WAY fliwe; XY olo F ojladd A 0)90 hie dlge cusluge

SL AL ade » 0T 55l Sl (msp 5 0S5 555Y S I8 L sl 0 5l KIS
passiid Wpellw 5 U5 L2 o3/

Yo . N . * . e Vegs «
id)-\f&ﬂ‘déum‘uﬁjjﬁjs&r‘ﬂw‘YJ}:&SC}Q}»’JA\QQQL&J}:VM\A&W

Ol Glad e o8ils (S jpals 0ASE1s ¢ o gm (5,55 (S g2eils .
Ol Sl Sl o2l ¢ (K gals 0aSC2ils iy pse iy HLls Y
Ol Sl Gl pad ol8ils ¢ S pals 02515 o ol0 3l ge il Jise sliul Y
Ol Gl Gl o&iils (g3,5lES aSiils ( lie gl s el i Ll 8
kazemipour@shirazu.ac.ir : il J sus a_x;mws*’

AUV olg Lindy AV dlie )

o AS>

. e

00 Lty ol s ol L 515 3,0lS oIS osle Ol ol gl 53 6 Sl s Seods slading 3l S ol
e 1 el Seedes Sld 1 05l L anllas (s Al e p S o S ade s BB s Sl
SIS ladd S Ble g s el sl sl i il i3 S o AT Sl 5 (5 YsSLt 2 Sl S
@los Ll 53 555 Cs Stes o3 s 535y 0 S 05 s e 5 48 A3 el D5y el Jsloe i 5 O 2S5 558N
olinad b s Jglomn Jade T 3 5 3 8 bt 5 LSOl 51w ped S el YE a3 3 8 13UV Cupby 53l S Al e
3l ealital b b sad 0 5enlSIS dsjs Al 4 45558 5 b el 5l sl Jge sacdale o) g3l s 0 (5 Se3lll Jigy Sl
s Yl il glag SL ade 5 ikl S (i, L leaS 58 5 J xS L MICE0 ;5 rtho-phthalaldehyde) OPA s s,
A 315 Dl S ST L e sSian DL et 0 50 lSIS 3 45 505 0L anlllan (sl ol 3 S el s g T Ssall
Sl 55 S Sl g el Ol SIS i s O 1) 0 50l SAS o3 0 208 O 2S5 B 5 0 2y 55 518 e 687 IS
s ol 51 A B Sl e Sl S5 5 b et MICB0. i 53 s S (oYaS Lt i ade s s i MICBO 2yl 53

.:;;Jiupfdjrsl{jzcﬂ\ou.JIQ.;JLQULJLMS/;.,;.-)»JJIJSJQJLAQIJJ.:A){)SQMUQ»JSKJ}:SAS:ﬁ&L;JS%

Y



ohler 5 oldslo jomile

OS> 9 355N SIS L Gl (gunlSIS

O e Sls,l oale ol e Sis 5l S

23 5 Al s Ay an el a3 &S
Syl iman 5 s S AYE S YT AT Glaed s
Mulders et al., ) ¥\ Cusdse 55 pdieas S
Rl Sl e ) Glaeds) sl (1991
5,5 555 Sl Sl G b 5| S 4 Ay
oS Wlesls OLiS iy olllas (Liu et al., 2012)
S F e o Blse 3 gla Sl
by S ol Sl Faesd baits g ol
Sl aglis Sl ASke dub e g 2SS
Zhuetal, ) S&ss Osed sl (Sato et al., 2005)
«(Medrano et al., 2009)  S.,s o5 (2010
sl (Lertittikul et al., 2007) sla.sSl s
Usui ) o5 ,Kwds Cool 5 (Gerrard et al., 2003)
sdias Ol Oldlae 0 Llie s (et al., 2004
23 e Seds sladay oo, Seds Sl Jlals
Abdullah et al., ) xab o 50 gla sty S
53 438 oladles .(2010; Sant’Anna et al., 2012
el 25 Sl clb 2SS 56 o s
S 5ls 0L asdllae G s e 0L 1 slize
Cdled G ge VU sl lale s ot 4SS sl
adlae blie 53 35 (e oS sl SLs
Cllad 53 (6l el 0 SIS 48 5l 0L s
sYsS Ll o SL e b o Sl
L .(Muppalla et al., 2012; Chen et al., 2014) s |k
adlas i Oldlae 53 3 g0 Oblgl 4 4 g
Sheslizad b ol 05l SIS planil e L 51
GASY) AL S (S8 sl sse
tlie pizan 5 (02uS2) Ll L S

YURY-
G o Gate S Cl s Seds Ay K el
Saapm buyg 5 il s SL el
Clas 358 o M5 Y sSS,SY s
sliz s die sbal Giib 5l Baee el Lol
Cawd 3l e aS sl G vm:;tf)l o s
PRPCRPHCRE. T NPTV RGN
Bl Juily &8 o 52 0 sl e, S
LS o JUS sl cpsls 2L axils 5455 MV 100
bl 2 el Jes il (Sahl et al., 1987)
Il U Jde ol bl .l barrel stave Jus
s et b g Sl SIS o L
A Blate 5 35 g0 plaml b e OF Jlisey
Sllas = 3 o W1 ke sl el 035 15
S sl o b b 5 o 45 s 0L
ol .(Driessen et al., 1995) aas o S|y 4w
o ,ls 45 esle Olgear HpES A 1 tn 3 A
Cleveland et al., ) <ol sis atlis gl plde
Lty opl 355 cpl L .(2001; Khan and Oh, 2016
Aeoamy B s Seas ol wb
(Zhou et al., 2016) Al o i f; s S
glodls B al cgr e Slllas 058U
e oS LS de el Sl
Stevens et al., 1991; Cao-Hoang et ) ol slys S
55 o) L (Elliason and Tatini, 1999; al., 2008
A e el B eslid Gl LN s
Prudéncio et al., ) s,l> aelsl i r;f sl S

(2015

A



yyay UL....A) XY Lf'L“! & o)loss A 09>

hie dlge cusluge

Ve IV e essd=e s a5 (Biorad-USA)
L35 ol a3kl Olseay 2 e 53 0 S ks
cbls culg ,» .(Bradford, 1976) 1> s
SN Los p o B B L e S
43S oS A el
P L e

Ortho-) A sy, L 0pelKE8 s
SV Sss o2l s s S s (phthalaldehyde
o3lital O elSIS a2 ls Ol geas ST el Ol ks
51 OPA U= .(Nielsen et al., 2001) ss 5 .
Merck, ) e Sl sasdaal S 2 e YOS S
ok e Y0 (N L Ve (Germany
SPETCAC VR SRR PIC SPL PIIVA CRNCHVI U WOPPR
J> OPA fjggfk«“ ¢+ 4 (Sigma-Aldrich, USA)
w.¢ (Merck, Germany) Jsle 2 do G 5 ol
VYA sl aS) wges 31 2ds Ko Yo llie s S
Salr 5o G S35 L5 b sl Ve
Bl OPA Joms 2y Sio Vov Of 40 5 i aziuy
s Beg ol a aw S S
(BioteK Power wave, XS2, USA) . ol s S
Aoy s S 33 e gl Yio zr Jsb o
Casey et al., ) As asles 53 aslas 31 0 5nlSKIS
.(2004
—d,58 sl QA )/ ES sl e x LY e

O3l SIS ds 3= (8558 sl Sl

23 Sk Zdlad (5 5505100
)Jwﬁ)wmb&j&wqw
BEEE microdilution U‘Lﬁ) )‘ oalaal L’ 9 GLA .hr?ua

54

slakle 55 Job- ghdss o Seds clls
L il oo S 680 5 e 0L Jse
235 el o el Mgl 5 (SY5S

bk pss sl
0 g SIS

»> > (Handary CA, Belgium) U Jsl>=s
Jslowe 58 4 PH U 5 Ve Joo Vo lins i,
ol 4 5 03 8 ool (Solos oo Sl 4 0l g8
«(Merck, Germany) ;S,I8 clle ol =t oo Sa
Sigma, ) ol x.ss L (Merck, Germany) jgsV
5 LS Wlal ol vy JiSU5e 055 L (USA
ks Sl Of 4 S e S s 4 blg
Christ Alpha 2-4 LD plus, ) 5l ) Coand Sl
338 Jols Sl 5 ddn jay U was (Germany
Yo s Cds s wised a3l bels g eew
AR s 0o i 28 8 15 o) e
Vo Cusbs s e 4z W gles s 5 an S
Merck, ) fldl ool Aoy by &) Ao
4SOl ais & e (5 ol sl (Germany
e S ocele YE A e ol s s S
B R P R O LT T
2
L goi (5 lwoslal —

Yoot Gl s oedkd e ki O 3 badges
AL 03) eaas @Sl Djse 4 Ojes ks alds
A3 S e mle Eree g s 43 V0 Sdeas s
53053 s b Ol &S558 Jalon 5 ol ke
e sdl e slachile I eslind L



ohler 5 oldslo jomile

5> 9 355V SIS b ol 5melSlS

ol IS s o SL s LS b il
RORTNC PN NIEHINE WU A NE
sl 4> 5 (BioTek'sPowerWave XS2, USA) .,
Jsb 0 L5 e 38 3 eede a0 YV
Sdeay aele & gl Jolg g el e Ea
Sdeas Sl s Koo cpizres s S SS1S el TE
A3 8 Sl il 3l S At )

Sl 3 s el 5 S sl B A e
L3S sy CBE a6l 68U A Sl E6 6o
13 8 dsnlos 5 J e Sl eslinad b lgs Aoy

OD of wells containing metabolite - OD of negative control

oy hawy b 41 syl el S
Y Ll s St ale 5 odsed s S
ATCC ) s pe i Slisells 5 (ATCC 35218)
235 15 obsol s, se (14028
CiS L 53 el G0l 5 e glald,
S £0 w e35d=e 4 (Triple sugar broth) TSB
S g Al S 1o e b Y Vs
CiS S s 00 &S o SL sl s Sl Vel
Wgad §yomn Ao Soe Vrr a5 o dd G35 g 0l
Chle oS s o s S 6Ll TSB coiS Lo

el Ok J S el Cesa Vo' CRUMI L

% Inhibition=100 — {

laassly
0 5elSIS s 3 (g 805101 —
0 5y 551 313 QLS 0 508 o33 (580510
T el Ol 6,86 Say s Sdeay el
Ol S>3 558N S8 L b 05 5 45558 5,10
L3 8 01 05mlSIS Olse 3 Ll ine s Coly
S g G UalSAS Aoy Sl () o)
) 0 gemlSIS 51 (6 58 56 OF Jlisay 5 m o 5B S
B S8 L el 05l SIS i 5 s ol 0L
b 0l2aSs 5 558V b el 05lSIS 5 053 5,
oot O 5l 5 Smm Sogen ol 5ss

b O 5l SIS Ao s OLL Hs clls anlsl (g Sus

S55S 53 5 5 o mie S P8l S 58 5o

OD of the posetivecontrol - OD of negative control

}xloo

5058 ale CBIE ol 3 Jlee do)s g
Nyame 51 SKp gl MICBO O 5 b
e
bl Jebos 5 4500 -

Sbre o o Sle &y st O 5nlSIS A
Gl S besls (Sl obl Dsls A5 S Al
Osa31 O dlisas 5 b G sbae 51 Bl O 505
5 eslizuel U MICB0 s S vy p S5 omins
Slssnn a3 8 s ey Sy S O ges]
Jolows 13w S s P/ a0 gesl S (6l
Statistical ) SPSS ,isle s 5l eslinad L Sl
rled YY 4.5 (Package for the Social Sciences

R



WA i) ¥ by o o)lous A 0y

hie dlge cusluge

Y5 VY AT 4 Ca blg 01eSs =l

.bj..v J\.\,a);

35SV b S 8 b 45558 (5l 0 50 SIS

DS 5 555N S S 05 55 51 g < O penlSS oy (V) s

(heey3 Vo Cusb)y 5 o somds 453 0) 0 0y oSS (a5, bS5
v 1 0 ¢ v \ |
o/Y£E/F YA §/4 VAL V/eV/a0° VoYW IARAVIAS Y/VEV04T VLAV e
AYAEVAY® veeeved VAN VoS N0/4EA/NVE OVYEYNVY  o/v VY S8
NATRES /N LR VA CIVAR & NAVRES VAN R AVIEL Vi OY/ Y4/ o FANEVV oYY 5 sY
§Y/v£A/04%8 LV/YEY/Y YV b, oY/ \EA/VED S 08/¥4£4/vq2be SA/ QYRR £ 070 Y AN Ol 2Ss penl

Sop Ssm 5 sy a o (Gobl Gl stias Olis S8 Sgline B> (N=F) Wlokd 5,0 slas glas + (o SKle olal , Laosls

s Vgl o JES Ulgsa el 88
3 Swds Sl (e e, Y Sded e s
5 P=2/0) s ad Wl e O
(Y dsdr) 38 sl P=2/V) oVaslus il
OS5 558N S8 51 aslinal b ol 2 SUS
LU 55 el MICB0 5 (slsbine i
L dsa) 380 bl e g AN sl
5 55N S L el 055 45556 s
ale sl MICB0 058l Corge Ol 253

(Edsdr) Ao Y Ll il s 58U

LSl o Ot Golel lacslis sams OLES & slize

ISk Sl -
53 5 S Wgall 5 5L 63k b el
Loy Aoy YU Oleas Lo ¥l t0 clle
Jslee 0 MICB0 45 (g ymsits 5,5 Jlge 1) D sdla
Olgeas sl 3 8 13 55 ¥ ee gl /gAY
S0 Vo Sdeas egead s N gl s xS
Loalie 53 S sbl OF MICBO 1 (g i
b il 806 5 S s el Olsadle
Nl f0 chle 3 &S gpia ol GYsS
3 a3 Dles 1 SL ol Ly Aoy AT Oljea
S5 s 8wl SV 5e 56 YY/V4Y/YY 0T MIC50

Nt I8 VS b3 5 o o A Sipello Slags SLade 2 s U MICS0 —(Y)

Ao pa Vo Zoshy 5 g a3 N Gles 55 05l TN 555 ik

sASLeb
I prase i Mgl
Y JSES Ve JSES ol
YY/\£V/VY YE/VE/VE RVAEAVANY AV NEVAA OV 50 5:L) MIC5E0

An=Y) Lleds U3 e slrs gllast Sl bl Laesls

\A



len 5 oo el OFuSD 9 355N S5 b i (glSlS

Nga b o s s o sl (6 8Ll 53 8128 5 558N S8 L 48555 s L MICE0 (1) st

(o3 Vo Zusb)y 5 e 4253 1) Ol S sla5 5 oS 5
v 1 0 § A Y \ JS
AEYYATR VO/EYEVYAT AT YA YN0 04/EV/0NT OV/eET AT AV/ERV AV /) AV S el
VY041 /007 VYR T AN TAWNEETT AT AANTEVT 40/) 0T/ /) /A 555N s
VYRV OV/OEV /AT SA/YEVY/NT VA /EVT ACYEANT VO/EETE/ALY VYT eyga) AV O eSs Cans
AN=Y) Blods U3y sl gla £  SKle ulad s Laesls
PN ) Wb e Ot 3 (bl sl sdias L Sy g 5 Wiy e s )bl sl el Ol &osline S S Ly
N5l SV Ll 3 5 8L ol 53 O3S 5 558N S SIS L 8558 b MICS0 1(£) J st
(23 Vo Casb) 5 s 455 10) 0 gl 551 5La5 55 bS5
v 1 0 § v Y ) J S
MAAETA VAV SO SVAE-A VA S T RE T VA G RV EX VAL S-S VAT VAR SR S TEVV/N S FVAES 70 SN A VAR VA A S b
AVAT RS L O A VRES V/N A A VR VL Y A AR VA S SRS /NG CVACE Jin N S YR SVA VAR AVAER VAL 555V el
\RRYAR 2 7AnsetlA 7752 VA S IR VYARTVACL N aVARS T/ S CYZEC/VA R CVIRS YA CURNNR A VRRS vER SR A VAR VAd s O 2S5 S

A=Y Wleds 3y sl gllast Sl bl s Laesls

(P<e/01) il o Ot a5 (bl sl oias OLis S5 Sy 5 lacis, oo s (gbel sl sdias LS osline S48 Loy >

L35 el pli ilisespe 5 SYsS Ldy
Slde 31 e OF Jltes SU clile Blus o s
Muppallaetal., ) s » <ok <’J§ o SL sl psY
SESTs Y eame (6,505 anlllae s ¢ Lo s (2012
LS 5heslinal by S Ll s 53 el 5500
Shesliied b el 5 Se addllas 3 3 5 A
2 A S S5 Ul aaSs 5 o aaSs sl Sy
23 el 9 S Ao Sl 5 (6 addllas
LS etalie (VoS L3 g Dl bl
S sl Ol sl addles (Chen et al., 2014)
Loy Al L ge Bl el WL slacdals
5o e 050l SIS 5 8 (VS Ll (6 SL
SASL ade 5l o5 Sl Sl s

S S domi 9 Lou
S55S 08 5 S35 Dot rel 235 el
sl sy r 5 LB s Sondss s G
BENELE L SN URPE RS R T ST
S el e 8L Gl ale S Oldlas
CAL e Su5S b Cl by @ S
ol @l o 48 S 3 e 2050 058U O sall
adlas s b e sl s s andlls U oandlas
9 c;jg—mb 6[.&45}}5 S A e.)‘.) QL.:,.’ ))SJ.A
sl LIS glpal s Loy 8 Ol fnSom e

LgLALSJVSLJ L ul.shLS o 9o J...’\)SL;‘: o g WY

\A)



yyay UL....A) XY Lf'L“! & o)loss A 09>

hie dlge cusluge

e oS 6L 5 il ke el Sl
S S St G wY Slew sl gl a8
ol 53 Lol Caslie Corge &S Sl i
bl e (Prudéncio et al., 2015) 5 5 .
WS WY ol Gl el & alas,
Oretl 4 e L e 2 S glag St Wl e
055 wlol eld glaisy ool ol el
laodiS s ko) s lugSS slge (& 2 Olejes
(Stevens et al., 1991; Boziaris and Adams, 1999)
Moosavy et al., ) alS ;5,2 slbes, b o
sl 3l QLA)'V.A oslazu! ((2008; Govaris et al., 2010
Molinos etal., ) (e oo JS50) o5 Siadis 3l s
dorie L) 1 (S sl b s (2008
YL Ll Cao-Hoang et al, 2008) o5
oL, 5 eslawsl 5 (Masschalck et al., 2000)
AL e (Viedma et al., 2008) S s3I
03,5 45555 &S Az UL adles ol S
Wl ms g5 & OS5 35SV SIS L
SASL 3l s Sl Sl slel Cor e
RN T SN S
338 o Yo Lt 18 (6 5SL e OF o5 S

él.;o oo

LI il 55l 6 S e O e

\Al

M aallas b s s S VS L
Llps s S el baodle Lol shieas
Cd pmer 5 IS 055 Sl 4 s
I S oo s O 5amnlSS 1 55 ol 25 Sl
A=l Gemer s e 0oy 3 eslad Spse o
)‘J_; ealal )0 w;.:‘q QL«JUa.a BL Y L;UA.HW
Muppalla et al., 2012; Chen et al., ) <ol a3 S
Osesl a s edd eslinal lad Sse sluas (2014
gl g O glie
o Seds Sl el sl Oli adlas oyl
O5lSIS do s b (VS Ll il e el
AU sl el glaes S 51 AL cue SL malS
el 3 e M ol laes S e lal
s ot sl ol oo sl 4 el
|3 (Breukink et al., 1997; Breukink et al., 2003)
Gk opl 51T sl glaes 5 2alS a0 baiw
Ll 3l 656 ade el Sl LAl s
B S 3 ol adlas 3ol sls S gYS
Sl aS by s bs il b 55 J S Olpea el
Clled Hs s oS ol QLS o p’y 3,0 ST
YsS L e SH35E el oy Sl
AL e Ol STl les 5 0T 3 S 513 51 L3t
Db e g e S Gl i)y ol andllas Ll



len 5 oo el OFuSD 9 355N S5 b i (glSlS

@t:.a

¢ Abdullah, S.U., Badaruddin, M., Ali, R. and Riaz, M.N. (2010). Effect of elementary and advanced
glycation products of nisin on its preservative efficacy and digestibility. Food Chemistry, 122(4):
1043-1046.

e Boziaris, I. and Adams, M. (1999). Effect of chelators and nisin produced in situ on inhibition and
inactivation of Gram negatives. International Journal of food microbiology, 53(2): 105-113.

¢ Bradford, M.M. (1976). A rapid and sensitive method for the guantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry, 72(248-254.

¢ Breukink, E., van Heusden, H.E., Vollmerhaus, P.J., Swiezewska, E., Brunner, L., Walker, S., et al.
(2003). Lipid Il is an intrinsic component of the pore induced by nisin in bacterial membranes.
Journal of Biological Chemistry, 278(22): 19898-19903.

¢ Breukink, E., van Kraaij, C., Demel, R.A,, Siezen, R.J., Kuipers, O.P. and de Kruijff, B. (1997). The C-
terminal region of nisin is responsible for the initial interaction of nisin with the target
membrane. Biochemistry, 36(23): 6968-6976.

¢ Cao-Hoang, L., Marechal, P., Le-Thanh, M. and Gervais, P. (2008). Synergistic action of rapid chilling
and nisin on the inactivation of Escherichia coli. Applied Microbiology and Biotechnology,
79(1): 105-109.

¢ Casey, J., O'Cleirigh, C., Walsh, P. and O'Shea, D. (2004). Development of a robust microtiter plate-
based assay method for assessment of bioactivity. Journal of microbiological methods, 58(3):
327-334.

¢ Chen, H., Davidson, P.M. and Zhong, Q. (2014). Antimicrobial properties of nisin after glycation with
lactose, maltodextrin and dextran and the thyme oil emulsions prepared thereof. International
Journal of food microbiology, 191: 75-81.

e Cleveland, J., Montville, T.J., Nes, L.LF. and Chikindas, M.L. (2001). Bacteriocins: safe, natural
antimicrobials for food preservation. International Journal of food microbiology, 71(1): 1-20.

¢ Driessen, A.J., van den Hooven, H.W., Kuiper, W., van de Kamp, M., Sahl, H.G., Konings, R.N., et al.
(1995). Mechanistic studies of lantibiotic-induced permeabilization of phospholipid vesicles.
Biochemistry, 34(5): 1606-1614.

e Elliason, D. and Tatini, S. (1999). Enhanced inactivation of Salmonella typhimurium and verotoxigenic
Escherichia coli by nisin at 6- 5° C. Food Microbiology, 16(3): 257-267.

e Gerrard, J., Brown, P. and Fayle, S. (2003). Maillard crosslinking of food proteins Ill: the effects of
glutaraldehyde, formaldehyde and glyceraldehyde upon bread and croissants. Food Chemistry,
80(1): 45-50.

e Govaris, A., Solomakos, N., Pexara, A. and Chatzopoulou, P. (2010). The antimicrobial effect of
oregano essential oil, nisin and their combination against Salmonella Enteritidis in minced sheep
meat during refrigerated storage. International Journal of food microbiology, 137(2): 175-180.

eKhan, I. and Oh, D.-H. (2016). Integration of nisin into nanoparticles for application in foods.
Innovative Food Science & Emerging Technologies, 34(376-384.

o Lertittikul, W., Benjakul, S. and Tanaka, M. (2007). Characteristics and antioxidative activity of
Maillard reaction products from a porcine plasma protein—glucose model system as influenced
by pH. Food Chemistry, 100(2): 669-677.

eLiu, J, Ru, Q. and Ding, Y. (2012). Glycation a promising method for food protein modification:
physicochemical properties and structure, a review. Food Research International, 49(1): 170-183.

e Masschalck, B., Garci, C., Van Haver, E. and Michiels, C.W. (2000). Inactivation of high pressure
resistant Escherichia coli by lysozyme and nisin under high pressure. Innovative Food Science &
Emerging Technologies, 1(1): 39-47.

¢ Medrano, A., Abirached, C., Panizzolo, L., Moyna, P. and Afidn, M. (2009). The effect of glycation on
foam and structural properties of B-lactoglobulin. Food chemistry, 113(1): 127-133.

\Al



yyay UL....A) XY @L.; & o)loss A 09> &IL\L bl}a WL\-@{

¢ Molinos, A.C., Abriouel, H., Ldpez, R.L., Valdivia, E., Omar, N.B. and Géalvez, A. (2008). Combined
physico-chemical treatments based on enterocin AS-48 for inactivation of Gram-negative
bacteria in soybean sprouts. Food and chemical toxicology, 46(8): 2912-2921.

e Moosavy, M.-H., Basti, A.A., Misaghi, A., Salehi, T.Z., Abbasifar, R., Mousavi, H.A.E., et al. (2008).
Effect of Zataria multiflora Boiss. essential oil and nisin on Salmonella typhimurium and
Staphylococcus aureus in a food model system and on the bacterial cell membranes. Food
Research International, 41(10): 1050-1057.

e Mulders, J.W., Boerrigter, 1.J., ROLLEMA, H.S., SIEZEN, R.J. and VOS, W.M. (1991). Identification
and characterization of the lantibiotic nisin Z, a natural nisin variant. European Journal of
Biochemistry, 201(3): 581-584.

e Muppalla, R., Sonavale, R., Chawla, S. and Sharma, A. (2012). Functional properties of nisin—
carbohydratec onjugates formed by radiation induced Maillard reaction. Radiation Physics and
Chemistry, 81(12): 1917-1922.

¢ Nielsen, P., Petersen, D. and Dambmann, C. (2001). Improved method for determining food protein
degree of hydrolysis. Journal of food science, 66(5): 642-646.

¢ Prudéncio, C.V., Dos Santos, M.T. and Vanetti, M.C.D. (2015). Strategies for the use of bacteriocins in
Gram-negative bacteria: relevance in food microbiology. Journal of food science and technology,
52(9): 5408-5417.

¢ Sahl, H.G., Kordel, M. and Benz, R. (1987). Voltage-dependent depolarization of bacterial membranes
and artificial lipid bilayers by the peptide antibiotic nisin. Arch Microbiol, 149(2): 120-124.

e Sant’Anna, V., Cladera-Olivera, F. and Brandelli, A. (2012). Kinetic and thermodynamic study of
thermal inactivation of the antimicrobial peptide P34 in milk. Food Chemistry, 130(1): 84-89.

¢ Sato, R., Sawabe, T. and Saeki, H. (2005). Characterization of fish myofibrillar protein by conjugation
with alginate oligosaccharide prepared using genetic recombinant alginate lyase. Journal of food
science, 70(1): C58-C62.

e Stevens, K., Sheldon, B., Klapes, N. and Klaenhammer, T. (1991). Nisin treatment for inactivation of
Salmonella species and other gram-negative bacteria. Applied and Environmental Microbiology,
57(12): 3613-3615.

e Usui, M., Tamura, H., Nakamura, K., Ogawa, T., Muroshita, M., Azakami, H., et al. (2004). Enhanced
bactericidal action and masking of allergen structure of soy protein by attachment of chitosan
through Maillard-type protein-polysaccharide conjugation. Food/Nahrung, 48(1): 69-72.

e Viedma, P.M., Lopez, A.S., Omar, N.B., Abriouel, H., Lopez, R.L., Valdivia, E., et al. (2008).
Enhanced bactericidal effect of enterocin AS-48 in combination with high-intensity pulsed-
electric field treatment against Salmonella enterica in apple juice. International Journal of food
microbiology, 128(2): 244-249.

e Zhou, L., van Heel, A.J., Montalban-Lopez, M. and Kuipers, O.P. (2016). Potentiating the activity of
nisin against Escherichia coli. Frontiers in cell and developmental biology, 4(7): 1-9.

e Zhu, D., Damodaran, S. and Lucey, J.A. (2010). Physicochemical and emulsifying properties of whey
protein isolate (WPI)— dextran conjugates produced in aqueous solution. Journal of agricultural
and food chemistry, 58(5): 2988-2994.

Yo



Journal of Food Hygiene, Vol. 8, No. 32, Winter 2018

Glycation of nisin with glucose, Lactose and dextran and investigation of
its inhibitory effect on Escherichia coli and Salmonella Typhimurium

Hashempour Sadeghian, M.}, Kazemipour:N.2*, Shekarforoush, S.S.3, Eskandari, M.H.*

1. Student of biochemistry, Department of basic science, School of veterinary medicine, Shiraz University, Shiraz,
Iran

2. Associate professor of biochemistry, Department of basic science, School of veterinary medicine, Shiraz

University, Shiraz, Iran
3. Professor of Food Hygiene, Department of Food Hygiene, School of Veterinary Medicine, Shiraz University,
Shiraz, Iran

4. Professor of Food Hygiene, Department of Food science and technology, School of Agriculture, Shiraz

University, Shiraz, Iran
“Corresponding author E.mail: kazemipour@shirazu.ac.ir
(Received: 2017/9/2 Accepted: 2017/12/28)

Abstract

Nisin is an antimicrobial peptide used in the food industry as a preservative. However, this peptide has
no considerable effect on gram-negative bacteria. In this study, the effect of glycation on the
antimicrobial activity of nisin was elucidated against Escherichia coli and Salmonella Typhimurium. A
solution of nisin and fivefold concentration of glucose, lactose and dextran and solution of nisin without
any sugar were prepared in phosphate buffer and were lyophilized. The lyophilized powder was exposed
to 60°C temperature and 70% humidity for 7 days. Every 24 hours, one sample was collected and
dissolved in distilled. The equal molar concentration of native and conjugated nisin was made.
Percentage of glycation was measured by OPA (ortho-phthalaldehyde) method. MIC50 of nisin was
assayed by microdilution method against E. coli and S. Ttyphimurium. The result of this study has
revealed that the percentage of glycation is conversely related to the size of carbohydrates in which nisin-
glucose had the highest and nisin-dextran had the least percentage of glycation. Glycation of nisin
increased the MIC50 of nisin against E. coli after seven days. MIC50 of native nisin and glycated nisin
had no difference against S. Typhimurium. From this study, it was concluded that conjugation of nisin
with carbohydrates is not able to extend the antimicrobial activity of nisin to gram-negative bacteria.
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