization of gibberlic acid-induced acid phosphorylase
activity in the endoplasmic reticulum of barley aleurone
cells with the electron microscope. Planta, 147, 134(1979)

Protein A gold electron microscopic
immunochemistry; methods, application and limitations, J.

EHect. Microsc. Tech., 1, 243(1984)

11) Altman, L G, Schneider, B. C. and Papaermaster, D. S. :

Rapid embedding of tissues in icryl K4M for immuno-
electron microscopy, ). Histochem. Cytochem, 32(11),
1217(1984)



9% Kilize [ 5 2 8, 1994

12) 248, 343t M4, olds, #8d, ¥ Grape 13) lonescu, G, Kiehl, R, Wichmann-Kunz, F, Williams, Ch,
fruitF AFE 5 o] & Aspergillus parasiticus®] A5 Bauml, L. and Levine, S. : Oral citrus seed extract in atopic
2 Aflatoxin A AH G2 FZAEHMEA], 701), 15 eczema ; in vitro and in vivo studies on intestinal mic-

(1992 roflora. Journal of orthomolecular medicine 5(3),155(1990)



