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Development of biological methods for improving the storage qualities of
sweet persimmon harvested in Gyeongsangnam-do

Sung-Hwan Cho®* and Young-Rok Kim
Department of Food Science and Technology, Gyeongsang National University, Chinju, 660-701, Korea

ABSTRACT - In order to promote the prevention of microbial and enzymatic spoilage and to
retain the freshness, sweet persimmons harvested in Gyeongsangnam-do were treated with gra-
pefruit seed extract(GFSE)-CaCO; mixture and stored in the proper packaging conditions. A low
concentration of GFSE showed effective growth inhibition of plant pathological bacteria and fun-
gi, Enterobacter pyrinus and Fusarium sp., which were involved in the decay of fruits and veget-
ables. GFSE was stable to heat treatment; its antimicrobial activity was not changed by heat
treatment upto 100°C. However, when the temperature was raised to 120°C, about 90% of total
activity was retained within 30 min. GFSE was also highly stable to broad pH changes; its ac-
tivity was not changed in the range of pH 2.0 to pH 12.0. The physiological function of cell mem-
brane in the spores of Bacillus cereus and the hyphae of Fusarium sp. was destroyed by treating
with GFSE. It was observed that treating sweet persimmons with GFSE mixture and storing
them in strech-wrapped packages could prolong the freshness of sweet persimmons and reduce

quality deterioration.
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= ol ol Awsta ot BAFo e AdedtAR 3}
AFe HAxFA 27} YE  GrapemitFAFEE
(Grapefruit Seed Extract: o3} GFSEz} A3 za)a}
o, @S A7 R ol g tig A A
£ AA)8l1, GFSEgTA 9 € % pH AN S 3

3t Ao, FATT diE ASART=THAE 4
GFSE9] gy g a5 #R18}5. ol &8, GFSEE/d Aol
U AEA T B AXEY §FE5 X 98 Azt
ol & o] 83l HEFOZA GFSEY ddxg-& &
AstE Tt o|ehe GFSES] e & vzl &8-3
220, GFSEE CaCO0l &£, A7)sle] Fdidoz =
e AAGHA N (GFSEE A AE A3y Hels)
2 AERA] 71548E 71 LA £Ee] ST
7b FE g ZtojMFM ol AASHA Tt HERA|
ENE vlA - ESAY.

Mz 3wy

GFSEQ| XA

Y] AE Y prapeluitEAFEEE Ao Faf
o %% - ZABL, GFSEG4E CaCOS| EFstol &
o 2AY GREEZAAE BuA3E HaAd
g3t

2 AlY
Wl whgol s Felsk Wso] 42 the GFSES] &
o Y MRV} 2 el Fateld TFel 54

2 Esel we s AdEske dAlEiT

GFSEQ| & 3! pH H M XA}

GFSE9] dotAAlS =4&}17] 98t 40°C~120°C7}A]
A 75 Gl ¥, el =82 GFSE 1000 ppmE
=7} A% thg paper diskE Staphylococcus aureus %
Bacillus cereus7} =% potato dextrose agar$]ol|A] 35°C
ol A 24X 7HEF WA 7] TS disk 9] BEA S
= wekch. w3 pHOHHS 24ar) fiake] pH
2~ 12744 2AY F 37°CAA 1A B g, oA
pH 72 $3pA17# Gt daddy} 22 o2 A&A s
e F43art

GFSEQ| DIME MENs| =M &3

GFSEE membrane filter(0.2 um)2 #| 7 A|7] 32, Tryptic
soy broth(TSB)9l| GFSEZ {8717 s =t = H7te &,
2 A7) slantol A vieke #F 193] 2 Hafed 10

m! TSBef| HF, 30°Coll A 24A|17H5<t viA] 7]z, o] uf
4l 0.1 miE #Hal c}A] 10 ml TSBo|| HE3}ad 30°Cof| A
24X 7t ujokgt ufekel 0.1 mlE 0, 10, 20, 40, 60, 80
ppmE=9] GFSE7} 3l TSBAIE&-Hol| HFstx 35
‘Coll Al 48A1ZE 2t WSS, UG FAIZHEE 1ml¥ Plate
count agar(PCA)l =23k the- 35, 2447} ujjokslFof
colonyE count3}t}.

BITH0| 29| 04X 4440l DJXl= GFSEQ| A &
0| 2 AE.

D AEE dd &, HF A7) AEE £, <
AAgEgAo R ool HAE - 0.1 M phosphate buffer
(pH 6.8)2 7etx, 255 24712 d4AT ¥, d4E
(3000g X 10 min)gte] F3HE FrYo 2 ARSI A
Hul Y2 oz PdBHEALZA glucose-6-phosphate
dehydrogenase, hexokinase, succinate dehydrogenase %
malate dehydrogenase®] Z4& AR o) F£3te] 2439
t}.

HAt SOjASHN A3

8 w7t o @] HHE dog|= Ko W
A4 vl A& gt GFSE] &t2t8-& ZAlel7) 913,
GFSEgolo 2 a3t nABTA E= ¥AE, A
e thz7ob A, W 'Pe 7he wihlel Fabe] Axd
n|7d #grgg ZAsn F3Exd o] A (Hitachi-600
Transmission Electon Microscope)©. 2 73743} GFSE-& <
o] BulA U WA v AEe] NEFH L ¥}y sHs]
o mjae e TR 1 3HAES 2AEE .

B2t EEATYO Metalg)
wzkel Eagel aTHE Ak % ol AEHae FHES
isostaic " Vel 9)5tel HY3km Tl hx re) &

7 & gas chromatography ¥ '8 o] g3t

el MEFXE 28t MASRAIXIS A2| &t
AR el A AT Qe dg 83 A%, gz
£ GFSEEZ FA® o2 &= HAgAl A 250 ppm 2
500 ppm FeFEER A F, 5T FholA
oA zHe ot BRI AT AERAY 715 gld
Aol @i, YA 7FA 9] plasticdztel] gol 92512
A3t gastaa, wzte] AAF, Mx, 23
A5e 4% T~ g9 AT o)H
czte] MulEs gt 22 A gt AR
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wrzkel Wl (%) Halgl vhre) FHA <100

- 7 AP TE APare) £33

ob&e], TN 8T AGEPE G AlgE d2To
A, 43w AAFYTAAR Aste] FREE A
A7RE A%ske T L9 VAR FE¥TE And-
ersong} W'Vof F3he] A EpGITh

dn ¢ D@

GFSEQ| Shr#{A[E

GFSES] 918l 24sh) 9Istod Hatme] HalA
Alf+3  Enterobacter pyrinusdl| EHSL GFSE—«] 1AL
Disk methodE A}g3}0c). ZAIHFT¢ Enterobacter py-
rinusE TSA)| HF3le] ol Fof EH?} GFSE®] 34§
HES A= Fig. 13 2l GFSEZHol s qul+8 &
glsh g dsk &8 YA filter paperdll F2 F, En-
terobacter pyrinus$} co-cultivation3t A3}, Enterobacter
pyrinus®] AJ£o] BREA MWL o2 A GFSEEo]
Za)sl= ¥-9)oll A= Enterobacter pyrinus©] #3& A543}
A vk A S o o ik S, GFSE 100 ppm o4
ol Z, GFSE 100 ppm o|4te] sk 3 x|x]2]g paper
disks=Holl = 7o F24o] ﬁxﬂ&]o{ clear zone-g 3 A3dro
24 GFSEQ] shtd g Faishil dad 4 sl

3, galF AREE Jod|E FHolFE ey
Fusarium sp. & U402 GFSEQ] SFEAS dolH 7|
slefo] g Yoz AT AYBHIA ni vsh 2

OH

l

m‘

Fig. 1 Inhibitory effect of GFSE on the growth of En-
terobacter pyrinus.
1: 200 ppm 2: 100 ppm 3: 50 ppm 4. 0 ppm of GFSE
(Control)

o] GFSE9] FLrt Jejd45 Fgole] YKol T3
o} Al=lo] GFSEY] R FEAE 89& = ¢Arh(Fig. 2).

GFSES| ¢ ¥ pHO| 2HH Y

GFSE®] ¢ % pHel ¢HH4E &A% A= Fig 3,
Fig. 4 3 Fig. 59 28t} &, @444 48474+ Fig
364 R Ble} 2o, Staphylococcus aureus?] 578
o] &L M2 xs BAGe HAR 20 mmAER L
W, Bacillus cereus®) 7399l )&t #AAle) A
Z 15mmZ YA A=l GFSEx F3%
g8 Jebdrt. o|ebgtAl GFSEY] s34 23 ujst
Gt AL HAF Hul T F2 Collectotrichum fragariaed]]
Mz 3238 5 AU &, GFSE£o4& 1008 Mg

ol £lg 100°CellA] YAAIZFE AN ¥ Col
& A3, Fig. 404 B

lectotrichum fragariae$} 37| o) ok

Fig. 2. Antigungal activities of GFSE on the growth ot
Fusarium sp.
1. 500 ppm 2. 250 ppm 3. 100 ppm 4. 50 ppm 5. 0
ppm of GFSE (Control)
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Fig. 3. Temperature stability of grapefruit seed extract
on the growth inhibition of Staphylococcus aureus and Ba-

cillus cereus.
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Fig. 4. Temperature stability of grapefruit seed extract
on the growth inhibition of Collectotrichum fra-
gariae.

1) not heat-treated 2) S min-treated 3) 10 min-treated
4) 20 min-treated 5) 30 min-treated at 100°C to

GFSE
= —— S.aureus
%E 3(5) —= B, cereus
G 2
ET 20 ——
R oRH] ———a
510
FER:
L S S S

pH
Fig. S. pH stability of grapefruit seed extract on the
growth inhibition of Staphylococcus aureus and
Bacillus cereus.

ule} 7ho], 30%-%9F EHelsleiat e GFSEQ] @l A
o] 37t 9188 o & S22 A4 GFSEdAEo] dA
ol tiste] el dAE EAYS 4 F YA w1
GFSE: Fig. 5914 2= ukse} o] w-& pHY $lelA b4
A& B, Staphylococcus aureus®) JZA o] A EL
A2 20 mmAE0) 2, Bacillus cereus®} 739, A5*3)
o] AEL PAZ 16 mmAEE e} GFSEY] 378
4g9e o 9 pHol AL, E f71800] wBHolE
g4o] WtEA F&E 4 F AU

BAZF YEHHSE TN
E A 75+Q) Bacillus subtilis 3 Escherichia coliol] th3t &
rERs) YRERE Yohuy) oo, TARTE A%

—o—contrel

10.0

log CFU

S

Ohr 6hr 12hr 24hr 48hr
Time
Fig. 6. Growth curve of Bacillus subtilis in GFSE-TSB
medium.

—e—control
—=— 10ppm
—a—- 20ppm
—x— 40ppm
—w— 60ppm
—e— §0ppm

Chr 6hr 12hr 24hr 48hr
Time

Fig. 7. Growth curve of Escherchia coli in GFSE-TSB
medium.

TSBol| &S F, 30°CoAlA 24412+ Aul4AIZ] TH, ©]
Bl 0.1 miE 4A5 %2 GFSE-TSBA|H-&dd HEF -
ujetsl &, dAMIAIEE 1 mid PCAY =3t oS
35°C, 24A17HE¢t Wikt Foll colonyE count3lgt}. Fig.
6 2 Fig. 7oA B vt} zbo) Bacillus subtilis R Escher-
chia col 25 GFSEQ] =57} ol F4E ASo] A A
520en 40 ppmo]4te] GFSExSoxE= 43 79 A
Feo] JA=o} 48A) 7o) F T2 T2 o] Aol FA U

EIZiminidEo] oiLX] MO DjAl= GFSES| &
Mmool gkt 3

A X o] AAo] GFSE EA5tol M AstA H3f gethe
A4 438 Elg, GFSEY 37 Aol AlXY a9
43¢ Asar] HERAIME ot B fgte, 2o &
Z=2] gAde] vl GFSEY] 9gke A5 Rk} GFSEE
T NN R E 2EEl Avbe & 24 84S 54
sttt dz272E ol 538 H7MHA g3 F4HQ
A2 4€ YERE 2E Ao Fid viXe
gEFe oizTe ZF g4 g9 Aol FAIN
Table 104 ¥ 5%o] WA Glucose 6-phosphate dehy-
drogenase®] @Ajo] vlX& GFSEQ F&E ZAsHgdh

2ol 0 Z 3= 30 mM Tris-HCI (pH 9.0), 6 mM MgCl,, 0
24 mM NADP*, 1 mM Glucose-6-phosphate & A}8-311.2
o 34 842 A4 NADPHS| %% 340 nmollM F4 =
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E ZA39irt. GFSEE K49 ¥A4E IA AAA &
311ch. GFSES] HE ¥ %7} 0.001%% 001% oA Zt7}
oFzre]l FAa#Ael oA HYou, fede grh
Malate Dehydrogenasedl] v x]= dgF ZA} 3}7] €3t wt
$9jo2% 20 mM Phosphate &84 (pH 7.4), 0.43
mM NAD’, 30mM Nicotinamide, DPIP (2,6-Dichi-
orophenolindophenol), 7.1 mM Na-malate, 0.86 mM KCN
& AHgslg e &4 #42 DPIP7F 99 1 620 nmo)
A AEE FPEE ZX3lEt}h. Malate dehydrogenase
o ZA9E olFTHE oAl WAL BHT 4 YN Hex-
okinaseol] B|X|= GFSE$] d&& FALEI7] fted whe-of
©2F 40mM Trs-HCl (pH 7.6), 220 mM Glucose, 8
mM . MgCl,, 0.91mM NADP', 0.64 mM ATP, 1 U/m!/
Glucose-6-phosphate dehydrogenaseE Al&3lg o A
g4& YA NADPHY %42 340nmolA FFEz &3
gt oinf 42 Ak vV Z oA A4S Zotr
7] olgiglt}t. ©wt Succinate dehydrogenaseo] w]X]:=
GFSE?] 98¢ zAletgrY ofte] F3hs #Fstnt.
Succinate dehydrogenase?] &A1& =H3&l7] 943k vkl
22 50 mM Phosphate €45 &9, 1 mM KCN, 0.04

Table 1. Effect of grapefruit seed extract on the activity
of microbial metabolic enzymes

Concentration G-6-P SDH MDH HK
(%) DH (%) (%) (%) (%)

CONTROL 100 100 100 100
GFSE 0.001 75 94 93 104
0.01 72 86 106 100

*Enzymatic activitics were represented as percentages as-
suming the control as 100.

G-6-P DH: Glucose-6-phosphate dehydrogenase

SDH: Succinate dehydrogenase

MDH: Malate dehydrogenase HK: Hexokinase

mM DPIP (2,6-Dichlorophenolindophenol), 20 mM Na-
succinate (pH 7.0)& AF&-3tF o] &4 &Al2 DPIP7} 3
€2 o 620 nmoll M #HAHE FRER FHHYG. o] A
72 GFSET solubled Fiolt JFE F3 goud,
membraneo| Exjd}= Ao HF¢FS FE Aol mem-
brane 2] perturbationo)] 7|21& AHolghE 7MA L &A 3ty
o}

X804S Ol 28 DB mo A 8] HEelH2}

Hall gl w7tollA B3t Bacitlus cereusE 100 ppmis
o] GFSE&4 o= He)gt 2g Helshx| ¢ =2+ #F
ot ¥ AxAEn|Z BGAER ZAslY #9% 29=
Fig. 83} Zt}. &, Fig. 894 B nle} o, GFSEE # 2]
3t Bacillus cereusTF AN X M FE2te] 7)%0] Talyo]
HZWEEo] FAYEZ FEEo FA9 AYSo] Al
], MEete] Baly|go] Aoja 4o] ¥l ghost Felo] F
A7t FUHEE @ AATH B3, Bacillus cereus?) A
o FA= o e WAEAE Expute] el gl 3
o], TAEA L] FA 7| utA dalEfol GFSEe] gl
3 g aAvE vo Fch

H, drol edEe] WY 8Rle) He
Fusarium sp.9] #AHAE GFSE£d 0 2 A a|g A1}
32 G& g7 g5 4 A EYAEE 2
Aste] Fgg A= Fig. 99} B} =, A2 A4, AL
EEe] 74 Bog fEEof Abdshe v, FAE
HAsle 3gole] 4%, GFSESAE Mgtz sl ¢
AL A o] mhd B BEEo] oA &7} T‘H’H‘ﬂ
Age] A4 e A& & 4 AYch o] 22 GFSE7} v|4
9 MFE AelgdEr 715g A7, AEE o
MEutel 7igol dasle) IAhHE B 44 Fog 9%
GFSE9] 37 2h8of] 7|Qldhe 2102 Azhg )

&30
2

AME 7XIQ JIS4E 71 c ZRATHS| ME|

Fig. 8. Transmission electron micrographs of Bacillus cereus contaminated on decayed sweet persimmons(A: Control) and
Bacillus cereus treated with grapefruit seed extract(B: 100 ppm). (Magnification: x 17,000)
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Fig. 9. Mycelial morphology of Fusarium sp. isolated on
decayed sweet persimmons(A: Control) and Fusar-
ium sp. treated with 1,000 ppm of grapefruit seed
extract(B). (Magnification: x 35,000)

Table 2. Gas permeability, gas composition, weight loss
and microbial count of sweet persimmons pack-
ages after 3-week-storage at 10°c~15°C.

Gas permeability Gas i i i
p ) composition Weight Microbial
Film (m! - pm/m” - h - atm) %) loss count

(%) (log CFU/g)

0, CQO, 0, COo,
A 5694 24252 135 4.2 9.2 73
B 4245 20478 121 3.7 6.5 8.2
C 2570 12263 38 5.0 3.6 8.8

*CFU means colony forming unit.

@7rel ATAte 98t XA AANE MEisty] ¢5ted A
Zo|A BE 3 e TAAMA R WS Wi 10°C-
15°CY] 57} /AIEE 2t moll A 357 X33 F,
gase] T %, T o2y, %S, TlAE 0 EE
8 =A% on)Ad Aul Table 29 2t} APt
A B upel zhol, A filmEG9] 79, AbA F olabsiEba
o] BRE7l Fusted Xhgel vtazAdnprt Bl
CA(Controlled Atmosphere)#|2b=zol Falu], Zedst

BEEAAAE 7t uldE e FAE7 ol mAEe] o
WA E QAY ¢ Ak weps, G ELE Y filmo
2 Afilmg o] &3t ©ifel A AEFAEHE HF
Eipei=s
CiZto| MERX|E S8t GFSEXZ| 3 ZEA|AHQ|
HEAIE

Ao Yadn Qe 93 $3A%E, GFSEE
A seFEER thald 25 tu, et g4
oA FHe AlzbEel W], Fa5A, G F A & f& z
FANE B3 0.1 mm 542 A filmEAEAo] 13
B3l 1S, AATFZAY plasticalAbol] Ho}, xpd 2 (10°C-

CONTROL

GFSE—TREATED

Fig. 10. Photograph of sweet persimmons non-treated or
treated with grapefruit seed extract mixture and
stored for 6 weeks at 10°C~15°C.

Table 3. Inhibitory effect of GFSE treatment on the decay
of sweet persimmonspes stored in 10 °C~15°C.

GFSE % of decayed sweet persimmons
Concentration warchousing time in weeks
{ppm) 0 1 2 3 4 5 6
0(Control) 00 37 68 125 286 379 634
250 00 00 36 75 106 124 157
500 00 00 00 24 63 77 85

15°C)o] FA =& vkA3}4] Zho] Aol BasiHA]
&, AT FALNE V- AESES AGAE A,
Fig. 10004 2% uje} o], Fxja]yl vlz27 Agurt
of Hste] HapU &S A TA AE F e, Al
A28 67l HPIDFL UES AAAT a2t
HEoix) 7] efo} FEIAE F-o38 4 Q1A 3T

GFSE &34 ZH(GFSEX%Q%E: 250 ppm, 500 ppm)E 3
21 A g ay, FAd g2t AE 9g 10~15
CE RIS w2 3h4] ol el AelHA @7te]
Wl =& =45 ga= Table 33 3,

Table 394} B nied of, giz#¥eljzt GFSEE S
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Fig. 11. Colony count of microorganisms contaminated
on sweet persimmons stored for 6 weeks at 10°C
~15°C.

(A) Control (B) Persimmons treated with GFSE mix-

ture

AAWx a7 25 A7) 7ke] AoidE wihe] Wt
F7rE 9. 53], a2 o] A9, A 35 YE 12.5%7F
Hoj o] ‘%%71}94 ENz7t Sdststa a&5-e dste
7} AstEe 2A7S st AEVER7E Hold ey, 4
& 4FolF 6T77M WA ert AA 28Eo] 28.6%C A
63.4%2 SASA FUhHE AoE et wbdel,
GFSEE Al Al Mzl 7o ¢, A% 359 GFSE 250 ppm
2] oA 5.5%, 500 ppmAie] ol A 2.4%2] WL ER
i, A 65742 WAL s e HO R 250 ppmA 2
T A 15.7%, 500 ppm= 2] ol A 8.5%F 1 Huj&ol 7}
Zh iz 24.8%, 134%0) E@d Ao ek,

GFSEE§HA A M 27t vhzhe] wax 2haol Faid 237t
ASS AT F AU E, A% 6574 Wikl o d”
Qs FA5E S48 A Flg 113} 2o} &, g2
o) 3%, 299 vA4EY FESE 24x10°¢1H Hsly,
GFSEEgA A x g+ ¢, 45x100.2 el A3
zhe) Wi} AR5k A3E By FUn.

otz & HPAANZ v|Fo] Buf, GFSEZFA| X
2o} Hdg Ega Ao M L2 tizte] e ey
2t g AEEY §AEAES gt Wzt HEFA
gds g%58 eI glof, BEadol el o] Uit &
7be] gFol A G aol A AalE 4 2l 10°C~15°CY &%
Hop HeolA Age A, dite] MERFAVIE 84
A A4 4 As oz Yzhd. B8, oleh e Al
ME FRE E datsae 2539 GFSEA e 4
#H4z g4 & gislevt 1 i%% UeE B39
ey 28715 Fol ALH] Arvh " ool & A
o|t], GFSE9] WA ZA 9] g é}ﬁﬂli*u g4
AT S BAEQ FEAA olslEteided 1 HEE F
58y £ 4 7%E 478 et g glolth

L

At el 83 A R M /AE S

220A7)7] Asted, G e VAFFAQ grapefruitEAIEZ

B(GFSE)-CaCOE A A2 A28t filmEAS D F7HE Zto| A nel 2 4dste gite] FA LS 538t

12} &bt GFSEx= 7} % HalAd vl W82 Entrerobacter pyrinus ‘2

o AElerg 7o 4
pH <t3 4 Hg4dz, FH&

Ze & AdAge =N FelstA GFSEe| Bt &ate

1 Fusarium sp.©ll thdled 500 ppmo]s}e]
g F oAUt GFSELl 4 ¥

Holola] ekt A& #1E = Ut GFSEX 100°C7bA] dxlglstad = &bt
gHido) Wzlelr] eghon, 120°CallA 30% X2l E 735,
120 Aol Fagido] Habeh @ttt @ tﬂnﬂﬂw o] ozl WAUlALE, GFSE:
dehydrogenase A A A& A gl Ao @ VeI o}b&

90%73 2] g4o] 2FeHUTh L, pH 2.0-pH
succinate

HEBE0 S ol falal visa wiklA el

Bacillus cereus & Fusarium sp.2] A E9 7]50] gajglo] Ez} 2 o] F27]go] A=l 2SS AT
% glelch &, ME 278 L 71 film¥E Y428 Heleld GFSEES M 42 £57-4218 vrg 40

10°C~15°Ce] 257} &35 &=
& A%E 4 AU

Trol A7gare] Agste] Agdzte] AREE A HaAA AEFA17120
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