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Abstract

This study was conducted to investigate the difference of antimicrobial activity between €-polylysine/
grapefruit seed extract mixture and £-polylysine/glyceride mixture against food—borne pathogens. The min—
imum inhibitory concentration (MIC) of the €é-polylysine/grapefruit seed extract mixture was 100 times lower
than that of the €-polylysine/glyceride mixture. In case of the £-polylysine/glyceride mixture, the MIC of
Bacillus cereus (0.1 pL/mL) and Pseudomonas aeruginosa (0.1 1L/mL) were lower than that of Escherishia
coli (15 8L./mL). When rices were cooked with the £€-polylysine/glyceride mixture, the number of total microbial
cell was decreased during storage at 20°C as concentration of the €é-polylysine/glyceride mixture increased.
The antimicrobial activity was the highest against Escherishia coli as the concentration of the €-polylysine/
glyceride mixture increased. Sensory terms such as taste, flavor and texture were not significantly different in
cooked rices prepared with 0.5% &-polylysine/glyceride mixture, but there was significantly different in cooked
rices prepared with 1% (p<0.05) in the overall acceptability, indicating that the cooked rice with 0.5% &-

polylysine/glyceride mixture was recommended.
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toferrin(4), chitosan(5,6), polyphenol(7), grapefruit seed
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£23 713} polylysine(10), bacteriocin(11) 5 v] ol
AR g Aol 9t

o] & e-poly-L-lysine2 Streptomyces albuluss 3.7)
ikl o2 vl NG Bel - AA st A= BARA, L-
lysine monomer7t &F 10~307) A= A F43 A8
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H2F o] ™ (12), pHYE Goll tal mi-¢- QA she] o2 A &
Zyl A o] 4 7158}vH10,13). Polylysine®] amino group
& EollA (+)F 85 vhetUl o] A] cationic Al HZA A 24
3} 1, polylysine®] amino groupe] ¥l E-2] Al x|
g|o] v| Y E2] FA1E AFH14). E oS HEAZ
4] grapefruit seed extracts+ gram negatived@ 3 gram
positivedol] W3l B5 G783 el gEAHo]
A 3 A 9 lactoperoxidasedl] HgF A #) A4 5 B v H
v} gl 2.1 (8), glyceride+ glycerin®] A|H}FAF of] A 23] &
AR, 2 A FFSA A AREslgh o) 22 gkt e] )
th= 7o) #alse] A Fe] BEXZA o] 45 7] Alatalgl
o}, Lauric acid®] glycerol monoester(monolaurin)< Lis-

Nt 2
ofp
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teria monocytogenes™} Staphylococcus aureuss 338

gram positivedol] thsted Hojnd & k3 9ivh(15,16).

Al oz ¥WEAE FF52R Al Fd Ay E 514

uh o E B WA sl 1 A5 IE o] 43l & 3

+4d], monolaurin lactic acid, monoglyceride$} fatty acid,
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B Aol A3 Al = e-polylysine®} glyceride &
38 9 e—polylysine™ grapefruit seed extract EFE(F)
Algato] )& Fdste] AHE-stict Fa &4 A4S 9
g 22wt (g FAD)E AHEE T, FEY A4S 9
3] paper disk(diameter: 6 mm, Whatman Co., England)¥
gtk FFE DREAALANY PR oz,
Bacillus cereus(ATCC 21768), Escherichia coli DH5 a ,
Pseudomonas aeruginosa(ATCC 27853), Staphylococcus
gallinarum(ATCC 35539), Staphylococcus aureus{ATCC
25923), Staphylococcus lentus(ATCC 29070)% thAro.2 &
#+E AL s on, 749 ASu)A] 23 nutrient broth
(Difco Co., USA), tryptic soy broth(Difco Co., USA)2} LB
broth(Difco Co., USA)E ztz; Ab&-3tdct, &, 49 23
£ 9 &l AF83F wl %] = plate count agar(Difco Co., USA)E

o]¢-3tsizh.

gt HM 9 minimum inhibitory concentration
(MIC)el &8
Polylysine &332 384 A3 paper disk me-
thod ¥ o] §-3lod 6714 @75 A2 2 S48l vh(19). A
vl ok} vl 2] 1 mLE 50°CE W23k top agar 5 mL7t 233
screw cap tubedl] Y3 & F ¢ig 11]7*51 hard agarl
F3lodch 2Fd Ao R diskE vlg vHE top agardl]
9‘34 al djZ2TRe) S Al S 5 LA A &3 F 37°CollA] 24
Al 7k 5ok vl okdF ok disk £ clear zone(mm)-% &3
3o 8 & F A3l o] o negative control = 8o
Z, positive control 2 ampicilling 5,000 ppm-2- 483} e},
Minimum inhibitory concentrations(MIC) &3} (20)—"" 7] ul}
FT FFE 10 mLe] AAMAE il AR 10°
CFU/mLY] =2 £33 F 259 A S 424 A
g =52 A7Hg & spectrophotometer(UV-1201, Shimadzu
Co., Japan)Z AH8-3te] 7+ o] & A wiok& X ol A 2443
i oF3l9d-& o F’LEE‘ et A] 92 HAAFrrE s
o} o] o) 2T 74 F= A sk QA
2 3gdrh

‘é‘%’; | M=
2

2 A1) 1.48)

(w/w)ell sele B 8 5A19 03,05, 1%(w/w)2} vl &
ZgFAE A0 Qw3087 AX A7) vhe A\ ek
(LG Co., Korea) 2.2 3087t #utslgivt. o] Z A #uksl vt
L Ao WAAR] F dA =] L]l 20 gB FE3
of W 10°Ce}b 20°Cel] H#sbgict.
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M ool g S04 ZRM E.colie] BFAM =D
10°C2k 20°Cell A A A Al 2o 180 go] HE4E ¥
E7r & B3 vhg A5 100 pLE plate count agaro|
Zste] 30°CoN A 481 7k 5t w3t F FF4E 23
At E colidl gk A-§3A a2 &43517) 98 03,05
1%(w/w) 2] A7} 255 anbe] WztA] oA A
W okgt E colis #3% 57} 10° CFU/mL 5 2% 8fo] A2
shar, 72417k o 20°Co A Asp A 124 Zkvbel Ao
samples A Fstodct o] 5 100 g2 Bl ¥ & £
g 3, A5 0.2 mLE 100 mL2] LB brothell A E£3}e] 37°C
oA} wiekalH A 124 7kwbet A W] spectrophotometer 2
565 nmol4 FF=E 24 s5ith21).
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2.2 30°CAA AA
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o el “‘*H o, 237 A A
94 line scale H-& o] &35} A& <&
SAS(22)E Abgato
range test®A] 7 Z3bodc).

&3} stExe| SR HAM
0]-4-3}9] e-polylysines glyceride &3
£ 9 e-polylysine¥} grapefruit seed extract E3+59] 3
2% ool ¥ ok (Fig. 1), 2 A}E Table 1] e}
= g A o) W sk A Bacillus cereus, Escherishia coli DH5 « ,

Staphylococcus galiinarum, Staphylococcus aureus, Staph-
LR = =

Paper-disk*] &

ylococcus lentus, Pseudomonas aeruginosa %
A ekl =l (Fig. 1), glyceride M7} 8.
t} grapefruit seed extract 78] clear zoneE°] 6~11

mmA = v A webytch A A A 2 Staphylococcus %
9 clear zone®] thi £ B35l 3~5mm ¥ =ZA 4k,
2L % S aureus®] clear zone®) 7H & 3 9E& Bck 1
ol = Heo®} Chot23)9] A 7-A el o} =29, polylysine>
2 742 A3 23 gram-negativedt, gram-positive
T ¥ yeast 5 FTE-& vl AAEG Aol H3le] w2 W99 A=
£ 5(40°C~150°C)%} pH(4~10) Aol T8 FH3H-S
Bty 2 wsle] B oA AR vl AERT) o B2
dodoiA FFHAHE el S o 5 ol

B clear zoned
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Table 1. Antimicrobial activities of antimicrobial agents on the microbial growth

. . Incubation Clear zone (mm)?
Microorganism Temperature A 5o
Bacillus cereus ATCC 21768 30°C 967+058” 15512007
Escherishia coli DH5 « 37°C 8.00+1.22 1554+1.25
Pseudomonas aeruginosa ATCC 27853 37°C 838+1.25 16.52+0.07
Staphylococcus gallinarum ATCC 35539 37°C 12.00£2.45 1850+0.17
Staphylococcus aureus ATCC 25923 37°C 1425+0.50 2352025
Staphylococcus lentus ATCC 29070 37°C 12.62+0.48 20.51£0.38

Fmal cell concentration for each bacterium was approximately 1x10° CFU/mL.
5 UL of antimicrobial agent was absorbed into paper disk (6 mm, diameter) and the diameter (mm) of clear zone was measured.

¥A: polylysine and glyceride mixture.
RS polylysine and grapefruit seed extract mixture.
?Values are mean*standard mixture deviation for n=5,

Fig. 1. Antimicrobial activity of polylysine/grapefruit mix-
ture against Staphylococcus gallinarum.

1. autoclaved water (negative control).

2. ampicillin 5,000 ppm (positive control).

3. polylysine/grapefruit mixture.

4. polylysine/grapefruit mixture.

&g g7xdel minimum inhibitory concentration
(MIC)
£-Polylysine®} glyceride &3}& 2 e-polylysine®} grape-
fruit seed extract £3FE0] 6717 A EFH I #2] W54 o
Aete FAEEE v ws] Bk (Fig. 2), 2 A grape-
fruit seed extract®} e-polylysine2] &334 7} glyceride
2} polylysine®| E3Fa} Al et ok 1006] & =of 7t &
EHE B K Table 2). 2ejvt 7 oA BF o} /e
| A Eof vE] E colidll H3led= £ TEE Ade o
AHE A= A2 el
Grapefruit seed extract F7}A19] 7§ S. lentus, B. ce-
reus @ P. aeruginosa®] A-5A FxX 8} S gallinarum,
S. aureus?] F%7} 109] A% EA vebvte}. Chaibi 5-(24)
9] el 4] grapefruit seed extract® A 2l3kelS o B
&g A& st7] 97 Fx+= 300 ppm o)A A 2]

cereus®] y5-&

Fig. 2. Minimum inhibitory concentration of polylysine/grape-
fruit mixture against Staphylococcus gallinarum.

Table 2. Minimum inhibitory concentration of antimicrobial
agents on the microbial growth

, L MIC(pL/mL)?
Microorganism 3 D
A B
Bacillus cereus ATCC 21768 0.1 0.002
Escherishia coli DH5 a 15 0.02
Pseudomonas aeruginosa 0.1 0.002
ATCC 27853
Staphylococcus gallinarum 1 0.01
ATCC 35539
Staphylococcus aureus 1 0.02
ATCC 25923
Staphylococcus lentus 1 0.001
ATCC 29070

“Final cell concentration for each hacterium was approximately

_1x10° CFU/mL.

“The MIC represents the concentration of mininum inhibitory
concentration that showed no growth after 24 hr incubation.

DA polylysine and glyceride mixture.

B polylysine and grapefruit seed extract mixture.

ok st AR Baslgl o) 2 I3 Aol ot
grapefruit seed extract £3+&-#4) 0.002 uL/mL2) E=e]
A B8 2o e-polylysinest E3}sle] 2] s}5lg 1
Y agHoez vepydc)

Glyceride A 7}A 2] A% Staphylococcus spRT} B. ce-
reus®t P. aeruginosa®) Wste] o] Y& Ex o] A8-& A
83433 31, Staphylococcus. spoll A= A 2 v]4=3) %
oA AHal A5 ehlgdcl E colie o} E FE} @3]
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g A &Ad-S ¥ 15uL/mLe] MICS vretgict. E. colidt
o] t}E Fol v]dle] =L MICE ZH= EA41-E Hol& 71&

Al o FF2 8-S o] 48 A1t 4 7hed 4
AE FE2FS JTEA dFCHR I A3} Gly-
ceride M 7HA = WATFF &= S aureusol] W&l 713 e F
Toll M A& At 713} 7Hgk €4S B9} S aureus
= AdA AEEFor HYgds s v 93
Qoo oA ¢len 2 chitosan, essential oil %
HAEAL 0] 23} S qureus?d) FaTA o B35 A7t A
3 =lo] 3leh6,25).

wgtoll F7t Al S0l ot SoEy

Aute] glyceride A7l S EH B EF3}e) HA7|7E
o ulE FH49 H3tE e duddS A3

(Fig. 3). 23823}, e-polylysined glyceride?| &334
=2 At A7YS o FEE 22 L E AEdA A7)
7ro] AAASFE T2 F7HE % 5 ek e 3
A Q) Frert Zr) gl ael st v)E 40 314
3] 7FAste Ao Hof Wutol] HL319-g ol T aFA|
b 84 vebd-g o sl Yk Al shsi Al = 2 el
= At 445 47 °““41 A28k ®8 e-poly-
lysine®} glyceride®] £33+# 4] 1% A 712 10°Ce} 20°C
o Az o8 2xddA At & wl(Fig. 4), 10°C AAo]
o] e s ehllad] o] 2102 Mol U 2k oA
NEY Ago] Asgg & 5 Utk e-Polylysine¥} 7ko]
HAAGYFEA 2 B5F5= bacteriocinel] 3 Jung? Lee(26)
3] ATE A Ed pHVl G A S8 S 24 o £5

QF(S. mutant)®] FA) 2.2 2o} enameld o] F-2] 5 o]
%“]% ksl 4= gl o} bateriocin®] HIER FAHFE ¥
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Fig. 3. Changes in total microbial cell of cooked rice with

different antimicrobial agent concentrations during storage
at 20°C.
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Fig. 4. Changes in total microbial cell of cooked rice with
1% antimicrobial agent during storage temperature at 10T
and 20°C.

3 71et fraldol g A FEAS vpehlo] HAdEA
o} AFA7 e gk 44L& ®usholch

E. colil chsh et 2}

NFEFoR W FA7}
245 o 2dA AL o FAY TS
$E% Fefate] A2a A& v st cH(Fig. 5). 3EA 2]
7h BolA4E B colit] A%S AhAE A% 23
T, MICZ. A 43 03%4 2] 7] 49 F31 e 3} 2 2o] 7}
Ao, 19672159 A #e) 4L AHSA AL e
B2} E coli® FF59) sz 2 i vielA] 3
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Fig. 5. Growth inhibition with different antimicrobial agent
concentrations on Escherishia coli.
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Table 3. Sensory evaluation of cooked rice with different antimicrobial agent concentration

Flavor Taste Texture Overall acceptability
0.0% 34820252 388+1.75"° 421+2.08" 457+1.96™%
0.3% 416+1.92 4.88+1.47 5.12+163 438+162%"
0.5% 410195 401+1.82 4.82+1.99 512+2.12°
1.0% 465+2.13 473+2.29 499%192 369+2.12°

YValues are mean*standard devation for n=20. ?Not significant.
PMeans with different letters within a column are significantly different (o =0.05).

20 &3hE 533255 1,000 ppm 0] A2 S22 bl Mo}

—e— 10T 89S @l tannin®} F- otel) o) F5Ae) Mt

o 2T sto] 2 Aol A 1% ArhEo] ZlEEeAe S 3}

15 ¢ o] & el = 7l o] glyceride®} e-polylysine &3}3} 2|7}

Autal wk-esle] ghg W& A 7ldttn 43G9
A s B ALY ASE Bl B ouf gk AAAS

FAFA 7| A g Q 4017} TR = A g 05% A&
]

Absorbance at 565 nm

Foll 447 £ 757% g ﬂv‘f‘%}ﬂ L}EMDW i
Ao FA< Aol vepulA] t= WA E ehigl
o] & ASAAEGE FAT H ) HA A 857
3 FAeA el FoldE oA gosiA viAE] 45
Alsts gt Aol et ALl A7} o] Fojziol & 7

0 12 24 36 48 60 72 o g AZ5lo]xic)
Storage time (hr)

Fig. 6. Growth inhibition of antimicrobial agent on Escher- (@) ok
ishia coli during storage temperature at 10°C and 20°C. - -

e-Polylysinel| grapefruit seed extract®} glycerideZ 2}
Zh E3et R EA Y A S el i g S asE MIC
teste} AA Autel] Hg-stglct 5 £ @A L5 clear
zoned YeEP g 2} e-polylysined} grapefruit seed ex-
tract & E-¢] e-polylysine®} monoglyceride &% & xc}
ek 1008 AHE & minimum inhibitory concentration-s

FA e} Ao AFHAATE RIS & 5 AN,
coli®] &t g KA E sl e 1% 14 o £& &
Al F=7t a7-"ok L AARE A Oh 562
2] 3} chitosan® E. colidll A48t 1 3-8 53314

o) 200 ppm o] A P-S of FHE A B}

&+9d a2, Choi $(27)-& grapefruit seed extract®} polylysine
Eg2o) A& gk AEE AT FFA EEE 10% Bl Glyceride A7 A9l A4 Bacillus cereusst

74 este] Abggteha stod ARG FAL E colio] o Pseudomonas aerugines®] 73-%- 0.1 uL/mLel|A] AJ-5-0] A
3 AR ol g8 A7 O E sl A49e o S &)=l Aol wball Escherishia coli 2] 7% 15 uL/mLel # 3l
Q9w A LEE 10°Csh 20°CR Felahe) hgge) Ao B colivh o] A Ashed 2R AFYE wole A
AgA ) LS AL Ask(Fig 6), & F5e) Agsp S HERR AW A glyceride TREEAN S o2} T2
ASHA YERg T, o] U £l ko] o] Antre R (0.3%, 0.5%, 1%)2 712171 2ub-g 7247359 A48k
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A Ee o 5 ek o Fars gAY st 21E4FE Faste A
< 2ok Atell E colig HFste] A vEo] whE
sdA AGAAZAE 2Ag A JFA 5/} S5 E s

FaA e F2F Fested HUhE e el B4 A LS oA st ch hFA) 7} W] Biso] B] 2] ol 3
A7 F B AALE A A} o, v, 2A17) A A A ) o mk A, slake o] EA A E S el Ko] = Ko

7)1z %0l of& AP #H(Table 3), WA, 5t3} glakoll Ao} = 2] srgront AAAQ FEwA 1% FrlFo] GoHal
Hztel] sl A Fmof W BE X F 2tell oA Ao ol wed 05%8] Hrl7l AgE Ao ey}
7h gl ALz vepton, A 7 Exe 1A 1%
H7bgo) frelAal Ao E v FFAHINE dA = A
o2 B} T3 73 0.3%, 0.5%H 2] & A A 5ol 4
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