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<QOFE>

A=
* HotE S4E9| O1dE HOojet EERX 7|et2 SOi5t0] =& 3 AH[A[Z =HCf
- 71E 4SO 1 X FE od B
A7l E
* Mot mme[7tE DEE MMEO SAE HEE ot AEIE =&
- N&, 2y, H7tA S WA, "EL MY, ExE ), 4, Y, B3 S
- 38 T XRE 240 ottt 4Ed Kot Fazt/E Al
* N 2T BEAHESRO OS2 82 7|7 HOZ|& Al
10| * MA —f.— gr(Ee "e"—’li)% S8t 7|74 M7= HA|
sy g ye | HEE =21 %‘ |4 AEM X X 15X LEENT 100,000 O[5H FX|
HEH Al SHFX X MibdES oot HotE g
* Mt 2 O0dE Mz 2 /878 & EERXL Vst SEEA X ARENE
- of=Z2|7t xFLAE 7|F 500Kg/hr O]&F X2
- MAREH| Z 1.8m O|Lf, 20| 12m O|W, 0| 4m O|L{
(ROdH = &7 % &E7| &, He dX4dHl= EEots)
-X|E AH[X} THORZL 8,0008HR O|LHZ At
LS HEO IE SERA 72AEA
* ILT|Ee AT
- SYZHXIFOAM XFSH= A0 ARE HX R TYHT HA
* O|MF &Azgtor 8l ohe e =ty
* MERX X O™E A o
* NA, =2 HO EpE@), WX, T T OMEAoeE 43
* HEAEN AHE R HEsE 78
* QLS| fumaric acid 3 2Fibd Mol KE2|E &9 HE otZe(7te] SERX|
* Lactobacillus rhamnosus GGt HAY A M2|E Sot AMeH " otZ2|7}o)
AL U KMET|IZEel Bt
* F|EA Rt E|IEE|IRY(TTO) N Hatzds AEAYES 0|88t Lt m=z2|7to
71 d at oE7|3t oA
* Mg Jtset BHIENEAM Z|ELM L YXE 0|83 AMSh opZe|7t MEHHO
F8718t AF(Capsicum annuum L. var. grossum (L) Sendt)
* Chlorine water % ItZ2|7} =&&S 0|8% 4ot mt=a2|7t HEHHO| YRR o
A
2 AFOIM HES ADEMEIISA|AR@EZZ|ZE HHN AXT)Z AHESH MM
of mpZe|7t "EHHO| ME 7|7 oE 9 QX Mat
A 3 s AR 2 55718 5 FARA) e FAAA D ANFEAL
* A 0] %3, stu W 7|HHSe THAO 3= 0 AH[ZF HE[StD V|2
=2 MER 7 AMMHEHOAEE NES HLEEN 5712 A5 =,
* HE RIFe mWIZ2|Ft =2 HolLL VIESE2 B Mo R /4 B
BT EEE | oz g1z Zums us
SEAS o wHel k2 ANz SEAE DY A
* OME HMoj7|eg2 <Esto, dxf HYE HE X Fo= JHHE HES2 24 U
7 Al 2HEY SUHE ME 1523t
* U™ 7| 7Yt EERXE MNE AMEE MO
T2 A0 AlMEO| i ot=2|7} A A X7
20 Fresh-cut Fruit Paprika Processing maﬁ:::taynce
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1.2.1. A7 ciake| U - 2| s

TUI|ssFE 2 AEEE

O 7=

HEFE fresh-cut Aol DEXRSE 2/t Falio|dE AX| & HMo{7|s AT

(sH=EAEATY, M2, USSP =X35[, 0|§35], 2005-2006)

- Follo|ME HZEE universal primer 2A 341f/534r primer setS MASID, 6&Z2 &
Zo30l ol DGGEZ E2lstU20d |z AHiF2l fresh-cut LAF XM EZ2| o|d=E &
X2M2 salsto] U MAFRl B.cereus, E.coli, S.aureus S2 HAAS A=

- Mz WHoRM F2 d5Xel, 78 XOoIFALMUEE, TRMSIEL DpMSEA
M2 ALBME o X s dd Zi=ol

- X 0,/1 CO.2l MAP ZZ2 o[ EHofoll ZntH0|X| Rot¥ o] TS EZFOAM &H7|AHH
ele 2435t SAIHsMo| ElE A, chitosan g0l nisin == EDTAZF & &7t
= 2 SEEE MelFoM dFEn =l

- ABEE S typhimurium2 TS HAEEX] L% | B.cereus?t E.coli= AT HE=U
o {EHo]| AERITIF =H LIEH.

- Rollo|M = HASHSIZM MEEI|RE FS| £.co/i7t BEEAU2H HE LI|of Cf
CIEE Rald 32 P. fluorescens?t Aclnetobacter spp.7t BE. XA MXzIZAM X
OfFAMLIER, Mo, npotstxst 52 29 Mo 7oA xfo|7t FE5X| 24U
o, XM 0,/ C02l MAP =Zhnt Az ZAol H|a| 11 0,/ C0.2 MAP ZEZES 2 aEZ
S US55 RX5lD Mad+E RelMoz WA =HSIZZ fresh-cut AHAHZE2| oA
=AM S

O AlZss

- U MMEOIAZAE ESIHEE 20150 ESHH J|F 09569 A, MAZE2 3.32F E,
AAOH2 8219 2]

- 2008 A CHu| AAMEE J[F 8.9, MAHH J|E 3,58 FItet +=X[0|0 &Et 7|ELE A
HEM 2015 EotH2 2.40F E, &otH2 9569 |22 2008 CHH| 22k 10.18H,
414 Bt

- I AMEO A FEAIZ2 2008 O|F FFES| BJlstke FME Holl A=d I B
MA S =Z5ERe| 7 FM= £9| 201540 F=2{EA

- 2008 AFE 20114A7HX| Zotd2 2totst F0[E Ho|of s58f J7bsk=dl I Zldl Hhsh
201542 SF aff 2ol Esto| MAHH| 28 BTtste 2FAH

- m2iM el MAH AAE f2RE FYHE e X, M ESHAME VIERE
B2C 7& H|IEZ=S X3stH z[4 764 oM 8129 & Mo A=z2rt 2 Hez FF
(2015 7[&).



e 20134 20144 20154 CAGR
= syt | wz | By | wx | mme | wz | (013~2015)
2ol 6,804 24.6 5,757 20.5 4,235 13.7 -21.6
HH
3{.@ HoAT 2,259 8.1 3,276 11.6 2454 7.9 42
A7 9,152 32.7 9,033 32.3 6,688 23.9 ~145
zoly 13,022 165 | 13,702 187 17871 57.8 17.1
BE | Hol4H 5,833 20.8 5.398 19.2 6,356 20.6 44
2 18,855 67.3 | 19,009 68.2 | 24,227 86.5 13.4
oL 28,007 100 | 28,132 100 | 30,915 100 5.1
* AC 22 2ANE =2 7I1EY
1) WOl J|FOZ B Jl20, BAZ YO AF40) CHh QAT ST 4 9
2) ZHEIY - HEWY 9o YENY Ut EEE
3) 22 3L F=0F AL MQUGEHE WEAQUFH 474A 7] Ale
29 AUjRidolAe] A HeAE Hujol Fo]
O Zuy|eg
- AN EolAIE
MarelD e AH [ 57t F2 ol2: 8l
=. 0|2 HIZ 4 =.
qgas
i 4Ese
=
= NHTONE
e
' CUEER B
HELD Chois 4 3 HIEE
(SR o lEsH %1
L P EES CELTIRYESE

% 0)0:E [www.cog.oom),

& B0 = {www. homeplus.co-krl, EOQIOFE (wwe lottemart-com) &5 ||
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7b.4. ARAR2K Sa/monel la spp.)

ofetZE oMY AZ3H M A H10. LEAE 8. o|M Al 13) Mda} A~
gheiof| hat AlE .

- A 2592 F|oto] 225ml2| Peptone water(Difco Becton, Dickinson and Company Sparks,
MD USA)oll Ztst = 35TCOlAl 18+2A|ZF ZSuisty, HiYH 0. 1mlE F5t0{ 10mi<
Rappapor t— Vassiliadis (Difco Becton, Dickinson and Company Sparks, MD USA)HHX|of|
HE35t0] 427 CollM 24 +2A|2F 2%} 8l F. SdHi M-S XLD(Difco Becton, Dickinson and
Company Sparks, MD USA) St bl X|of| & E5t0 35COlAl 24A|ZF vlfF, B kA } ZH2AH £

oM RlztS 50| A|FH

Al ZOo|otZ oMY AZST M A M10. LEAIEY 8. o[dSAIEY 14) SMEZ AT
Al ol w2t Al

- AA 2502 F|otod 225mfel 10% NaClS X 7t&H TSB(Difco Becton, Dickinson and
Company  Sparks, MD USA)HiX|of Z}St = 35TCOIAl 18A|ZF SHHl FstH 0, Sl FH
= &= HI1sE Mannitol salt agar(Difco Becton, Dickinson and Company Sparks, MD
USA)oll &350 37COIAl 24A|2F vl k. kATl “tEFATISH Mannitol salt agarOilAd
M E5H FzH O EEH )2 LER D FHHo| =EFSE sHAM S (CiEErEg 2M) o] Ue
g 2elAd

7b.6. ZHU|2E|(Vibrio parahaemolyticus)

AlZolekEoMY AEZ™ M IIA H10. LEAEY 8. o|MESAEY 15) HGH|EZ(L

Algdatof izl Al .
- 44X 25g= %F[5t04 225ml2| Peptone water(Difco Becton, Dickinson and Company Sparks,
MD USA) 10meoll Zt5t = 35COIA 24A|2F St 2F5tL] Stbi FH S TCBS(Difco Becton,
Dickinson and Company Sparks, MD USA) etXufX|o| & &35t0{ 35COHA 24A|ZF B 2F. Hf

YA KZ 27 4ol HEMO| AT b|R5| F2te EHolAH.

7.7, BN A MESA(Baci ! lus cereus)

ro

E AESH A IE H10. YUAIEE 8. olMBAEY 21) BREA AT

Iz
S TE o
F

- A 25g2 B QU 24F FAMMof| TJtsto] 2827 102 AESSI0] AlEEUSZ 5t
DL M=E AlYHSHD CHAYE SMHZ MYP SHMEEHE{X|(Difco Becton, Dickinson
and Company Sparks, MD USA)oil 3|41 &9 0. 2m# 522 T25t0] 2+ CHHE & HEHO|
Tm7b =7 8 = 30COlA 24A|ZF v ket = El2b 80| |ecithinaseE MMst= ZE

Falo| Qe E3M Xat2 A L5910 &9l

rok



b8, MAal mzalztel Mz B ¥ HME 2HE ZAF L 24 g2
M2l mzalzts sl #el
MY BA B2 o xAl B

=<

oz UMbz dF, e
DI AO|EMUIA MY, &

3

<E 1> 7tdxz| glol A MFlsts mtzz(st M= 3-E MY B g5
ANEZTA HAEH Y38 sh TAYE
AubA it Wt WS, B, cereus, Staphylococcus aureus,

Salmonella spp.

, AT, W&+t B cereus, Staphylococcus aureus,

A%
Salmonella spp.
A% A= et WA, B, cereus, Staphylococcus aureus,
Salmonella spp.
o AubA I, A, W&, B cereus, Staphylococcus aureus,
=T

Salmonella spp.

- Hidemi(2005)2| oi7+Zntol 2|stH, ofxfol EXst= o|dE #EIF2 YUMo
(87%), B2(17%) L Z=Ho|(5%) 2 TFME He=Z ZALEUCEH o Ay
&g offel Z/ol wat 3A ct2o dus F5It Z2

ZZ|olM= 1047106 CFU/g &2 LMt 1037105 CFU/g

2 = Ots = Md=7t M0 =2
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A2 o Zdot A=Al M4dHo| ABEAUCtL= Stt, Scale-UpE AEfS| AA SHo
Me o5 ad=o| ctgt HE2 2lstod Motd = Ut ol 88 2552 &9
HE, 38 28 A SAHKAO| 2gt Wit 2¥ FE 50| 2kX|7| otEol HE0] 4t
of aEdE St & £ U Letx| Bt=A] DHsliof S22 dE0AM el 25 7
ot #Eo| EaHoz s Eojof stof 0 WE &~=F xZ740| =EEoo{of St 5, A
H SToIM Ao 25He AtE 2 (52, X Alzh, 25 HA g2 )2 24 &
aototel JHE z=dof w2l ZEkX|o], &4EY StetE flet 2=Hel i sk et
Zt Aol Aol wet FolfMof shot. g AStiato] == =2l MESHA, 2tehA,
=2|d S4o ma2t MHet ~2FUH S MEstodof St
<E 4-2> MY HHEo| & T &5 A dH¥o R AMEEE g2 S
s & Rags us & Rags
(ug/ml) (ug/ml)
Artichoke 100~150 Asparagus 125~250
Bell Peppers 150~400 Broccoli 100~150
Brussel Sprouts 100~150 Cabbage(shredded) 100~150
Carrots 100~200 Cauliflower 100~150
Celery 100~150 Sweet corn 75~100
Chopped leafy greens 100~150 Cucumbers 100~150
Garlic (peeled) 5~150 (L;i;ieg;iz;id ) 100~ 150
Lettuce(Butterhead) 100~150 Lettuce(Romaine) 100~150
Melons 100~150 Mushrooms 100~150
Onions(green) 100~150 Peas (rod-type) 50~100
Peppers(chili or bell) 250~400 Potatoes (red or brown) 200~300
Potatoes (white) 100~250 Pumpkins 100~200
Radishes 50~150 Spinach 75~150
Sweet Potatoes 100~150 Squash (all type) 75~100
Tomatoes 200~350 Turnips 100~200
Yams 100~200
[Chlorination in the production and postharvest handling of fresh fruits and
vegetables]

AMIEX] DA 12782 7|7 & M7 &25H 78 M5 & DpetetEA 44 2SAH Tt
25 (Hibstp o) ISR I SAMTLSHIIBE (0 EHS, 2-FSA-0EtE, 2-Z
L)l AF A=EH S5 MEo=zZAM SEE2=0o JYct. a2l 2007 5K 7|
E AR AEHZ QANHEES HES £ 16170 M EZ0|D, HAHLQ LILH = 20041 £ E]
AMIEX] FES| S5t A0, DAEtEA 2 45 d2sAc HE das5te U= A
OS2 LIEtRCt (MTasH | gheto| 2Eh o5, 2007)
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M RAZ0l MY £ U, =
532 m} uSst0{ S22i8l(Chloranine) SOl MME S5 Ut

<E 4-3> pHoll 2 XfolFAAHHOCI) S H4 &S

2E(T) pH 4.0 pH 5.0 pH 6.0 H7.0 pH 8.0
0 100 100 %2 83.3 32.2
20 100 9.7 9%6.8 5.2 232

<E 44> pHoll 2 +BUN Ha Helo| BHE
ZHA0| pH Approx % of Approx % of
chlorine as HOCI chlorine as OCI-

35 90 0

40 % 0

45 100 m
50 100 m
55 100 m
6.0 98 2

6.5 9% 5

7.0 78 22
75 50 50
8.0 22 8
85 15 8
9.0 4 96
95 2 98
100 0 100
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4-6> 0|29 HA(CI2) A}

<

Food
Flour(bleaching)
Fruit and vegetable
fish processing and thawing
Thawing of fro legs
Whole grains

Poultry giblets(livers, hearts)
Polutry processing(fresh poultry)




T 4-7> 0|29 O|ASIHA(CI02) AlRY|E

Food ANESE(ppm)

Fruit and vegetable(uncut) 5
Potatoes(cut and peeled)

Poultry processing 3

(537 AdasA9 Aol Bk A+, 2005, KFDA)

<E 4-9> OfXf E5E ¥z ABEE ¥4 5

M Z &z2| el 78 g4 (ppm)
olE| 2 A(FY7EH) ALHE ol A A2 100~150
op2ufgtA 2 HAEHE oA A 100~150
W Wz 125~150
il ALWE Ao A AE 150~200
Dump Tank 300~400
B2 HEHE oA A 100~150
Aol 3 HEHE oA Ax 100~150
S F(E ) ALHE ol A A2 100~150
o HEHE Aol A Az 100~150
A5 (Flume) 150~200
Eailie HEHE Aol A A 100~150
A W w7 100
AEHE /oA A 100~150
S5 HAEHE /oA A 75~100
Q0] HEHE Aol A Az 100~150
Zhils HAEHE oA A 75~150
oA g4/ AELHE oA A 100~150
butterhead %45 HEHE Aol A Ax 100~150
iceberg WA
A A ALHE FolA 2= 100~150
Hydrovac cooler
romain ¥/ AEHE ol A A 100~150
RS AESHE oA A 100~150
Dump Tank 100~150
H Al HEHE Aol A A 100~150
% 3K Green) ALEHE Aol A A 100~150
T HEHE Aol A A 50~100
A7 1+ ASHE oA A 300~400
22} (brown, red) #F (Flume) 200~300
Dump Tank 30~100
HEHE Aol A Az 100~200
ZHA}F (white) Dump Tank 500~600
el ALHE Aol A AL 100~200
5 AEHE Aol A AZ 100~150
Dump Tank 25~50
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Staphyloccus aureus — — — _

Micrococus favus - — — —

Pseudomonas aeruginosa — — — -

Salmonella Typhimurium — — — _

Lactobacillus plantarum - — — -

Bacillus cereus

Bacillus subilis

N

Escherichia coli — — _ _

Klebsiella pneumoniae - - - -

Citrobacter freundii - _ B B
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Erwinia carotovora — — - _ _

Saccharomyces cerevisiae — — —
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2 23t UYoL FET|ZI0| XILIBAl YAE X 0| 24X|T, 0fF 7} wa| Lhehto,
2= xxo| Mol #atol EHo| LHon, TX0| dfHNORM OlME ST B7te
A = ic

et MEl42 083t0o) AMEC AEES MHE mols okAZalM ALZO| JHsEte,

o =
A THE BO| AFSEL U= G MAHES A & As MAH g S| sttolct,

<E 414 AR 25 HH X2 g AMEe| eHAlE ojME £ 2 EX
= I X
M = -
(log CFU/g) | MIIHER(m) 0% XI5 A x|
A ns 58 192 33 05
;‘(j:— 2~
AT 62 536 38 18
(pH 2.7)
A3
g 59 304 97 07
(pH 8.0)

h= Moo= Al 32| At

Mol pHoll w2l A 507t zo|7t =, MASHE &=of w2tME Xtol7h Ut
ag|d HE AMEel sihkE0| F A=0] oldE0| I HaFoty siE & FX o
= 232 L2 g7t ot et Mol A MEAHo| Ust2 50 HE pHE Y st
of M& 2 =ol2t gnE H|Wsh= Aol of2t ME L= & 7|2t Sol F2S &
HEStE Zo| Hi2tAstot

Ld2oMs dMdEe HAF dd &= MEAHo| Mol+E AtSst= LHAZF U=, o
HollM ALEStE Moo & G4 STt 80ppm2E2M ES 2x MA mf AtSsted &
= Z AL AZ]of et = obx| e MEol| ALSSH = Bt



<¥ 4-15> Mol (4 or 23°C)oll &St E.coli 0157:H7, S. enteritidis, and

L. monocytogenes2| 2 &AM st

Surviving bacterial population
(mean log CFU/mI) after exposure for:

EO water property

Bacterial species T(eg])p :
A 5 Gt 10 min 15 min oH ORP (my) | [Free chlorine
(ppm)
E. coli O157:H7 4 7.93+0.04 <107 0 0k
2.36+0.03 1,153+3
Control 7.93+0.04 7.99+0,07 7061+0.11 7.99+0.04
Senteritidis 7.74+0.08 1.06+0.15 o o
2.48+0.03 1,153+2
Control 7.74+0.08 7.68+0.09 787+0.06 760£0.12
L. monocytogenes 7.91+0.05 1.34+0.37 o o
2.630.03 1,160+4
Control 791+0.05 7.88+0.06 7.87+0.07 791+0.03
E. coli O157H7 23 8.04+0.07 <100 o o
2.37+0.01 1,155+1
Control 8.04+0.07 797+0.03 7.99+0.07 7.76+0.42
S.enteritidis 7.760.08 <1.0° o o
2.45+0.12 1,151+1
Control 7.76+0.08 7.65+0.09 7.65+0.09 7.69+0.10
L. monocytogenes 7.89+0.10 1.25+0.33 o o
2.63+0.04 1,15845
Control 7.89+0.10 7.83+0.06 7.85+0.04 7.85+0.07

@ Positive by enrichment
b Negative by enrichment and no detectable survivors by a direct planting procedure.




<XE 4-16> Msl (35C)oll 2|8t E.coli 0157:H7, S. enteritidis, and L. monocytogenes2| &&HM st

Bacterial species

Surviving bacterial population

(mean log CFU/ml) after exposure for:

EO water property

0 min 2 min 4 min 6 min pH ORP (mV) |Free chlorine (ppm)

E. colif O157:H7 797£0.03 o 0P o

2.38£0.00 1,154+1 84.3+4.6
Control 797£0.03 7.94+0.04 7.96+0.03 7.94+0.04
S enteritidis 7.68+0.14 <1.0° o o

2.44+0.04 1,153+1 79.83.3
Control 768+0.14 763£0.06 7.59+0.11 764£0.11
L. monocytogenes 7.91+0.10 o o o

2.48+0.05 1,159+4 73.311.8
Control 791+0.10 7.83£0.11 7.86+0.08 781+0.12

<E 4-17> T™all3= (457C)oll 2|sF E.coli 0157:H7, S. enteritidis, and L. monocytogenes2| =&-AMst

Bacterial species

Surviving bacterial population

(mean log CFU/ml) after exposure for:

EO water property

0 min 1 min 3 min 5 min pH ORP (mV) |Free chlorine (ppm)

E. coli O157H7 7.96+0.03 0 o 0

2.39+0.02 1,153+4 85.8+2.7
Control 7.96+0.03 7.89+0.03 7.87+0.03 7.86+0.11
Senteritidis 7.70£0.12 1.13+0.33 o o

2.44+0.03 1,155+1 79.33£3.0
Control 7.70£0.12 7.63+0.12 767+0.15 761£0.14
L. monocytogenes 7.91+0.10 <1.07 o o

2.48+0.05 1,159+4 73.3t1.8
Control 791+0.10 7.88+0.10 7.83+0.08 7.83+0.12

& Positive by enrichment

b Negative by enrichment and no detectable survivors by a direct planting procedure.



2F(High Hydrostatic Pressure)
+7

7 |&2 LM 2EodM AEMAOM ALSHH =2 MU (static pressure)S
[ o = o}

o H

Ztot= ZI22AM, AlEo ot =10Qel E1t+= 100 MPa HE=FE LIEHACH E1¢tof
o5t MA7|&2 AMelAlZtol B ASXe|7t Jks' ®et otH 2l M2l = AZe
ol el wWstx| gb7| mfzol MAMezE HE= e d7[solct o= X <o
2 2 54 oM, M DEXe| Wy, Molol MIp oto| RX|, UE ol M, #
= ©, 49 Hat S stetrol #sto| Aot V|sMe Foig 5 cts Aol EHFE
olct. 3| nffFe 7& Al EM7E == 2Hut3o| gt =30t edsio], FE&C
Aoz ofECt Y=EoME EI|, Atmp, oA 9| AFESl Mito] o|gst o7t
Ct. o|ME9| f=dof chet ol 2 T8 2dd, 52, I 4739 M2 Sllste
Aoz X Uct. sHX|gh =0 J1F J|la2 x1eks chRY| fIeh 87/ ME S
7|&X stAlof| wE x=I|FX H] 80| Ick= A 2o MHstol ofEHES FAI Uct
SHX|2F Crfst o mbet nfst 7|&eol 2o wal 2MItsAo| o st EHehE
Ch ( AMAE MEN grabs 28 H|Y 7t 71&, 2005, 9HX[E)

M2 37 dXel &5

Shouhei Yaghi &(2007)2 X=2B7|¥Xe|2HHE o[S¢Th Hut A (AHF, JaF 2
of, %, 1, &2, &4, ZAH | APC(aerobic plate count)2t H&EAZFTE IH &
AAZieo], 10ColM MZEE MAoM SY|M e ®HI|M Mon tiEde SAs oA
Hotdctn HEstod AXfzH™A2| =0 o] gHo MgrlsMg EQict O 2=

Cr=22h &t
oF AYat=E 55TCHAM 1022, 60TCOAM 5582 S7(X 2| st¥S W APCRt CHE

Hi ;
2.5 log CFU/g2 ZtAScCt.

s

—_

®

o
—
— <

02
4

<E 4-18> MolM S5l HEATsol e M257|¥risHe au

#z+(log CFU/9)
L LdYF 20| e
szs UE¥zZEZs o WE@zs &35 UEzZEZs Sf UEodzs
Control water ~ 59+06"  47+04" 6205  47:05" 60:05° 53:05  70t05"  64#05°
150ppm, , b B b B b b b
NaClO 4805 <25+00° 49:03° <25:00° 51+03"  39+03°  61:04° 48402
BTHE 44104 30:04° 5505  31:05 50405 35:05° 52:05  44+05°
55T
10‘; <25400° <25:00° <25+0.00 <25:00° 45:05" <25:00° 48:02°  <25:0.0°
%7 N
=F 60, = o) (F ; d b & om0
24 gn 2500 <2500 Q5000 2500 25000 25000 25000 <2500
60, : b d b ; : d .
cu 25H00° <25:00" <25:000 <2500° <2500 25007 251000 <25:00

¥ control © & A& & NaClOol| 93 4 (sterilization)§lo] SA HZE



<i 4-19> Examples of hurdles used to preserve foods

Type of hurdle

Examples

Physical

Aseptic packaging

hurdles

Electromagnetic energy (microwave, radio frequency, pulsed magnetic fields, high
electric fields)

High temperature (blanching, pasteurisation, sterilisation, evaporation, extrusion,
baking, frying)

Ionising radiation

Low temperatures (chilling, freezing)

Modified atmospheres

Packaging films (including active packaging, edible coatings)

Photodynamic inactivation

Ultra-high pressures

Ultrasonication

Ultraviolet radiation

Physicochemical
hurdles

Carbon dioxide

Ethanol

Lactic acid

lactoperoxidase

Low pH

Low water activity

Maillard reaction products

Organic acids

Oxygen

Ozone

Phenols

Phosphates

Salt

Smoking

Spices and Herbs

Surface treatment agents

Microbially
derived
hurdles

Antibiotics

Bacteriocins

Competitive flora

Protecres




> gol4E HMA

- 292 WXsHE Ho| 20| WM Fo| =M HYBC Of Lot JBESO Fo|¥E
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a3bs a9l sEN, 2alN Mel, Mol ZU(S2, ME, BE AR S), "M A
S, T E= OB ERIC SN Sof wel ch2ch oS Sof YAE M X Eo| -
% x2lAl pH 6.077.501H M HASE 507200 ponS 2ol EISIT o 1728 =
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7t13. ojd= A2F

ZA2 (ANOs), & a3t LIEE (NaBHi), polyvinylpyrrolidone (PVP, K30, Crytal violet,
Acidine orange(Sigma Aldrich)2F& o 3t S. Nutrient broth (NB), Mullar hilton agar
(MHA), Muller hilton broth (MHB)= &t=2| MB MIZOM & S1H9S. Baci/lus cereus (KNIH28),
E. coli (ATCC 35150), Pseudomonas aeruginosa (ATCC 27853), Salmonila enteria subp.enterica
(ATCC 14028), Staphylococus aureus (ATCC 13150) 2} &2 M@ 3= et= oM EZ(KOCM)ollA ¢! .

7+.14. Silver Nanoparticles—Polyvinylpyrrolidone-based Glycerolzymes (G-PVP-AgNP) 2| L@ X} B+
Silver Nanoparticles-Polyvinylpyrrolidone-based Glycerolzymes (G-PVP-AgNP)2| H=&= (
Diospyros kaki L (persimmon) pedicel FE=g AFSEH2 i XL (G-AGNP)Q| =t 3 M3}
(i) M=E zZ&ste & HAZ O|ROAS. A Hm CHAOM, G-ANP= ZletdXel Yoz
=[RS . Diospyros kaki L2l pedicel 50g2 MM EM7|E ALSSI0d o|A| 2HE CHED MES
500mLe| SF0llM 2 AlZF ot 2ol = Whatman No.1 O{ZHX|S S5l ofn} SIHCE.  Diospyros kaki

_?_
L pedicel FE22 90mLe| 3nM AgNO; SUZ 10mL2| pedicel FTE=T ZTEOZM G-ANPL| EHA



mo

of A=A, O F G-ANPS| a2 2o 24 3 A20M EZetE2 518 SIXCH M= 22
712 =, W- 28 HEZAH (Optizen 21200V Korea) % A+ 37| &4 P

G-ANPE EFH SIUCEH G-ANP= 21562001 A Al 22(5t0] AME &2 ZAXAIZI = G-PP-AgNPe| |

Zo| ALE SICE Ol 2o, 1:1 H|E2| G-AgNP & PVP (0.01M) & 40g AF7| WHEEZ|0lA] 30 & S¢t

kSt 167 Sk Al% wistHEAM 1.5% (v/v)2l SEIMES &7t SIICh G-Ag\Ps & G-PVP-AgNPs

7+.15. Silver Nanoparticles-Polyvinylpyrrolidone-based Glycerolzymes (G-PVP-AgNP)2| St&ta $Hy
C-PVP-Ag\Ps2 tet B3-S Soll M==UCt. ZHets| ZrstH, 1L A2t E2tA3 W 250mL2| PYP(0.01
M) 3 250mL2| NaBH:(0.01 M)E AP7| wE|E ALE5to{ Wit o CHS NaMH4-PVP SHol| 0.1 M2
ANO:S BHSSINS. S MAR EE2 ElMojM 2oz w27 H3 2o, Ol= C-PP-ANPS| A
% (v/v)2| S2|MES C-PWP-ANP 2ol HItstn, XP7| mED|E

= LEMAS.. EBH2Z 1.5
ALEsto] 2ol 15 2 SoF WHkE A% SICE C-PWP-ANPsE B2PF £2 A2 = LIEMYACE.

7h16. & #d 53

fob

Lt AF G-PVP-AgNP & C-PVP-AgNP2| et

=
ALESto] ClA3 2ok 3 ofM| 3lA dHHoz FX siE2(ofof Chsh ClA3 & 242 2o, 40|

© mx= T = o & o= AN
N2 EF ZRED (YN U MHA EE 674)S

Ml

o ZZo| G-PVP-Ag\P & C-PVP-AgNPE 2| & Fo| C|AF (9mm)E MTAM2ZE WA S20|E =12,
37° CollM 24 A2t Sob s fstod HiE2|of A& oM HelS SYSIUZ. ol M 2ME 26,

diEf|2[oH(104 MZ)E MHBOIA &to|eh SE2| G-PWP-AGNP = C-PWP-AQNPE &H75h=s
EolM vi3IRS. SE0IEE 2442 St vy Ci=2 HEzlol 4% M= WV 22dEEAE A

23510 600nmoll A ESHFINS.

02
o

7bA7. HEb 2Z2FHFCP) ¥ Lt RE S| XA

of, ol{et =27} WES B SFTE MHstn e =8 A2 AZAZS. F4 Zd|
M B3 Hob|E AKEsto] 10 on” 37(2] AMSH Mot mlza|7tE M= st ¥, FCPE G-PVP-Ag\P 2!
C-PVP-AgNPs ZE EUof 3 & ot A20A EX|AZ|L AXSIFCH npFe| ZE X Lt 3F
=l FCP= 1 (10ms-1 2 15° C) =t A==YD, of L FE = FCPE= F OE2Z LIH A
4 C2, CI2 252 15° CollM EZ.

5% HEgH TEEX] 2 O5F2 156 € S 90-95 %2 &= 4 ¢ ¥ 15 Cof
s

M U=Z2Z AL , wal , A,
EE1Y=, o= A old= X &M 242 floll 3 & ZHAnich ME o 2F g2 Hdt
=]

ol M1 22 BAR MPEFDIHZ 54 SICE (Fig.ta.). M Hek= L (En‘7l), a(&8), b

(M) AHAY (CR300; L&)2(H|MAE AlEolo] M. =& =2 T2 27| (MX50, Precision



Weighing Balance, ¥=)& AlS5= AOAC
BRIX Z2&A (Atago, Japan)E AlE5}0d
£447| (Bookfield, AMETEK GmbH, Lorch, Germany)E Al&sto| AT, mizld, EM 3
Fo|E 24

Fig.1a. Texture

otal fungal counts (TFC) &4
£ SFFE XMelstn 5° 2 15° Col &

2T
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7k.19. Total bacterial counts (TBC)
D= FCBPE 4 7He| Q822 &&F



2t CSNPs-5 2 CsNPs-15 @ FCBPE 7| EAF L QIXtZ HM2lstm 5° ¢ 2 15° coll M&.  AlsofA
2 a2F0l tisf, 2E &2 FA2F BC % TFCE 3, 6, 9, 12, 1527HX| 3 2422 ZHSI%S.
7h.20. o|¥= BN

OD|MESHY 2MollA, & diEzlot = ¥ & SH0| == YoM MYt 5 gHHE A5t 54
= =7 a5t ZE HE|ER2EE 59 FCPe| £ 22 5D, 0|2 RS 10 mlo| B2
0 R ZHoOIAM 9% S|M . EHEE|of= P sHM (NA) HHX[OIM AIFS A ZEZE S (PDA)

XM EZ= o|ME sfX| M= ghHol| w2t M=, 5002 % 3AM =l (1 =l
N HAOM & ZH0| =5 2I5H PDAO HiFSIUS. HiH|2lol Z2{|0|EE 37 CHIM

v
24AI2F S0t 3! BHO| SHO|EE BTN 4 U SOt BiYT F B +2 ARSI,

H Z® 3 mzz|7t FA0 2| FCPe| &3h= MA W =M EMZ sl ¢ elegans®

E. coli OPs), (ii) LM H=Z (FCP & + OPs), iii)

o~
Ja ojo

| FOP A + 0Py, (iv) M2l 1 I8 (G-PWP-AQNP ZE Al
oz 85 = FP & + 0Py), (v) M2l 2 2% (é%&*eg R 3E = C-PWP-AGNP) FCP FA +
2t X2loll 90 of2le| ¢. elegansO| AtEsI

utZ2|Ft=  2F 70092 LR 25COlM 24 AlZh St 500nLe| MEEE F&. ZE FE=S ST
MEo| tisf el 2231, FE=S Whatman no.1 G4UX|E ARSI 2 5 o4} SIS

=(YME), MM mzZa|7} HEtge FE= (RUE)

mo i
Hu

[m]
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a
0jo
ol

>

S mzalsl et &

T

Z b= &ZF (TPC)2 Folin-reagent HHHS ALSSIQICH MES E2MES 2ol 0.5mLe EHAinfzZz|7t
°E &&'EPEED’} WS 95 ne ZEFFE este 50 nL £u| Z2fA30l| MIbsk o2 0.5mL2
OZ 1.5mLe 20 % NaCOs 2 FIbstn & =gohetl

al
30°C0+|H 30 & S¢ot sjek st W-2HEEAE AESIo Bte EREel EEXE 760nmollM =

ME T2 & S2HE0|E & (TFC)2 =T ola(AIC]) BlMEMY o o] wet 2. FH
Z2&E U2 M= 1 0.01 gof FEIZ 100 mL Fx| S2tAF0(M F

£E HM=zsioict. soml FEE2tAF0AM Aolet S22
Lol AICI 8% 5! 1.0mL2| KCOH 84S EItetl & Zafstch ME2 Hli 0 0.7 g2
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MES 60% olEF22| 60% OlEtE0l| SoliAlZ|1l, Ol A Fe SFFE H&st, 70T +=0AM
60= SoF BHF AlZiCl Ofnfds =Flstl 100m. SH2=Z 3| sSICt FSHS flal, el ME
WS soml Fu| S2fAFo| 1, Citst 8dS AV =M E CHA| FJt SIQIch 1A1Z2E Setk ol
Aol st F filter membrane(0.22um)S Salf ontstl, o e 2LUTHE AFRSH0] 510nm

A 5l MM ot=alziel 100 uLe| ato|gh S& (0.1-50mg.m-1)E 96 & Z2{0[ =0l A DPPHO| 100mL
o 0.01mM MIEFS %ol BsHAIZIZL, 25COIM 30E Sob sfLEt clg W-EHETAI(ELX80O,
Biotec) & AKSSH0{ 515nmoil A %Pc—, £ SYsilch e, =283 39 §3xE Y5, s
oh o ¥E A MEL20| tHETZLZAM AESIFCt DPPH 274(%) = 100-(A (HE -A (SH) / A
(CHZ=) X100). Of7[M A (4 %)E HEo| SYE, A (34)= DPPH EH0| gle 22 SZZ A
(H=T) £ HES & DPPHEAUS| SEE.

ZMe MBISHEZS 0.2n2] 7.4nM ABTSE 2.6Mm K.S,0s2 CIAMIS 9 (pH 7.4)0i 23H
7l T O{F2 EZoM 12412t SoF Al=20fA] HISIHS. 0.8mL ABTS+EM 3! 0.2mLe| A0
To| MES MH Aol Y1, 10 = SO A7 =8t 62 SO elFHo|Mst =
2 Ao 2l 734nmolAM SHEE SHSIUCE 4 M2 blank : &7 &AM Ao|gt £ X
[e) =

HE S %% oEke U= EHxﬂ gt = AL FHT ot A2 SHEICh ABTS 271 (%)
/

B4 3l MMTER|sle| SREMS CIAT S| s ZHEUCH 25CoM Sniel

mo
12

H
L(10° CFU.mL-1) EtE|2|ot $HEIMS FESI0] Hald
FSI 37C oAl 12 AlZF SoF vl F SHCE. SHH ) Mullar hilton Agar(MHA) Z&0|E= E=
Z2E 2o w2t M==UAct olodAM, 50puL(10” CFU.mL) S MHA 2tofl ofd|st Ct2 6mm MZ Cf
A3 E dix|sto] M Mol H2SIACE 37COHM 24417t QlFH|olM S T, SXIAE AlBst
of 79 oM E =M1t o|lo{M, ClE ol 7|&= Z2E 20| w2} FE-TEMS AF235to] T}

Z2|Ft v MEY Edo] 2EEIUC

T
==

7ho7. M= 54
MZE SMH2 WST 7|E EAdof| olsf ZAEACt EZIAl -EDTAZS ALSI0{ A459 MEE $ZISIYCH

MEst kol v LuiX|(RPMI) 7+ 96 & Z20[EQ| 2t dof 100uLel M= Ug Zsject. of

O{A, Z80|EE 24A|2F S0 (& S0{, 37C, 5 % C0,) 00, 2IFH|0|E{olA Q|0 SICt.
0| AlZt SOt CIE ZE9| TP-AgNP M S =H|SC} vijkS ozl 10uLel TP-AgNP 2 S Cfet

_?_
5 SE2 wellol MB5IQICH IFHIOIEOIA 24A17F S0 BISEIQICH Cf2o2 2t Hof 10uLe
EZ-CytoxS E7I5tT ol AMolEfol A 1A|ZH Sob uS3igict

%
S0{F2Ct. Plate reader 2ILHE A235}0{ 450nmoflM EHEE =™519ct &2 3ol (0lympus,



CKX53 B2 sio|d, =) StollA A0 / EBOIl Sfof A & HM2|=|ALt M =X 242 A549 M

4 =
1Tt ASAOMEE DOFH-DAR HAISHD, HBB0Ho2 SM M B(RS)S 442 =H sigich,

7t.28. MM otZa|7t 2 FE= M=
X

FHE MM omp[FtE MAHSIL SX=2E2 MEe = § o|25E Tl MASKGIC. otZe[FtE
A2 z2oz A211(10g) A2olM HAZ=SCt. oF 10g2] 2Al &2l MMoZa|7HE 100 S/
2 Y AF7|A, Zeh HEA Z%0| Ho{E m7ix] JtE MSollM 202 St 60°CollA EMESHA

Ct. OlojM, FEES YZAI7| 2, ofTfstal, FIH ALES flofl 4CollM 22619 Z.

7h29. A mZE|7t 2 FESS 0|8 n0 L XS] g

(
Ct. Zgt=9 2is & = Lol &4 ntze|7 i F&= 4 50mL2| 2M NaOHE H|= = ot
OFMIEH[OIE EUol H7ISIGIct E28tES 6AlZt S WEBICE +5 o WAl XSS ofzfst
ST, OE=2E HHE MIAsto] 2X| XS MA siCt OlolM, 5 & 1A 8 Fas 22
Ol 80COIM AZ=AIZICE O 5, 2 WM=S 450C0M 3 AlZh St 2[=tA|Zict
7F.30 ZEAIML 2y
o O|d= 2ol
Al zZetdolMel 22 d HE2 MBo ALEE =0 2EE 22 ES
S| Z7tAIZICE. HY po|dE=2 EFAdu|el IS}t wiE, dF, g, x& =79 #
Holl M ZAECH A dAE glol M MEBol Fet ol EHE2 Al o|dE
: 2 MEs MY

2
A Z8t5h7| doll 2tt, &7|, &4AE HAastket
- A Y npdzt ok Aol M%EIE 2ot ol &S A

MAES =g o ¥9|3H0F§FEP.

&, dxlF, B, 7|7[2t F==2
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o

=

a
[=)

YAt AMH

71.31.

oA
P4
= o

Z 87X 9

H7_|L7|,

o

A

ufu
1

b =

C
=

X
(il

1

Z-H| Xtof| A|

el 22|
=25

0

2 0) & x| |
RSP

[}

|

AAE 22
=t

—
—

—_

oJ
Ho
4o
OH

1)

O A
TN

otCt

S

7t=lof of

A2tz ¢ ot o

—
—

S FHEE o

ol

i
=

cereus,

B.

TBC,

(45" C)el XMzl CK- Hof (
T4-25 2.

= XM2lel HE
T3-H %2,

rS ke
e,
Salmonila sp2l

T-2ES

27t XF $H S0l
Az,

A
T

iT

H

Staphylococcus aureus,

42| Ato]ofl A

X

9

P

| 7tod|
_I

—

AL
A

ey =1

P

H &2l
Ti-

LtA.
I

Soll w2t

|7+2]

i

=

a}
[=3
=

al
=

7t 74

A
Hzlof &

ol

=

e NE

s el

o|o|5HA|
LEEFRCH X2

o
T

FA T

°

A

o]
il

)

X

(s}

M X}
SN}

A 2|

o
[ulin

|

=
—

42/ 0f| A

PN

=

S =13
(=)

al

=

==

=
S

bl AR 2

k=1

i

—

H

k2t 3

HAl

CK-H[O{(Table.1a & b and Fig.2).

301

o

S:

9l
(=)
=

-
__On_
-

Staphy/ococcus

Salmonila sp,

3

Fas

X}
o

2.).
— 35 —

ek B ol

LIEFLH A EH Table.

PR
B. cereus ZEX}2|

—

—

&ol2}
aureus %

pS|
=



B) : 15°c : c

C 4°C 15
L CORCOORCOD uu

ol IQ[
| Qﬁl

EOOORO OO0 @@U
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Fig. 2. Mg =& 2Z% x2lol o|st Mct mh=a|7te] XZE 1 &HAHA),
AlZket 2z e MAn 2 oima|Fie| Ml ¥ 2E £ Xzl AH &1kB)

(M- ™l AM2l, T2-2&F M|, T3-EFHel, T4-25x2]).



Table(1a). AlZtet 2zof we *zHE mtz2|7te| ol 3 AE 2 g7t
(T- Mol == X2|, T2-2&FF HM2l, T3-d=H2l, T4-25H2).

A= g4 £ BF 24 (n=3)2 HMAl; »* p <0.0101AM SAMLZE 72| &
* p <0.0501M SAHAHMZ 72| 8 NS- SQSH| &3

Sources TBC B. cereus | Staphylococcus | Salmonella TDS Moisture

(CFU g") | (CFU g") | aureus (CFU | spp (CFU (%)
g g
Intervals (d)
0 0.75+0.15 |0.20+0.01 | 0.35+0.10 0.25+0.05 | 3.90+0.54 | 19.75+0.52
3 5.15£0.21 | 2.95+0.02 | 0.98+0.02 1.11+£0.14 | 3.90+0.25 | 19.75+0.15
6 36.05+£0.15 | 17.92+0.4 | 9.13+0.15 9.83+0.89 | 4.35+£0.12 | 17.67+0.25
Type of
Paprika
Red 13.30+0.15 | 5.76+0.58 | 3.71+0.45 4.24+0.14 | 4.40+1.20 | 19.38+1.2
Yellow 14.66+0.24 | 8.28+0.98 | 3.26+0.65 3.2240.32 | 3.70+0.12 | 18.734+0.58
Temperature
4 °C 3.76+£0.25 | 2.11£0.14 | 0.89+0.45 0.92+0.25 | 4.05+£0.15 | 19.26+1.25
15 °C 24.20+1.25 | 11.93+£0.59 | 6.09+0.25 6.53+0.48 | 4.05+0.14 | 18.85+1.45
Treatment
CK 58.08+2.14 | 28.75+0.12 | 14.50+0.41 15.83+£0.98 | 4.05+£0.25 | 19.05+0.65
T1 0.16+£0.02 | 0.08+0.01 | 0.08+0.02 0.07+£0.02 | 4.05+0.62 | 19.05+0.65
T2 1.00+0.003 | 0.54+0.02 | 0.26+0.01 0.20+£0.01 | 4.05+0.62 | 19.05+0.65
T3 7.66+0.02 |4.16+£0.05 | 1.75+0.25 1.75+£0.05 | 4.05+£0.62 | 19.05+0.65
T4 3.00+£0.01 | 1.58+0.25 | 0.85+0.14 0.79+0.02 | 4.05+0.65 | 19.05+0.65
Significance
Intervals (d) k3 ksk ksk ksk * *
Types of | * * * * * *
Paprika
Temperatures | ** ok ok ok NS *
Treatments roE ok ok ok NS NS
Table(1b). ZtabstELE X2l 2 o|Xe|F H|u
Sources Yellow paprika Red paprika
TBC E. coli TBC E. coli
7 days of Treated 40000 60000 200000 55,000
interval
Untreated | 1600000 311000 750000 1250000




Table. 2. Ml £ 2EFTE H2| & Alzh 2o e ozZa|7te] AlF F2 gJt

T1- Mol H2l, 12-2&F
23 (n = 3)2 FAl = p <0.0100A SANSZ T2l 3,

* p <0.0501M SAHM2Z 72| 8 NS- SQSH| &=

Lse,

ol

L, a, b= colur marker.

Xel, T3-WERel, T4-25x8l)

Sources Hardness | Fracturability | Springiness | Gumminess L a b
) () (mm) )
Intervals(d)
0 3325+12 3325421 3.98+1.20 1028+11 | 37.68+1.5 | 41.41+1.5 | 1821+1.2
3 332514 3325+15 3.48+1.21 1028+14 | 37.68+1.2 | 41.41+1.5 | 1821+1.2
6 3092+12 3209+14 3.98+£1.45 1586+12 | 37.12+1.4 | 40.31+£1.8 | 18.10+£1.3
Type of
Paprika
Red 332314+ 3248+12 3.84+1.52 1023+14 | 37.49+1.6 | 41.04+25 | 18.17+1.5
Yellow 3172412 332415 3.78+1.21 1405+14 | 37.49+2.1 | 41.04+2.5 | 18.17+1.5
Temperature
4 °C 317214 3248+14 3.78+1.24 1021412 | 3749435 | 41.04+2.5 | 18.17+1.5
15 °C 3323+12 332412 3.84+1.20 1407+14 | 37.49+35 | 41.04+2.5 | 18.17+1.5
Treatment
CK 3247412 3286+17 3.81+0.52 1214+12 | 3749435 | 41.04+25 | 18.17+1.5
T1 3247482 328615 3.81+0.52 1214+12 | 37.49+3.5 | 41.04+25 | 18.17+1.5
T2 3247145 3286112 3.81+£0.52 1214+12 | 3749435 | 41.04+25 | 18.17+1.5
T3 3245+17 3286115 3.81+0.52 1214+12 | 37.49+35 | 41.04+2.5 | 18.17+1.5
T4 3251+15 328615 3.81+0.52 1214+12 | 37.49+35 | 41.04+2.5 | 18.17+1.5
Significance
Intervals (d) * * * * * * *
Types of . * * . NS NS NS
Paprika
Temp(:rature . . . . NS NS NS
Treatments * NS NS NS NS NS NS
Lt.2. 27(60° C)Az[olA HE2|ote] x| &1}
Mot opma|ge| AlE of7f Mol tht 24 (60° C) Malel oM &l Hoks 24 x2|7}

Held ol d&S AHeicts

FHOAM =H|2[ot 22Tt 2EEX] ZUATH (Table. 3a & b and Fig. 3.).

Qg LIEMYCE > 30 = of&ke| EHR =2 A2 ¢ o

]
i mza|7t

Table. 3a. TBCE 4" CollM 6 HZE ¥ F2 umZ2|FoflA HiE|2|ol
CK 10s 20s 30s 40s 50s 60s
0d 4+0.305 0 0 0 0 0 0
6d 10+0.256 2+0.163 1+0.202 0 0 0 0




Table. 3b. TBCE 4° CollA 62 EZ&E F A mz=a|7FofA HHE|2|ol

CK 10s 20s 30s 40s 50s 60s
0od 3+0.296 1+0.061 0 0 0 0
od 7+0.311 1+0.101 1+0.090 0 0 0

CK: CK: |

s

s 295

305,

30s:

B3 -
s 405:

E

Red colored paprika Yellow coiored paprika

Time intervals (s)

OO OOOOOR

Sdhs:
505

Hlis:

@D OO

o
-
oo

L

Fig. 3. "t mfza[7te] 24(60° C) Az2|ofA| HiE[2|ot AX F3}

Lt.3. G/C PVP AgNPS| & &M

Salmonella enterica, Pseudomonas aeruginosa, E. coli, Bacillus cereus, Staphylococcus aureus=
zoteh A4 HelMol ool L AXte| et &S HIAESIHSD, MIC ¥ MBC2l ALt Table 4
off LIERHSICE. G-PVP-AGNPSECE C-PVP-AgNPs2| 2 MIC ¥ MBC &0l E0{FRU20q, G-PVP-AgNPs=
C-PVP-AQNPsECt =2 & &M LIERYCH G-PVP-Ag\Pe| o|2{sh Z=dst &t &M S LIERfQICH

A=)
£ &eAI7I= EiH2(ot MZ2

& welzlol BHe A5 & AsHAE RusD o, MES U 0w

E|2 / ZAHO|E FZ0lAM AgNPe| MAL 21t &5 28 3 HFE Sof ZMs= A2 21 =1

2lomi, ol wiE[2lof AlYE ZehSict 8, Lhx @kl 22 ulo|2 WEe| MH s Al

S|91T, Z2HE G-PVP-ANP7} C-PVP-ANPECH CHEHZO 2l BAIE Hlol2 TZe| Mol O 2ob
A

olak= WS LIERHRICE (Fig.4.). Hlol2 TES dealofll Exjsts A3 Citea ols HAE
ok ZRiU, APE MBS BMS wWXshs diel2lol CigRel BA W2 U 7|52 weldi of
R 2 o|x ol wal G-PP-ANPel Eol EXsHs A2 EX} nj2o] sfetsoz

ol
4 = PVP-AgNPOl| H[slf PVP AgNPe| =4 StMo =2 O ZofbxCt.



Table.4. HiE|2|otol CHet G/C B & AGNPS| Z 4 A sk ! &2 M SE.

Minimal inhibitory Minimal bactericidal
Bacterial pathogens concentration (pg.mL™) concentration (pg.mL™)
G-PVP-AgNPs | C-PVP-AgNPs | G-PVP-AgNPs | C-PVP-AgNPs
Salmonella enterica
(ATCC 14028) 8.54+1.2 11.25+1.2 55.61+4.5 75.22+1.6
Pseudomonas aeruginosa
(ATCC 27853) 7.45+2.3 8.14+2.5 72.52+1.6 85.2542.5
E. coli
Bacillus cereus
(KNIH 28) 11.25+1.6 13.21+2.5 58.66+1.5 65.2142.5
Staphylococcus aureus
(ATCC 13150) 5.45+0.9 6.52+1.8 62.53+4.5 88.56+1.6

Conirol 30 pg.mlL! 100 pz.ml !
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Lt 4, "¢t mzegte] & 7|2l L 2E

L ZEH 2| G/C PP Ag\Psel B Erk= A2, MM & EE J¥=
£ 2AMsto Aot otZe|IFHFCP) MZE el Sl s MAEAe R AFsHd
LIERARACE. Alolst X2z 2Y = M FCP= G-PWP-AgNP ZE0| 2o 2=
Sk B C-PVP-AQNP 2E ¥ FEEX| 22 ti=F FCP= 1501 2o 2= 224 315 LIERICt
= ZAg LIEMICH 15 & 22 = 47 ¢, J2{Lf, XM2| 2 22 7|2l w2l 47 C oM FESE HEpt
HO|X| LUt (Fig. 5a). FAFSH, MM FB= XM& =4 2 K| ZFolA Fof| &= Xto|E LiEt
LK 24*%CH (Fig. 5b and Fig.6.).

(a) 1tday  4°C 15t day

G-PVP-AgNPs

< |
&
£
)
o
o
g
B
LJ

G-PVP-AgNDPs

C-PVP-AgNPs

Fig.5. Chemical/ green syntesised polyvinylpyridine silver nanoparticles (G/C-PVP-AgNP) THZEZ|7}

(Capsicum annuum L. var. grossum (L.) Sendt)2l §5 %o o|x|= HEE

—_

Aldek ofaf el nidel ZEE EelstH™ X, ni o, e=M & o] 4 Z2 FAo| 5%

Auct EfME XE A L I o5 I #isteiont ME 2Fol= PEks o|x|X| 2%
AT (p <0.01; Table. 5). G-PVP-AQNPE ZE! = A 9l MM Mot nf=Za|FKFCP) el =22 hx
olMECH o & |X|=Uct 4 Col 22ts m-38 2! C-PWP-Ag\Ps L, a, bl &2 A H5] X| &
= nfzz|ztel 2zt 3 R w2l I HEEAX e 2 E L FTHME 32

Lt ZEH O] XM E2 FCPol AAk o7l H=poll AekS DIXIX| EUX|CH (Table. 6), TDSE wHZE|Ft

|=I=|
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Ral
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o F&of wal I ciEX|gt o £= 22t R w2t 3 ZeiXX] gguch e IEA (p
<0.01; Table. 6) FCBSl =& &&e o, NE 2% 2 Z=2|7t |8 (p <0.01)2F Fe| st xlo|E
2oi Fioni, o] Aof= L FYO| FCPUIAM Mz &42 AoTF|X| gb5uLct TBC ¥ TFC= M
Ee 2E, nEZFt f8 2 Lhe 30| Qs I HEtEE HERIQICE (p <0.01; Table.6

diE2lot = Fd EEY e MY 2k ¥ IEEX @2 dixZoM 4 ¢ 2EEct =2
G-PWP-ANPE ZE & Aoz LIERCH
G-PVP-AgNPs2| Lt i%‘% M=z == 22

s =

oH M 47 C oM 12

r

ne

ﬂJQ
F
J

(A)

CK-Red-5T:
G-ApNPs-Red-5C:
C-AgNPs-Red-370:
CK-Red-15T :
G-AgNPs-Red-157C :

C-AgNPs-Red-157T :

OO0

Fotal hacterial counts Totat fungal counts
(B)

CK-Yellow-5C:
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Table. 5. M2 Ct2 Lt FHO| 128 =

Jal
|0

2 79 & NS- SRSH

o5t

(=}

ol
(=

ot Mz O & 2EoA E&& gzZa|Fte|

Qi (n = 3)2 HMAIZACEH *x p <0.010A EAXZ 7o

L, a, b= A& FEAIS OpALCE

Az F=d olxl=

Sources Hardnes | Fracturabilit | Springines | Gummines L a b
s () v (g) s (mm) s ()
Days
0 33250i1 3319+12 381405 1022412 36.§i1. 40.212. 17.;10.
3 3314211 3317+14 3 41406 1007+12 36.%:2. 39.25311. 17.211.
6 27068i1 2768412 3 0340.4 987414 36.211. 39.(6)12. 17.211.
9 16126i1 161614 .8240.8 928412 35.§i2. 38.46ﬁ:3. 17.?§i1.
12 14743il 1473415 2 63406 87149 35.?&:3. 38.?:1. 17.(6)i1.
Type of
Paprika
Red 209351 | 2604x12 | 319204 | 969w | S04 | 3922 | 07252
Yellow | 22781 | 230332 | 3.00:0.5 | 957418 | 333 | 193+ | 1731,
Temperatur
€
4°C 2511912 2544415 31340 1 965+16 36.?:4. 39%12. 17.46H:2.
1| 2P 2as3en | 3506 | 962e14 | OO-EL | 9L P ITAEL
Treatment
C-AgNPs | 2851 | 2562101 | 3.0340.1 | 949s12 | SO0 | 9L |17 3L
CK 23| 75016 | 3.2420.5 | 99414 | F02F2 | 39282 1TAEL
G-AgNPs | 205011 2650014 | 315506 | odewnr | 03| VAL 1T
Significance
Days *k * ok ok *% *k *k *
T};’peskOf *% * % * * % * * *
aprika
femperatur |y = NS * NS NS NS
Treatments ok o ok ok NS NS NS




Table. 6. 2%

of AjZioll TpE %

et opzalgte

& 1g= (09),

AHd §
T &,

ol thet e Ui agel W

=tef2fof (TBC) A

Z%o| (TFC)

= 83 £ BF 2%} (n = 3)2 HMAI=[RUCEH =+ p <0.010(M SHE2Z RO F
* p <0.050IM SAMSZE 72| & NS- ERSH| 25
Source TDS Moisture (%) | TBC (CFU.g") | TFC (CFU.g")
Days
0 3.37+0.5 17.08+0.2 6.33+1.2 8.5£1.5
3 3.36+£0.6 16.57+0.1 17.834+2.5 220.06+2.5
6 3.35+0.5 16.52+0.5 503.8+£12.5 608.58+1.2
9 3.35+£0.6 15.47+0.6 884.9+16.5 1138.86+1.6
12 3.34+0.5 14.17+0.4 1784.36+14.5 2304.08+1.2
Type of Paprika
Red 3.81+0.8 14.85+0.6 427.67+12.4 540.76£2.6
Yellow 2.89+0.6 16.27+0.1 848.05+£15.6 1152.77£10.5
Temperature
4°C 3.36+0.5 16.47+0.5 39+3.5 215.78+1.5
15° C 3.35+0.6 12.64+0.2 1184.91+14.8 1434.43+1.6
Treatment
C-AgNPs 3.360.5 16.7740.1 599.03+12.5 596.9242.5
CK 3.3540.1 16.4240.5 928.08+18.6 1438.78+1.2
G-AgNPs 3.35+0.6 16.48+0.6 419.22422.5 553.59+1.3
Significance
DaVS NS kk kk skk
Types of Paprika ol kol ol kol
Temperatures NS * kol kol
Treatments NS NS kol kol




LE5. 4& U 54 o7

Lt REAC| o8 &S US| fIah, C. ElegansE AFESI0] M Lf =M AFE & siN

Ct. 2= 5 G / C-PWP AgNP =28 FCP 52 X&0| C. Elegans2| d&Eof ofifet SAT FEUSHK|
e i, DYE|R| 2 FP FAE ME AAS FUEID SBo AES RYUsE HoE N
Ct (Fig. 7a). ZEE[X| 2 FCP 52| 0|d= 2F +&0| 0|dE 2Pt S0 LIS (Fig.7b)
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Fig. 7. ®et X 2|FH Capsicum annuum L. var. grossum (L.) Sendt)ollM G/C &tstE oz &M =

polyvinylpyrrol idone-silver nanoparticles 2Z&e| & X{2| &3l C. Elegans ofl Cist Mx| L SM,

2 Aol|lA chemical/ green synthesied polyvinylpyrrolidone-silver nanoparticles (C / G
PVP-AgNPs) 2| A= 3 S A1 & o|ME L ZEMEAMC| 7|52 v|Wsto Mtk miz=e2|7t
(FCcP) ol FE7|5to] AZt=[ict. XRD, PSA, FE-TEM-EDS %! FTIRCZ =Xet Zzb <200 nm 379
G/C-PVP-AgNP &HMofl MZsict HESH FTIR Z1k= pedicel A FE=

=Z20| G-AgNPe| =4 SHMofl #oisicks AS S SICh ESH L A=

M
=]
SiE|2(of HAol ot Z2gt &AM ¢l Aoz AS=HACH FCP 72l M sHOM Lk



(G-PVP-AgNPs) 2 FCPe| Mol ¥&ks o|x|X| AUX|2E 0|ME Bl el MEs AXSto] ME =Y
= 37 AMFHEUCEH st MAU =M 4= G-PVP-AgNPse| L= FE eS| MEZ0| C. Elegans—“.-_“—':.ﬂ of
%

MR
L3} POl IS Aol biod

, 16249 FEEX| 42 FCP= C. ElegansollA] siX{st HZ& &4 S 7Y
SI¥ClE WS F SIGich ™A ZIt= G-PVP-AGNPZE 47 CollAM 2F 12 SoF FCPel NME+HE &
HRASHA S7HIZ 20, olafe] AZLAoM WM ZEAM G-PP-AgNP2| EAA HES M ekigu .

Lt.6. 7| EAF L AXIe| §HM S Mt T a(F} (Capsicum annuum L. var. grossum (L.) Sendt)2l

(e}

Te 9l HA =2

Il= FCBPOIIM 0| E 2&o| Axof Cist CONP ZEe| 21E 2of FAct v IH = =2|F}
o H|Wstod CsNP ZE X2|2 mtzZ2|7te] ME Yol J7t=[Act. ZYo|gle t=e|Ft= 9 2n}
15 ol 15° CollM EZ& 2 mf Z&olof IAH &40 ZdE=A2n, CSWPE ZE & otZ2[Fh= 9
23} 15 2ofl 15° CollAl B&= & wf mz=e|Fte] ZZo| Aes| SAEASHCE (Fig. 8.). ME A
of ct2 &l & g zlot 224 (T8C) ¥ & &Zo|l 224 (TFC) (2E%)7t 2ol et A&5H
{ 16d St 5° CollA 16 & ot M& & uf
o e gEzlol £2 QYEX| 2USS LIEMICH (Table. 7). W2 ZE = mizZa|7te 16 ¢
EA

AlZiEHCHTable. 8).

IR}

™~

.

OB

ct. Zofes o=e7ph M2|=X] g2 2ot H|Wsto

Sets” ColM E& 2 mf otzelzte] FEE A g

Table,. 7. mZE|7te| A& EXo| n|d=eA HIt
1

Total bacteria colonies CFU.g Total fungal colonies CFU.g"
Treatments CK CsNPsC CK CsNPs
Days of . 0 0 o
. Y 5°C 15°C 5°C 15°C 5C 15C 5C 15C
interval
0" Day 4 4 4 4 0 0 0 0
3" Day 8 24 4 8 0 0 0 0
6" Day 36 100 0 8 0 24 0 0
9" Day 88 160 4 104 8 48 0 0
12" Day 124 484 4 216 12 148 0 8
15" Day 288 860 16 424 20 328 0 32
Table. 8. A& Alzboll Ct2 &< HE AT (9! ).
CK CsNPsC
5C 15C 5C 15C

0" Day 38.2113+£0.1736 | 38.6884+0.1002 | 39.1210+0.0332 | 37.8991+0.0872

3" Day 35.8315+0.2155 | 32.5621+0.1422 | 38.0092+0.0533 | 36.1223+0.0866

6" Day 33.3155+£0.1533 | 25.4114£0.1107 | 37.1067+0.0631 | 33.4869+0.1341

9" Day 30.1789+£0.1621 | 20.8242+0.2134 | 36.0987+0.0216 | 31.6884+0.0623

12" Day 28.3227+0.2318 | 17.5318+0.1652 | 34.1339+0.0258 | 27.4823+0.1255

15" Day 25.7356+0.2231 | 15.2216+£0.2618 | 31.8112+0.0341 | 23.8344+0.0789
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cereusOll CHo 0.40 mg.mL-1, 0.40 mg= LIERUCH CHEAS| A< ml-1, S. aureus®| &< 0.50
mg.mL=1, P. aeruginosa®l A< 0.60 mg.mL-1. B. cereus= TEMO 2|8F RME 7= MIEZ £4F o450f A
MEAZ|QICH M=K 22 M=zt H[wStd B, cereus HIO|2 ESO|A HHiS Mz &4

= TEMofl 2lsff Zmpot ZHE=|QICt (Fig.10 A & B). Ol & F&=2| H|wo|M, RES 4 EZECt
MMoz d|W §H 4= N AESH EAte SRR olsl WEELCH =2 gd 21E LIEfCt =
St Y FZES2 CtE & 0157 © H7 (944, E0019, F4564 2! Cider)S YA zZN 22 211
719 & AZIE AZAZI= A2 YK AUct o d70| mEH CfEl A7)

I-SYHE S tyhimur it P. aeruginosas AMISH] ME AlZtS A &

2tAM, O[3f3t 7= =Y FEE2| & HH2lot RIPt AB=HUSULC Lot 0] FEE2 2

E o
o = = ~ o
Lie 2Atet &td o = 2ot
A ¢ E A B C D
18 12 : e =
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A ojet2 TtZ2|FHRME) 2 A ojEkS ohza|FHYEM) el g A TEMOl 28t Baci/lus cereus (a, THER; b,
RMEZ XE|)

L_I. 11. % I StM

o = o

o] AFolM, WST 7|E 2M2 A549 2 NIH3T30IAM RME 2 YMES| M SMES HESP| 2l Al2E
ot Zik= T Fig.11p0] LIEFS HERE 20|, & FEF 25 NIH3T3 MZoM MEZ =4
X 2} 125pg.n-18] == A549 M=ZofA LsH M=Z FMS LIERICE (Fig.11B). 1F F&=

2 AMES| MzoolAM NADH &at 25 = a7 Mz MEXBALE 72 & 5 JUs

ZAtolAlg st 7| ol 27t 2M|EM ME AHEALE REetctl B2 207t Aot ot

Za|7tol= 7 AlO[A| O|=2o B2 7|sX M=ol st wetM, mY FE=2 A549 Ao

et 2dE TIXA Actn WZighct & JEK] Aakel mtg H|WEeZM, RMES| 1050 SEE

185.82 ug.m-10|1 YME= 517.61 pg.mL-10|AUCt MZ HES2 WEECH REOIM O X2 A=
S

SSIRCE o2 HA Z30| &AM %"EEP o B2 & b= =22 gws| o2 M4 52



et gtdol M EZECH O sotAS LEUCh ot mae| HEl CiEFet ¢2 utZi|7to|
ahet EMof oigh B2 A7 peet MEo dFS suHoR ANt FES ety
S2lm ==t 2yt 2hEH0] AACE

HtS4d &4 F (ROS) 2| 0| Lkat AER| A0 O Fefsiols Zio| & YA UACt 0| BIFS
2 ATHS2 o MzollM Mat AERAE XSS, ROS HdE FEISHALE, RS ®MAH AlAEES
AMlsts 2 =Xl RS e +FEECH =2 A SEE ARESH0] 104 Mol WHE HMeklsHCt
=0[Z wele th=t H &4 3 M= AME. AEolAM, ROSS| =F2 DCFH-DA 2ol 2fsi ZH =AU

Ct. DCFH-DA Alef Xidl= ol glen M=zZHE AgEA Sz & = AUSHICH DCFH-DAZF M= =2
£0{7}H | M|Z2| esterase HI2l HMofl 2|5} DCFHZ 7t 2all=|= vtH | DCFHE M= Exf & %+
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I
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=Moo, 2fZte| Mzzs FaHel #x2E VK2R Ao AL & MEs dolRls MEEle AE
2 AUCH HeTolM, ¥ Hd7s FES2 kol wet BUISIL, Mzs 85 H HIEE 2
Renz2, 0| M=Es 27| M= XE M=QCt ol MM 3! A uE nietg FES9 Y
OE0AM 2EERlIe s TASE HE

L}.12. Ca—Zn0 NRQ| A 2 = EYN
Lt SZof st 2talo| =ofzlof w2l NPs B e 2[5t 22X, 3tets | ME5HM
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3800-200 cm-12] HelolA T|S=QUCKFig.12C0). FT-IR ABEZH2 846.927cm-1, 1095.147cm-1,
1650.930cm-1, 2361.092 cn-1 & 3401.437cm-10lA &AEH m|3 5 LIERYCE 3401.437cm-10lA{2] S
2 3= YEH| EXshks slol= FAV[(0-H)el EM=Z LIER 4= ACt. 846.927cm-10l|A2] 23
= ZnONR2| Sl m=E LIERACE 1095.147cm-10lAM Q] 3= 7t22Y = 7[9f thE AZEof 7[el
ettt 2361.092cm-10A2] m{F= C-Not 2 E AE FufsE LIER 2= ATt 1650.930cm-1011A 2

x|
2 u3= =C FulrE LB AHER 2 da|gtdSdol EXfsks A&7(7} Znol 201 tiet Z

=

ok ZIad o2 ols ZnONRS| d4oll toie 4= USS HoiECt Me[MHESED 7n0 NR Atole] it
t= Zn0 NROYl CHEE O|F EaMofM SEHE=[ACEH FE-TENS
AYsiqct. = AT0llA, FE-TEM So|dAR (Fig.120)2 &
2 Z of Zo| v|dE 20 FACKFig.12E). = A= Li et
al. o 7ot UX(SiCh [42]= N- ofM[E -L- A|AHQl Z4E & Zn0 Li=2E=29| " AZO0| ~ 70nm
S H3ct ESH Zn0 NR2| EDX 242 80.3M%E Efshke a%Hotedel 7ol w&En|3 5! 19.61%
S Z8lots oo el HEu3E Ho{FUCKFig.12F). ofed & ok pUXjof| CHoll FOiZl &3

ek 3= Zn0 NRe| &dS LIEKACE Zn0 NRS| =25 LIER
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=A45t01 Ca—Zn0 NRS| 37| & HEE
P!

A7t efcfeold g Zol 72mmel =

rir
4
AN}
Fl
LU
rir
=S
N
n
Rl
el
$Q
inl
m
(-
><

Lt.13. Ca-Zn0 NR2| ZZ& A & (MIC) R =& 47 Sk (MBC) 53
MIC =412 =HZlote] ol H= d&o| 2EEX 2 2t = =29 2N 3=E dIlsk|
2ol A= ACE Ca-Zn0 NRS| Z2 AX = (MIC) R =& A3 SE= 0] ofed ofMH|OIE

Fig.13. S. aureus T8 FE=2| s 2ot d{wX FACE MIC & MBC 2= 8t Ca-Zn0 NRO| 1
22k S aureuset HlWSto 234 S entericag olWsts O 955t 58S UEHS 20
At S enterica 2 S aureusoll THt Ca-Zn0 NRe| MICE= 242t 2.42 2 4.88 pg / mlFCk S
enterjcedll thet Ca-ZnO NR2| MBC= 98.97 ug / mlO|d S aureus= 190.67 ug / ml L MIC=
99 % MZES AX St Zn0 NRS| ¥o 2 ZHFEEUCE MBC= HHH|Z|of HiFol[A ME = 100 % &H(Tt
1= Zn0 NRS| 22 ZHFE[UCt o|2{sh ZAit= 2 B-1,3- 27 28 THiE Y = Zn0 NP2
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) Ca-ZnO NRs
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Fig. 13. A & B : Gram-positive S. aureus?} Gram-negative S. entericadll th8t Ca-Zn0 NRS| EHetE|Z|of SN T,

Lt.14 Ca-Zn0 NR2| &7 &4

ogtMoz =5t Oz M ¢ Ozt 4 sH2loto thet =M A Zn0 NRe| S S ok
= =HbHoll ols WIEQIct Zduts st S7tel mEt AT SItete Eo{FECH O 124).
2k M S aureus Bl 200 OfsE M A4 242 25, 50, 75 2 100 ug / mloA 7mm, 12mm,

18mm 2! 22 ct. (Figi2.B 2 13). a2t SM S enterica 2l7toll thst &M F+42 25, 50, 75 &
100 pg / mlollM k2t 12mm, 17mm, 19mm 2 26mmBCh. 2= S, enterica?t S. aureus=Ch Zn0 NR

g X|X| sict old2 &2 It =2 EH of Rul d|g ¥ o B2 7|
sd =fst 220| AFotm FE=0| EMs| WUt o 22 Zn0 NR2 =E|2|of MZ2} Ljof

M A &Sl o 22 A7 208 LESICH E8H sMo 2 I & CaZn0 NR2 Zn2 + 0|22
=

|ZHElCt CHE olf= 2 2Hd HE2lololM HE|=222 S22 FME HE 2ot
olct. az=d siHZ[ofof| CHEt Zn0 NRO| &t §4

= mZolch o™ AFME FAKRH 217t o M=, of
=2

g deficks A2

|

2 MzZAL 2 BEIZS2(ZF 5o
= &teb ofd Lie=Ho0| giE2lot MEHRt FHRSH ASEESI0] M=

2ol FAct.
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Fig.14. 12 &M S aureus & 2 SM S. entferics0l TSt Ca-Zn0 NRQ| AlE Zh &7 &AM,

Lt.15. Ca—Zn0 NR2| Algl zh EHbet &by
AZE X Y= SHM A7 2llZe| Roligh A ool At 2leZ 27 40| if? S35t

Ct. AN=Z, Ab7 o[22 Mat 2ol ofs) Y2ty &42 do7ich ofH2 AtH|, X[&H Ipita}

JEI3 olohE =8}, WAMM £4), BHEE wet wE CIE Wels N BpHe AR SElo)A L
Z

5}
Ch. gHHol|, SItEALE SHI=X] &2 A7 2iojd &42 Cfg 2011t Zelsto] M Edd 2eh
Y 2, of A He MY vy 2y 32 F UG Fojet 22 dF FHE wed
UCE aolek = (10-100 pg / m)ollA Ca-Zn0 NRQ| DPPH Atw 2iC|Z &4 &AME Hotstl EF
OS2 ALE E ofAzEEMD H|IW SIQICE Ca-Zn0 NR2 8 2/EX dHAloZ gHtst S3g LIERY
Ct (= 14). =[cf 242 100 ug / mlolM Z|S=EAct. Ca-Zn0 NR2| ettte} 22 EFE ofrzE2H
Lol ghetst gtdat RARICE ol2{et b= Cassia F2t FE=S MBI 24 & O 22 3k
o| Zn0 NPOilAM ©f &2 DPPH 2iC|Z 2 242 LER= Ol 7ot 23S Lx|etct
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Lt.16. Ca—Zn0 NR2| Alg zd &HT &

A=)
Mo
Yl

n

E= 2tst =20 ofsf 2 SFe

4 IOZI:I = =
oot ok L 2R Aok 24 W SoF AN o Y

El =1 M A Sot A SHSH=Z SEIMCE L 22 E
MY of Ruf g0l 37| wf2of, thEF tHS=t H|WE I AO|EFRI & BT BEx 42 &2
HE SLHME Aichsks Aol o £ct. 2dF 35 2 35 MEE NP 7, Hells, 72, WA &
M5t oofed 1 2 dPE EMo| Fof = Hez HEIFUct 2 ATFoA, XA mEz|zt
(Capsicum annuum L. var. grossum (L.) Sendt) =M F&= Z{E= 7n0 NRe| & €S a1b= BSA &t
B zlo| d

Aol #XTH AME HERICHO8M5). s27F Skl w2t AHF0| S7FsHRCt. 500
po/miollA 90%e| Z[cH ARt 7| == QUct. Ca-Zn0

(500 ug/mioiiA  95%) 2t Hlwer of MESt SHE FnE LERICH 2 ZIe= Androgravhis

NR2 & standard drug diclofenac sodium

paniculataZ |8t 7n0 NP2l @ FEE2 sitsl 3 aFS M S LIERICE FAKHAL, Zn0 NP7 &
o2 HIERACE. Heritiera fomes2t

a2s A2 44 %%, 5 225 AIB3lof
=2 51013 (7o%) B2} EHSiRIch

2 =
ozt
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Fig. 16. Ca-Zn0 NR2| Al& 2| & EF 4.

L}.17. Ca—Zn0 NRS 88 £4

n0 NRe| E€ 7tsd2 24 Y A tige W Jsdoz lsll 4t HE Tol|l "rt=lojof ot
Ct. ol= XM=z Al &3] (ASTM F 756-00, 2000)0f EEE”&, Mzs 3 7 HEE 27 2 & U
ch: 8 (5% 04 &), A2t EE (2% ~5% X H-3al S (2 % 0|2 . x| AF0M

S o} =
Red paprika extract2} Ca-Zn0 NRe| & ML= 1-3 ug / ml HQ| sZolM ESH™=USHICH =l
SE23mg / ml (C amuum FE22| B 0.58 %, Ca-Zn0 NRe| &< 242t 0.95 %)ollA] HAEEAUCE
(% 9). CaZn0 NR X2| =, ?la & sioj|do=Z e =t &S EA{S5101 RBCS| HEf HISIE HE

SH3ICH (&= 16).



Ca-Zn0 NR2 & EMo| o ZUCE 5% 22 M| 2ol 2= sz 232z 88
sME sk =df 2.5 mg / mLe Zn0 Lt YLXE MF g = JEHCH [57]. w2iM, A =
Ca-Zn0 \R2 H2 sk

ol =EMoz YA HMEdol2ls Aol o5 & = Utt o[2g ZI= Ag
/ In0 =gt = do| FAlgntet 8 (2.81 %) S LIEHD 8¢
HIMel Lx|FHo}

r°l-

gk
°
°
L

- 222 2IFEdcks o[™e|

Control Red paprika extract CaZnO NRs

Fig.17. Ca-Zn0 NRe| 88 SH2 Eo{F= 7HH2 #old o|o|x],
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Ch. A7 38U & ¥ 2o (2x A

AT L AU E

Ch1.0dE 23 ¥ HE&H|

L. monocytogenes(ATCC19118) 2F Sal/monella enterica Typhimurium (ATCC14028) S Al Zol 7Y
HEM 0|ME2 = AFAAM HEICE SEME AF HigHol 20%E AlE2H AEZA
HOZ Tryptic soy agar (TSA; Oxoid ™, Basingstoke, Hampshire, England) Z&|0|E
HEst 37+1° CollAM 24A|2F S v st = 2t #F2| thd FELE 10mLel Trypsi
n soy broth (TSB; OxoidTMLtd, Basingstoke, Hampshire,England)oll ®&3ct. 37+1° Cofl
M 24A17F S0t ol AH|o|Eof| Eagict Hied: = MEZ= 4° ColM 102 S2F 3000g0il A
Hal BElE 8o ==AUC. FHE MZEE AME 2521 4=(PBS, Corning Mediatech,
Inc, USA)Z t&% MAYCH 8 & MEE ot &5 Al (PBS, Corning Mediatec
h, Inc, USA)Z BtEMAEsStD MEZe| :EBs5EE EAE 0.1%2 EHE H20(BactoTM, Difco,
MD, USA) 10OmLoll &3slstod 10° CFU/mLZ =H3Jch AlZofrie el Z&-=(FPM, Foodborne
pathogenic mixture) = Y= HE ol L.monocytogenes % S. Typhimurium MEZS| =&
oF Rt st i_'.:_% 2gtoto] M z==}dct MzZEso| RALE 2 TSA Z2(0/E0 100uL
FPMS Az giHo= FHEste 37+1° CollM 24A[ZF St v LsiQict Azt Soff cf st
X.L.D(Xylose-Lysine-Desoxycholate Agar, Oxoid TM Ltd, Basingstoke, Hampshire, Englan
d) ¥ Palcam SHHH7|(0xoid) 2t &2 2f2te|l MEAX HfX|of| A dftsto{ Z2F M2 E=24

2050

S MCER|(CFU) S &Heldict. TM Ltd, Basingstoke, Hampshire, England)OllAl L. monocytoge

nesoll CHall 37+1° COllAM 24A|ZH(Salmonella sp) 2 48A|ZH(L. monocytogenes)ti 2F. FPMS
FCBP2| ZZlofl chet ciekst AAMAMAEL MES AFE ol A HEE HYA2ZE AL
33t

< i) ioxidant solution, (ii) SAEW, (iii) FAR} Z2 M JIX| F&o| MH SN
= ALSICEH &itE U2 ofAFZEEH A 20g, NasCeHs0, 20g & CaCl, 10g2 S5 H.0 1Ll
2fAl74 LM MHAHSHHZ (lglesias, Echeverria, Vifias, Lopez, & Abadias, 2018) M=
E|ACE (ii)SAEW= 2FA A SE 5% HCL 2 2M NaClze| MZ7|2al7|dt LMIIAAR S ALE
tol =H|=[Act (iii)FFS3FT (pH 2.5+10.32)dlM 0.5% (w/v)el FA(ZZI= cH™stst)
M =35k .

ot

U

C}.3. AlM3H opZa|7} HchEo| Z=d|

AlMEE T = 2| FH(Capsicum annuum L. var. grossum (L.) Sendt)ZTHH(fresh bell pepper,

BP)E V1T SUSMEMEMEIN S0l €7 MR ABHAC HZal7}E

b z=zte| 3x3em 2 10-12g A7[° AlMEH Meokxzt

g AAs| S8l 27 dA=xsigch 1 %
o

= 2
2 1571 f|xlolM FCBP %
1

r
+
fu
x
2
_O'ﬂ
k-
Mz
gt
[N
ﬂl|0
_,>_
_,t
2
N
H

HE =, FCBP E2 MRt ==0M 1AIZE SeF HA=A|74 FCBP EHofl FPMO| F2r= A
=X =fel3ict



Ct.4. ot=2|7} HehHel Ax

2 AFolM FCBP(fresh bell pepper)= ChSoF &2 Xelof w2l 120rpmolM 2272+ A

gich: To- FPMO| Xzl= AR =X 22 =7 FCBP, T1- FPM2 HBSIX| &2 gitstE

X2 FCBP, T2- FPM 2! ShASIEOH X 2| FCBP, T3- FPM 3 SAEW, &HAELEH X2

T4- FPM 2 FAX{Z| FCBP, T5- FPM & 2&= X2| FCBP, T6- FPM % FA, SAEW, &hitstEoH

Fetxa| FCBP. Ab7| g2 = MAH 2 Zo=z X 2|E FCBPoll st MZE 2zo| ¥akz &

3t7] Qsll, & MES MEg ZFH|5t1 5° €Y 15° 0o 2TolM AFTE 3%t

Mzl = FCBP= F&0| &tds| MAHE wi7tx| 7Rt 37 S&§2 &l

ChS 2t FCBP =Zf 167HE FH= ©o| JUs Yo ME "o FF2=z ZEHIcH(Nasco
5 <)

WHIRL-PAK®, USA). 5° C E=

FCBP2| ZE&ol o|xl= ¥&2 152 o 3 7HHo=z n|dE, =5 4
= 7

o
oy
)
o)
=
QO
5
=
i
>
Rl
0f0
o
o
o
-t
M
1=
mn
9
>
[l
=
JE
N
2
il
> T
=
—
§=N
Olor
>
=

, 5 Al
A (CR300; Minolta Co., Osaka Japan)E HEE|QICEH o=l A
| ==(TFC), & salmonella &= (TSC) ¥ & listeria SE(TLC) HFe &
Yot dHol w2t Adstict 3 7J7—19E 2 M2l (T0-Te)olA 5g2| FCBPEHHE Fo
St HHE S/ 1omLol E7F A%3[AStD 100uLel 3lAH 10°2 TBC% 2
nutrient agar, TFCE $ISt Potato dextrose agar, TSCE <leh XLD agar & TLCE ¢lst
palcam agaret &2 zZtzte| MEHA  diX|e| FHo| HBIMct EHEZ|otE  nutrient
agar (NA) HiX| ¥ Z#F& Potato dextrose agar(PDA)E EZE D|ME=tHiX| F=d| dHHol| w2}
ZH|stl onL H EZ[™Alo £ACE XLD, Palcam, NARF &2 AlZof7f ete|z|olZel0|EE
37° CollA 24A|2F S¢b FX|stl PDA Z2|0|EE 28+1.0° ColA 96A|ZF Zob v AUt
olFHolMd 7|2t = p|ME 2E2 S=HEM HI(CFU/g Ct. oMol 2=

ooz o oo

mO

CHe )2 GAHEA
SO 2 DPPH &HZHOAM aitetgbdat 22 gk EME Z7U|uH g AHEsto] ZAH
Zen, & H= &Z(TPC)2 Folin-Ciocalteu BHHSZ EMEHCH F ZtEL0lE
SHEHTRC) 2 MEAHZ EX™EACE FCBPE A EM2 2toA MYsii=z 15712 =&
Mol JiE mdoM H5E oiAct ZAETHEs lf LHERLE 128, LHE2E 34
H, o8 7=t A2z 5-68(AEs MsH, 7-88 ¢S5, 9-108 *FEXZE 2FsSHAct

|ond, O Zit= 7|& EH, 2AEM(ANOVA) 2 ALE

elond, Turkey2t Duncanol X{Z|2]

F. AlMSH of=z|7F Mctiel 22 |BM SPSS
I

==
=M stR .

-



ch7. HAHIIY o MBHEB F|
o ZEN 8Ye 2002 Ba5te oYt ofAmE2EM -1, 200mg. L-19] LIES
= ofo|E o 2g.1-19 D-a-EZHE OMMEOIE ZRS. cfsn 22 wE2lor BF

monocytogenes@t S. Typhimurium= BN Zatgieio = TSA diX|off HZSt0{ 20% 22|l
AEO|AM S|otid 24A|2F ZoF 370 C HikstRch 3= HE|zlote| Y 22U E
mLe| TSBE &7|11 37° COlAl 15-18A|ZF =2t Hi U3 C = 3000rpmoilA 102 =¢ot
Al

a
=2|5to] MzE XSt w2tE MzE B HESo MAE st M=o
I

0

nr e = ruHH ~ E

L. monocytogenes2t S. Typhimuriume
=0 2 Zgtsto] AlZoi7iA HaAE of7i ZHE 2 (FBC)
rhamnosus GG= MRSAE ArE3SH0 ATCCOIAl Xzt X|&of a2} il—’r—EI?iEP. M=Z= 37° C
of olFH|o[EHAAM =7 D™AIX| MRSBOlA Hi=RACE O =, MEE 8 ColA 10&
=°F 9000rpmoll M 2lAl 22|5to] £=x5tT MEZo sTE 10%FU.nL'2 =X™5I%UcCE A=
Wa2f(Salmonel la)2l A< XLD, 2lAH|2lote] A< Palcam agar, L. Rhamnosus GGl &<
MRSAOl| A HHf 2k5t0{ M|ZES

| =T E s;L|-0|5H|___|-_

o oL = 1 - AA

Ch.8. FCBP &=H| ¥ A7

Ctefst M2l E <ol MAMDL Mol mZg|FtE B ZS AFSSH0 4x3em3 7|2 =22
A2 FCBPS| ZH AiAtoll Chsl & 87 183 )22 Ligch 47 I&2 4° ¢ 20|12 474
g2 15° C E&Z0|ct. FCBPe| 2+ O&E2 cf3E A2l & SttolM 120rpmol M 28 St
SEH1:3 w/v)RCh 3% L. rhamnosus GG(10°CFUmL-1), FBCR} T4-HMoi HIIM £2M L.
rhamnosus GG(10%CFUNL™") X2| & 57% M7st7| 2ls 7 RSk 7Hd|SHof| EHE0|E Z
O FCBP MZ2 T A=ZAIZCtI. O3 ChF 9.5x7.5em 37|el E4 Ez|Z=ZEzl 7|4
ZHSI F IIX| ClE 2%(4° C E—J 15° C)2F 70% ACH& oM 2 2sIict. FCBPL| & EN
SN, 7N, JUN SM U 0|42 EXS A0 15U 3Y ZHoE MBS BIY
S 7504 SH5I%Ch FCBPSl LIEE #IX o0|E9 SEE YoM MHE Ly A

St 2™t MF AEMA= 381 o MA=AUCE.



Bell pepper
I

l Cut fragments (4x3 cm size) l
Red colour Yellow colour
| I || || I |
O T1 T2 T3 T4 O T1 T T3 T4 0 T1 Tm T3 T4 170 11 T T3 T4
| J L ) L J { }
| | f l
£ 15°C [ 15°C

Sample collection for every 3 day intervals
from 0™ day to 15" day

Microbial analysis | Analvsis |
1. Total bacterial counts (TBC) Y

2. Total fungal counts (TFC)
3. Total Listeria counts (TLC) »
4. Total salmonella counts (TSC)

5. Total lactic acid bacteria counts

Sensery
analysis

(TLABCQ) Antioxidant (DPPH) Physical properties
Total flavonoids contents (TFaC) Colour (L, a, b, AE)
Total phenol contents (TPC) Texture (g)

agh. 49 A

Jiot

L

o= FREE ALSH| fIsi FCBP 598 B %% H,0 10mLoll E3HAIZ|Z2 107 7kX| oA
% S|MsSIQct. & gE|2|ol =2 B NAol 107°uLel 50uL, & Azd2lRFe| A XD, &
2| AE|2|lote] HS Palcam, & LABO| CHSt & ZEHO| A2l Z<S MRSA, PDA01I 2351
Ck. MRS agar, XLD, Palcam agar, nutrient agar2t Z<2 EiH|Z|o} Z&|0|E= 37° CollAf
24A|ZF SoF HiF=A T, PDAZEIOIE= 28" CollAM 4 ZoF dfksiRict. HH%UILF < 0

d=r= 7= WHES AFESH A= UCEH

DI'-l

5]
H>|

Ct.10. DPPH &AH, & H & - 22 L0|=

AH
Al
70g2] FCBP% 32 7hzHo=z 2t Xa|ofA T’éém 22 =&39c). 0
o

| 2 F&=2 DPPH

2, & Hs ¥ & ZF2ELC0E M0 ABE[ASHCH DPPH 242 AMETE ghe

of w2t Fa=dend, & H= 2 (TPC)S ZFH™stZ| s Folin-Ciocalteu 2AE ME

siFCt BdX(g)= HAXN 47| (Bookfield, AMETEK GmbH, Lorch, Germany)Z =X st
Al

£ Zehst M E= A EA(CR300; Minolta Co., 0Osaka



Ch11. A" M=

ME2XE 7| E A Mw-50-160kDa; DDA-75-85%), Tween 80, =FEtH|S|=+= Sigma Aldrich
oA FASIAUCE HEtEsE, HEES2 MMTTsel(F)olM FASHACE EIEEZ 2
(TT0)2 <¢l=2| Grasse InternationalOlAl FIstFCE. Nutrient agar (NA), Potato
dextrose agar (PDA)= Thermo Fisher Scientificel BD DifcoTMAlAM FSIICE. Oxoid
Xylose Lysine Deoxycholate agar(XLD), Oxoid PALCAM agar % 7|E} ZE 3515 222
Thermo Fisher ScientificollM 7 &35IACE.

StZE (CaCly), MEAZ FIELHLMNCS) ¥ E|EEZ|2Y(TT0)el 7HE =& =
o2 TMEAUCE. i)CaCly, ii)LMNCS, iii)LMNCS-CaCl,, iv)CaCl,~LMNCS/TTO. O|X HI
o CaCl,(0.5%) s =& HIEHSZ 0] AFoAME F|IEAH2%) S MEHGHCH 0.5%2] CaCl,2 &
S0l M M =3 2% LMWCSE 0.5% OFMIEAtol A & Z=3HICh. LMNCS-CaCl,2l M Z=ofl, 1%2]
CaCl, S A0 2A|ZF SoF WHksIHAM 0.5% OFM EAol A LMWCSOll MA 5| A IHsHCh.

M > o

Ct.13. LMWCS / TTO Lt= ofEHE 2| M=
LW%(%F:XWIjuwldwklNNEEW5%ELM%ﬁM-%ﬂﬂ%9m =2
2K 22 A= 0.45um FA| EHE ALESH0{ ofnt=?d Yok LMNCS &
2 A7| wdtk stof| 2A|ZF S Tween80 (0.3%) 2t =&FSHACE. LMNCS-TTO '—F O HE 2 H|
ZE I, T10 (ollgt=2oll szl 1%)E 30w St witst = 2027t =31t X2| Stofl
Tween 800| 2=t & LMWCS Eof MHMS| MIISIRCt OiX|ZHe 2 EXM= S|HS Lol 2
st MA=UCH M=EE L oA AXFVE LdZ=EAT

Nether lands) & &Sall =@l sHCt.

o 3x

ol
s

12

r
Og

Malvern PANalytical

Ch14. 2E2|of EEE9Y2 F=H|

Salmonella enterica (ATCC14028) %! Listeria monocytogenes (ATCC15313)2t &2 HHE|Z|

of Hx= o|= American Type Culture CollectionOllM TStFCt. HHE|Z[of FF= NA
ol 4° Cc2 {XI=[Qct. Zz+ gte|z|ote] ®Z 2(10°-10°CFU/mL™") S Z¢gtsto] ete|2lof 2+
B2 broth 8HZ LUCEH

CH.15. AM3HA X2 XA J_lI-EEIﬂ(FCRBP) 2 X2l

AMeh tZe|FE MB3odles Bd SFTE MAEstn F7 &efollM Z2 Z=2ZH(5cm x 5cm)
oz FTUCE I =T ME2 EP%EP ol 6742 M2|aE2 2 H+UCE FCRBP= |. &/
2 MA(H=Z), ii. LMWCS, iii. CaCl2, iv. LMWCS-CaCl2, v. CaCl2-LMWCS/TTO, vi.

CaCl>-LMNCS/TTOZ Xz|= etefzlol ZiE| o] AP X{2|= FCRBPOI X

Z2 30% zot z+zto| HMal (i-iv)oll EZkch. CaCl?-LMWCS/TTO X zl2|

47, #loA iz et ghel 2| of 9*E1|%'% Z7|oll 30x= =S¢t CaCloff & FCRBP M Zof o]z

adE'-I(muL/Plece)ém, 5 o Z7| HA=st CIE  LMWCS/TTO =AM 30x Sot

CaClo-LMWCS/TTO CH= ME2 4E+IE'_|0+ ZHH Y 2 AMe|=[X| ZUgCH oX|Hez ZE 4
A

]
2 27 MejolM 302 Sot MR0|M HUZAIZICH X ¥ 2 ME 152 UHE

O

0

=
(LN
Iz
=

I

0 MK

ﬂllO
=I
0

=

ﬂll
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Z} . monocytogens) =
bz ojct FCRBPOIA X = 2] 2 CtE A|ZHt4e
Fo Moz st 1omLel E7 AY =
Ct. O3 ct3 50uLel 108 SME AlH x| off HCH NAOIA & dt
2lol %=, PDAOIM & &HEO| =, PALCAM % XLD SHHolM Ztzh AlZojrfjgdel® S,

enterica 2 L. monocytogens AHl5=. NA, PALCAM % XLDE =Z¢&ts5l= Eif2|lo} EE0|E=

2 Hg

[=]
28 Sob ZEy

b
ol
i

>

A4t E2UH= A E2EY A AZEQ0(0penCFU) E AtESH AAH=EHJD O &

}= Log CFU/g2 EF = AULCH

CH19. M =stet=28a gitst 28 EF

FCRBPS| Al2 3185 s &8 (TPC) ¥ 5 B2p2wo|= BHH(TFC)
] |

J'ﬂ'
s
1o
+
0z
o
d
@
b
\d

|ehdol el ER-Hs 2M2 Sl 2 =AU
S

FE 100 p Ll FCRBP =0

2bctsl LalA, 200uLe] ER-HE Al | ®7ket ok 200pLe]
Zo BIMLIEES AlgTol "t of3 A20iA 102 Seof sjesich 2 okS 100
plel 22 96 Y ZH0/=2 %711 96 Y S0|E BEI|E A8St0] 760mmoIA B
Seiich & HiE 23S ZM(ng/o) ZE(GAE) S AHts et



ch.21. & E2l20|=E &2
5 EClEo|E TH2 F3UFo|g HHS ALEstd ZH™=Uct. ZHEks| s
ulLel FCRBP FZEEZ2 430ulLel 30% EtOHoll 3lA{st Ch2 10uLel YatdFo|lm
b 10uLel ZSBolMHOIE (Mol 3lMsH chg A20lAM 108 SeF sfct =S
2 100uLE 9% & E20lEZ &7/ 415nmollAM EH=Jct & Z2tEo|= gt
2 MEl ZH2(QE)el Z2}ET0|E mg/gl 2 H A= UL

Ct.22. DPPH 2fC{& &~H &AM

FCRBP2| DPPH ZfC|ZEHEM2 0| EAof w2l A k= ATt uLel FCRBP F&=2
9% & Ze2fo|EoAM mer=2ol 3A 5 100 u L2l DPPH(0.1 mM) <2t §.=.3P_T’_ 102 52 &2
ZHAAM Bf 25t 517nmol| A EF=3JUCEH. DPPHR| %= M AHSH Z4lof whal A &= ACh
=¥ - M EH=22} DPPHE FH|=/}LD =2 M EFS FCRBP FE£=THS AFSIICH

Ct.23. ABTS+ &AH ghad

ABTS+ EZIE|ZAHZAM2 o™ EnMol| w2t Y= Act ABTS(7mM) 2F HEHHZHE(2.45mM)
ol 1 : 0.5 HEE &5t OF2 oM H20lM 12412 Seb syt O 5= ¢bst
A ABTS+e| SHEE 734nmolAl =F (0.7+0.02)3Hct. O CFS 100 LSl ABTS+E 100l
o| |Et2 FCRBPFZE=1t 27H 102 St A=20A 96 & Z2|0[EofA BiLRict Bl =
20| E= 734nmofl Al E==|QACt, CHEFL| Z ABTSHE ME 910 HIEHS (98.5%) 1t &
C

Ch.24. =M T FARXE0|E (UHR-SEM) &4
=3 % X2|= FCRBPSI EHEW= UHR-SEM(Hitachi, Japan)S Ab&3tol ®It=|Qdct. gF2
2 (o xsmm) M ES 2 AxZ7[M 18 S SAUZE(-50" C)RC. FCRBPOHA‘I S|
Zlof EZL=E HII5H7| 2o 0.05M AMUE 2AEHe= M=ZE 2.5%2 =FEE= %‘HI
S|=of pH7.20ilM 4A|ZE Set 1H = HES 4 SEE=E 50, 80, 100% 01|EF52 | 2
Seob 2asiguct. Eoh, UHR-SEMOll w2t MTeh(skV)ollM S7| A= AlRE &

— =

2
_"—l_ —

2E M2 M H EEEQJD Ao YR+ EFE HXE EA=QACE FCRBPL| A Z-nfp A4
5t d S

16(IBM inc) & Ab235H0 ZX™ & AUCE.

Ch.26. 7| E4F L QdAb2] M= H B4

CSNP= 0|2 Zis) whHo =z SHME(QCh Zicks| LsiA F|E4AF (CS)2 0.5% OFM| E Ao

0{ 3.0mg= Y AUCt. 500rpmoilA Al 20M 6A|ZF SoF WHISH = CSSH 1 mL. 0.1M NaOHS
| FHolM X7 SlMoZ

I

H7}5H01 CS M| pHE 4.5+0.12 =Hsot CI2 M| Alo
st 7bX| CSEUo| 1.0 mg.mL'e| STPP +E8US ot LS4 ISt Al AL mutst

P S
Ch. CSNP= A 22[(14,000 rpm) 2 F&lstn EF2(99%) 2 & X{3s| M|E S0
ool ofM EAtnL  STPPE  HMAHICH T, =Z A== CSNP=  UHR-SEM(Ultra
|

High-Resolution Scanning Electron Microscope) % FETEM(Field Emission Transmission



Electron Microscopy) OlL{X| &4 & XM FEZ7[(EDS) (JEM-2100F; Jeol, Tokyo, Japan)ofl
M HEERCH 2U2 35 SHEFO MESo] MEMS 2 UXEMT|(HF LUH)E A}
st ¢ de9l ¢ 37 CSNPe| ZHME= 262 50lA] 8077kX| XRDOI| 2
I HMA=ACE €S 2 CSNPe| Z=g7|= Fzloeigt Me|MEZH(FTIR)(Frontier;

PerkinElmer, Waltham, MA, USA)oll o|alf ZA=UC

ol
a
N
i
9
n
(]
w
o

—_

Ct.27. I 28d L AMMSIA XE otz=2|7} FH|

CSNPE &5 ZFF0l 2LHA7{ 1~3% CSNCE M= SIQch €S 22 0.5% OIM EAt| &
A7 1%-3% CS ZEH S M =stUCt. CS= M ti=Fo|of o nZ2|FHE 3F %-ﬁ-‘l\—i
A0 SFX2 A=stD 30x30 mm 7|2 RHEC,

cf.28. &ikst %"é;'

CS(chitosan) 2 CSNP(chitosan nanoparticles)2| &ahitstabMde QA AModsh ghdHol a2}
DPPH 3 ABTS EFEI%*i}IOﬂ olsl ZHM=ACE. Ascorbic acidE LAMUHZ=Z2Z ALSICH

D (AZ) : 500uL AR MU (1%-3%)+500 uL DPPH == ABTS M
D (CH=Z) : 500puL MEFS(E= 95% Ol E=)+500 u L DPPH EE= ABTS
OD= DPPH 2! ABTSOll CHSH 2+ 517 nm & 734 nmoll M =H™ = AUCEH.

0D oneral — DDsample w 100

Scavenging rate(%) = oo ——

Ch.29. & &4

CONPe| &t &M ClA3 EitdHol olsh ZX™ = RYct. g 2|obd 3 (L. monocytogenes, S
enterica % E.coli)= 37COA 3HRE SoF 50mL AZHZ2fA Fof 10mL MHBO A b k=
Ct. 3 ctZ, 50 plLel HtHZ|ol ME SEMS o2 MHA Z20|Eo = StCH =
ch, emme| HH ClA3E SMA (Lddi==) & / E= 2 Z2o|Eo Hix|e ClE s
O CSNPZ IEFIA|Z|ZD 24A|2F SQF 37TCOIA Hik3iCE CSNPe| & 2AM2 venire
caliper& AtEstod AXMAEA(nm) 22 FH=Yct OH Chg ofE XA MTESH Z2E
2ol w2} FE-TEMOl| 2|5l CSNP F = MlZH £4als ZHEICE

CH.30. M= &M x|
Hte|2lo} @3 (L. monocytogenes, S. enterica % E. coli)e= 600nm ZH0|Al 0Dgt 0.50]
et Wi7bX] TSB HHX[O A B E=(ACH EETH A KpEh HiE[2|ot MlE ;E‘%‘ 10uLE 96
2l Z2f0|EoM 190uLel TSB HiX|2t =gtstil 37 2 ColAl 24A[ZF SoF vieict =9
2 3% CSNP2 HMz|=A1, 50pg.nl’'el BIE2l Alo|SE-HaHo| U tHEF22 AL
dct. Mel = Z=0olEE HEZZ 5872 IMeIct O3 chs 4E4Y
N5t Z7| AZ=AIZcH olx|gtez 200pLe| 0.2% AZ|AEH Hio|22l
Hotst 53 St UESA|ZICH EB|0|EE CHA| PBSE 23 M[AESt 1fEke

o|2E MAHet & S7] A=AIZct 08 o F doldez 429

o
=

4

2 100pLel 33% oM E4HZ 2t 2ol MIIstl W28 2o F2(AE Hio[SE S SaAIR

Ct. 0D@t2 otol3 =2 ZolE 2[Hofl s 570nmollAM & &= ACE.



CH.31. AMzlgl AMe mt=a|7} HctEel 3
FCP2| HE Zof et CS 2 CSNP2 F Fet X2
= &E EFTE MAH= A5 : FCPE 3 % C
FCPE 3% CSNP Eof 52 =S¢t .'::.‘—EEF. M| & 2&
ot ghHol w2t SEMEAM 2 %6H L3 82 &elst

S5 L= 5eC2f 150 Ealct ME
C & 15°ColM 25t FAHZLE, &
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Ct.32. M=
A M2g|p Fst 37|90 A mIZa|Fp M

Ch. MEo MzuEnt o= MAHSH| 2
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Ct. AIZ(Xtotg it LHEE 8N & Al upza|7to] ogke F&=)7t
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EZ& Listeria monocytogenes % Salmo

CFU/ml) & AFROW ela3xde=z o=
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Ct.33. AlMEE ot=2|7t HchEe| Ch-Sol/Ca-Ex X E

M mzE|7t MER FOHMEIZR 22 =ZH30mmx30mm) 22 Xt21 FZ(Ca-Ex)2l S
LIEE XfotF A4 BBH(Ch-Sol) /0lELE FE=2 Foict gd&Mdo| ol A32|do
71Z=3tof 2 AFolA Ch-Sol 125ppmzt Ca-Ex 10%7F MEA=Z[Uct Sz MHEE AMsH
mtza|7 Mo MER g Zol W O82E R Act. a2E1(FPBC): 100uLel
bacterial cocktail &MU FCCa FEHe| Ciet fxlof At2|stn 30272 37|H= AlH,

J&2(FPBC+Ch Sol): FCCa 125ppme| Ch-Sololl &, &3 (FPBC+Ca-Ex): FCCaZs 10%2|
Ca-Ex %o &&, 1&54(FPBC+Ch Sol+Ca-Ex): FCCaZs 125ppm< Ch—SoI 2 10%2| Ca-Ex
%0 =Ha M2l. M2l Mol 2-430F FCCa M Z HiHZ|of ZIH Y EHZ Xi2lstn S7|
A=AMZCH M2l 2 2ZE ME=2 2H = F4 7)o 2zt=lo{ 15°C 3 4°Cofl M
90~95%2| AtCHE oA 157F Eat=[ct. ME2 ¢H oM 48 ot SR A2 2
= A2 50 =AM 33 A= AgCH
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(Rios et al., 1988)ol 2|
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(ANOVA) 2 =2



ct.39. #F
HES FHIE floll, A5 Mol 2+ SAEH (0.1ml)S 10mI2| tryptic soy broth (TSB;
Becton Dickinson Diagnostic Systems, Sparks, Maryland; BD)oll 7HgEXMo=2 K7|10 37° C
Ol Al 24A|2F Zob s A3iCE viko| =7 I™7[of =2H3MS i, M=E |4 Z2/(3000g,
102, 4° C)2 &5t ‘é!i'g M= st ctg 10mlel 0.1% B HE == (PW, Difco, MD,
USA)E 0|83t z|& M=ESETIF 2F 9.0log CFU /mlO] EHES =HICt 2 #FE =
5k01 L. monocytogenes 2 S Typhimurium HiQF ZIE| Y2 FAMICEH ZHY 2 CfS &S
A=A =23 HidEel M=Z = MAHsH SAME ZH Y 0.1mlE TSA Z& 0| Eo

elolE sty S20|EE 385" CollM 247 o v 5ol =keldict.

oot
uy =2 oo

4

HEZE =H|E s, A=dat 2 L. monocytogenese| 2 2F 10°CFU.mL'S &7| fl&i Z
M7 =5 sigefdol ZFZ2 & o|250l H7IRICE. L. monocytogenes2| 4 AZUZLE
XLD(Xylose-Lysine- Desoxycholate Agar, Oxoid), Palcam agar(ME{ix HZH I} Zet=
Palcam Agar Base, Biokar Diagnostics, Beauvais, France)ol XMASH s|AMolg EH 5109
HEesT £ &l3ct Z2o/E= Salmonella 2 L. monocytogenesl| &< 2t2Zb 24A|7F &
48A1ZF S0F 37+1° CollA, Z=2HIO|E HFo| A 37+£1° ColA 48AI b SoF v =
Ct. A&EeS AlZSH| Mol o=zt EE BF ZS AFEsStod dlxet 37[(30x30mm) 2
10£0.2g2| =2tez2 B4 Hcohgict, O = L. monocytogenes & S. Typhlmurium HEHO
Z 0.1ml2| 2F 9.0log CFU/mIE MEZS| 2F ZHo EFIct MES n=EA ZB5H| 4
s 2k SEfH (0.1ml)S =2 2070 fx[ofl E220| U= EH B2t O =, HSE
MES SF TLOAM 302 st F3 AX5td Y Eo gH2lotrt S25 FEEHEE 3
Ct. o] HAXt <o 2F 6.0log CFU/gel =7| HYUHM FES S F= JUJCE FCBP= Cts

RSM2 2 Xelof 2t 150rpmoll A 22 Sk & X[(1:2w/v)SH0{ 2HSO{ZICH,

Factor low High
UV-C (Sec) 60 120
Chorine (ppm) 50 200
H>0,(%) 0.5 2
SAEW (ppm) 5 30
Storage temperature (C) 5 15
Storage time (Days) 0 15

Table.1 Plackett-Burman design &#|0f 2|st S8 D7 M'E

1 ¥, biosafety cabinetolM ZA=A|FiCt FCBP= 375mL ZZ|= =z Zal Egjolo| ol 23T
ol A 110cm®m?day'e| 0, FztM o} 23TColM 10g mPday el +=&7] T, AHET 90%2
S 64mmel H| g2|M ZEejz=dd E2tAE HEC=E LUSsHo] 16xEe M
7| ol ZZ&sIUct. FCBP E&iol= 5° CollA Ez=qlct ME2 HE & 2 3, 6, 9,
12, 152 =of =ARHCE,

FOBPE Matoll CHsh AHF BUEE si2don], HAX, Ma, & 8% DEE, +8 2 of
M2 272 Moz 2M5Y| 9ls) 3Y o=z MEZo| IS SIMCH AT, o



Hd ¥ HM EAT 22 HAXY o= BlAKY FA7|(Bookfield, AMETEK GmbH,
Lorch, Germany)E AF8st0d Z™EUCE M Bs= [(E47]), a(HM), b(EM) HE
(CR300; Minolta Co. Osaka Japan)2| MEHE AtSs] EAM=UCt FE SH2 2247
(MX50, Precision Weighing Balance, Bradford, England) & =2 A8
EM™3ct. & 38 = = PAL-1 Z=Z CIX[E 0-53% BRIX =& A (Atago, Japan)
5to EH =}t

~

mn
>
ot

2

Ct.40. £0IE MZE 715 Al2EIS ALBE A5

|49 & 2ZTo| 5 oA MUE EX ZZEZS AR50
A™M = At (Martinez-Ferrer et al., 2002). =g =Z&st 2= X2Z|olAM 592 FCBP

SaZe SESD 1olel HF ol HX T 2R oI SMFCH LE2|ote

a
=
Mo
10
A
H
1=
2 |
x
op
>

zghHol| w2l Mz=StD onl H EEZ|™Al0 FAch A% S|ME (10°) MES| 50uLE NA
TUSI & MOdFE, & 5E0| == PDAM ZLUSIUCE 3EtEo =z F = ACt
I Z80|EE 37" COllM 24A|ZF S¢oF dfkstl ZEo| Z=0|EE 28" ColAM 4
B FACEH.  QIFHolME 7|2t =, BEREUYIIREHE ALEs5td EEH & MUt
monocytogenes2| M2 2t MEY AlZtol| 3742 ME EoloAM BH
ME flall, 2+ E&lololM 10ge| FCBPE ZE oA 2AFE EHESF oomLet =
2 23min"'=2 250 #Es Mok AlHs BHE(SP; 8.5g L'NaCl ¥ 1g LHIE)
o2 10df Aol FIIMEE PHED o|Mof HYEh il Z0o| O|FE22 X2|stUCt. Agar
Z20lE= Salmonellall A< 24A|1Z2F SoF 37+1° ColM, L. monocytogenesl| A 484A|
2 Sot k= RAct 2+ Erflol= 2vtE St¥CE 2H M2l ¥ Z2F MEEMol thsi 38rE St

gotsl| glal ooz == dgHel 4 Sof
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HE

SF51| Slsh grmo=
R4, SAEW 2

=

2| 7HY-FCBP) 2| ZZlof

>4

2k.1. 771, &
ol =82 b
M HMel=X| g
Z1t= TBCZF Y-FCBPL| A 1576.67+37.670i A1 2566.33120.70
2 H=F(T0)0llA R-FCBPL| &% 269.3%+10.330lA 6352.66
a8t SR AME(Te)= ChHE AdHoll Hls TBCE S X
T0(2566.33+20.70 CFU.g")ollM O =11 T6(616.66+6.12)
o, ol= 15 ZHHo=Z T6= AHAIMS i TBC 4.18H<]
TBCS| 224 M2 T6(82.66+9.59 CFU.g')EC}t T0(6352.66+
UCH. =, T6X{Z|l= R-FCBPAIA TBCE T0ol H|sH 76.8Hf ZrAA
2ot 3H g 2lol Yol =1 w&7|eto] ER20{ Atgho| 4
(Tango et al.. 2017). Z12{Lt 2= Texiz|et ed HE=1
o &=to| 518 Jtset =& (<107 CFU)oll USS

sie|2lot ZHA = Aol tist FA, SAEW & Ca02

SAEW X{2|7F FCBPOIAM DM E & o
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e eof et @A SoHch e
T(70) &0l s old= =&
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ore o

B o o
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ool ¥ m=olct, O2{Lf FCBPOl CHEE &
. I2tM o] odgt= FCBPOIA TF 224
12} 20f HA 4° ColM FCBPE EZ&Est= &9t TF= Y-FCBFe
A 2845.66+31.52 CFU.g"'2 R-FCBP2| &< 516.66+1.4501 A 1281.
Mxjelof &= X
TOoll H|3H Y-FCBPS| &< 7.98i, R-FCBPS| A< 7.7 Hi{7tX| TFe
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E1. CI2 43H N2l 9 5°colq REE MM3H w24 Dhma|7Hy-FCBRC| SHHE[2|0F £=(TBC), T TLO| (TFC), § &2Yat S(TsC), 3 2|2H2|0F F(TKC)
JME A%, (B2 + SE (n-3)2 HAIE Za} ¢ Hxtol gmie X2|wal o] R2817 CH2Ct (p <0.05))
Storage intervals (Days)/  microbial counts (CFU.g )

Factors Treatments 3 6 9 B 15

(ng(;_ ) TO 1576.67+37.67" 1681.67+0.888 1944.33+3.48¢ 2079+332.36 2566.33+20.708
Tl 234.00+1.15° 324.67+1.20° 477.00+1.15° 605.00+1.53° 685.3342.72¢
T2 957.00+4.04° 1144.00+1.53" 1260.33+2.33f 1317.33+35.84° 1365.00+6.51"
T3 407.33+1.45¢ 415.00+0.57¢ 577.67+6.36° 771.3349.59¢ 952.33+4.06°
T4 275.00+2.30° 395.00+1.73¢ 514.33+1.45¢ 616.67+0.88¢ 656.00+1.53"
T5 369.33+6.69° 447.00+1.15° 553.30+3.001 775.00+2.31¢ 794.00+2.08¢
T6 193.66+1.45 306.33+1.45° 458.67+4.26 552.66+0.33° 616.66+6.12°

(CF{}:g'l) TO 1419.33+64.34¢ 1522.33+0.33¢ 1662.00+1.53¢ 2039.33+0.88¢ 2845.66+31.52¢
Tl 283.67+0.88° 315.00+0.58¢ 438.33+8.34° 620.67+0.33¢ 767.00+15.13¢
T2 450.33+7.69¢ 556.67+0.88¢ 647.33+4.67¢ 753.00+1.52¢ 927.67+8.33¢
T3 678.67+13.35¢ 705.33+0.33¢ 787.33+0.67° 1051.33+7.87° 1244.67+16.23°
T4 223.67+0.88° 257.00+0.57° 308.33+0.33° 589.67+8.74° 689.00+17.02°
T5 842.67+44.34" 915.00+0.58" 1169.00+8.02f 1386.66+4.25" 1521.33+13.00"
T6 115.67+4.70° 145.33+0.33% 255.00+1.55° 310.00+£2.65 357.67+18.85

(cgtsjcg-l) TO 741.0042.08E 855.67+21.18¢ 1113.6642.03¢ 1263.66+50.33 1656.67+75.138
Tl 165.33+4.70° 423.33+37.35¢ 521.00+4.04¢ 551.26+5.64° 614.67+1.45¢
T2 631.00+£13.01° 734.67+4.33" 813.67+1.20" 951.33+15.43" 1129.00+3.46"
T3 339.33+6.35¢ 573.67+2.40° 664.67+3.17° 721.00+7.77¢ 914.33+1.76°
T4 159.33+3.71° 313.33+1.20° 405+2.00° 510.33+3.38° 606.00+£2.08°
T5 348.00+2.08° 463.00+1.15¢ 559.33+4.37¢ 618.33+4.41¢ 754.00+18.50¢
T6 109.00+8.02° 259.00+7.09* 267.00+£14.25% 331.33+0.33° 336.33+0.33°

(C%Cg_l) TO 238+8.02¢ 374.33+1.76 44142.088 577.67+0.88% 747.33+4.48F
Tl 180+4.04° 210.21+1.04° 325.67+9.74° 367+0.57° 540+8.18¢
T2 21746.03° 305.67+2.03¢ 353.67+2.03¢ 469.67+6.89¢ 61342.08¢
T3 216+2.08¢ 263.33+20.30¢ 358+2.65¢ 485.67+6.98° 615.33+2.60°
T4 176+1.15° 192.14+£12.05° 221.33+£13.04° 274.33+£13.12° 301.33+0.33°
T5 32142.08° 258.66+5.92¢ 366.00+32.00" 496.66+2.33" 506.33+1.76°
T6 11240.58% 115.01+1.25° 116+5.15° 267+0.58% 281.25+1.54




H2 CIE H3H X2 U 5°CoM &

Tk

O4E A= (& + SE

MM Wz

mtZ2|FH(Y-FCBF)Q| SHE|2[0t 4~(TBC), & 50| +(TFC), $ HR'EE F(TSC),
H

)2 HAIE Z3f, 9 "X L2me Ma|ga ziof| |2lstAl Cr=CHp <0.05).)

o

& 2|2H2[o} F(TKC)

Factors

Treatments

Storage intervals (Days)

3 6 9 12 15
(ng(fgl) TO 269.3+10.33f 733.66+58.59" 1040.33+15.63¢ 1421+18.82° 6352.66+10.428
Tl 165.33+0.33¢ 113.33+0.88° 116.66+2.40° 114+12.65° 191.33+1.33°
T2 163.00+1.15° 348.33+7.21¢ 432.00+2.25¢ 452.334+31.244 941.66+23.25¢
T3 174.66+0.66¢ 868.00+8.328 1135.41+5.99" 1977.66+97.88 1980+15.35¢
T4 33.66+11.28° 30.07+1.73° 356.00+19.03° 259.25+15.21°¢ 374.33+7.88°
T5 231.66+1.76° 392.66+3.92° 1346.33+5.23¢ 1476.66+21.68° 2803.33+73.10"
T6 20.33+2.72° 43.66+5.78" 37.66+10.39 76.66+60.57° 82.66+9.59"
LI TO 516.66+1.458 628.00+0.578 829.00+1.738 1169.00£14.73¢ 1281.00+16.00f
(CFU.g")
Tl 56.66+0.33° 67.00+0.57 © 87.00+6.11 ° 158.00+6.11° 250.66+15.32°
T2 105.33+1.76° 170.66+2.18¢ 236.00+3.21° 722.66+85.16¢ 954.66+20.73¢
T3 84.66+0.88¢ 199.66+8.73° 202.00+1.52¢ 354.66+17.93° 567.00+£12.70¢
T4 13.33+0.88° 52.33+1.76° 171.66£54.67° 185.00+1.15¢ 195.33+15.16°
T5 151.33+0.66 465.33+17.03F 587.33+33.57 805.66+71.78" 956.66+5.23¢
T6 5.00+3.51% 47.33+1.20° 62.33+4.25° 83.66+36.92° 166.33+10.72°
ISC | TO 183.66+0.66° 215.33+1.45" 361.3345.92¢ 515.664+8.45° 653.0043.21°
(CFU.g")
Tl 64.00+0.57° 166.33+5.54° 220.00+128¢ 263.00+11.35° 284.66+4.91°
T2 55.00+1.00° 74.66+2.02 ° 254.00+5.85° 379.00+8.18¢ 548.66+19.16¢
T3 63.00+1.15¢ 175.00£9.5 188.33+4.84° 202.00+52.01° 344.33+6.11¢
T4 56.33+0.88° 83.33+2.02° 153.00+20.66" 261.66+10.17¢ 337.00+18.33¢
T5 136.00+1.00¢ 139.00+2.30¢ 299.00+25.50" 652.00+71.92¢ 1960.33+5.04!
T6 51.33+0.88° 72.00+1.52° 119.00+£135.52% 131.33£12.66 154.33+12.44°
TLC | TO 346.66+1.85 435.005.00 567+11.13¢ 710+5.038 960.66+11.72¢
(CFU.g")
Tl 123.33+1.76° 151.26+1.52° 161.33+6.17° 251.25+15.14° 272.33+49.34°
T2 281.66+3.71° 357.66+4.33" 498+2 30F 565.33£19.34" 645.33+£19.74°
T3 163.00+13.01¢ 244.00+7.63° 436.33+7.96° 537.33+18.02° 697.33+57.85"
T4 82.66+1.45° 100.66+0.66° 126+1.73° 132.12+12.41° 150.66+0.66°
T5 167.33+1.20¢ 186.66+1.20¢ 242+1.52¢ 325.00+1.73¢ 429.00+9.59¢
T6 74.66+10.34% 86.00+0.57° 94.66+3.75° 121.66+27.87° 140.00+6.11°




Zt= TLCRF TSCOF &otd X2, EZE = A EZE 25
ot TSC= MM 2 A4 FCBPe| ChE XMzlofl Hlsi X2|=X| &2
A=2dct. TSC= M2l=ZX| #$2 tixa (T0)dM EESH=

1656.67 + 75.13 CFU.g"'2 Z7I3X|2t, T6 Xz|l= Y-FCBP2| Tooll |3
alete 4.938) ZAAIZCHE! 2 2).

2} 183.66 £ 0.660A1 653.00 £ 3.21 CFU.g-12 3712 Z2=4

=2k 741.00 %

16

Atololl M Chfsich= HE LIEL
i=FollM o =H g
2.0801| A
| 21422 TSC
R-FCBP2| &< TSC= T02| 2= A|Zto| Z7tetol EF

M2 Y-FCBPS| 2

$ 4.934, R-FCBP2| & 4.23uf Z2Ct 158 ZHH2E T6 X2|A| 47 Cofl EtP_FEF.
TLC= EETF Y-FCBP2| A T6 A{z2|olAl 2.668f, R-FCBP2| &< 6.78Hf S XSt AH ==
Aoz LIEtgCE MEMo=z | Alts FA- ksl 8oz F4E 765 HME|H 2t
SAEWZt 4° CollM 15 SoF Eatgr i JWEZINTI-T5) 2t o|dE Z&E AAst=d o
20MQl He=z LiEpgCh olgfsh MM Z|e MA(T1-T6)2 156€ =St 4° Col =k &
FCBPOIM bl = ZEEE AXst=0 =otA O|AYX|EF FCBPE 15" ColM Eateh = =
oI AAgCHSE. E1 2, Od 1),
SI. 1. ctE ATH xelof wE Adet A obZa|7H(Y-FCBP) 2l & e 2[of == (TBC), &
ZZo| £ (TFC), & M=da}l B(TSC), & zIAE|2lof B(TLC) L DPPH 2H (%), & HE (TP), &
ECEL0|E (TR 22 g9 % 45 2ols X2 Al (Hofs g3 + SE (n-3)E #A
Treatments Storage time (15°C)
TF DPPH TF
TBC 0 TSC TLC ) TP
0 (CFU.g | . | scavenging (OD450nm
(CFU.g™") (CFU.g") | (CFU.g") (OD760)
) (%) )
TO 7112+0.6 565+0.6 3276+122.3 | 2045%0.6 45.6+0.8 1.6+0.02 0.06+0.00
T1 3239+7.3 129+2.7 1025+0.6 1221+7.0 63.7+0.7 1.9£0.01 0.12+0.00
T2 4447+1.1 445+6.0 2938+23.3 | 1756+2.08 - - -
T3 5542+11.3 376+0.8 2525+19.6 1572+23.6 51.4+1.0 1.6+0/01 0.07+0.00
T4 3350+3.0 224+4.6 1530.6+£2.4 1261£8.5 62.4+0.4 1.7+0.02 0.08+0.00
T5 4387+11.0 | 438+10.02 | 2028+13.6 | 1435+5.0 58.4+£0.8 1.6+0.01 0.07+0.00
T6 3952.33+3.7 | 227+7.69 1518.6+£2.4 1351+2.4 61.5+0.2 1.7+0.01 0.09+0.00




%2}
H
n
rm
n
T}
=
R
u
=2

2tEI2|0F +(TBC), § &80

AN
=
# (TFC), & MRAat F(TsC), & 2|AH2|0} Z(TLC) X DPPH 21 (%), & HE(TP), & EctRL0|E
(TH2t #2 JY o S5t Hats WaX|2 Al (Aol Ead + SE (n-3)E EA|)
Treatments Storage time (15°C)
DPPH TP
TBC TF TSC TLC ) TF
1 ¥ ¥ 1. | scavenging | (OD760
(CFU.g") | (CFU.g") | (CFU.g") | (CFU.g") (OD450nm)
(%) )
TO 7462+60.6 4542+6.0 3141+8.5 2814+15.6 - 1.4+0.02 0.06+0.00
T1 1990+2.0 445+3.8 1397+£2.8 654+9.8 - 2.0+0.01 0.11+0.00
T2 4051£13.0 879+2.3 1527+18.6 1347+9.0 - 1.9+0.01 0.11+0.00
T3 6630+11.0 4433+17.3 2832+12.0 2466+5.0 - 1.8+0.01 0.08+0.00
T4 2458+1.4 852+1.1 1451+£3.3 675£12.6 - 2.0+0.02 0.14+0.00
T5 4626+50.00 3543+41.0 2177+£10.6 1459+£32.6 - 1.8+0.01 0.06:0.00
T6 3484+13.3 956+6.9 1739+3.06 1090+2.3 - 1.9+£0.03 0.11+0.00

Si. 13 1. cjst

71 % g 7| M2 M2 =D 15°CoH M EEE|E FCBP.




Red bell pepper
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Yellow bell pepper
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2}.2. FOBPO| PO U Al BiEtM w3}
o =
= o

AMsE detEo| st 2H|SHE OlFE dAdE2E2 &4 slol ¥7| flsiAMolct w2}
M ZElErol= & EZZ|H =2t 22 FCBPe JAVIE =ESts Zol EaHolct o F

o =
?leds &¢

=

[t FCBF

ase stetE2
l

C}. 2fA o

Cl. FCBF AHE% 4° C 15 =oF HasticH E3 2 4, SI E1 2 S| E2). FCBPE 15° C

oM 3 oA Eate mf Eotyst HozZ LIEMGCt. w2l REl= 3Y ZHHo=Z o Ak

3 AlEs5tstd HelE HAEYD LiSol= S HAS stel(S. a81)sto] 15° ¢ 2

Z=AS g FHstl 4 ¢ EEAEo| RS DPPH &H, & H= &2H(TPC) ¥ & 22}

HLolE &2ZKTFC)2 & 7HX 8ol FCBPOIM Xzl ¥ 2= Alojo| FolstA ZRict
A

(p<0.05). DPPH &M 2 E=2o| e 2E XEloM Rl B7H5tH 2L 150
T622 HMz|=l ME2 Y-FCBPAIAM Xel=X| 22 ToECk DPPH 27t Of =& 9hH R-FCBP
= O 22 DPPH &HE LIEHHES ZAIMCE ToECt TedlAM (E3 & 4). T62 XMzl =
R-FCBP 2 Y-FCBP2| o|2{st Cl2 HtEe Clekst n|M 2 Z2Est 2 sitsladof 7|°I°F 4=
UCt. Y-FCPB= R-FCBPECt SHitstatMolM O oSt Ao=2 BS{MCHE3 & 4). & H=
(TP)2 Y-FCBPS| ZS T6(1.79+0.02 ODso)2CH T0(2.21£0.00 O0Do)0IA, RS A
T0(1.58+0.01 OD7go) ECF T6(1.6640.01 ODeo)OMIA T =RUACH. -15d 7+ FCBP (FE 3 &

4). & E2tE0lE (TF)= Y-FCBPL| T6 (0.08£0.01 ODsso) ECF TO (0.12£0.0 ODasp) Ol A
H =*20, R-FCBP= 152 ZHAolA Toot TeZtol w2let Xto|E HO[X| AJUCH E3 &
4). ZzIp= TR TP ol Relst S48 71X 2t gitstAEte A8 &5t =
7| EaME SEESICE



H 3. DPPH 24 (%), & HiE(P), & Se4ELO0|ETHY Z2 Y U M3} Qo] ZH : ChE X222 XM2|ED 5°CoflM BEEEH L2t D= a|7}o)
% ZatE 0| S(TR. ZIMs BFSE (n-3), 9 MXte| UYmsIe X|FHo| mat AA CHECHp<0.05).
Factors Treatments Storage intervals (Days)
3 6 9 12 15
DPPH (%) TO 59.55+1.00" 64.38+0.09¢ 68.83+0.74" 70.84+0.07" 72.74+0.228
Tl 43.69+0.04° 45.57+0.24° 50.61+0.25° 55.62+0.19* 57.06+0.04
T2 55.22+0.10¢ 60.18+0.03¢ 61.7620.14¢ 69.72+0.12° 70.56+0.58°
T3 53.46+0.33° 59.5740.28¢ 61.44+0.06° 63.20+0.87¢ 64.77+0.11¢
T4 51.64+0.21° 55.46+0.13° 59.224+0.04° 60.55+.0.0° 61.38+0.18°
T5 56.24+0.70° 61.4420.33" 66.5120.20° 69.68+0.34° 71.68+0.28"
T6 52.7240.16° 57.38+0.23° 60.76+0.09° 62.25+0.12° 63.47+0.65°
TP (OD760nm) TO 1.83+0.018 1.85+0.018 1.92+0.028 2.03+0.038 2.21+0.00"
Tl 1.59+0.02° 1.60+0.01° 1.65+0.00° 1.71+0.01° 1.72+0.00*
T2 1.65+0.00° 1.71£0.01° 1.77+0.00° 1.8140.00e 1.8840.01¢
T3 1.62+0.00° 1.67+0.00¢ 1.69+0.01° 1.77+0.01¢ 1.89+0.01¢
T4 1.61+0.01° 1.64+0.01° 1.67+0.01° 1.720.00° 1.76+0.01°
T5 1.66+0.01° 1.78+0.01° 1.79+0.02° 1.84+0.02" 1.91+0.00°
T6 1.6340.00° 1.65+0.01° 1.70+0.01° 1.73+0.01° 1.79+0.02¢
TF (OD450nm) TO 0.08+0.01¢ 0.09+0.01° 0.09+0.01¢ 0.10+0.01¢ 0.12+0.01°
T1 0.05+0.01° 0.05+0.01° 0.06+0.01° 0.07+0.01° 0.08+0.01°
T2 0.07+0.01° 0.08+0.01¢ 0.09+0.01¢ 0.09+0.01° 0.09+0.01°
T3 0.07+0.01° 0.07+0.01¢ 0.07+0.01° 0.08+0.01° 0.08+0.01°
T4 0.06+0.01° 0.06+0.01° 0.07+0.01° 0.07+0.01° 0.09+0.01°
T5 0.07+0.01° 0.08+0.01¢ 0.08+0.01° 0.08+0.01° 0.08+0.01°
T6 0.07+0.01° 0.07+0.01°¢ 0.07+0.01° 0.08+0.01° 0.08+0.01°




E 3. DPPH £7{(%), & HiEP), & S2t20|STH2 22 Y U S43 Xt M : C12 H2|2 M2|E|n s°colM BEE W7 ohzajytel
% ZatE 0| E(TF). Zits WR4SE (n-3), 9 HXle| Losie X|8Ho| wat 3 CHECHp<0.05).
Storage intervals (Days
Factors Treatments 3 5 g 9 ( ) G G

DPPH (%) TO 56.21+1.21° 45.23+0.87° 53.37+0.29¢ 46.22+1.30" 34.29+0.02°
Tl 41.25+0.54° 49.39+0.12° 48.49+0.08° 46.47+0.45" 43.26+1.00¢

T2 54.12+0.81° 57.67+1.11° 48.69+0.63° 35.68+2.65° 29.74+0.17°

T3 65.214+2.26¢ 45.39+0.31° 44.93+0.53° 43.92+0.75° 35.07+0.72°

T4 65.25+0.14¢ 43.89+3.13° 42.09+0.30° 40.15+0.14° 36.30+0.40°

T5 41.25+1.24° 45.34+0.68° 44.44+125° 42.25+0.89¢ 35.68+0.73°

T6 71.2540.12° 55.32+1.30¢ 55.0140.32° 39.80+0.85° 36.00+1.13°

TP (OD 760nm) TO 1.7340.12° 1.7240.01° 1.65+0.02° 1.60+0.02" 1.58+0.01°
Tl 1.65+0.01° 1.65+0.12° 1.64+0.10° 1.63+0.01° 1.63+0.01°

T2 1.73+0.12° 1.68+0.09° 1.68+0.08° 1.65+0.01° 1.63+£0.01¢

T3 1.76+0.03° 1.66+0.01° 1.62+0.01° 1.55+0.01° 1.504+0.01?

T4 1.73+0.21° 1.71+0.01° 1.70+0.04° 1.66+0.02¢ 1.65+0.01°

T5 1.67+0.01° 1.62+0.02° 1.6140.06° 1.56+0.01° 1.5440.01°

T6 1.7340.02° 1.7340.02° 1.7340.02° 1.69+0.01°¢ 1.66+0.01°

TF (OD 450nm) TO 0.08+0.01° 0.08+0.02¢ 0.060.01° 0.05+0.02° 0.05+0.01°
Tl 0.09+0.01° 0.08+0.01¢ 0.0620.01° 0.05+0.01° 0.05+0.01°

T2 0.13+0.02° 0.07+0.01° 0.06+0.02° 0.06+0.01° 0.04:+0.01?

T3 0.08+0.01° 0.06+0.01° 0.060.01° 0.05+0.02° 0.04+0.01°

T4 0.08+0.01° 0.05+0.01° 0.05+0.01° 0.05+0.01° 0.04+0.01°

TS 0.06+0.01* 0.06+0.01° 0.06+0.01° 0.05+0.02° 0.05+0.01°

T6 0.09+0.02° 0.07+0.02° 0.06+0.02° 0.06+0.01° 0.05+0.01°
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o0 %O ok OU 0 0 mPDV
ey = =1
[ T W _ mlr i
o o] B LU )
RKE ) N = ol
<E SRR 0 :
e B 1] uH 2
el QP o B ur 3
N a7
NN E ol & o
B oo 3T gy ar B W/
1w g o
_HI IQI w O_._._ O_I ﬂoo/.f..ﬁ
il o "o —
o IHE D AK
= o 0 <l ol 0 R g
ok —, »r <A ) i
o T io—
T = = 3
-3 @ g ol 5 g : .
TP BB . =
Al - H .5 O
Haog = =
.“A=._ IPMU\ I_./| E__._I._ ~— __o_._._
REES — o B 2 K
ﬁ _ —— — )
R T : e
H _JH ok & X 2 g
ok ol a7 _ T = = =
2o M K52 / 4
-~ —~ ) O - "
ko ol 9 = : i)
I T N
a1 B g — Ko = o
e R - SR
o™ - = ol
Rlgms - WX o
— Tl _I_ __P o O_ 1o l_/_.A
ol T KT XK \
RC o O OF M
- T U £ ©
kma___%m_ﬂﬂxmmﬂ —
T N <F ™0 o o o

7t

%

Z+ZE
o=

~T5 —=Té6
al

=2

T4

=]

Visual apperance
T3

T2
FCBP (b)

==T0 =TI

o| x|

M3 AFH e X|2H|7F R-FCBP (a), Y-

T2

-
59y



5 02 71X €2H 2 MIED 5°CHM BREEE= {2 otZa|7tet 27 otza|7te] A AU MY HIt 2. R +SEn-3)E EAE Zi=

IEXte| AmpBI2 HE|Y A (p<0.05)2H0 F2SHAl Ch2Ct.

Storage time (5°C)

Factors Treatments Yellow Red
3 6 9 3 6 9
Hardness (g) TO 1127.14+1.83¢ 1108.14+0.67° 1007.09+0.098 1633.84+0.85¢ 1024.07+6.59* 767.15+7.52°
Tl 1351.97+15.02" 1253.86+1.262 962.65+3.23" 1682.13+4.29° 1547.54420.77° 1325.83+33.46°
T2 1029.34+0.50° 947.19+0.47° 643.96+68.00° 1150.45+1.82° 1139.82420.05° 990.16+2.96"
T3 1006.68+1.79* 986.58+1.54° 760.50+1.53° 1177.52+0.36" 1169.34+29.27° 1148.17+14.15¢
T4 1374.43+11.09¢ 1120.10+5.90" 931.18+5.57° 1924.17+1.978 1532.85+16.39° 1476.93+9.49"
T5 1148.01+7.41° 950.12+2.07° 843.93+18.82° 1357.99+16.63° 1334.48+12.36¢ 1376.92+10.4°
T6 1244.75+40.26° 1051.3243.69¢ 925.00+10.30¢ 1763.02+6.04 1641.64+14.73¢ 1547.78+3.678
L TO 52.3+0.60" 49.65+0.70° 48.10+1.68° 35.43+0.12° 34.35+1.18° 32.65+1.30°
Tl 59.35+0.64° 55.06+0.59¢ 51.900.88¢ 34.09+0.59 33.87+0.87° 33.83+0.99°
T2 52.09+1.75° 51.3240.63° 35.00:£0.45° 35.19+0.60° 34.86+0.37° 34.47+1 44°
T3 51.64+0.84° 49.00+0.12° 41.56+0.39" 38.00+1.00° 34.17+2.81° 35.2042.05°
T4 57.15+0.48¢ 55.23£1.72¢ 51.90+0.33¢ 34.32+1.04° 32.06+0.98" 31.04+0.56"
T5 51.82+0.29* 50.46+0.41° 35.41+0.45" 35.96+0.30° 35.21+0.60° 35.04+2.30°
T6 54.20+0.53° 52.86+0.37¢ 50.21+0.04¢ 50.82+1.28¢ 45.77+0.29° 40.43+0.94°
a TO 6.38+0.10° 6.04+0.11° 5.31+0.13° 25.46+2.3° 23.75+0.79¢ 16.07+0.42°
T1 18.46+0.61" 15.55+0.15" 14.96+0.32" 22.40+1.43° 21.16+0.44° 20.4+0.15°
T2 15.28+0.23¢ 13.61+0.18¢ 11.37+0.48° 24.36+1.57¢ 24.4+1.58° 22.12+0.51¢
T3 9.39+0.14° 8.2840.16° 6.37+0.16° 23.08+1.23° 22.06+0.41° 5.7240.28"
T4 15.91%1.75° 14.60+0.19° 14.28+0.43" 20.63+0.88" 20.01+0.39° 5.710.28"
T5 8.48+0.11° 5.2440.00° 4.44+0.18° 23.07+1.78° 22.3+0.56° 5.57+0.33°
T6 14.23+0.61¢ 11.41+0.94 10.26+0.23¢ 25.82+0.39° 23.16+0.54¢ 5.56+0.33"
b TO 42.65+1.24 34.61+0.36" 28.70+0.88° 18.79+0.32¢ 15.33+0.58¢ 8.62+0.29¢
Tl 49.21+0.03" 44.79+0.50° 43.49+0.89" 14.02+1.44° 10.61+0.32° 5.8840.32°
T2 46.99+0.85° 41.62+0.08° 33.95+1.83¢ 12.04+0.93* 11.62+0.64° 4.26+0.63"
T3 48.38+0.59° 40.34+0.19" 27.53+0.15° 16.04+2.9¢ 13.43+0.92° 4.55+1.18°
T4 45.80+1.29° 43.05+0.19¢ 40.39+5.33° 18.31+0.58¢ 15.28+2.05¢ 2.99+0.20°
T5 48.64+1.41° 43.81+0.87¢ 39.11+0.16° 11.67+0.3° 11.27+0.55° 5.20+0.61¢
T6 47.64+0.31¢ 45.53+0.14 39.81+0.31¢ 38.41+1.78° 15.77+0.39¢ 9.56+0.34°




2t.4. o|d= Hs}
AMZF07) HYUY o|dE2 AHSI| FCBP2l ZES SAZ|7] flal HAXMIIE At o
O

M Z=2ZHio|2E EiE|z|ot EEo #etE = X[Z7HA| gich mWEiM 2 AF= HMAETL
b 4

=2} L. rhamnosus GG 7HE 3 =gtxz|of| = FCBPL Z& 1 Mo st &3E H
JHicH ANz AlMEE Mot sAMS0| ZZ2HIO|QEIASE ME35H AlZEofj7) Helde oAX|
Felst Aoz B Fct ZZHo|QEA Xz2|= nielol

= Aoz Hu=olct. & AFo|A FCBPS| old
| w2l FelstAl ZRch(p<0.05; ®1). TBC= X2
off CHsH 1080.12+8.1 1161.71+15.26 CFU.g'e| ®2lolo{, T20llA O =T T40i| A
o Stch. FCBP2| A§Ab2 R-FCBP(1395.43+13.25 CFU.g')ollAM  =|cH, T-FCBP(826.60+
9.12 CFU.g-1)0ollM =2 LIELGCH XZ2Eel A TBC= 4CHEC 15TColM o 2ol &
Bt £ TBCE 224 @A2 MET|ZHol It wEl SX s SURich w2t
M L.rhamnosus GG FCBPOIAl Ml Zzte| AXoff of E&AM0|AUCt AXMZ RAF2 A

t2 Fsts HARt=S o5ty mZo| giEH2lof 22H 42 HMH2R ofYste
o

—_

o2 U™ <Uct. TSCE T1(495.68+2.86 CFU.g")ollAl ©f =1 T4(278.38+1.78
CFU.gollM ©of A E=dct. TSC 2E2YE M2 Y-FCBP(179.51+1.05) 2Ct R-FCBP
(561.50+2.02 CFU.g")ollM o ol 7|E=2dct. MER2T7}F 157C(530.64+1.05 CFU.g") L
mf of =% 4C(210.38+£2.03 CFU.g")ollA Of Skt TSC ESF XM ZHA|ZEO| S0f o
2t SIIME B2t MAXMIIED L. rhamnosus 662l ZErM E2 FCBPR| Salmonella =
HaEMg Molgich TLCE T2(136.55+0.85 CFU.g")ollAl Z715+1 T3(19.454+0.72 CFU.g™")
ol Al ZtAgict. TLCe| ZT2H2 R-FCBP(90.31+0.58 CFU.g")ollAl ©f Efo] Z7Efor
Y-FCBP (67.77+0.89 CFU.g")ollM O ZUCt EZE2F 15C(118.95+0.82 CFU.g)ollA =
7hstd 47C(39.13+ 1.25 CFU.g)ollM ZtAagion] X ZA|ZIo| STtahol| w2l S73Yct.

L .rhamnosus GG2| SA|HZZ FCBPAUIA Sa/monella SCt Listerial MEHEE F2lst
A AH SR 2 ATFolM TSCeE TLAB Alole| 22X Mol MItotA & HESIUCH

Mol BE= JAbst Aol AtnZRX|Q| L. rhamnosus GG SATZYEZS Alnp &EX|&He

>\l 0\1

HAollA AlZof7f Heldoll thst L. rhamnosus GG2l ZEH RISt ZAetEtM g HRcth TFC
a2 T1(1198.92+1.52 CFU.g)ollA Of =% T4 (735.81+£2.83 CFU.g)ollM Of =t
ck.  TFCel  Xl2h2  R-FCBP(1352.88+2.00 CFU.g")olM ©f  Bto| 27D
Y-FCBP(563.42+1.62 CFU.g")ollM O XA 2A=AcCt 15C(1639.80+1.56 CFU.g ")l =
2 2ToM o =% 4C(276.50+2.08 CFU.g")ollA O Zgtonf XMZE7|Zto] Ztstof
w2t SoKch Xpdx ol st EIIM o MEMZe| MEXIZ 2Rt L. rhamnosus GG FCBP
ol ZEo|xlzteixof Zoig = QUct. OIEIX|Z, |FA4ZFE FHEBAAM ZHoOIE AH
St ZHe® 23™ Uct. FAHF(LAB)2 T1Zh T2oll= SUIUXIZE T1nb T2olME LABZF A
2l =X LA7| wf-2oll T3 T40l= EMIUCE. EESH L. rhamnosus GG HEe F 2TO0A
T3 2 T4ollM =i 12L7EX| 10°CFU mL7'e] =7|s oM HAE X 2D FX = Act. LABS
Z2M= AZoi7) HYM o|ldE 22 A EUCt. Salmonella, Listeria, & HE|z2|ot
HMAMIIEMO| L. rhamnosus GG Me|= WZHAHnL 2tM FCBP 25

of & Zo|. Zue o
ol AZoi7) HANT FAWMS of LTt



Ir
L

1. o2 AZE ZHA(
FCBP2| o= 7HA|

NS- S35 &F.

ol
=

oy

YollAl L. rhamnosus GG %!
HMsF &ol(4, 15° ¢) O &Y

4
£ 23

ety MH =2 M| =AHLE M2 =R g2 R&Y
A SHAl "ot +SE. *+ 7208 (p<0.01);
gteflzfot 4~(TBC), & &=z} =(TSC), & 2|AHZ|of +=(TLC), & =0l

XA

£=(TFC), & & & diE|2lot =(TLABC) .
Sources Microbial counts (CFU g™)
TBC TSC TLC TFC TLABC
Treatments
TO 1959.30+6.14 1.83+0.23 1.57+0.05 1000.87+4.55 0
Tl 911.6+2.56 0 0 753.61+6.23 0
T2 1031.21+8.74 | 640.43+2.34 431.36+6.11 836.28+2.56 0
T3 412.242.89 0 0 115.57+5.79 86.30+£3.55
T4 491.87+7.25 245.43+5.26 102.48+2.13 619.59+6.13 83.14+0.84
Colors
R-FCBP 1188.09+9.25 | 225.56+4.25 149.69+1.96 932.94+3.93 33.79+2.84
Y-FCBP 863.96+7.21 129.52+2.15 64.47+2.89 397.55+3.71 33.98+3.08
Temperature
CO
4 585.05+8.25 115.98+6.15 89.24+2.13 199.06+9.29 35.19+1.85
15 1367.2+4.25 239.16+8.14 125.04+1.69 1131.43+2.30 32.58+4.79
Intervals
(Days)
0 195.30+4.26 210.83+2.64 164.14+3.73 24.38+2.21 48.94+1.97
3 672.58+2.54 99.47+6.12 110.58+2.39 457.77+2.14 32.29+1.50
6 895.10+4.27 125.44+4.52 67.19+1.62 724.84+3.13 32.7543.65
9 1287.33+2.21 | 234.83+53.15 84.21+5.85 891.25+8.00 30.57+1.07
12 1271.8149.25 153.40+8.21 97.84+1.00 912.70+3.60 30.20+2.51
15 1533.28+5.26 192.67+1.62 118.5242.65 980.75+1.24 28.57+1.35
Significance
Treatments | (F=1115.24)** | (F=35445.03)** | (F=23970.39)** | (F=27561.41)** | (F=18963.46)**
Colors (F=284.64)** | (F=5157.02)** | (F=6088.55)** | (F=85918.17)** | (F=0.019)NS
Tem(fif’cr;‘mre (F=2489.02)** | (F=8512.48)** | (F=1054.36)** | (F=244433.7)** | (F=66.97)**
Ifzge;;’j)ls (F=500.68)** | (F=1138.20)** | (F=666.34)** | (F=17773.40)** | (F=421.33)**
2t.5. &= 3tsta Hstet ahilst EN
MAMItE A L. rhamnosus GG 169 S¢ot 2742 2ol 2atE A2 & 20 Lieb RACEH
O Z3op sitstA et AlEM MES X2l, FCBP 78, 2ot 2% 2 7|zt w2l FelsHA
CHE A2 =2 UIERREHp <0.01). DPPHAAFWolIM gitetatd e TA(HAHIIE o L.
rhamnosus GG) AE0f7if HelFol FlztstE Sot FCBPL MAstgtE &4A=Z olsf| T1(&HA
HItE t=EAMEl) ¥ T2(HMAFMIE 2 FBC M2|)oAM O W2 Ho=2 LbEtGch ESH H
el Zit= FCBPOIM & Z2IE0|=2t Hl= Ato|2] AMZIZIAIE ASIMCH FALSHA, Of
M Ao ZZHIO|RE FiAS ME2 AlMeE Motk HEol EXo JE&S o|X(X| 2
I F 1 EMEME wAletctn 203 MAMIME2 FCBPel ZEE FXIRX|CH
O B3+ L. rhamnosus GG. AtEO| M Mol eHHME EZESH| 2o MANEII=SEN
o2 Xe|E FCBPe| MIZANIER sE & St Zut dEMo=z obMsictll ZEFEE= Ab
2to| MF[st7|ofl ebM St 0.001%2 e F et



H2. Lactobacillus rhamnosus GG X ‘d3st™ MM 2 X2|stAHLt X 2|stx| X2 MMt HEt
oo 2|7HFCBP)e| 243 U M E 3EHH HelEM, A= FHEHE F

b
w Qol0|3 ZE LIEH(p<001). & B2AHO|E B (TFa) X 5 HiE ¥ (PO
(

Sources DPPH scavenging (%) TFaC (OD450nm) TPC (OD 760nm)
Treatments
TO 51.75+0.62 0.085+0.018 1.28+0.15
T1 17.37+0.76 0.087+0.005 1.81+0.21
T2 16.16+1.26 0.081+0.007 1.88+0.18
T3 23.27+0.25 0.075+0.010 1.76+0.13
T4 16.95+0.31 0.085+0.004 1.88+0.11
Color of FCBP
R-FCBP 24.52+2.61 0.084+0.001 1.75+0.17
Y-FCBP 25.69+0.76 0.081+0.010 1.70£0.13
Temperature
4 24.16+0.37 0.081+0.004 1.71£0.16
15 26.04+0.24 0.085+0.001 1.73+0.11
Intervals
0 79.95+0.13 0.117+0.013 1.75+0.01
3 17.11+1.41 0.091+0.015 1.86+0.08
6 13.87+0.76 0.091+0.001 1.73+£0.09
9 15.16+0.26 0.069+0.02 1.71£0.16
12 10.94+0.77 0.072+0.04 1.63+0.08
15 13.58+1.98 0.056+0.011 1.66+0.02
Significance
Treatments (F=16555.60)** (F=12.15)** (F=365.10)**
Color of FCBP (F=20.24)** (F=18.07)** (F=19.48)**
Temperature (F=52.51)** (F=11.18)** (F=8.6)**
Intervals (days) (F=7175.76)** (F=7.46)** (F=30.63)**
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Ml 2= L. rhamnosus
b FCBPS| =2|A - AlZHH
Hes Me2l, 22 25
HAXIoF HE2E(p

Sa|x | AlZtH oj7i

MehEel 2y
o

w3

Al =
HMel=ln 158 S MZ Cl2 2E(4TY
£ Ho{FEcCt ZIof wma™M |, a
712H(p<0.01), A A S color change)Oll A
ol = Xto|7} gidch. 12 = FCBPL| Atef x|
T |IQiCh AMatofofi |2 XMZEV|ZHo| soigol o2l ZhARct
7} FCBPS| ZHio| A&S o|xX| 2s=S LiEtHCH H2IH FBCO
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(o] ZEATF X FEI7b Ech aBut mhEE|vtes
of2f JIX| Ao U7| = I
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2 Na|stAHLL Xa|sHK|

[o] X=)

L=

MM

oF o (FCBP)2|

Ma ol =Rl FE|H EHEE 9 CE AT F(®)el F 71X 224, 15°00M BEE.
ZAite £ g FH ®F + SEE LIEMH. » fo|0] & (p<0.01); NS- FR28IX| 23,
Sources L a b AE Texture (g)
Treatments
TO 22.74+0.20 7.40+1.00 13.76+0.55 8.79+0.20 597.02+5.99
T1 23.36+2.04 9.05+1.38 12.95+1.01 9.32+0.25 693.54+5.49
T2 170.06+2.25 5.80+0.73 18.18+0.51 11.81+0.27 540.99+11.41
T3 27.40+1.99 7.99+0.21 17.56+1.99 8.53+0.69 739.02+2.15
T4 27.96+3.04 7.81+0.17 18.55+2.13 8.20+0.41 449.33+45.88
Color of
FCBP
R 28.92+1.20 17.99+0.18 12.93+0.63 22.46+0.44 659.12+4.87
Y 79.69+1.03 2.24+0.22 19.46+1.52 8.23+1.77 548.84+2.09
Temperature
4 88.13+£2.90 9.01+0.77 18.44+0.55 8.82+1.41 842.41+9.40
15 20.47+1.51 6.22+0.83 13.96+1.73 9.84+1.81 365.55+3.83
Intervals
0 342.75+0.51 12.46+0.03 26.35+2.69 5.94+0.59 1018.74+8.53
3 240.86+0.72 13.18+0.51 24.95+1.53 6.12+0.44 1054.24+10.35
6 51.73+0.78 7.86+0.26 23.18+0.61 10.93+0.14 708.40+13.20
9 31.71+£2.22 8.14+0.66 14.90+0.87 8.59+0.65 524.00+3.61
12 10.63+2.05 3.77+0.84 5.67+1.12 11.79+0.87 252.84+3.34
Significance
Treatments (F=3.97)** (F=122.09)** (F=53.07)** (F=5.58)** (F=83.89)**
ng’épf’f (F=3.35)** (F=13.51)** (F=223.21)** (F=14.93)** (F=8.35)**
Temperature | (F=3.35)** (F=619.08)** (F=120.36)** (F=0.11)"° (F=872.56)**
hsz;}‘,’;ls (F=4.95)* (F=1564.99)** (F=668.91)* (F=12.77)** (F=831.22)**
MEYE HotHEo| Aot nfelol EXZ HZESHY| s #sEIis EFo|oh 2 o7
Me & 7iel M2 g 2Z0lA 15227 M ZHE FCBPoll Chet MAMII= L. rhamnosus
Geel 7HE 2 =otHezlof et =nte| AgsS HIIRHCt J2{Lt FCBP= =i 12 7HX| Al
g = UUYX|EE o] = = ¥ ASof Held 222 FHEFZE Qe UstE
Ct. m2fM 122 = 4C 2 15Co EaE M HIIE 2/ E£=L. rhamnosus GG 2| &
FCBP= MZ7F 22 AIE5t0d 2ts"HILE I CE FCBPS| ZZ 2 15TOAl 122 ¢t
HaMSn o Letst viH | 4C 222 AetE MAEEIF gost dAEES 2EoiFAct
(822 ¥ b). MIH 8 XMeles 42 ZHH2=2 {olo|E HO|X| pgA2LE, ol Al Fof
W welde rlebs dX|istn zof 8(T1)7HX| ERS RAISHF 2L} FBCRF Fod FHIIMH
(T2) & Aoll= X &£A20] FCBP MES flai 15° ColM= =ntAo| 2bch. 2Lt
Mol HIIE3 L. rhamnosus GG XM2|(T4 ¥ T3)= FUle| &4 glo] 4Tl Ea2EoA
Z|Of 12 7HX| MAH 5 2tAl FCBPS| ER S RAIMCHIE 2a 2 b)
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Temperature
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—~T1 T2 T3 T4 ~T1 -T2 —=T3 T4
Color
10 10Colon
. 8 i 8
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-{5\‘ Browning ”\\ \ Flavor Browning K Flavor
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Juiciness Taste Juiciness Taste
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2F.7. LMNCS/TTO L= offHA
M== Lir ofHAS 0.197 CF 2AKK|22 114.3nmollA UAIF 7| S LIERHCH 2211) . L}

T olE™ Yo XHE2 of2ff MMollM =2o|=2Act.

Size Distribution by Intensity
20¢ M

101 - j [ [

Intensity (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

1. LMWCS / TTO Lt OfHFo| Xt 37| M.

FCRBP2| ZtS=4 (2f2H(AP), AH&H(CO), HAH(OD), SH(TA), EHH(FR), Z&(WU) H T
Z2(00))oll chet cterst M2[ef Jdes dotstn AE Og20 LtEHHCE 2 M E ol A
Aot vt Zo| sH Hats H(1-10)2 E-HZ(Act Hx=x ME2 1229 FH 7
o|gt HetE EJXIC ChE XMEldMes JZX| pAsHCH tHxEd M3 St2 1584 6
Hojgte| Mg 2dct. =g SoAM HAl, g & dEEel Ed&4do| gEEs set
18U7EX] Agto|l  F ®Heprb EEX] Rt CaCl,,  LMWCS,  LMWCS-CaCl. &
CaClo-LMWCS/TTO Ol F 22 XMElE ME2 == HS2t 8|nsto] 152 7kX] HEtHel =
Aot 2t ZAHEH(=27)E FAIRMCE. IF CaCl,-LMNCS / TT0 ollHE 2| HEX2[= 187K
FCRBP2| XMl ZH S MEMoz FA|FCE HF0|, Setialal AFoiiEAd 2t
2ol AHE mjx|= FCRBP= ®H|Z[of ¥ S AlUXIZ AHMStD Z[Of 1527HX| FCRBP &&E
=2 SAZIc g TT0 XMElE ME2 AF Mol FoF 2MAR 2FE= TT00| s
A Yol o] ZM=z ¢lof mZ2|7te| AAUSHE SetA7|= Hez 2E = Aot



6th dﬁy 10 AP
0Q o

FR TA

s Com 101
s ATW CS

12thday 1 *F 15th day 1"“’

o

FR TA
s OB SE
e LMWCS Coutrot
s CaCR —ATWLS
AP
18thday 1 2stday g7
o 3

0g

i1
2 FR TA
s (a3 {101 .
—— LAY CS = Comtrol
—CatR —LXWCS

J32. FCRBP CHER 1t CHYsH X 2| Bs=M. o Aar), MH(Co), HA(©OD), 2H(TA), X (FR), (V)

7t 5% 240|ch
2HolM S8t Moot Alat
X Ao oA FHR= E 12 20 MAIE U204, FCRBP| 21U7HX| M| =X 24-2(oH

=< =
Za) 2 A2t cretet Mol MaEM AuE EoiECE ETot M2HES2 4ToAM
(o]

212 Zob M2 ChE XFZHH Sof MAK(L, a, b)o| ROIEH Halsb LiERIX| ertoLt 1
& 2toll Hspop zhEtE| ek, ZEHEl CaCl,~LMWCS/TTO ol E A X 2|= Atstz Qs Aoz
Al 0

S5l Bostm 21UNK| MAS FXYCH JEM ROl Hatg Haskn
Q 2

12247kX| SLst HelE FAIMX|CE opx|et 21doll= o M2 @HaF 2E=gCH hxE
SOl 122 F5 Ajato] Zasty| AR en HEXZ|Z ALK AS=HK = ZU
Ct. J2{ =22 M2l HE Atole] MR AE)= =827t 18U 7HA| Mg &Es5 &/
X|(p<0.001)5t= AH2= LtEHGCE



Treatment L & b AF

Centrol FLH 2 0% 3 2 0340 1342 £ 440dn HF74 & (1086

IMWCS 36.17 £ 063 EENER- SN Y 1657 ¢ 4102 W £ G061k

CaCiz RUEIEE SN 373 2 0135 048 ¢ B.0980 LIS £ 006k

LAWOSGaCR AW 2008 3ET 2 0 1% .60 & 0 ibdhe FATAR BERIIRL

LMW TIO-CadiC 3507 £ 00%4 3028 £ 0148 1649 1 DO A6 & 00640

TAWOSTTOW 8T 330 2 0071y 4347 + 4 14% 8 00l T4 £ G00%

Storage thme (uys)
& 3747 ¢ e J1421 & 6170 15734 = 9.020d 186 & 4T
3 38745 2 0075 5T 2 01 Me 183% 2011 TR £ 0075
& 36436 ¢ G673b 40033 + 0171 17410 + 0115 TLEIR 4 087E
b 36249 4 808D 38035 ¢ 616% 16001 + 4122 13532 4 340
2 35953 £ 0085 3TR0% & 17 TRRTE 1 005 AL DO
15 35182 £ 6076 36,080 + 61660 15552 £0.11%s HETET 1 0075
14 34435 £ 6078 RAN VLR FRI0L RNV AL HAT & (068D
% 34200 ¢ G075 Mus 817 097 + 9.1 s WA & G000k
Fovalte and Sionificance
Treatments 14 467590 454 3 mee 650405 A T R
Iatervals i) 180.975%%8 i 21487 8 ggasne

1. FCRBPS| Mlof 2 clekst X2| A4 24, diolel& HF + SD(DF=2)
*»xx2| Y ZFHo| FAH HEH(P<0.001).

22 d=ZolM 122 Fof 25| Zash HH | Cl2 X222 IEX| 2gon] E3
MM e SiXsHH ZAIMCH ES). 7| ELD EsidE IEE2 AEN 2 ZHe
HEl 2 2Xjel AFslo §L F ®E (Cucumis melo L.)o| ALXME skAb A|ZiCH Z3}
= =23 vy S el EEA, MAM, HEd 2 EERHE FX=ASS
Ho{FASHcCHE2). ZE M2lE CaCl.2t 7|EAM2 ZE 582 3771 FCRBPE| =%
EMES SMAF|= F2 o|Folct. w2bA CaCl,~LMWCS /TTO Ol 2™ -2 FCRBPL| AfAbm} AZ+
2 3A |FXICt,



Treatment Hardness (g) springiness Gumminess Chewiness Resilience
1596.63 + 19.76b 0.66 +0.012be 390.16 £ 7.95¢ 391.82 £ 8.96¢ 0.19 £ 0.06
Control
1801.95 = 18.48d 0.68 £ 0.010c 638.60 = 7.56¢ 402.82 =8.42¢ 0,18 £0.048
LAMWCS
173508 = 17.08¢ 0.78 £ 0.00% 607.02 = 8.64¢ 41145 £ 8404¢ 0.20+£0. 05
CaCl2
1792.49 = 18.86d 078 £0.016¢e 640,19 = 7.14¢ 37339 £ 7.64¢ 0.22 £0.045
LMWCS+(CaC12
1865.58 = 19764 077 £0.014e 677.12 = 7.08¢ 39607 £7 T8¢ 0.19£0.04
LMWCS/TTO-CaCli2-C
LMWCS/TTO-CaCR-T 164115 £ 19.98¢ 0.69 + 0.0184 Ti131 28114 378.01 £ 8.95¢ 0,18 £0.06
Storage fime (Days)
& 2268.59 £ 22 82¢ 0.85 £ 0.014f 811302917 493.75 = 10.35 0.19 £ 0.05¢
3 215832 £ 22961 0.83 £ 0.013f 79393 £ 915 482.05 = 10.20ef 0.18 £ 0.04ah
6 209533 £21.450 0.77 £ 0.018e 762.53 £9.14f 467.49 = 10.25ef 0.18 + 0.03ab
9 1958 88 = 23 452 071 £0.013d 73463 £ 823 434.01 = 10.14e 0.17 £0.04a
12 1773.83 = 21.05d 0.68 £0.012cd 680.42 = 8.62d 423.09 = 10.214 0.18 £ 0.05ab
15 1600.74 = 22.16¢ 0.66 £0.015bc 390.80 = 9.78¢ 346.78 = 10.14e 0.19 £ 0.06b
18 116932 £20.12b 0.63 + 0.011ab 447.96 = 981b 271.72 = 10.18b 0.24 + 0.08¢c
21 885515 £22.46a 0.61 + 0.014ab 333.07 = 10.4a 201.87 10322 0.26 +0.07d
F-value and Significance
Treatments 26, 97%%% 15.30%%* 31.39%¥* 2.44%%% T31EE
Intervals (D) 467 4TFFF 41.44%%% 360.20%%* FOB.8¥*F 36.1F%%
+ SD(DF=2)

2. FCRBPOIl Cih Mo & ciekst Mzlel AN E4. Hlo|BHs o
X2 I 20| A HEH(P<0.001).

1
=d0[, & 2|2HZlof ¥ drda}
b

2t.10. FCRBPol| CHet o|d= 7Hx =2 ®It
AMSHA A2 3 Ao ojdE Y2 LEHHOIXE MY 2Ec o|dEo dES
HMOISHA| 241 old= JHM ol d&2 ol& 5 At of A= 4° Col EoE 21 Fet

ME|= AL Mel=lX| 282 FCRBP2| & HiH|Z|of,

TE ChE AMZtztae =z A 24 FCRBPL| D|d=E 2FHO|A CaCl,-LMNCS/TT0S| =7 A|
ol AMEIE Z=ALRCE C (O83 % 4). & gH 2ol &= (TBC)= A & Z+A (3¥)
ofl Al CaCl,~LMWCS/TTO (4.10LogCFU/g) 2 Xez|l=l tH=MZ CaCl. X 2|, LMNCS-CaCl,Z! HHe|
glot ZIE| Y XMz2| M BoAM A=K pgACE TBCE= M=

= MEoA EE J|Zto| BItE
of wzt A Zriiend, 182 ZHH S = 4 .515L0g CFU/gs ZAMNCH ZE 3A). LMWCS &
LMWCS / CaCl2X{2|= TBCZt Z+Zf 2.64Log CFU/g ¥ 3.67Log CFU/g2Z B7tst vt CaCl,X
2= 1820l Cl2 M2l JEHct o 2 ghE2|of AR (4.18Log CFU/g)S ZHEMHCE. 21
Umf =T MES 7HAIEC 04 E2E S Eoi 7| M 20 o|4=2AMoM HHEU
CH 22 3A). CaCl~LMWCS/TTOMHA X2l= 21L7iX| 2He|2lof @Y S X5 X st gt
™, ghE 2ot AFME M2 =H2 sH2|ob MZEo| 3YFHE 217X MEMo=z ZEAFct

(4.10Log CFU/gollM 3.37Log CFU/g) .
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A —s—Cantral —u— P MWCS
——Cal’12 EMWCS.CaCl2
6 1 ——CaCR-LMWCSTTO-C ——CaCR-ILMWOSTTO-T
5 4 -
4 - 1
e ; L
’ﬁ.‘) - A §
T2 1
2
%l
=0
W 21
Storage time (Days)
B e C ot 0k M WCS
et CRCT2 s EMWCS-CaC12
5 4 T CACRIMWCSTTO-C = CrCRIMWOYITOT
4.5 4
5o 4 =
= 33
= 3
*'; 2.5 4
P 2 4
Y
& L35 4
- 1 4
4.3 4
G A %
3 [
Storage time (Days)
O3, chst X2ls A3 Clkst 21202 FeRBPSl & AMIE & (M9 & TR & (B).

>

I
rlo
OB

E 23 = 9Y7IX| = 2 M| EolAM ZEEX] 2y, 122 = M

T (2.07 Log CFU/g)E LIENHICE ZHEol 2¥2 =T (3.32 Log CFU/g),
CaCl,(3.84LogCFU/g) 2 LMWCS- CaClo(3.33LogCFU/g) X2l M ZollA 1520f ZHEM=|QAX|BE C}
2 Mzl dEBoMes ZHEE X &LUCH LMWCS CaClo~LMWCS / TTO O[EE™ 2 AM Az|= gt
Hzlot ¥ HEEX 22 MEAAM M2lE = 21L47X| 27 &S HERX] ZACH IE

== Ho LS AA
3B). AUMeoz ZHIO0l Y2 MIALYECt W M ZEEJCE TT0= Botrytis

—

0

|
cinerea, Rhizopus sp., Colletotrichum sp., Penicillium sp., AX|0{ Candida sp.2F &
2 ZWo| WATFS XY + Ut HOZ BIEACH LIMCSUHSRE Alotst atp o
ZAedol Aot metM Zehxzlof efs o|dEAHE0| M= Act BAEX|AJLCE.

r
o

b
Ev|_(j)

—

L. monocytogenes % S. enterica R T2 =HHIZ|lot ZHHIY (L. monocytogenes)
enterica) Xzl = MES HMelstn hx=a % M2l MEBoA ZHEEX 2yp20
monocytogenes (3.8Log CFU/g) % S. enterica(3.3Log CFU/g)& LIEHHCH 124A 2 4B
LMNCS 2 TTORb &2 Ea&Md=Z2 =Ml L. monocytogenes 2 S. enterica 42
H2lot AP XMelE MEoA 9dxto| S==[UCH. 158 ZHAO|M =2t CaCl, M|
o B2 £29 L. monocytogenes (3.53 2 3.50Log CFU/g) 2 S. enterica (4.19
4.20Log CFU/g) 224 &ME LIEMUCE FCRBPL| Xz|ofl Ztost= ciekst A el &
22 235t Chst AlZoiof Wl ol s & SMEME Solf HAEHQUCH O 21
LMWNCS, CaCl~LMNCS= CaCl. oAl ZE=X| b= o dAxeEMo| AsS HoiFAUct B
cereus, S. aureus, L. monocytogens, E. coli X S. entericeoll Tst ARAKMol 4 =M

toll %2 rjo J
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|nu
O

2 CaCl,~LMWNCS/TTO Aol A ZHEr=[QACE AIZET|Eof SFel RAMEE HIZ HE
= Us  AEBAM  FEIlsT 0ME  QAFEFESZ £ co//(3-100CFU/g),
Staphy lococci(10?-10%Log CFU/g), Bacillus spp(10?-10°Log CFU/g), Salmonella spp(&dZ =]
X| 22), L. monocytogenes (<10°Log CFU/g). Ct2bA, CaCl.~LMWCS/TTOOIE® X z|l&=

FCRBPOII A ZAH A ol A o dEAMo| Zrtx{o|ct.

A —e—Control —B-LMWCS
e CRC12 o L MWCS-CaCl2
p == CaC2-LMWCSTTO-C —8—CaCIZ-LMWCS/TTO-T
5 o
5
= 41
o 3
=
g 2 N\
= N,
- )
0 d—al’ = - = 2 e —
2 6 9 12 15 18 21
Storage time (Dayvs)
B =t Control ~W-LMWCS
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== CaC2-LMWCSTTO-C ~0=CaCR-LMWCSTTO-T
) 1
Bl 4 - I B
. g '\,
C \
22 4 \
o \
w17 \%%
0 . e —
3 6 9 12 15 18 21
Storage time (Days)

12 4. Listeria monocytogenes®| & %;
A- Salmonella enterica B- C}Y¥3t X2|§ &% CtFst 7HH2| FCRBP

2t.11. UHR-SEM &4
iz 2 Hal MEBo| EW el FCRBP U MBBEU HH4E 24 MEo| 18o| E1a
= AsMY FAO|Y

CtFgHCH LMWCS A 2|E FCRBP= =T MEX
CaCl A 2|= FCRBPEHO| O|MUXI7t 2t s

Ct. FCRBPO| CHSF LMWCS/CaCl,XM2|= CaCl2X{ 2|2t =&
2IRP7L 28t 0] 2UACH CaCl,2h LINCS/TTO o L7l
® HED JEM DSYNSHO w2l Bl ME2 DU HHS wich
2lob FMete = sl 2ERElYHZI=E DM ARE HA

IS
MEgez & iz MEol FHAM Moo 224 4ol Ak
=

0>

u

= [

ot ZIH HE(OE 56-1). =& HMel= H2 52 HH|
2lof & tEl2lot &4 X FE2 MdEH2=z AHSto HE2of o
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(

2 e 2
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=
=

)

| QE

o
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2 TFC (
al
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O+
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LHEF T

=
=
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12000 8.00
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Zone of inhibition (mm) and MIC&MBC
Foodborne
. Tetracyclin-
pathogenic
. . hydrochlorid Chitosan(CS) Chitosan nanoparticles (CSNPs)
bacterial strains
(50 pg/mL)
1% 2% 3% | MIC | MBC 1% 2% 3% | MIC | MBC
E.coli 30 125 | 20.0 | 220 | 1% | >3% | 14.0 | 22.5 | 24.0 1% 3%
S.enterica 29.5 105 | 17.0 | 195 | 1% | >3% | 12.0 | 20.0 | 22.0 1% 3%
L.monocytogenes 325 12.0 | 22.0 | 235 | 1% | >3% | 15.0 | 24.0 | 26.5 1% 3%
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Factors Treatments Storage intervals (Days)/Weight  Loss(g)/Microbial counts(CFU-g™)
0 3 6 9 12
CK 0+0.00° 3.82+0.22° 7.56+0.15° 11.61£0.16° | 16.32+0.23°
WL (g) CS 0+0.00" 3.04+0.25" 5.14+0.19" 8.32+0.22° 10.81+0.12°
CSNC 0+0.00° 1.04+0.05° 2.31+0.06° 3.64+0.02° 4.66+0.03"
CK 1+0.00° 8+1.53¢ 36+3.21° 88+2.31° 288+4.16°
TBC(CFU-g'") Cs 1+0.00° 5+0.33° 15+1.66° 54+1.58" 124+2.34°
CSNC 140.00° 240.05° 1+0.00° 3+1.00° 16+1.35°
CK 0+0.00° 5+0.66° 15+1.73° 31+2.64° 88+1.34°
TLC(CFU-g") Cs 040.00° 240.00° 440.03° 18+2.14 40+2.62°
CSNC 0+0.00° 0+0.00° 0+0.00° 0+0.00° 5+0.33"
CK 0+0.00° 2+0.05° 18+2.38° 44+1.94° 1014+2.51°
TSC(CFU-g™") CS 0+0.00* 0+0.00 10+1.02° 2842.54 5342.57°
CSNC 0+0.00° 0+£0.00° 0+0.00° 2+0.13° 6+0.15°
CK 0+0.00° 0+0.00° 0+0.00° 8+0.58° 20+1.78¢
TFC(CFU-g") CS 0+0.00° 0+0.00° 0+0.00° 0+0.00° 12:+2.08°
CSNC 0+0.00° 0+0.00° 0+0.00° 0+0.00° 0£0.00°

H2 5°COHAM MZEE HETH mt=Zz|7te| fAH LA, F bacterial (TBC),
% Listeria monocytogenes(TLC) & Salmonella enterica(TSC) ¥ & Z&0|( TFO)2| Z it
A= "3 + SE (n-3)2 BHE|D, 9 HX Yo¥2 X2[ZHo 3 A CHECHp<0.05).

Factors

Treatments

Storage intervals (Days)/Weight

Loss(g)/Microbial counts(CFU-g")

0 3 6 9 12
CK 0+0.00* 6.56+0.14° 13.41+0.11° 20.82+0.21° 27.53+0.17°
WL (g) CS 0+0.00° 3.62+0.41° 6.32+0.51° 11.34+0.31° 18.22+0.26°
CSNC 0+0.00° 1.12+0.09° 4.49+0.13* 6.69+0.06 10.48+0.13°
CK 1+0.00* 165+3.51° 424+4.51¢ 860+6.08° 1807+5.44°
TBC(CFU-g ) CS 1+0.00° 24+1.15° 100+2.64° 160+3.21° 48443.04°
CSNC 1+0.00° 8+2.52° 8+1.16° 104+2.06* 216+4.04%
CK 0+0.00* 5143.51° 131+3.47° 268+4.67° 562+3.27°
TLC(CFU-g") CS 0+0.00° 19+2.41° 38+2.08° 53+2.58° 153+4.31°
CSNC 0+0.00° 420.15° 340.53° 35+1.67° 74+ 49°
CK 0+0.00* 88+2.05° 178+4.25¢ 304+2.04° 618+4.31°
TSC(CFU-g™") CS 0+0.00° 3+0.28° 45+3.18° 66+3.21° 170+3.52°
CSNC 0+0.00* 1+0.00? 4+0.36° 50+1.55° 86+3.11°
CK 0+0.00* 32+41.31° 88+2.51¢ 157+3.26° 328+4.04°
TFC(CFU-g™") CS 0+0.00° 0+0.00° 24+1.47° 4842.61° 148+3.56°
CSNC 0+0.00° 0+0.00° 0+0.00° 13+0.00° 38+0.29"

H3. 15°CO|A CtE X2 o
Z& Listeria monocytogenes(TLC) & Salmonella enterica(TSC) %

dat=

Moz Mst MchH m=a|7te] fAH &AL, F bacterial (TBC),
% 3%O0|( TFC)2| Zat.

H# + SE (n-3)2 EHE|M, 9| X} Yo¥i2 A2|ztel A Ct2CHp<0.05).
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2}.20. AfotF A4 LIEFD mZe(Ft FEES S E
S7|8t AXEZ 28t Ch-Sol % Ca-Ex AMzlel wold A&sS MIC & AHMEN

He Moz AFEJACH E1). Ch-Sol X Ca-Ex0ll M %EIO1—’E% = off
2tolglich. L.monocytogenes®@t S.entricadl CHeF Ch-SolZt Ca-Exel A Zf 2

.63 ~ 23.48+0.25 AlO|RFCl. Ch-Sole|l 125ppme S.entrica(21.75+0.66mm)ol CH

St oM &Mool Y= HHH | Ca-Ex2l 10%= =ICH 23.48+0.25mm77FAl L.monocytogenes

AXMMct. 2Lt Ch-Sol2F Ca-Ex =%te|l X2l= L.monocytogenes(17.85%1.00mm)

S.entrica(15.63+0.49mm)oll CHall =[cHe| Z0IoAM AtEsh St S LIEHCE

02
12
ro oo ofn

--—

rok

i

o

Chlorine  Solution

25ppm 50ppm 75ppm 100ppm 125 ppm
L.monocytogenes  10.12+0.12°  12.40+0.35" 13.24+0.0° 15.634+0.49° 19.48+1.93¢
S.enterica 8.2840.63*  11.33+1.10° 14.42+1.7° 17.85+1.00¢ 21.75+0.66°

Ethanolic  extracts of Capsicum annuum

2.5% 5% 7.5% 10% 20%
L.monocytogenes  13.37£0.23*  16.34+£0.09° 25.49+1.16° 23.48+0.25¢ 21.08+0.80¢
S.enterica 10.42+4.26°  13.62+4.95° 15.75+4.07°° 20.08+2.86° 18.67+3.69¢

Chlorine  Solution+Ethanolic extracts of Capsicum annuum

1: 1 1:2 2: 1 2:5 1:10
L.monocytogenes  15.81+1.85*  23.93+1.82° 14.78+0.24° 17.24+1.77* 17.91+0.84¢
S.enterica 13.71+£0.59°  20.73+0.97° 17.93+1.81°>° 14.23+£1.35° 15.71+0.35¢

E1: 9 gMHZS 0|23 Capsicumannuum E2 ¥ O|EL2 FEE9| SHEAM
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Z7t3cks A 2lolste s=7|8 HIO|EE M &yt LHEHRCE. Ch-Sol 2t Ca-Exel
Ctetst HE & 2:52| H[Z0IM biofilmel dMES =[C§ 32.45% HAF7|= Pt A
2 JHX2 UAUCEH o] HAas2 ChE HIESECH AT £ O|AH2 M Zzietz &
Xgct e o=z o|gfet g & biofilm Aol &4 Znfol 7|X5t0{ FCCa ¥ E2l =Y
A flet FIF AFol 10%0llEH2 FE=1 & Ch-Sol(125ppm) A2l 2:5 Hlg FF
ANE ALE5t0] F JHel MEZCE 2ZolAM AF=dct dEXMo2 Aeo| ELHH FCCa
H=ol EHE biofilm dd2 7|F5tUCt ZE HSolM EE F2|AE Hio[S3 HA2
= C)ol

ro M

—
-
(ﬂ

M XEMoz #E=QdCt HhH 4TCoA = FAHo| ZHEP=(X] SF)UCE.

|
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2t.23. MAEHI|E 0|E% FCCa ZEEEH

Hunter lab M&EHEI|E ALSstod F 7ol CE 2X0lAM MZHE FCCA M=o MatstsE
YIlStACH E2) . Mol “L(H2 vs OIF2)" , “a(®d vs £F)" , "“b(=2HM
vs mtEA)” o mi2to|EE ALESH| FHESIUCE 24 ZI|EAME= ofE M2l aE2
F Mol M2 chE ME2Z Alojo| Folet Atol= HO|X| gitch HE|2lof Mol I
H Z2Fc flol Mk miefoleo] o B2 HalE Fot 42 d2ciAM EztE dE0M F
Zt3ict. o|gi g ot Lok LR S SAlo FCCa(15” C ME dE)olM L' &2 olA

b oA F2fe

2| =22} Ch-SolollA 2f2h Zha3yct
o, o m2lo|H= ME7|
AACH p<0.01).

che el MZHEAM(THEE, MY, e2iy)e| wste E3o Halych
5t MZo| WztEMel SME Ao IHe00(Y U 2F)o| RO HatE RoIFUCH
(p<0.05). Ch-Sol+Ca-Ex M2l &A= i 2lole] LE2EFE FCP ME2 ZHES 74
2 ASS eIt
Sources L A B
Group
GI1-FPBC 67.66£1.63 9.59+0.18 61.75+£2.46
G2-FPBC+ChSol 71.10+0.21 11.02+1.95 62.54+1.33
G3-FPBC+Ca-Ex 72.40+5.85 11.59+1.07 64.72+4.98
G4-FPBC+Ch Sol + Ca-Ex  82.13+7.99 63.26+0.36 64.08+2.17
Temperature
4°C 78.15+0.56 27.00+1.83 72.13+0.34
15°C 68.50+2.34 20.734£2.69 164.27+4.30
Intervals (Days)
Day-O 93.25+2.14 30.91+1.16 75.82+8.04
Day-4 74.64+2.03 25.23+2.08 285.18+5.31
Day-8 70.23+1.68 21.52+1.77 60.96+0.37
Day-12 55.18+0.99 17.80+1.39 50.85+0.61
Significance
E *
Treatments *  (F=12.20)
(F=119.46) (F=86401.76)
* k 3
Temperature
(F=288.86) (F=4920.06) (F=2059.62)
k k *
Intervals (D)
(F=763.46) (F=3909.43) (F=704.85)

2. 15°

2 4 ColM EEF w2t H

c Ct mt=Z2|7te] Hunter lab MAE2M (G1: Xz Hct
o=a|FH =), G2:Ch-Sol XM2| Mgt m=a|F}, G3: Ca-Ex A2l Het m=2[7f, Ga: Ch-Sol

Ca-ExEgtxiz| H¢h mza(7t), 2o Yo + SE (n-3)2 EA
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Sources Hardness (g) Gumminess Chewiness Resilience

Groups

G1-FPBC 967.66+7.26 58.97+0.78 130.53+4.67 0.09+0.01
G2-FPBC+ChSol 862.96+£12.34 166.64+13.25 195.58+3.92 0.20+0.03
G3-FPBC+Ca-Ex 861.72+6.24 176.67+5.43 27897+10.13  0.18+0.02
G4-FPBC+ChSol + Ca-Ex 922.11+4.89 267.45+1.09 252.05+£1.35 0.20+0.05

Temperature
4°C 984.50+£22.08 262.41+£19.64 258.98+1.38 0.13+£0.02
15°C 2126.45+38.59 72.46+0.91 169.58+6.47 0.21+0.07

Intervals (D)
Day-O 294.68+13.50 137.67+2.35 415.11+4.80 0.10+£0.09
Day-4 1011.64+126.07 132.12+7.91 182.33+0.53 0.30+0.01
Day-8 2033.36+14.53 151.63+1.52 142.26+3.78 0.12+£0.05
Day-12 2882.22+142.09 248.32+2.88 117.41+£9.57 0.16+0.02

Significance
Treatments * (F=420.21) *(F=39461.59) * (F=2.48) * (F=1302)
Temperature * (F=6509.59)  *(F=195473.49) * (F=4.61) * (F=34.60)
Intervals (D) * (F=8073.68) ** (F=16117.75) * (F=10.72) * (F=34.02)

H. 3. 15°C ¥ 4°CollM BEEE &M mtm2|7te| Hunter lab MAEM(G1:F M2l Mot
mZa|FH =), G2:Ch-Sol X{2| Aot m=al7t G3: Ca-Ex X2l gt mb=al7f, Ga: Ch-Sol
Ca-Ex2&tx2| Met ot=a|7t)

Zits H3Td + SE (n-3)2 HA|

2}.24. FCCa Al2ME TI}
FCCa2l &lMet2 FCCa2l & H=tH(TPC), & Z2tE0l= FZH(TFC)O
ULt & dA7ol FAZHX e = o
M2 AM2=ACt FCCa MEL Z}
=2 FZFo Hes ¢ E2EL0lE S LIEHCHE4). AE A

0| =
TPCQF TFCOI ol3t ®fol= Holx| £ch & HEs 2 ZaiEwols S5
A

bal

A

-
o

e

M

o

i<
MU
L]
][
u
HI
H
o
n
ook
o
1o
k>
>
mjo
0L =
>
o
N
d0
o
e
0x
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[0
N
o
2
x
Ral
0A
mn
kl
o
il
i)
o
Al
m
e
il
T

-
o
.

El

K
O
S M

1z i
E
r

g+~ 2 o
N

e 17
N
>
0

Bl XMel=l MEoM st Ha
(8 7tx)oll & H= ¥ E2EolE &F =& 37t
20 &, 37|, 2% ¥ ojd= BAo=z Qs oz
1.66+0.32-02L X} ~ 0.09+0.02 -12X}; TFC: 0.039+0.
=™z 4° CollM MEE ME=2 & mHAUS 2
= 22 eI (TPC: 1.69£0.02-0 %

XF ~ 0.019£0.001-12 x})

_!,"'_
=
M
rlo
Hir
N
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Total Phenolic

Total

Flavonoid ABTS
Sources Content DPPH(%)
Content (%)
(OD 760nm)
(OD 450nm)
Groups
G1-FPBC 2.28+0.57 0.088+.0.01 58.10+.067 45.82+1.68
G2-FPBC+Ch Sol 1.96++0.01 0.062+0.02 53.29+0.61 41.65+0.09
G3-FPBC+Ca-Ex 1.92+0.03 0.056+0.01 51.77+0.02 27.62+2.64
G4-FPBC+Ch Sol+Ca-Ex 2.07+0.57 0.049+0.01 49.93+1.63 35.46+0.13
Temperature
4°C 2.495+0.95 0.071+0.001 63.81+£2.73 45.94+1.52
15°C 1.64+£0.43 0.057+0.001 42.74+1.64 29.34+0.33
Intervals (Days)
Day-0 1.72+0.37 0.057+0.001 46.31+2.70 36.97+0.97
Day-4 3.478+0.46 0.084+0.002 63.82+3.14 4549+1.33
Day-8 1.53+0.74 0.073+0.001 54.90+0.12 37.30+2.51
Day-12 1.54+1.56 0.042+0.001 47.74+1.83 30.81+0.76
Significance
Treatments * (F=5.931) * (F=1.265) *(F=196.03) * (F=687.92)
Temperature * (F=191.99) * (F=0.821) *(F=7111.89) *(F=3017.67)
Intervals (D) * (F=236.95) *  (F=1.404) **F=100845) * (F=397.36)
H4. 15° C2F 4° CollM NMEE gt mZe|7te] dekH = & S22 o[=8E) ¥ &4tatel AH(DPPH
2 ABTS 2H)9| EA . Zu= A + SE (n-3)2 EA
2}.25. FCCa2l XM&7|2t o&2 9list shsizlol of g
FCCa M E2| aitstatMd2 3 ABTS BAEHH S ALEsto] MI7[Moz2 FHsSIQC.
= F X o2 22 2 7|2t mE MEAM RSt Xt0[(p<0.05)7F ASS EAUCt
(E4). DPPH2L ABTSe| ziC|zt &M M2 AMF7|Zto| 24 of ZZAs| 225U CHABTS:
37.48+0.26 0L X} ~ 10.57+1.37 122 X}; DPPH: 45.19%+0.55 Oo'if ~ 19.16+£2.83 12¢&

X} . 12 0|F Ch-Sol+Ca-Ex XMZ|= ME=2
SHALE S|
DPPH: 49.93+3.37 0¥
E2E0|E g8 FIZEE|L0|E=

A oM ot
12 Rt

Shvi=g

Sk
=

nl

s8s E?&EHABTS: 36.
Xt ~ 64.36+4.98 122X} .
22 Ch-Solz} UVZ|EE =
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DPPH & ABTS 2icizh 2~7qg
8+0.45 0l ~ 54.68+1.97
2HA mEe|Fte| itebH ef
S7tets A

122 Lt



2}.26. FCCa O|d= 54

FCCa MZ<°l & bacterial(TBC), & E—%OI(TFC), &
S.enterica(TSC)P-I HSLE Ct2 2FoAM A3l CH ES).

HaE FCCa MEZ0M 2l ol E =9 siXSt xfo|7} HEEJCEH ME
Hast0] AlZE o|EXel WAooz o|MESFE SIMIZCEH

X oll A 4802.62+27.56CFU.g"(15

1887.96 +£23.53 CFU.

2536.78+ 11.56 CFU.g (1

AL

2= OI- =

AL O =

olod

AA AN E’I-

g (15 R
52X} &

CF-Cax{ 2|

2 xH)

=2
=
=2
=

- Hu

Sto|aH
= L— AA

LHEF T

Ct.

4° C 120l o|ME
3256.89+33.62 ~ 769.26+3.28 CFU.g
1477.36+12.45 ~ 207.98+18.96 CFU.g ',

L .monocy togenes(TLC)
= I ME CtE 250lM

4N E o

', TFC: 798.35+14.69 ~ 89.35+3.26 CFU.g™',

=
o

=2 A=2015" ¢)oll

TBCE 501.26+9.73CFU.g" (0L
713t TSCE 124.56+11.83 CFU.g (0K R}) ~
TLC= 287.75+11.03 CFU.g-1(0L XI)oll M
157 C7F ol M 274 o wWE MEo| =g

A
e

AACH(TBC:
TSC:

TLC: 896.57+7.94 ~ 236.69+4.91 CFU.g™').

Ch-Sol % Ca-Ex= JHEI7|._E SIHAMZ o TBC, TFC, TSC, TLCSl MZAFES FolshA A3
CHp<0.05). FC-Ca D|dE ZAl2 ME2To w2t E2iX|0{, o] Zol= MES Ch-Sol 2
XMe|stl Ca-ExE 4° CollM 12807 HatE JtsM0| JUSS AlAlstl eitstE2ar ek
22 g2 ASS Eo{FC.
TBC TFC TSA TTLC
Sources
(CFU.g-1) (CFU.g-1) (CFU.g-1) (CFU.g-1)
Group
G1-FPBC 2215.53+2.56 569.49+1.98 871.62+3.48 1076.61+13.56
G2-FPBC+Ch Sol 1501.58+7.89 382.03+2.24 553.82+1.57 788.57+10.45
G3-FPBC+Ca-Ex 1334.79+4.92 356.76+0.75 518.20+2.98 761.70+2.26
G4-FPBC+Ch
1170.01+0.89 344.03+4.69 557.41+2.09 768.77+1.73
Sol+Ca-Ex
Temperature
4°C 984.50+5.34 160.19+11.25 336.91+15.38 315.18+6.24
15°C 2126.45+34.26 665.96+5.37 913.62+8.37 1382.68+6.91
Intervals (D)
Day-O 294.68+2.24 32.67+2.45 103.23+0.37 218.75+1.95
Day-4 1011.64+5.57 306.35+4.31 307.78+7.39 642.96+5.64
Day-8 2033.36+19.83 530.91+7.80 974.16+11.02 1094.95+8.21
Day-12 2882.22+5.31 782.37+8.64 1115.81+34.15 1439.05+12.36
Significance
Treatments * (F=6651.04) * (F=1036.96) *  (F=44.10) *  (F=5446.90)
Temperature * (F=40920.09) * (F=2384845) * (F=537.57) * (F=267746.94)
Intervals (D) * (F=40520.80) * (F=9520.91) * (F=396.40) * (F=66438.24)
E5. 15" C2 4° CollA| A==l AlMeH &M ml=a|Fto|M & bacterial (TBC),
& 2Yo0| (THC), & salmonella sp. (TSC), & listeria sp. (TLC)< HI}.
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2}.28. Plackett-Burman A#|

2 A= Plackett-Burman MA(F.2)of| 7|=3t0 mt=z2|7} MEsdHo| 2N

o
Q
o

fjo

)
HE 0
=

bS|
[« R |

0| X|= &%t RAE =olsiqict. sded == hydrogen peroxideZ} CHE EHHLC
= A

LIEFG# 209 hydrogen peroxideZt ZtZ 2|7t X&xHe| JfMES (et 2HHQl

1ot7| ol SHE 2Y ZIME AE HRF UBEQICH £ oTolM b
of 8|8 aake $lsl 00D

u

o\

R

+
— |H K
D
o

Sk £ o|Zgt u2foly =N =AM 4SAZES A5 2l
S ZZs5i%en], AOE MEIISSH AIAHEE 0|50 HE5HUCH
Estimate for yellow Estimate for red
Factors

paprika paprika
Intercept 165.6875 185.5625
A-Chlorine water 1.1875 93.7515
B-Hydrogen peroxide 44.6875 22.1875
E-Storage temperature 35.0625 23.4375
F-Cutting Size -89.5625 -42.6875
G-Storage time 3.0625 119.813
UV-C 7.9375 20.9375

E3. ASoIRte] £Fo| A

rok

b gt mzp(gte] sHo| JE2 o[xs S8 a9 HUH.

E A EIISA2HE(WV-C M2|7]7]2]
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2}.29. AlMsh W7t ml=a|7F MchE(FC)e| o|ME 24
FCRBP2S| 2|} Clekst X2|l= o|ME 2AMS i =S ZH™Uct & =hHl2|ol £=(TBC)
= giE2lot AR Me2lE T1(1.84 log CFU/g)E M2lst 0At HMal(To, T3-T6) oAM=

~

BHEFE|X| bUCH E1). TOS 3UXH2.06 log CFU/g)ollAM giE|z|otEs REZ| D], 15X}

log CFU/g)7HX| &7t3ict. Esh dhE|z2|of CHx M F ool 1522 ZI}
(1 84~6.6 log CFU/g)S EUct. XMZI(T3-T6)2 6L AI7FA| TBCZt ZHEH=X| At OF
T2oF T5& 902} 12F29| UW-CHEl MEZo| 12UXI7IX| 2HE|2|otS ZHEMSHX| 25 2HH T2
UW-C 60x= Mz[MEZol|M TBC(4.03 log CFU/g)E &&E3ICI Z2E UW-C M2[E e T3 ¥ T4
of MEE 9YUXFH TBCE HoiFJLD 15X 7IX| O 7t S7Kict O&5 72 & 16
=2 122 Xtof| A etE|2|otofl olet 2H S LIEFYCE SAEWRE UV-C XM2|(T6) F UW-C ==X
2|(T2)= FCRBP2| HiH|Z|of & dAME =M=z AXNetcH(FE1). UV-C Mzt &
chlorine, hydrogen peroxide2t &2 CI2 XZ|H2 dE2|of ZREMS
Z fungal (TFC), control(T0) R ARM HHEZ|lob XM2|[(T1)HE2 0L FEH FZEO| dES
Moo 157X FEte Mol Z7IIen ot MzloiMe 6YXt7HX| TFC7F &&= X|
U[CHIET). OF W-c HMelHe2E 15UXHX| TFCE ®elshH M =Ag20 T6 0=
2| ol M 15 Xtofl Al ZEo| EEHE ZHESIRCH0.13 log CFU/g). ZHIZlob7t HEE A
6 0= HMe|MEX 15Xt & ZEHO|7F ZHEERJACH0.13 log CFU/g). UV-C X 2|2t
FH chlorine(T3) % hydrogen peroxide(T4)= 6L XI7IX] FEHo|e| MZES AXME =
ACt 9LRHFE 15LX7IX| FEo[o % =)

7 (

ST eSS
& salmonel lamt $(TSC) = EH":rL(TO)’.“:.% |
X

OO
OO
—

Ik

o] )(-|| SH L‘,}

ok MUK _.>'_' 5o

l]

ol

7138
M 6L XI7EX| 2
(0.94 log CFU/g) 15XH(1.23 log CFU/g) 7tX| Atmzle| Zlzt
ozt 3 2|AH 2ol ZHH ol MzlE ME2 0YXH(1.63 log CFU/g)F
log CFU/g)ollM B7tst= FAME LIEHCE T2 2 T3 ME2 102t €2 FAME EC.
T4-T62| MEF 2 YXIFE 15YXIX| TSCE LHEHHX| LgdCt. shHZ|ob ZHE|Y S A
XMzlstn UW-C Xzl(T6)= FCRBPAIA TSCE I YAHMst= Eo0|22 ZIE LIERYCE
Uv-C2F &7 chlorine, hydrogen peroxide, SAEWES XZ|8t FCRBP= TSCE FolatA A3
)
T0 =7 MEdAMe Ads sdste st & 2lAH2lot £=(TLC) &0l ZEEX|
). BB XMl T12 0YXH1.73 log CFU/g)FE TLCE LIEMHLD
0g CFU/g)DP(I E7tot= FME HEICE W-c XMEITeZ2E TLC AEEO|
A5 7|1ZEs et M E e EZelstct. chlorineX2l(T3) 2 hydrogen peroxide(T4) X
LXK TLCE AM Y 5 UAPKX|TH 9LXFEE 15 XK B7I6t= TLCE &2l
Ct. SAEW(T5) Mel= UV C Melet & TLC &=ts IA AHFMct w-C 120= MEl=
Hzlotzt AP xXMelE MEoAM 12UX7tX| TLCE Mol & + AUCHE1). ZoAe

Uv-C XMz|7t TBCE &tEsl ofxe = AUSS LIEHHCE

HUJEﬂH'I-DaoT-Q
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bacterial (TBC), & fungal (TFC), &

salmonella sp. (TSC), &

listeria sp. (TLC)2}

o|MEZ %= (Total Fresh cut pell pepper, R-FCBP)= MZ CI2 RXelZ2 XHa|=5 4 <
15° CollA HEEECt Z3= T £ SE (n-3)2 MA[=ACE.
Uv-C Storage intervals (Days)/ microbial counts (log. CFU.g-1)
Factors Treatments
(Sec) 0 3 6 9 12 15
TO 0 0+0 2.06+0.07 | 1.05+0.73 | 1.61+0.01 | 2.32+0.02 | 3.31+0.1
T1 0 1.84+0.01 | 2.88+0.03 | 3.98+0.04 | 3.93+0.03 | 5.864+0.09 | 6.6+0.17
60 0 0 0 0 4.03+0.03 | 4.76+0.15
T2 90 0 0 0 0 0 2.66+0.11
120 0 0 0 0 0 3.13+0.05
60 0 0 0 3.54+0.20 | 5.33+0.25 | 5.60+0.40
T3 a0 0 0 0 3.10+0.15 | 4.50+042 | 4.76+0.44
TBC 120 0 0 0 2.16+0.03 | 2.19+0.09 | 4.01+0.0
60 0 0 0 3.46+0.55 | 5.34+0.25 | 5.60+0.40
(CFU.g-T) T4 90 0 0 0 311201 | 459+037 | 476044
120 0 0 0 2.26+0.05 | 2.32+0.08 | 4.01+0.00
60 0 0 0 0 0 1.96+0.71
T5 90 0 0 0 0 0 1.43+0.21
120 0 0 0 0 0 2.56+0.57
60 0 6.05+0.06 0 6.36+0.09 | 842+0.34 | 5.3+0.26
T6 a0 0 0 0 89+0.06 | 879+0.13 | 5.63+0.45
120 0 0 0 1.39+0.06 | 4.62+0.32 | 6.5+0.36
TO 0 0 0 0 0.94+0.06 | 3.21+0.08 | 1.23+0.11
T1 0 1.63+0.15 | 2.42+0.28 | 1.87+0.55 | 1.93+0.40 | 2.67+0.21 | 2.08+0.55
60 0 0 0 0.55+0.04 | 1.57+0.03 | 2.11+0.18
T2 90 0 0 0 0 0 0
120 0 0 0 0.04+0.01 | 1.24+0.07 | 1.23+0.11
60 0 0 0 0.02+0.01 | 0.97+0.05 | 2.11+0.18
T3 90 0 0 0 0 0.02+0.01 0
TSC 120 0 0 0 0 0 0
60 0 0 0 0 0 0
(CFU.g-T) T4 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 0 0 0
T5 20 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 0 0 0
T6 a0 0 0 0 0 0 0
120 0 0 0 0 0 0
TO 0 0 0 0 0 0 0
T1 0 1.73+0.09 | 2.06+0.05 | 3.1+0.1 3.4+0.1 6.06+0.03 | 6.83+0.30
60 0 0 0 0 0 0
T2 20 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 2.72+0.20 | 5.40+0.19 | 2.22+0.18
TLC T3 90 0 0 0 2.01+0.03 | 486+0.12 | 2.38+0.21
(CFU.g-1) 120 0 0 0 1.82+0.13 | 2.46+0.15 | 1.37+0.24
60 0 0 0 2.90+0.10 | 3.19+0.7 | 2.22+0.18
T4 20 0 0 0 2.01+0.01 | 3.24+0.0 | 2.38+0.21
120 0 0 0 1.91+0.08 | 2.58+0.59 | 1.37+0.24
60 0 0 0 0 0 0
T5 20 0 0 0 0 0 0
120 0 0 0 0 0 0
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60 0 0 0 443+051 | 2.18+0.16 | 1.66+0.80
T6 90 0 0 0 0 2174021 | 1.53+0.05
120 0 0 0 0 0 15+0.1
T0 0 | 093+012 | 060013 | 0.6740.05 | 1.07+0.25 | 1.73+040 | 1.77+0.15
T1 0 |040+0.12 | 0.43+0.09 | 0.77+0.16 | 0.67+0.14 | 057014 | 0.63+0.15
60 0 0 0 0 0 0
2 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 330+007 | 3414002 | 3.09+0.12
T3 90 0 0 0 0334002 | 2.26+0.02 | 2.22+0.09
TEC 120 0 0 0 0 3.09+0.13 0
60 0 0 0 141+015 | 1.9040.03 | 3.09+0.12
(CFU.g-1) T4 90 0 0 0 2034002 | 211015 | 2.22+0.09
120 0 0 0 1.02+001 | 144+0.16 0
60 0 0 0 0 0 0434021
T5 90 0 0 0 0 0 0.13+0.06
120 0 0 0 0 0 0.40+0.20
60 0 0 0 0 0 0.50+0.08
T6 90 0 0 0 0 0 0.43+0.04
120 0 0 0 0 0 0
uv-C Storage intervals (Days)/ microbial count (log. CFU.g-1)
Factors Treatments (Se0) 0 3 6 9 12 15
T0 0 0£0 | 206+0.07 | 1.052073 | 1.61£0.01 | 2324002 | 331201
T1 0 | 184001 | 2.88+0.03 | 3.9840.04 | 3.93+0.03 | 5.864+0.09 | 6.6+0.17
60 0 0 0 0 403+003 | 4.76+015
2 90 0 0 0 0 0 2.66+0.11
120 0 0 0 0 0 3.1340.05
60 0 0 0 3544020 | 5334025 | 560040
T3 90 0 0 0 3.1040.15 | 4504042 | 4.76+044
TBC 120 0 0 0 2164003 | 2.19+0.09 | 401400
60 0 0 0 3.46+055 | 5344025 | 560£040
(CFU.g-1) T4 90 0 0 0 311401 | 4594037 | 476+044
120 0 0 0 2264005 | 2.32+0.08 | 4.01£0.00
60 0 0 0 0 0 196071
T5 90 0 0 0 0 0 143021
120 0 0 0 0 0 2564057
60 0 6.05+0.06 0 6.36+0.09 | 842034 | 53+026
T6 90 0 0 0 89+0.06 | 8.79+013 | 5634045
120 0 0 0 139+006 | 4624032 | 65036
T0 0 0 0 0 0.94+0.06 | 3212008 | 1234011
T1 0 | 163+0.15 | 2424028 | 1.87+055 | 1.93+040 | 2.67+021 | 2.08+0.55
60 0 0 0 0554004 | 157003 | 2112018
2 90 0 0 0 0 0 0
120 0 0 0 0.04+001 | 124007 | 1234011
60 0 0 0 0.02+0.01 | 097005 | 2.11+0.18
Tsc T3 90 0 0 0 0 0.02+0.01 0
120 0 0 0 0 0 0
(CFU.g-1) 60 0 0 0 0 0 0
T4 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 0 0 0
T5 90 0 0 0 0 0 0
120 0 0 0 0 0 0
T6 60 0 0 0 0 0 0
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90 0 0 0 0 0 0
120 0 0 0 0 0 0
T0 0 0 0 0 0 0 0
T 0 | 173009 | 2064005 | 31401 | 34:01 | 6.06£0.03 | 683030
60 0 0 0 0 0 0
2 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 272+020 | 540019 | 2.22%0.18
T3 90 0 0 0 2.01£003 | 486012 | 2.3820.21
TLC 120 0 0 0 182013 | 246+015 | 1374024
60 0 0 0 290+010 | 31907 | 2.22%0.18
(CFU.g-T) T4 90 0 0 0 2012001 | 32400 | 2.38+021
120 0 0 0 191008 | 2.5840.59 | 1374024
60 0 0 0 0 0 0
T5 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 243%051 | 2.18+0.16 | 1.66+0.80
T6 90 0 0 0 0 217+021 | 1.53+0.05
120 0 0 0 0 0 1520.1
T0 0 |093:012 | 0602013 | 0.67£0.05 | 1.0720.25 | 173040 | 1.77£0.15
T 0 | 0402012 | 043£0.09 | 0.7720.16 | 0.67£0.14 | 0572014 | 0.630.15
60 0 0 0 0 0 0
2 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 330£007 | 3412002 | 3.09£0.12
T3 90 0 0 0 033:002 | 2.26£002 | 2.22%0.09
TEC 120 0 0 0 0 3.09+0.13 0
60 0 0 0 1412015 | 1904003 | 3.09:012
(CFU.g-1) T4 90 0 0 0 203002 | 211015 | 2.22+0.09
120 0 0 0 102001 | 1444016 0
60 0 0 0 0 0 043021
TS5 90 0 0 0 0 0 0.13+0.06
120 0 0 0 0 0 040020
60 0 0 0 0 0 0.50£0.08
T6 90 0 0 0 0 0 043004
120 0 0 0 0 0 0
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2}.30. AAMEH A mza|7} HchE(FCYBP) 2| nldE &4
FCYBP EX2 o] &30 %= o= 24 2ol olsff Z2E=[Qct. & Md=(TBC)= 3
2AXH2.11 log CFU/g)FE 152RH5.53 log CFU/g)7HX| S7t17t 2HEH=|Act. gHe| 2| ot7t AF
M AMelE g 1)2 0 X5.53 log CFU/g)ollAM 152 XH(6.50 log CFU/g)2l TBCHI==
LIEFHEE. UV-C 90 2 120=7} XMz2|= ToMEZES 12 Xt7kX| TBCel &S I A °—1X1|0F9\"i
Ct. chlorine(T3) % hydrogen peroxide(T4)= 6L AKXl TBCLl MAS X35 AHMICE.
SAEW(TS) M2l MEZ2 A 12YX7IX| At ghE2lot AP M2l & W-C 60E X2l
=(T6)2l 4% 92XH(6.26 logCFU/g) TBCZt ZHE=[ACEH ZIAE2= UW-C F SAEWHME[Zt
12 XI7HX| M2/ S X sHA AMsicts As HRCH E2).

5 CH
5 FFOI(TFC) hER(T0) % Helzlol AME] MB(T1)S 3UARE ZFolel B4
2|0

kA

© 0z
S <
<

= mEtstn 15U XX RlEte| §ME TSIMFH SN CfE HEldMe 6L AHA| TFC7F &=t
ZtE|X| otCH E2). OF UV-C MHzlgtez 15U 7}X| TFCE & X stAH M st 60X 2|

ok
=

MHEZ(T6)2 9 XH2.29 log CFU/g)oll TFCZF 2tEt=[RgCt. HHE|2|of AN M2l 2 UV-CH
2| 90=2t 120+ 15YAMZEX| TFCZF 2HE=EX| ftch. Uv-C2b 24 chlorine(T3) &
hydrogen peroxide(T4) X2l= 6LXI7HA| MEQ FEHO|SAS M 5 AJUCH 9UXE
B 15 A7HX| FCYBPOIA FEo| Hzta Mol 715t

& Mzdel £(TSC)= 15YAHX| = (T0) Y SollA TSCOH 2HEH=X| bt At=d
22} Z|AE|2|of ZHE| o] AN I{EI5| MES2 02XH(2.43 log CFU/g)FE 152UXH(8.21
log CFU/Q)77HXl SI7I5EME EQct ME To= 15YA7HX| TSC AEtE M2 Folshl AH|
ECh T32 T4 ME2 9UXMIIX| TSC ATE LIEHAX| 22U UV-C2b SAEWHMEZ|= 15 A}
THXl TSCE S XstA| AXZCE 2H2|lotZE| Y X[ 2 UV-CHEI(T6 120=)= FCYBPOIA
TSCE welotAl AA MU, uw-CHzlF &7 chlorine, hydrogen peroxide, SAEWS| X2
= FCYBPOlAM TSCE X SHA AHMRCH H#2).

= EI*HIEIOF T(TLS)= T0 tH==t MEBolAM 15LXI7kR| sHER=|X| obRACh. HhH| 2| otZt

Hd Mzl ME T1=2 0¥XH(4.12 log CFU/g)FE 152 XH7.43 log CFU/g) 7Kl TLCS| &7t
FME Bt Uv-CH2[(T2)2to| ART[ZtS2H0-152) ZE LXtoM TLCel MES A
Ct. chlorine(T3) 2t hydrogen peroxide(T4) XEl2 9YLXI7IX| AH e £ UUPX|oE 122
it 15U XHEE! TLCZ7F ZIHHCE. SAEW(TS) XME2le 12 XI7kX| UV-C HMz|ob ghi Ezta A
2 XS AMBCE U-C7F 120X M2l &2 YHelof ZiH ol AR XMel=l ME
olM 9UZ7IX| TLCE AME = UAgCH E2). ZHM o2 UYVv-CAH 2|7t FCYBPAIAM TBC, TFC,
TSC ¥ TLCE XM du e = ASE EAH

L M

Ct.

M
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2

o]

. & bacterial (TBC), & fungal (TFC),
& = (Total Fresh cut pell pepper, Y-FCBP)= AMZ CIE2 Xz|lZ2 Xzl=1 4° C2} 15° CollA
EEFCct Zaz @7 £ SE (n-3)2 HMAISEUCE K- MO (=2 ME), T1- sl XHal,

& salmonella sp. (TSC), &

T2-2&x AMel, T3-dFHM2|, T4-2Fxa].

listeria sp. (TLC)2} &S

uv-C Storage intervals (Days)/ microbial counts (log. CFU.g-1)
Factors | Treatments
(Sec) 0 3 6 9 12 15
TO 0 0 2.11+0.04 | 1.24+0.02 | 1.83+0.03 | 3.03+0.02 | 5.53+0.30
T1 0 5.53+0.15 | 7.56+0.17 | 2.37+0.03 | 1.78+0.08 | 5.86+0.10 | 6.50+0.23
60 0 0 0 2.02+0.03 | 2.08+0.04 | 3.26+0.30
T2 90 0 0 0 0 0 2.21+0.60
120 0 0 0 0 0 2.49+0.11
60 0 0 0 0 3.28+0.28 | 4.72+0.29
T3 90 0 0 0 0 3.53+0.13 | 4.55+0.17
TBC 120 0 0 0 0 3.29+0.19 | 472+0.14
60 0 0 0 0.11+0.01 | 3.52+0.48 | 3.25+0.01
(CFU.g-1T) T4 90 0 0 0 0 258+041 | 423002
120 0 0 0 0 2.16+0.16 | 5.22+0.06
60 0 0 0 0 0 1.86+0.55
T5 90 0 0 0 0 0 1.66+0.20
120 0 0 0 0 0 2.21+0.60
60 0 0 0 6.26+0.96 | 1.45+0.03 | 2.33+0.66
T6 90 0 0 0 8.41+0.17 | 8.75+0.16 | 9.42+0.15
120 0 0 0 0 3.51+0.14 | 4.66+0.20
TO 0 0 0 0 0 0 0
T1 0 243+0.86 | 2.77+0.02 | 453+0.06 | 5.40+0.20 | 6.50+0.61 | 8.21+0.07
60 0 0 0 0 0 0
T2 90 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 0 1.16+0.09 | 0.85+0.06
T3 90 0 0 0 0 0.15+0.01 | 0.93+0.08
120 0 0 0 0 0.12+0.03 | 0.18+0.01
60 0 0 0 0 0.9+0.07 | 1.76+0.09
TsC 0.030.00
(CFU.g-1) 12 90 0 5 0 0 1.25+0.08 | 1.89+0.08
0.03+0.00
120 0 0 0 0 5 0.98+0.08
60 0 0 0 0 0 0
T5 a0 0 0 0 0 0 0
120 0 0 0 0 0 0
60 0 0 0 0 0.47+0.08 0
T6 90 0 0 0 0 0.27+0.07 0
120 0 0 0 0 0 0
TO 0 0 0 0 0 0 0
T1 0 412+0.13 | 8.23+0.25 | 3.34+0.19 | 3.23+0.05 | 7.68+0.10 | 7.43+0.20
60 0 0 0 0 0 0
T2 a0 0 0 0 0 0 0
TLC 120 0 0 0 0 0 0
(CFU.g-1) T3 60 0 0 0 0 1.8940.07 | 2.27+0.16
90 0 0 0 0 0.88+0.11 1.36+0.63
120 0 0 0 0 0.96+0.02 1.11£0.12
T4 60 0 0 0 0 1.68+0.05 1.80+0.51
90 0 0 0 0 1.56+0.09 1.90+0.06
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120 0 0 0 0 1.80+0.05 | 1.90+0.04
T5 60 0 0 0 0 0 1.86+0.55
90 0 0 0 0 0 1.66+0.20
120 0 0 0 0 0 2.21+0.60
T6 60 0 0 0 6.26+0.09 | 1.45£0.03 | 2.33+0.66
90 0 0 0 8.4140.17 | 8.75+0.16 | 9.42+0.15
120 0 0 0 0 3.5140.14 | 4.66+0.20
TEC TO 0 0 0.60+0.07 | 1.13£0.45 | 1.33+x0.72 | 2.01+0.12 | 2.16+0.06
(CFU.g") T1 0 0 4.17+0.16 | 4.16+0.19 | 2.43£0.51 | 1.76£0.07 | 1.57+0.05
T2 60 0 0 0 0 0 0.87+0.03
90 0 0 0 0 0 0.50+0.06
120 0 0 0 0 0 0.43+0.02
T3 60 0 0 0 3.3+0.07 | 3.41£0.02 | 3.09+0.12
90 0 0 0 0.33+0.02 | 2.26+0.02 | 2.22+0.09
120 0 0 0 0 3.09+0.13 0.00
T4 60 0 0 0 0 0.51+0.05 | 1.50+0.18
90 0 0 0 0 0.2840.01 | 1.76+0.03
120 0 0 0 0 0.20+0.04 | 0.80+0.09
T5 60 0 0 0 0 0 0
90 0 0 0 0 0 0
120 0 0 0 0 0 0
T6 60 0 0 0 2294029 | 1.18+0.17 | 0.87+0.35
90 0 0 0 0 0 0
120 0 0 0 0 0 0
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3-2. AHE gt
- == A gt
- ATHX| AMAL
tH =EY/MMY
= 3/MMB @, = sl 72 IF
In Vitro Biocidal Actions of Rhus verniciflua Journal of cluster 2019.05
1 Bark Extract Wrapped Gold Nanoballs Against science (SC.I) 1.731
Biofilm-Forming Food-Borne Bacterial Pathogens| 30(6); 1489-1499
Statistical Optimization to Augment the
, , . Journal of cluster
Photocatalytic Reduction of Brilliant Blue G-250 ) 2019.09
2 ) ] ] . science 1.731
Using the Biogenic Semiconductor Nanorods: (SCI)
31(4); 709-718
An Ecosafety Approach
A comparative study on the phenolic Industrial crops and 2019.12
3 composition, antioxidant and enzyme inhibition products (SC.I) 4244
activities of two endemic Onosma species 142; 1-5
Biogenic silver nanoparticles-polyvinylpyrrolidone .
. Postharvest biology
based glycerosomes coating to expand the 2020.02
4 ) ) and technology 4303
shelf life of fresh-cut bell pepper (Capsicum 160: 1-10 (SCI)
annuum L. var. grossum (L) Sendt) '
. International journal
Biopolymer K-carrageenan wrapped ZnO . i
) ) ) ) of biological 2020.02
5 nanoparticles as drug delivery vehicles for anti 5.162
macromolecules (SCIh
MRSA therapy
144; 9-18
Physical and bioactivities of biopolymeric films |International journal
6 incorporated with cellulose, sodium alginate of biological 2020.06 5 162
and copper oxide nanoparticles for food macromolecules (SCI) '
packaging application 153; 207-214
Biocompatible fungal chitosan encapsulated |International journal
; phytogenic silver nanoparticles enhanced of biological 2020.06 5 162
antidiabetic, antioxidant and antibacterial macromolecules (SCH ’
activity 153; 63-71
Folic acid functionalized starch encapsulated |International journal
g green synthesized copper oxide nanoparticles of biological 2020.08 5 162
for targeted drug delivery in breast cancer macromolecules (SCI) '
therapy 164; 2073-2084
Lactobacillus rhamnosus GG and Biochemical
9 Agents Enrich the Shelf Life of Fresh-Cut Bell Foods 2020.09 3701
Pepper (Capsicum annuum L. var. grossum (L.) 9(9); 1252-1266 (SCh ’
Sendt)
Effects of yellow and red bell pepper (paprika) | Journal of Food £020.09
10 extracts on pathogenic microorganisms, Science and (SC.I) 1.654
cancerous cells and inhibition of survivin Technology
Biogenic Synthesis of Rod Shaped ZnO
11 Nanoparticles Using Red Paprika (Capsicum Journal of Cluster | 2020.09 1731
annuum L. var. grossum (L.) Sendt) and Their Science (SCh ’
in Vitro Evaluation
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Journal of
Photochemistry &

Preparation, characterization and anti-cancer ) 2020.07
12 . . ) . Photobiology, 4383
activity of graphene oxide—silver nanocomposite . (SC
B: Biology
210; 111984
) o . International Journal
Synthesis and characterization of nano-chitosan ] ]
. . . . of Biological 2020.09
13 | capped gold nanoparticles with multifunctional 5.162
] ) ) Macromolecules (SCH
bioactive properties
165; 747-757
] ] ] ) International Journal
Chitosan nanoparticles as edible surface coating . .
of Biological 2020.09
14 agent to preserve the fresh-cut bell pepper 5.162
Macromolecules (SCh

(Capsicum annuum L. var. grossum (L) Sendt)

165; 948-957
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annuum L. var. grossum (L) Sendt)

HI-ExI-i
HF HF T T = BesE)
E-‘H'-xl' E-‘H'-I'"—l (HEFEOEI*I)
Biogenic nanoparticles tailored antibacterial polymeric
Kandasamy film f kaging of fresh-cut bell (Capsi A S5 ALAh
ilm for packaging of fresh-cut bell pepper (Capsicum
Saravanakumar P 9ing PEPP P (2019.06.26)

Preparation and characterization of biodegradable

.. . I . oINS Ao
Sekar Vijayakumar chitosan film incorporated with -carrageenan loaded (2019.06.26)
ZnO nanoparticles for food wrapping application
Edible chitosan nanocoating for extending the shelf
Xi H life of fresh-cut Capsicum annuum L. var. grossum A S AuAh
laowen A P - var g (2019.06.26)
(L) Sendt.
Extraction and Gas chromatography mass spectrum BHAF BIAR
Kandasamy i o ) i ) -
based identification of bioactive metabolitesfrom H2TAE 35
Saravanakumar ) . . . .
Trichoderma harzianum and their antibacterial and an (2019.08.13)
Antioxidant, Antibacterial and Anticancer activity of HAFHIAR
Xiaowen Hu extract from Capsicum annuum L. var. grossum (L) H2TAE 35
Sendt. (2019.08.13)
Slight acidic electrolyzed water and organic acid /3
Kandasamy . . . =
treatments inactivates the foodborne pathogens in A S A E
Saravanakumar . 2020.07.01
fresh-cut paprika (2020.07.01)
D L L a2
Kandasamy Probiotics '|r.1corporated r'1atural additive maln.talns the S 7 M M
Saravanakumar nutritional properties of fresh-cut paprika (2020.07.01)
Response surface methodology based optimization of =
Kandasamy . . . =
preservation condition to expand the shelf life of red | ACHEZdHMHME
Saravanakumar ]
and yellow fresh-cut paprika (2020.07.01)
o The use of chlorine water and methanolic extracts of n[E3
Arokia Vijaya Anand ) ) . ~
_ Capsicum annuum L. withstand the nutritional S A MY
Mariadoss ) ) 2020.07.01
content and improve the shelf life fresh cut (2020.07.01)
e . 2
Arokia anya Anand Influences of‘storlng temperature to enhance the 2 CH = 74 M M
Mariadoss self-line of fresh cut bell pepper (2020.07.01)
Effect of ultraviolet C on volatile compounds, [
Mgl antioxidants and shelf life of yellow and red fresh-cut | ZCiSAHIMME
paprika (2020.07.01)
. Tea oil incorporated chitosan-based coating for [
Sathiyaseelan _ _ ~
enhancement shelf-life and quality of fresh-cut bell I e S
Anbazhagan 2020.07.01
pepper (2020.07.01)
Chitosan nano-coating expand the shelf-life of =
Xiaowen Hu fresh-cut paprika through preventing biofilm ACH S 7 A A E
formations (2020.07.01)
. . . . L
Sathiyaseelan Combined effect of calcium and chitosan treatments by
. . . I e RS
Anbazhagan on fresh-cut bell pepper for their self-life extension (2020.07.01)
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