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Jlaz gulslol W mauol 2X7L US. o2 Zs]
Slsh & AldolA Lhz TxAES HBE mAXE LD Al
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Moz I mEioM & 580 =2 WEXNE =23

oA ES =AlstH M Z AL E PE= T3t 9 X 7} Of
B2 S50 2. =d= wmde= 7(A 7 YMSEA =30 glo]
XNIF Z=ALE Hdol|M MEHM O 2 PE L& clts=2| ojo|3 =-L}
L F=A (Micro-nano pores and channels) S &AMSHA = =0,
Ol= &2 Iix|of|A A otst= 22 NFS ZEHX| 9| Al MAF 2
© 2 Nano PPP(Nano scale porous polymer patterning) 2l =&t
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- L F=AH S|4 Mo HAYUE AYH AT
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- Dual type 1= A4 Q| I CHZFHARSEA F1Z(600mm X 600mm)
- NFS Z&X| ASSIE et AZ=AL & I =6H

AlAl stAM LHSE Multilayer film Z&X[2F NFS MMM E7|M fiIm ZAHX|

= AT LRA 2l dat=2 NFS 74 &2 dAl M=Alol 553510 =l
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A & ool =& AFollM e AR ZFMEM ALZE o Y.
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ARAZ AV e 28 A=Y
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OR|= k=2

AR MHoM NFS S7/M ZHEZ2 FItHEel 3¥I H|E0| 2€23F CO, &FH|
IE= one-way gas valve Al &4 ZX[ HE=EAC ZHMZE &2 = US.
Ol &2 ZX M=o =& ssMd3 MAMs SIMA7|2 HE E£E= &
Moo gME = e ZE 2ZME 9X|Sto] & H|E3 538 E HUE
US.
Az ME 7|1 HaAleY Tl 2doe|E BEHE2 MM sME, we AE 2
ofe] AlE MEH 7|a2 FHE = US. Y JIsE2 MES EXRXVIGS
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% KUM YANG CO., LTD.
October 20™, 2020

81, Nakdong-daero 960beon-gil, Sasang-gu, Busan, South Korea [47028)
Website: www. kyc.co.kr

GUARANTEE LETTER
Kum Yang Company Limited guarantees that Cellcom AC1000 complies with the sanitary measures and
Mexican standards in order to be used as a food additive according with the following regulations:
| l - o
| Entity ! Section
FDA (Food and Drug Administration) 21 CFR 110 Current Good Manufacturing,
Packing or Holding Human Food. |
PART 137, Cereal flours, part 172-food, additives
permitted for direct addition to food for human
consumption subpart i— multipurpose additives CFR |
172,806. |
Secretaria de Salud (554) Norma Oficdal Mexicana NOM-251-55A1-2009,
hygiene practices for the food, drinks, or alimentary
supplements processes.
In accordance with the GMO’s declarations, we communicate that the product is not derived from a
genetically modified source and it is free from genetically modified DNA, as well as from proteins
derived from it and radiation
MY ro (Y LIMITS
¥4 f EDasn
W I 17 %7
e
YL KWANG JY ©RE
<EEA| ARAYAGA AHFZHE FDATAA>
- ST EMS 9B ol B Fu| 75
- Cish =7e| 28 Tt 44 HAE I8 7ol EHY| 75
- MES £NTE Y| s S YA
» Lt XA F UV lasere| =70 e JtA FoiE AbnbEbA|
- LE9o| Lt YxA o T mE Tk AEMd HAE
- i A2 28 UV pulse laser?| Pulsed 7tA FopE ApabA o4+
» PLE2 8% LT EA 2E 7HA Foi: AEhtA
- PLS 283 TS TR LE o7
- M AE 2ol IPLE ZAter 289 JIAFIE a2kt AT
-9 -



e
o2 | polyethylene film(PE L&) p—TquenesuIfg?)s/lss)emicarbazide Azodicarbonamide
o] 0] x] ;
s15tAl 2 ‘W
B i1h"’i1r'H “1"}_.
n < H g0
e 0.88~0.96 g/cm? 1.381 g/em? 1.65 g/cm?
=3 115-135 °C 224-235°C 220-225°C
=X g 7tad EaHoR Gas Volume in air(ml/g): Gas Volume in air(ml/g):
oo clokst BopoA] S 8=l <140-150 <280-300
O 2xd &
s MER 78 389 &N =AHAF

- IPLE]

e R =
_7|'o %\ITE

2
- BX8 #83t0 Y7Nol Y
- £} HIH2E 083 wm TS| £7|4 Y
- OlFOlE BESH MAIZ MASE 53
- ObFOll= MAMAIS O|Z310] MAIZH BF JhsE AlAY PE
AL 5T S

- A%} Hol

» Ojo|3E UxE A
-9ra A 5%7}F So)7t nmoA AAl= 4~ nm of] o] 27|7FX] teFet 359 7]
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Edit Font Results

200 nm EHT =10.00 KV

Mag= 14.02KX

Signal A = InLens
WD = 55mm

Fie Edit Fonl Results

[area [Mean [Min [Mse [wares |

[area [wean [Min [max [warea |

55 255 100
255 100

O 3R =

- PEE A2 YZHE
0of ofO|aZE L F=xF|
Zstn O flelE AEeh

o
- RtR &M A Nano PPP &
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[Es77|&: MAZALAXATFA]
O1Xd
- ASA stAoM LHE Multilayer film ZZ&X[F NFS MMHA E7|AM fim Z&XE 2442 H235H 2%
THAEE ME T 0|5ty E& s 24
w ZEX| A LY A MEE AFZo| MEZX= EZ Ljoll CO, absorbers sachetE £ 250 Zhojf g
1 ot AR ZE&3X|= ME ZE(polyethylene terephthalate/aluminum/polyethylene)O| A2 = o
x|t HExe= WHe| ZE A2 polyethyleneO|Cl. EESF T2 x| & AZEZX|= 100~400 g2l =
2oz oz Act migfA 2 AElo x| ZEX| = AH AZSoAM Al =0l HE LE ZZEHK|
2t SUSHA MAEFY20f 100~400 go| 2% B FH0| MHEACE otel = AlEN & =2l
MEUX MES LIEMH ZAHo|Ct
| o| M 2 2H AU X|(F) M A O M| LA =)
N
S el
AEZR|
XA X
AEZIX
= AlH X
ZF Fels

la
:::l:I'ﬂ.l

JO [=s

oz M

40 N5 e nE o
fu > Do n

> R

:

X g SHZUX| A|2= laminar flow clean benchollA multilayer(ML) fiim bag(polyethylene
terephthalate/aluminum/polyethylene, 13 X 20 cm, 0.1 mL O,/m?day-atm, GQGONE Co.,
Gimhae, Korea)Z} nano-foamed structure(NFS) 7|4 fim bag 2&(13 X 20 cm, 20,000 mL
Oz/m?-day-atm2} 40,000 mL O,/m?-day-atm, GQGONE Co., Gimhae, Korea)oll 100 g4 ZtZt &
A EHE2 T AHAT|E 0|80t 2 EsIRUCt FSUUX| A|=E& laminar flow clean benchollAl CO,
absorbers sachetO| FEE ALt A=K g2 ML film bag(polyethylene
terephthalate/aluminum/polyethylene, 17.5 X 22.5 cm, 0.1 mL O./m?-day-atm, GQGONE Co.,
Gimhae, Korea)Zl nano—foamed structure(NFS) &7|A film bag(17.5 X 22.5 cm, 40,000 mL
0o/m?-day-atm, GQGONE Co., Gimhae, Korea)oll 400 g¥ ZtZt 4 =2 & dH™=I|E 0|25}
o Y&E3tAUCt

M =d: &7 Mg S 2dzznt 48 2271 SRt S24dx(2| njd=oty & ol=tety F2
Sdnt 2Z otgdol n|x= A 2ME ?loh SR AlZ= -3£0.5, 4212 10+1°CollA 362t



MEstU e BZUX|= -240.52F 4+1CollAM 3222F MESIACE ML film bagoll Z &5 St

o= 2 5 SR et BHAX L o|dE 5
Al 4= 180 mL= H# stomacher bagdll €2 F stom
Saint Nom, France)& ol&dll 327t #&3tsiUct. 72
mLe 22+ vix|of| HEStHCEH & 37|14 M7, 5 7it
3M PetrifimTM aerobic count plate(Petrifiim AC, 3M Co., St. Paul, MN, USA), 3M PetrifimTM
Lactic Acid Bacteria Count Plate(Petrifim LAB, 3M Co.), Yeast and Mold Count Plate(Petrifiim
YM, 3M Co.) ¥ Coliform Count Plate(Petrifilm CC, 3M Co.)& AlSsI¥2n & 7|4 Mo 2
Z FAHE2 37COA] 48A12F, &2 F FEHO[= 25TCHA 72A|12, & HEF T2 37COlA 244
b 2FSHA Tt HH‘Dk ? 30~3007H &=tE Mot iX|E MEiSt] & 7| Mo & Fid2 &2
EM gl Cer Mol FleteE F HEF T2 gas7t dME /2

jo
0
ob
>

2 20 g7} 0.85% Eo Me|
cher(Bagmixer R400, Interscience Inc.,
2 YR s|IM5E ctg, 3MY 1
22 ¥ FEo|, & H¥d72 24

g) [}
oo g o
12

T
o L”-

r

ool L=
o — _I_ — =< E
Z-

& Multilayer film Z&X[2F NFS WA E7|4M film Z&XE 22t M8 2]
PN _E_&‘I

pHet M LE (tltratable acidity, TA) &41: pHE AIZE blender(HR1390, Philips, Guangzhou,
China)Z2 &M & multiparameter benchtop meter(Orion VERSA STAR 90, Thermo Fisher
Scientific Inc., Chelmsford, MA, USA)oll &=t&t pH & =(Orion 8157BNUMD ROSS Ultra pH/ATC
Triode, Thermo Fisher Scientific Inc., Chelmsford, MA, USA)E 0|&35t0{ A20|M =HSIFCE.
MYMEE 2ME AME 1 g2 Hes| 2ot 508 3 A5H £ ofztst 044 20 mLE 0.01 N NaOH &
HoZ pHIt 8.30] & WX MAHSIACEH MHAMEE= of2iel =42 0[|&35t0{ H &HstCY.

Titratable acidity(%) = (A = B) X 0.0009 X f X D X 100
Sample(g)
Al 2 AlEof| &H|= 0.01N NaOH 82| mL %=, B: HIEA|EHo| &H[= 0.01N NaOH 42| mL =, f:
0.01N NaOH<e| 27}, D: 3Muf

= ShRICH SHEF BA: ShIC SHEER dinitrosalicylic acid(DNS) ghol| w2t S CH 24 A|lRE 1
At BFTE 508 M = S|AGHAIR U 1 mL2 DNS A2k 3 mLet i@ér 1 100°C water bath
oA 558 SOt SHAIZCH SE 22 T A|2-DNS 28 82 A20A F&235| W2ZAZl ctS &
F5 16 mLE 7510 3MEt T B TA(UV-1800, Shimadzu Scientific Instruments Inc.,

]
Columbia, MD, USA)E 0|&3t04 550 nmollA &2

T2 =™sCt EEHMe EE2REA
glucose(Sigma—-Aldrich Co., St. Louis, MO, USA)S sE%HZ DNS Alefn} HrESA[7] XM 5% 204

shelct shak2 mg/g2 2 LIERICE

M UX| AR HE= C|X|Y Y¥EAH(PAL-ES3, Atago Co. Ltd., Tokyo, Japan)2 0| &5}

» MI7|™ME X (electrical conductivity, EC) &41: ZX| Al2e| MI|MEE= EC probe(013005MD,
Thermo Fisher Scientific Inc., Chelmsford, MA, USA)E Z&st multiparameter benchtop
meter(Orion VERSA STAR 90, Thermo Fisher Scientific Inc., Chelmsford, MA, USA)Z 0O|&75}0{
EC EE8Y2= 2d & d20lM YL

 JAAM dE M LR A= I 7|74I7“ A E = texture analyzer(TA-XT Plus, Stable Micro Systems
Ltd., Surrey, UK)oll Zr&t=l 2 A 2 mme| |EE probeZl 10 mm/se| S22 A|lEE 2EE 0 A

o
Olxl= zHE SYSIACH AIE £ 2l 24 M2lTFE 105 o|4 BhEsiR e gt kof

2 Lt At



» JHM Mz 2N SHZUX| A2 EHEHe ME= MXAH(Chroma meter CR-400, Konica Minolta
Sensing Inc., Osaka, Japan)E O|&35t0{ EFHEH(L"=98.86, a'=-0.28, b'=4.06)22 EH = =
M3kt CIE L' (lightness), a*(redness) % b*(yellowness) gt2 Zt Al22| EHZ 108 EHE5H04
Ho+EFHXIE HERHAUCH

A5 A3l= 33 o|4t vhg 2EAMSI0] WAL ETHALZ LIENHCH ZTjol ofst &

2 SPSS(Statistical Package for the Social Science, Version 19, SPSS Inc.

Chicago, IL, USA) software program= AFZ35t0{ one-way analysis of variance test(ANOVA)E 4!

At D Reld AXE2 P < 0.05 =F0lA Duncan’s multiple range testZ st Ct.

1z

Hl

- DHAZE 9 WENE mUoM U ESI BY A

R JIA sk e B

» I LE headspace 7tA S W5 24 N& F SHUX| E= 2L XE Z&SH ML film bagzl
NFS &7|A film bag WS headspace2| 0.2} CO, 5% (%) Hst= ZAA ZFHO| septumes F£=&
St = headspace gas analyzer(Checkpoint 3 premium, Dansensor, Ringsted, Denmark)& 0| &5}
o EH™sICE

o I RO JIA SR} X EAe Moot M XME F SR SZAX =™ UE
headspace O, = CO: &E(%), pH, MAEAT} SHlE &k H5l 721 Aoty Pearson

correlation coefficientdl] 25 7ol AAE(Fel+==: £ < 0.05 P<0.012 P<0.001)2 AA|5H0]
B M}

» NFS S7|4 Z&X|IF M= Zxle Mz & 2 oF Hayd ¢DelE 29 F2 S 26 7|HF
g gelst 8718 =& Mg SR ME AE HolHE r%éroacr ME & Axe EF o F
HAY dnelE 2U g Jfwsty| flsh AlEE ololefe| JH4== 3787]0|C}.

= SRIHSE SRR e MAEY|ZH MNER2EZ, ZTIX| ot pHE ALB35Ion] BKMEE AR &
A XEel MHEAMTE ALESIGCH

» SRS E XY HolEet HEY HOIEZ o|F0{X U2n] Mg ololE{el ZEX| SF= Ho|
HZ H3ksl0] ARZSICEH THR7F ME ct2 X" lolE(MAV|ZH ME2E} pH)= kst
Hazd Lrne|gel MsgS dluwsty| s H[E &K Non-normalized), MinMax &3kt

Standardization2 AF23H3CE
» Ojo|E{= &t& OlolE{(Train)2t E7t HlO|E{(Test)2l 27tX| HAIE ALSsI¥ D A2 H|F=He
(Unshuffled) HlolE{2F F%t2|(Shuffled) H|O[E{o|C},

» UX|e] FEE oFsty| fls AFEE HaARd L2|E2 MY FH(Linear regression),
Randomforest2t XGBoostE 0|-&35t%¥Ct. Randomforest= 021 Z& Egz|(Decision trees)& Z &
5t0{ Zt Egle| ofFEES "o WAL ciedE oXle LaE o5 el sttolt XGBoost=
Gradient Boosting ZT2|E2 7|Hle2 LRE XM 2 £X6l LI7IHA o8] 2N E2|E st
A7l Dds, 05 AY zdolct Z4zte| EglE 75 I FAIHE FItelod 2ol S}
SHE SMAF| D XS WX SHUCt

= HXH(Root mean square error, RMSE), B &H
g 2%}(Mean Percentage Error, MPE)2} RS Al2
oAz LIHA HIIKEES 0o JE4E £

» HARY 2dTEE EME 25t T2 2 Python(version 3.8.8)2 0|235t% 20 zZlo|l=EE|=
pandas(version 1.2.4), numpy(version 1.19.5), sklearn(version 0.24.2), xgboost(version 1.4.2)
£ ZtZt AFEshct
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O

2RHA
AEUAX EF S g el AZHE o|iteteka dhlEknt Hhe DA 4 24
- A R MR Al X YxJIZ LA (TlTolM 2R H AR (F)olM xS x| W H2t
Ax|t AMHE HoliAl & X7t LA (CH 2ol ZRHX)ol| A MAtsH ZHFT[E 0] 85I 2H AR
2 AtEet AEUXel 74 ME2 ol Foll LIERAACE
<MELUR ESEH M HE>
Zz= M = A} T8 4=
ol 75% [t F 98% (=4, HHAZ (4],
T(=oh), ARHEE, 2XIIF (=4, 2k, ot
SRl | mEomBRYEAN(F) | T T e
BRAR, FF, MPH, CHA[oHol A, A, 42,
UAUFGEY, HHLF(FN), MOFLAT
Mol UEl2| F(84%), 2FiH(2.2%),
ZXMEEZ(2.1%), HIN2%), DI (2%),
E4dx mjo|M = 2HAXI(F) HAM 2=, obs, MPAR, SAYA, chr ool £,
S0F, M, EXLAC 2L, TEHD fobd
2 EbE
HeR 87%[F 98%(=dh), HAF(FL],
2t 27| C Zfof| TN x| DEIIZ(ZA), CHAIY, Hx A2, obs, ok},
oo, M, 48 Zzo|g, Gdag(=4)

<MEUX ES U JAE YUY P HEFFA>
No &5 s ;;iﬂ (ml_jt[-)j_/i::yitm) M=
1 S| 100 g O - -3, 4,10 C
2 SHUR| 100 g - 20,000 -3, 4,10 C
3 SHUR| 100 g - 40,000 -3, 4,10 C
4 AR 400 ¢ O - - 5,10C
5 SHR| 400 g - 25,000 - 5,10C
6 SHUR| 400 g O - B2
7 P\EAR 400 g - 6,000 B2
8 SH x| 400 g - 4,000 HE2xE
10 2R 400 g - - -2,4 T
1 24U 400 g - 40,000 -2, 4T
12 ZE | 400 g - - HexE
13 2= 7| 400 g - 4,000 HE2xE
14 2= 7| 400 g - 4,000 & HHHE HE2x

EZY Y5 headspace 7tA sk W3 M NE F SR, SUAX b ZAFI|E EEE ML fim
bag2 NFS &7|4 fiim bag W5 headspace2| CO, &= (%) Hate ZHA FHO septum= F
&t & headspace gas analyzer(Checkpoint 3 premium, Dansensor, Ringsted, Denmark)E 0| &3}
of EYstAct

71 e S g U Q| p w5l AL ME F x| wa2 olft v|H 3 wsts SUXE ZH
Bt film bag Z&A| EHo| septumS H&Het & he

Tec, Seoul, South Korea)Z& 023101 =ZX™SIFCE ZnZi2 2t =X Zroll tf7[2H(1.01 Bar)2 5}
of EYstct. dAlo oz tists xHE SHUX AR NMZ 0zt M 280l CIXIE FtH2tE

ol ZalfA ZHAHSHAC



Zo| FE&HENM NFS MY S7|M XX Q| 7| Frtzo U2 Mz & Zx|e E2n sM8x: |
slof| o|X|= P& 7™
AHZzA 1. 7(MF2EE Helst 8718 2 M8 SR ME Ad]
Ay Mz MelEE AMA &3 ZRJISYA (T oM 2 2HZAX|(F))dlAM M =5t BRI E 0|&
513
<BHUX| AR 74 HE>
== H = At T4 &
- Heluh = 75%[H1F 98% (=4, FHAF(FL],
= — =
_ F(=Z4h, XX EE, DFRIIF(FAH, 2knl ool
Ax2A | mmomZRunAE) | o) BXHSE, AXATED),
(B[ A E) EXHA 2= MRA, ciAoolA, ME, ML,
T BAUULY, FHLF(RY), HURE
Z R gk BE2IX| AR = CO, absorbers sacheto| £&H=l ML film bagZt NFS fiim bag 25(18 X
24 cm, 6,000 mL O,/m?-day-atm@ 4,000 mL O,/m?-day-atm, GQGONE Co., Gimhae, Korea)ol
400 g*A! 2t2t 74 =2 & AFYETV|E 0| 2510 LE35ICt 6,000 mL O./m?-day-atm Z|M F2tT
£ Z+= NFS film bagoll ZZHsH 82l x| = NFS-60002, 4,000 mL O,/m?day-atm 7| M &2t E 2t
= NFS film bagoll ZZFst StZlx|= NFS-40002 2zt o Stict mlu|o|M S 2HZ X (F)olAl At
& ¢l ML film bag(CO, absorbent F&hofl ZZet StZUX|= HEFE BHSIFCH
NE =A: SHUxR= 2o ME Y fREEAE =2 HFYSIo] NEASIFon], Bo| FEEAR AE
Zx[e] MA RE & YWE/AME2 22 & At S2 18slo HE mHoZ MHsIct.
<BHZUX| ME=7>
bSES b, 0 ~7¢ 7 ~21¢ 21 ~28¢
1C 6°C 4C
2ol My & BRIISEH E=
A HrSaA A RSN AA0lA JPH UED @ 25
75 &2 204 RS AA - -
B 22 =A =A
MNexdan 25 =A
AEzxH 2 7| HMZ 2elst 23 M2 25T MA AF]
MY MME: ARE AAET KAl A% ZX| 712 A (C ZHol o X|)of| Al M Atst 2ZH=7| & o &5}
o M ME2 ofe ol LIERHUCE
<SZET| ANE FH HE>
== M = A T8 HME2
e HYT 87%[F 98%(=dh), HHAF(=H)],
H[/?F;Mﬂﬁ oo o|M 2 EHZUX|(F) | ZXRIIF(FAH, CHA|Y ) BX|H A A, o, ko)
Bl&aHE) o}, AjZh, ME =x0|2, MEHAZ(24
TR gk ZEET| AR = ML film bag(118 X 24 cm, GQGONE Co., Gimhae, Korea), ¥ HXM &
7|4 NFS film bag(18 X 24 cm, 4,000 mL O,/m?day-atm, GQGONE Co., Gimhae, Korea)} tt
& EJ|M NFS film bag(18 X 24 cm, 4,000 mL O./m?day-atm, GQGONE Co., Gimhae,
Korea)oll 400 g ZtZt 74 &2 T AH™EV|E o|2sto] 2 ESIFCE ML film bagoll ZAEHSH 25+
Il =72 AlS5tF o] MEMD BHA E7|AM NFS film bagoll Z&SH ZH=7|= Z+2E NFS-1

2|2t NFS-2 Me| 72 HHSIQUCH



o
X &2+ oY ~7¢ 794~21¢ 21 ~28<
1C 6°C 4C
2o| XMZE g ZR7VSHA == of - | o
A FEAH LHAHOIA VAYS PN o 2z
2o 2 = =A
Mexzn 25 =7

oM E 24 M Z SRt Z4F7|e ojdE = SE2 2ol AR 20 g2t 0.85% H ME|AlY
£ 180 mL= ¥ stomacher bagdll €2 = stomacher(Bagm|xer R400, Interscience Inc., Saint
Nom, France)E 0| &8sl 327t &It d& S8U2 HAHZ 3MEH Ctg, SAM 1 mLs
2tzto| diX|ofl HBSIUCH & 27|14 M, & witd, 22 ¥ FE0[, & 22 22 3M
PetrifilmTM aerobic count plate(Petrifilm AC, 3M Co., St. Paul, MN, USA), 3M PetrifilmTM
Lactic Acid Bacteria Count Plate(Petrifim LAB, 3M Co.), Yeast and Mold Count Plate(Petrifilm
YM, 3M Co.) ¥ Coliform Count Plate(Petrifim CC, 3M Co.)& AtEst¥ o0 & 7|4 M7 &
E RAHF2 37ColA 48A12H 52 3 FHO|= 25COA 72412 & HEF T2 37CollA 244
Ct. B2k = 30~3007H &=zts A5 H7(|E MEISH & S7|1M MPo & giM4E2 &
|

ro r}'_

—

g2 2 ZEo|ls SEEM gl Cletkst Mol FleteE2 & A2 gas/t MAE 2

A=stct HE= o|ME == colony forming unit per gram(CFU/g)2 2 LIERHACE

ot

pHel MHME E2M: pH= A|EE blender(HR1390, Philips, Guangzhou, China)2 &2
multiparameter benchtop meter(Orion VERSA STAR 90, Thermo Fisher Scientific Inc.,
Chelmsford, MA, USA)oll Z&=&tst pH M=2(Orion 8157BNUMD ROSS Ultra pH/ATC Triode,
Thermo Fisher Scientific Inc., Chelmsford, MA, USA)S 0|&35t0{ A 20M ZHtCH MYME
= 2ME AlZE 1 g2 ™ets| Zot 508 s|A S F ofnst 044 20 mLE 0.01 N NaOH & 2=2
pHZ}t 8.30| & mi7IX| MYStCt MY ME= oteflel =4S 0|835t0] ALt Lt

_17_



Titratable acidity(%) = (A — B) X 0.0009 X f X D X 100
Sampl (g)
A 2 Alglo| AH|E 0.01N NaOH 2242| mL %, B: HIEI|Hol| 4H|= 0.01N NaOH %2 mL &, f:
0.01N NaOH<e| 47}, D: sl Mufj==

stl ek shar 2M: skl B Sh2F2 dinitrosalicylic acid(DNS) gHHol| el EX-SIFCH 24 A|ZEE 1
T 5Met A2 U 1 mL2 DNS A2k 3 mL2t =%tst0 100°C water bath

2 F AME-DNS 22 8U2 A20AM SE5] HUAZ Ctg &
F4 16 mLE 7t 3lM st & 2ZEEA(UV-1800, Shimadzu Scientific Instruments Inc.,
Columbia, MD, USA)E 0[&5t0{ 550 nmollM SHTE SHSICEH EFHdTU2 ZFE=HENM
glucose(Sigma—Aldrich Co., St. Louis, MO, USA)E &
shICh StE2 mg/g2 2 LIEFCE

=
TEZ DNS Alefzt HHSA[7 2HH 5t 20

P

[o]]

M ZIx| AZ2e 9E &= C|X|"H g = AH(PAL-ES3, Atago Co. Ltd., Tokyo, Japan)2 0|&
C_) AN

ZZ L F headspace 7tA SE Hst EM: M& & SR E= 25T Fob ML film bag®

NFS &7|M film bag W& headspace2| 0.2} CO, 5% (%) Hst= ZERY EE'._OH septum=

nl}
B
St = headspace gas analyzer(Checkpoint 3 premium, Dansensor, Ringsted, Denmark)& 0| &5}

=~

o EH™sIHCE
ZsAHAE MADX AT BSHAMOM AASIF o0 MAHZ X4 gh2ish ZX| sHAF i+
A (2016)2 &115t0] AA|SHHCE SensMine =212 (Sensmine version 4.8, Sensometrics,

XoipaolM EHE T2 202 A2 MASIG o0, 98 HE

Seoul, Korea)g &-335+0 MHZ X
S 0[83l0] 7|2 =& HAISHEF SICH AlZ= 20 g FH7t gle WA Z7[of Zot ofziel O
np ol HIAIoF‘Ri'E of, A|22} A2 Alojoll= 23 FefHZE IS StE=E SHYCt "ota=e 7|
SE(2aH A , DR MA Ml VEEE TSIt
<™ ME>
tiets] | of < A} okZt BE okZt =c} of < | i chel
Aot Aot = #ct olct Zct = Ect Zct
2|3
HAY
oF 1 2 3 4 5 6 7 8 9
KXIZF
P == |
MAH 7|5
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t2 LiEHCEH Z ool ik §

X

Inc.,

SPSS

Science, Version 19,
F0d one—way analysis of variance test(ANOVA)E

Package for the Social

Statistical

(

PSS

SHEME2 S
Chicago, IL, USA) software program

AM
(=}

ol

Al
=

2 ALES

Act.

Sl 5}

[ AHE2 P < 0.05 =Z0dlM Duncan’s multiple range test2

ol

-
ol
Kir

Kl
Hio

- NFS 714 ZEX|I7t H

NFS &7|

82
o
il

Kl

o

Pearson correlation coefficientol| 2

Zht A =

-
é)l‘.l—-

s

of

&
]
Ir
il

tod

[

ot £ < 0.001)8 AAl

of=Z&: P < 0.05, P < 0.01

H
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. = xNE 2% ZRojs 2y i oY 4] 3
i | Linear-regression | Y=a+ bt !
% pH % Exponential % Y=Y, Xe t %
One phase dissociation Y=(Y,—Y,,) xe"+Y,
% % Linear-regression % Y=a-+0bt %
i i i B Yo \on i
 mmas 3 Gompertz 3 V=Y. X (—ymax) 3
| | o I NS |
! ! ogisitic ! — !
3 3 3 (Yo = Yo) X e M4y,
% % Linear-regression % Y=a+ bt %
! ! ! Yo | w !
i Gompertz | Y=Y, Xx( )¢ |
3 R e Vo™ ;
% % Third order polynomial % Y=1>0,+bt+ b2t2 + b3t3 %

» MY O HIMYE 3 BMe2RH EEE AXe EE oF 22 SAHZA X ER Coefficient of
determination(R?), Adjusted coefficient of determination(R%q), Accuracy factor(A;), Bias
factor(By)2t Root mean square error(RMSE)2 £4A{st0] MatM S HESIYCH MM HILE 25

AbEeh SAH Xzl A2t ol ofeflof LIERHRATE

 UA 2R ol% 29 MM HIIE 9B SAN XE 24 el 3
i (i log( K)rmﬁdﬁd B Y;bserred) ) i O:Ilé ﬂ'ﬂl‘ jélé aAl-OI X Dl-l_.l- i
| A,=10" | IR 5% |
i (i IOg( Kn‘edmfﬁd - Y;bserred) ) i 0:” é ZAI'J_'__l' AEI é aAl- Al"OI AI'I:H ~ i
| n i o4 = i
e B = e 1
: ( =Y, ) . i . :
3 RSME = | 3~ redided — Lobserved oS R U el Ao(FYE)
Y= . e |
i n i i
i 2 i = = _yp
| ()/;bser1Jed - Ypredia‘ed) | AH ™ 57 2ME Sl !
i i=1 i = e
| R*=1-— - ol=E Ztol doht YRk |
| _ 2 ! X2 LIELlS ZHZEA H2) |
| Z( I/ObSGT’UGd Y;ne(m) } & e HA( =< |T) }
L =1 o |
| R =1 1—R? x (n—l)] C EEo| FU|et SRS 2
3 adj = h—F—1) O Deislod Ase AW AR

SHAl A ZX|7+S & # (ch Zol| ZeHx
=2 otz ol LtERHRACH FFHX

4 ( X
M F5t0 ALEstU 20| HREAUX M=o AtgE M= 2 S22 ofefl Eo| HERHIACEH

2



z= X Z= A} 8 ME
B = (=4 60.4%, ST 22.7%, Hi(Z4H 4.8%,
=AU S b, AH (TN 1.56%, TZ2[FHIN) 1.2%, D2,
(4 Z A]) - o, obs, M3, gJnF, ERAA, 4, Y,
MY, A=YeHa|, ciAof, SasA

F(ILH) 86.8%, CHAISS, BA{H (TN,
ey C Zof] = oh x| ARIIZ(=4Y, HEE, o=, ots(=4,
MeR (=4, drag (=), 4Z2(=4), 49,

So0HsZI% ()

HlH R 52%(ZF 98%, MAlagz), M=,

dZolufF, &, HRATHEE, 8LF, ots,
2FUx u mlo|M 2 2HZAX[(F) URIEF, XTOF, MFAX, LY, CiAopH| o[,

ERANR, Mg, 42, EAHEACUEY,

Mt

X g SZUX|(BAUX]) A|ZE ML film bag(15 X 22 cm, Rizen P&M, Gwangju, Repuclic of
Korea)Zt NFS £ S7|A fim bag 25(15 X 22 cm, 10 mL Oy/m?day-atmZ} 700 mL
0./m?-day-atm, Rizen P&M, Gwangju, Repuclic of Korea)oll 200 g¥ Ztz} 8 =He F AX™E7|
£ 0|85t0] LSSIUCt ML film bagoll =&et SUX[(HUX|)E HEFE AFESIR 20 700 mL
Oo/m?*day-atm 7| S2=E Zt= NFS film bagol ZZ& st EZX(WZUX)E= HA-NFSZ, 10 mL
Oo/m®day-atm Z|HFI2E=E Z= NFS film bagoll Zast SZX|(MZAX)= PA-NFS XMe|F#=2 Z¢
Zt WHsiQict ZHE7| A|2& ML film bag(15 X 22 cm, Rizen P&M, Gwangju, Repuclic of
Korea), NFS H& EJ|M fim bag(15 X 22 cm, 10 mL O./m?day-atm@} 700 mL
0./m?-day-atm, Rizen P&M, Gwangju, Repuclic of Korea)Z} one-way degassing valveZ} £ &}=l
ML film bag(15 X 22 cm, Pack4U, Seoul, Repuclic of Korea)dll 300 g& ZtZt 74 &2 & dF
7|2 0|Zs5to] &SIt ML fim bagoll Z&EsH ZHFI|E& =72 AMSSI¥ 20 700 mL
Oz/m?-day-atm Z|H F2TE 2= NFS film bagoll Z&st ZHF7|= HA-NFSZ, 10 mL Oz/m?day
-atm Z|HFIEE = NFS film bagoll E&sH ZHF7[= PA-NFS Mz|F2 242 Y HSIUCt
One-way degassing valveZt £&F& ML film bagoll ZZ&et ZHF7|= ML+ODV M| 2 HHSIA
Cl, 922X A|2E NFS 282 E7|M film bag(15 X 22 cm, 280 mL O./m2-day-atm, Rizen
P&M, Gwangiju, Repuclic of Korea)oll 200 g# 22t &7 H2 = EJYAV|IE 0o[Esto] 2 ESIU

SUR(UAR) ME =2 NE B NFS ZHA| 452 B 95| 22U (M) AlRE -2.59
0'colM 287t MESICH RE, Mol U B F NFS ZAX M5 Uil EY oM ©ot
st71 glsl ZTols AEURI MK RE 29 V|72 DeE W NI T7HoZ NMISUCH

2| ME =y 2T\ MY SSE LAIIBUAY L RSYUMIM NE westol Yxlo
M BHe TARSto] My s oich AAM Tt 2R EYR S M B ok ol LIEHH
oh ZAHZAMOIN AEZR 3t A BBR2EE 0~1CHS0 20l REAHoIA Hof ALyl
25= 6Tt
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N
30
o
i
=2
o
o
N
[
o
vV

ANE 25 1T 6C -3C
X & 7|7t 0 ~6 7L ~14Y 159 ~46Y
Ux|7t2UH £
e R 20 REAH aHoOlA
K= gl 3 20 R E U U IWd Dzt e x4
MeXdn 25 =7 ST

), Z-=7|2t OdEIjI7<|°| | i= = 58S ®lail A= 20 g2t
0.85% Z de|AH4 180 mLe B stomacher bagdl 22 F stomacher(Bagmixer R400,
Interscience Inc., Saint Nom, France)& 0| &3l 327t -T-P"saF tect 72 HS 0.85% Hd
2 AHS=Z 108 AL S AMSH T MM 1 mLe= ZHZte| HiX|of EFSIUcCt T 7|8 M, &
o, 22 2 ZHo(et & tEAEE 22 3M PetrifimTM aerobic count plate(Petrifim AC,
3M Co., St. Paul, MN, USA), 3M PetrifimTM Lactic Acid Bacteria Count Plate(Petrifim LAB, 3M
Co.), Yeast and Mold Count Plate(Petrifim YM, 3M Co.) ¥ Coliform Count Plate(Petrifim CC,
3M Co.)E A8t 2H & 37|44 M & & F&HF2 37TColA 48412, &2 & ZEO|
ol M 72A12F, & CHE T2 37 COlA 24A[7F i 5HQACE HY2F = 30~3007H &2H2 MM ek HfX|
£ MEiSo] & SU|d Mdnt & =2 2 HESE, 2 ¥ & =44 g
of FetrE, & AT T2 gas7t MME F2 5 AlFsiUct d£E o8 = = colony

forming unit per gram(CFU/g)2 2 LIEFfAUCE

ro

MK FM A E HYN DM E QT B 2o RE 24 MY T 257t AEZAUX o MXFE
M (Chabd) 2 HelM o|ME QY E(B. cereus, S. aureus, Salmonelia spp.)2M S 25l A=
20 g} 0.85% Hi Mz|AlH=a 180 mL= E o stomacher bagoll €2 F stomacher(Bagmixer

R400, Interscience Inc., Saint Nom, France)E 0|&dlf 327t #&3tstUCt A& 8HES 0.85%
o Me|AESZ 108 5 A s & S|MH 0.2 mLe ZtZte| i X|o 2FSICt B, cereus
= MYP(Mannitol-Yolk—PolymyxinB) agarg Al&st¥ 11 37 COlM 24A|ZF v sl o0f, SEHSH 2t
2 Z= 2EM FEeE AFSch S aweuss 3M PetrifilmTM  Staph  Express  Count
Plate(Petrifim STX, 3M Co., St. Paul, MN, USA)E AFSSHE 10 37COllA 24A|ZF v st o0, A
MM FMzte=E A =35k Ct Salmonella spp.= Xylose Lysine Deoxycholate(XLD) agarg Al&5HU
0 37COM 24A|2F B tstiond, AXM FE4+E ASsSict ZEE o|lM=E = colony
forming unit per gram(CFU/g)2 2 LtERY AT,

pHeb MH™EME 2M: pHE A|EE blender(HR1390, Philips, Guangzhou, China)2 &4 F
multiparameter benchtop meter(Orion VERSA STAR 90, Thermo Fisher Scientific Inc.,
Chelmsford, MA, USA)oll Z&fst pH ™=(Orion 8157BNUMD ROSS Ultra pH/ATC Triode,
Thermo Fisher Scientific Inc., Chelmsford, MA, USA)S 0|-&5l01 A 20A FSHSIAUCEH HHYME
= =M E AR 1 g2 Hets| Hot 508 3| AM5H F ofzfet 64 20 mLE 0.01 N NaOH %2 =
pHZI 8.30] & Wi7tX| MYSIUCE MH LT = ofefel +4/Z 0|&5t0{ HLtsIULCEH

Titratable acidity(%) = (A = B) X 0.0009 X f X D X 100

Sample(g)
A: 2 Algol| &H|Z 0.01N NaOH 22| mL %=, B: HIEIA| "ol AH|Z 0.01N NaOH 2| mL %, f:
0.01N NaOH<e| 7}, D: 3 A==

Shol e shaf A Skl et sH2F2 dinitrosalicylic acid(DNS) 2ol w2t S™3SIFCE 24 AIRE 1
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X ZF4E 508 M T A EEAIZ Y 1 mL2 DNS AleF 3 mLet 285101 100°C water bath
st

Alek 3
oM 58 S0t ZHAZICH Y = of SHE2 A2oA FSE5| HZUAZ Chs S/FF
16 mL2 7Istd FAMet & 222 T A4(UV-1800, Shimadzu Scientific Instruments Inc.,
Columbia, MD, USA)E 0|&310d 550 nmollM SEEE ESHSIYCH ZFHEIM2 EFEEEA

A o

glucose(Sigma-Aldrich Co., St. Louis, MO, USA THZ DNS AleFn} HE2A|Z

P

o HI
1

0z

_O'L

@ 0

shlct shzke mg/gl 2 LIEICE.

HE 2M: UX| Al2e| ¥+ O XY HEH(PAL-ES3, Atago Co. Ltd., Tokyo, Japan)S 0|23}

o A20lM EHSIUCE

AN 22 BM: EUX(MZR)L] 7|HX A= A|RE 4X4 cmZ MG T ALESIF o0 ZHF7|

O Z|AIM AE= 2x2 cm A7|¢ A&, ERUXIS JIAN A= E7|€ MHSI0] ALSsIC
z| I &&=l texture analyzer(TA-

>

lus, Stable Micro
Al2E EAZ

Z|HAX A== ZZA 2 mm cylindrical probe? T
Systems Ltd., Surrey, UK)E 0[-&35t0] S = RUCt. ProbeZt 10 mm/sel &
Il X = ZCHZS =H™SIGCE A2 B 203 o|At Ht=2 =X 5l0] HIfE kg2 LIERHRACE

HAE=2 1o S =S 353

HI o

ZZ W& headspace 7t& S Hst 24 M & SUX|(WUR]), ZAF7|t AFUXNE =5
ML film bagzt NFS film bag W5 headspace?l 0.2} CO, 5E(%) Hst= Z XA EHHol| septum

= F &5t & headspace gas analyzer(Checkpoint 3 premium, Dansensor, Ringsted, Denmark) &
0| &3st0f S sHUCE.
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2I5i gl A2 27| otofl 22 IS EH2 5 L HIFHE Eol =
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D Ml =Abel =2 & Zof w2} DNeasyPowerSoil Kit(Qiagen, Hilden, Germany)& Al
oIt Z+2te| sequencing®E ME2 lllumina 16S Metagenomic Sequencing
Library Z2EZZ ALZsI¥CE Bacteria= 16S rRNA M A= 16S V3-V4 primer(forward: 5
-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC AG-3’,
reverse: 5'-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA GGA CTA CHV GGG TAT
CTA ATC C-3")E& AlE3t0d ZFA|ZICE Yeast= ITS3(forward: 5~-CCTACGGGNGGCWGCAG-3")
o} ITS4 (reverse: 5-GACTACHVGGGTATCTAATCC-3")& o|&3all ITS +7t2] PCRE & st%iCt.
1Ak PCRe|l F7| =2 95°CollM 32 S¢F heat activation st 204, 95°CollAM 30=, 55°COfl A
30%, 72°CollAl 30%2| 25 cycleg HZ&l F 72°ColM 5& S¢F final extension E*ict 1X} PCR
MM E2 AMPure beads(Agencourt Bioscience, Beverly, MA)Z MM = Act A &, 1Xt PCR M
A=2| 2 uLe NexteraXT Indexed PrimergE AL&sto] QIHAE Zetsl £ E 2lo[E22] FHE ¢
i PCR S&A|ZiCt. 2xF PCRe| F7| =2 1At PCR =71} 53501 cycle?t 1032 #HZA SN
Ct. PCR 4M =2 AMPure HI=E2 MH =, opX|2F MM & 44 =2 gPCR Quantification Protocol
Guide(KAPA Library Quantification kits for lllumina Sequencing platforms)dll 2l gPCRS A5}

a
0=
2 Mo
H
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of Moz EX= 1, Agilent Technologies®| TapeStation D1000 ScreenTapeS AFE5t0{ EZ 0|
sholstct. Paired—end (2x300 bp) sequencing2 MacrogendlA MiSeg™ platform(lllumina,
San Diego, USA)2 ALE5t0{ =& sIQUCH.

GC-IMSE o|8%t &7|MHE &4M: HS-GC-IMS(FlavourSpec®,Gesellschaft  fur  Analytische
Sensorsysteme mbH [G.A.S.], Dortmund, Germany)& 0O|&% VOC &AM Z0| 20cm, W&
3mm<el multi-capillary column(MCC)& AtEsHCE 0] Z& 2 parallel glass capillaries(ID=40 u
m)Z2 FAE0 Ao, DHAE 20% rifluoropropylt 80% poly—dimethylpolysiloxanS Z &t ct
(film thickness=0.2 um; Multichrom Ltd., Novosibirsk, Russia). =& &£ Z+ 500 uyL, 2t 7tA9|
SE& H5+= 30 mL/sCt HS-GC-IMS 242 sl 1 g 2l A|ZE 20mL headspace vialoll €10
magnetic cap2=Z L Set F, 30°CollM 1022t WX|SIUCt 0|F XtS2 2 headspaced| A 500 pL
£ FE5H 7[7]of FSIUCE WA LES WX flsf FAY| 22= 80°CE MAstL, FAt
7|= 28 =S¢t nitrogen gas S22 Xt flush= At A= R JIAZ AFEEHA20{(MCC
inlet pressure=2bar), FU7|E& &l AIZE GC column2Z O|SA|ZiC} O] columne MAESH 2
£ ¢lsll 40°CZ ®XI= ALt EXb= tritium source(6.5 keV)E 0[&3510] 0|2st=220{, shutter
grid(Bradbury and Nielson design)& &3l drift region2Z O|S =AUt 5 cm Z0[2| drift tube=
400 V-em™'o| L™ st Moz AHESIQCt Capillary column 45°C2 |XIE AL, drift nitrogen
gase| &2 cl2n Zo| =HEACcH2E 2 mL/min, 8& 30 mL/min, 102 100 mL/min, 5&
150 mL/min). Zt stgh=2| The retentionindex(Rl)= C45E CI7HX|2| n—ketones(Sinopharm
Chemical Reagent Beijing Co., Ltd., China)2 2§ Z|&2=2 AESIECE VOCE ex—perimental
Rl 2 drift time valueE GC-IMS library(Korkmaz, Hayaloglu, & Atasoy, 2017)2} H|w5}0] Al |
Qdct.

|'|'|U

SAXNE: 2E AEHE 35| HH5510f EYSIF o0 AY Zils BAg+EFHAZ LENICH 2 A

ZF Me|e| "ozt 7+e|l Xfol= SPSS(Statistical Package for the Social Science, Version 19,

SPSS Inc., Chicago, IL, USA) A~ZEQ0o|E 0| 25t0{ b x| EAHEAH (one—way analy3|s of
= :l

variance test, one—way ANOVA)2 2 AZSsIF L 7™ Xo|7} Y= HARF= P < 0.05 ==0M
Duncan®| CIEHY HHOoZ AITEM S MAISICE O||H x| EAEMH (two—way ANOVA)° A
ELX |°| oM Estd al o|5tstd Zx Dl =3 ot Mol & ZE ZFef METU|ZHe MSEE 7

- NFS 87|14 ZZX| &E5IE flet 4&FHA Az MAIt 77|18t ME

[INFS S71d =ZEX| Mol Hetet &FAR Al HAl]

NFS S71d ZZA| &3=tE flet SH A2 HATE HAISH| 2l o2 28zt EOME &2
ZASHA

Stof st HEE

[INFS S71d ZEX|E HEet dEAUR| 2b[7|at HH]

M
aH|7)et B 787122 MEFS Mz=L=2FE SH[XA 7S -#Hol7t 5= = 7|Et ez IR}
S EAMEIH, av|T|et2 ZAIE 22 gHE EY 29 YA St ekdoll of&tol gle Zlet
OS2 AH[A} Falo| EAIMoO|Tt ¥ FS7(et2 1 7|eto] 2t LFE T2 HF THSSILE, &
A= H 7| AEez AMSHALE HF Jls ofF Ethol E2to] UAUCE IHMAMEH | E
(CODEX), #&, ol=, &=, 2F, /jtict S 522 7ol Algds| Zia, AH[Xtol| A H=tst
YE ME 58 SH2Z 4|7t ZAME Zlden U2t Eot AF H7E Hdaet BT
2 A Sof thsh &H[XHSe| 2ol AX|od, 20214 128 TAIE S| FA-Z 0| #st HE, 0]
HE=HM 7&7(etol a8[7|gtez Meh(Ald 23.1.1)3HA =[2ACE ofol 2 AFOME RS 7

0
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IPL 13, 82], 163| 7t32 o0 StAMMESAAFH ALY (KCL)O 2|Z5t0f ASTM HEe=z
OTR(Oxygen Transmisson Rate) S™& 2|Z|5tct MMz HH Qf2 ZEYTSE €2
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LIERLIQICE M& =7| S22 X|2] & F4td =& 6.2~6.3 log CFU/go|*l2n{ -2°C MZ& 322
% i Z=7+CO0, absorbers sachetZ} NFS X 2|72 Z
Zb ZhEts[Qict shH oix=Fel & fFid F=

Op

FAR == 7.52} 6.0 log CFU/ge 2 2}
.5 log CFU/ge &2 CH=++CO, absorbers
0| & HcCl

—Cﬂ

_42_



=4 Control: 10°C
9 A NIS-L: 10°C
=& NFS2:10°C

- Control: ?(

FS-1:4°C
104 | NFS2:4°C

T
5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Storage period (day) Storage period (day) Storage period (day)

Counts of total LAB (log CFU/g)

Counts of total LAB (log CFU/g)
N

Counts of total LAB (log CFU/g)

E

<KNE & ZEA IIA R A M2 wE SHxe & witd = HaEp

—&- Control: -2°C —- Control: 4°C
-©- Controli CO,-absorbing sachet: -2°C -8~ Control+CO,-absorbing sachet: 4°C
-&- NFS:-22°C |- NIS: 4°C

Counts of total LAB (log CFU/g)
Counts of total LAB (log CFU/g)

4 T T T T T T T 1 5 T T T T T T T 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Storage period (day) Storage period (day)

KN T ZEA A R A M2 g S4UXe & witd 5 HEs

-3, 421 10C MZ& & ZZEX|9| ¢t

& FoEof wE SR ETd T o Hatks ofzfol| LEErLY
Ak ME © SRl AT = 1 Sl

.7~2.4 log CFU/gOI{ X2t MZ7|Zto| S7tetol et
b NFS-2 Mz|Fof thEd = == A& (1 log CFU/Q)

-3, 42t 10C M &st th=+
O|St7X| ZEA3BHSCL

=
M
%
woTir

-22} 4C & & =7, th=7+CO, absorbers sachet} NFS Xz|7 SZZX| A|2o| thEHH

T = Hat= ofefiet ok ME =7 AR e tEH T = 3.4~3.7 log CFU/go|R 20
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<KNZE T ZEX M FLUE & MEF2E0 wE ZAUX e 22 A FEO| 5+ Heb

N >
oot

M

Al stAolAM LHE Multilayer film ZZX[2F NFS MHA S7|A fim Z&XE 22 X6t
| & 14Y ozt ZF Hs
- =3, 42t 10C M& & ZZX|o| AL FoiTof wE St X|e| pH #Het= chant 2ot H& =7
Stz x|e| pHE 5.70/U20f -3C ZHHZF ME 36 F o=+, NFS-12} NFS-2 Xz2|72| pHe
5.3 o|dg FXlstUen] ZEX|e A4 FIEo| w2 FeXM(P < 0.05) Aol= Eel=X|
sHH 42F 10C M&SE o=, NFS-12} NFS-2 Xz|F SHAl AlZ2| pHe ANE
7t Zotehol wat feldez ZEAstod ME 362 = 3.9~4.02 LtERYCH

6.5 & Control: 4°C 6.5+ & Conrol 10°C
B NS 4C 4 NIS-L10C
6.04 B NiS2:4C 604 4 NiS:2 10C
5.54
z T s 2
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4.0+
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- 22t 4C NT = =7, t=F+C0, absorbers sachet} NFS XelF 22X AlZ2| pH ¥

_45_



st= oteholl LIEfHACE. ME =77 LA XS] pH= 6.1~6.22 HEE[J20{ 2T IHHZE A
2 322 St =2t NFS M2+ AlZ2| pHE 5.7 0| &2 ®AISIUCEH eHH —2C npd 2zt X Z&
322 ¥ th=7+CO, absorbers sachet A|22| pH= 4.92 HE=T = NFS XM2[72| pHet ]
wstod FelHel(P < 0.05) Xto|E EcCt
-4C M2 M& & =+, i =7+CO; absorbers sachett NFS XMzl ZZHX Al22| pHE
XM&7|ZHol B71etol w2l ZhAsto] ME 322 F 4.22F 412 242 LIEK 20 ZEX| SR
e 7olA xtol= EO|X| 2EAUCHP > 0.05).
- Control: -2°C - Control: 4°C
-©- Control+CO,-absorbing sachet: -2°C -B- Control+CO,-absorbing sachet: 4°C
6.5 & NFS:-2°C 65 |- NFS:4°C
z 3
35 T T T T T T 1
0 5 10 15 20 25 30 35
Storage period (day) Storage period (day)
<HE T ZZX| T te ¥ ME2Eo g ZZZAX[2 pH k>
- =3, 42t 10C M& & =7, NFS-1Z} NFS-2 XMz|7 SR Alze MAHAME HS= ofefo
LIERHRACEH M& ™ Stzx|e] MAEAT= 0.40(en{ -3C 1pdZt M& 362 =oF o=+,
NFS-12} NFS-2 HMz|7e| MMMEE 0.4~0.6 =2 FX[I¥U2H Hz2|7 ZHe] FoN
Aol = Eol=X| gkhch(P > 0.05). 42t 10C M2 HMZE 362 F Oi=7, NFS-12} NFS-2
XMl SRl Al HELMTZE 1.2~1.40Ae0 EFX|ol M FniEof| mE FEE
Atole shels|x| ghetc
& Conirol: 4C & Control: 10°C
1.0 20 B Nispac 205 A NFS-L10C
B NIS24C & NES-2: 10°C
£ 087 = £ 15
= 2 = o
2 0.6 n § :‘«:
$ st riried : W
EOA - E ‘_-':
£ 021 = A
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<HZE & ZEX VA B ¥ ME2Eo oE SHXel MHME HE
- 22} 4C M & iz, tH=T+CO, absorbers sachetZt NFS Hz|7 ZZUZAXl Al=Z9
HELMT Hete ool HERRACH M =7 B2 X2 HHELMT= 0.3~0.40(20 -2
nHHZE M 328 St tHET2f NFS AMel7+ A2 HELMT= 0.4 O|stE FAISHRCH ehH
-2C MMzt MZ 32 = i =7+CO, absorbers sachet A|Z2| MY {MET= 0.72 =T E=
NFS XMz2[72| pHet H|1WSI0{ F2MZ(P < 0.05) =UX[2 o|Lds Mefj= FX|SIHCEH
-4C M2 XN& & =7, =F+C0O, absorbers sachetZt NFS Xzl ZSZLZLUX Az
MEMEE N&|Zt0] Fobelol weh Fobsto] M 322 F 1.28 Liet oo ZEX SR
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e 7oA HESUT Xpol= EOo[A] EUCHAP > 0.05).

—&- Control: -2°C - Control: 4°C
1.0 -©- Control+CO,-absorbing sachel: -2°C 1.5- -8~ Control+CO,-absorbing sachet: 4°C
& NFS:-2°C - B NFS:4°C
Z 0.8 2
= =
= = 1.0
= 0.6 2
- @
= =
£ 0.4+ B
5 g 0.5
= »
= 0.2 b=
0.0 T T T T T T 1 0.0 T T T T T T 1
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Storage period (day) Storage period (day)

<KHE T ZEA 7IM FrtE ¥ ME2Zo g S2AX e MEYLE Hap

- -3, 42} 10C ANM& & Of=+, NFS-1Z} NFS-2 Xz|+ SHAX| AlReo| z=HalEt ohak Hsh=
otzHoll LIERHACE MZE M St x|el SHl T &2 43.3 mg/golict -3C THd 2t MZE 362
S0oF =7, NFS-11t NFS-2 Ae|Fe| st &2 39.2 mg/g 0l&h2 RAISHA

-4C N2 MEe A ME 15U7X| H=F, NFS-12F NFS-2 AMez|l7tel stale &2
=4o HLst¥en] ME 15 o] 4otsh sh T o> A4S LIERUCE S 10T M2
MEek =71, NFS-11f NFS-2 X 2|7 telE &2 MZ 97X 24et A5 EHAUX[ch
Ol = MZE 36Nl TA|stHLL otst ZAE LEC w2l 2 o7 2o ofHzt 3 M2
MY =AM SHAxe] shE E2 ZEX|el M FotTo| mE S Xto|7h g0l
Y= ACH
ol 3w £ W o T e

[ SV )

Reducing sugar content (mg/g)
Reducing sugar content (mg/g)
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- 22t 4C XMz & =7, th=7+CO, absorbers sachetZ} NFS Xz|+ S22 x| 2H
Bst= otefoll LIERACH ME =7| ZZUZAX|o| s Y SHHF2 56.9~61.2 mg/g2 2 St X[of
vl =2 ZdSE LIEHSCEH —2C 2pd 2t ME & =7, ti=7+CO, absorbers sachett NFS
Me|7 Alzel Ehelth &2 M 7|Zho| EItehl w2l Ziasks AE2 EQen M 32¢)
T 44.1~49.0 mg/ggi = vy

-4C M2 NM& & =+, i =7+C0O, absorbers sachetz} NFS Xzl &

StHe -2C Pzt MAED u|wstod #EA ZASCE 4T M2 ME 329 T tH=T+CO,
absorbers sachetZ} NFS XMz|72| st &2 11.81 12.3 mg/gel hH tizx=72o| st
st2F2 27.6 mg/g2Z H=F+CO, absorbers sachetZ} NFS Xz|72} H|W5H0] Fo|X

0.05) Xt0|& EcCt ol2{st 7 ZIE EHZ FY| N& & AUx|e| EF oM S EEt
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AX U thE Y dEe2 22 AEE g8 5+ Aot
-@- Control: -2°C —#- Control: 4°C
70— -©- Control+CO;-absorbing sachet: -2°C 8- Control+CO;-absorbing sachet: 4°C
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Storage period (day) Storage period (day)
<KE T ZHX| 7| Frx ¥ ME2Do mE 24X st e wHab

- -3, 42t 10C M& & =ZFX|2| ¢t Fizo| e SHUx|el HE Het= ofzfoll LIERHACE

-3C a4zt NMT 362 St o=, NFS-12t NFS-2 X2|l7 ARl YE=
1.8~2.0%0(A20 ZFX|o| Lk Foiro| weE SHAX9| Fo[A HE Xol= &elxlX|

2 ACHP > 0.05).

42} 10C M= A&t =T, NFS-12} NFS-2 XHa|7 Al2e == -3TC Z
FARSHA 36 &2 1.8~2.0% =S FXsIF2n XMHzl+ Zte| Fel& Xiol

2 ACHP > 0.05).

259 8- Control: -3°C 2.5 —& Control: 4°C 2.5+ —&— Control: 10°C
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- 22t 4C MZ & ZFX|9 4t Foiko]| w2 FZX|el 9E #se= ciga ok -2T
DPHZF M A 322 SOt o=+, ti=+CO, absorbers sachetZl NFS X 2|+ SZ4Zx[2| HE=
1.7~2.0%0|A20f ME7|2tt =HX| SF0 g SAUX2] 7ol ET Xtol= Eel=X|
o

T M2 XNZE 329 Zof =7, th=T7+C0, absorbers sachet} NFS Xz|7# &2 x| 9
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—
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3.0 -8 Control: -2°C - Control: 4°C

-©- Control t CO,-absorbing sachet: -2°C 3,04 -8~ Control+CO,-absorbing sachet: 4°C
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_ 25 254
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<HME T ZEA 7IM R & M2 wE SHAXA2 HE Hab>

- -3, 42} 10C A& &= EZZEX9 Al_l._Jl\_
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opzof mE Skdxe] MI|IMEZ #HEteE ofzfo
LB QACH M o Sk 1

x 6.8~17.3 uS/cmolA20{ -3C =ty zt X & 362
F =T, NFS-11k NFS-2 i{al?sl M7|M=E= 22,1, 21.22 23.6 uS/cme& LIEHL
Xel7 2ol 7olX xtol7t =el=X| AT, < 0.05).
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- Control: -2°C -8 Control: 4°C
30 -©- Control+CO5-absorbing sachet: -2°C
-8 NFS:-2°C

B Control HCO,-absorbing sachet: 4°C
30 B NFS 4C

Electrical conductivity (uS/em)

=
th
—
—]
—
i
(=
=3
2
th
(7
=
L7
n
=
tn -
—
=
—
th
o
3
o
th
w
>
[
i

Storage period (day) Storage period (day)

T

<KNE T ZEA M R d ME2Eo wE S4AXe HIHEE Hak>
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#Hsh= ofeflo LIERRUCE HE ™ FSZZAXe 7|AHE HE= 0.8~0.9 kgfo[dCt —2C
4C M ME 3282 ot th=+, tf=7+CO, absorbers sachetZ} NFS Xz|+
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-8 Control: -2°C - Control: 4°C
1.2 -6~ Control+CO,-absorbing sachet: -2°C 1.2 -8B Control +CO,-absorbing sachet: 4°C
-®&- NFs:-2°C ’ | NES: 4°C

Hardness (kgf)

Storage period (day)

xe| 7|AY HAE B3>

- dXe] MEz= Ad[X7F X[ ¢y ZE2Z Zdstk= X[Eol|ct -3C Mzt & F =+,
NFS-12} NFS-2 Xe|7 AlZe| CIE L', a'@t b* te| H#st= ofzfoll LfetLfSiCE -3C XMZ
LI[(21Y O] F)FE H=T, NFS-12} NFS-2 HMz|T AlZe| CIE L™ #+2 M& =7|of |3l
Hioke Aes LIERHCEH $HH -3C MZE & i, NFS-11t NFS-2 XMz2|F Al=22| CIE a™2t
b* @2 MZET|Zto| BItghll w2l Sotets dES EUX|T EZEX| ol M FniEo mE
St X FolX ML Xto|&= =2l=X| LAgCHA > 0.05).

- 4T N2 NM& 362 F =7, NFS-12} NFS-2 X2|7 A|Ze| CIE L" gt2 51.7~54.322
MZE x=7(59.7)2F H|1WS0] 5.4~8.0 ZAokct sHH 4C M2 HME F =T, NFS-11}
NFS-2 St x| A|22| CIE a™et b g2 &7I6k= d&S 2ol gt Hel+ 2H a” == b gtel
7olH xol= fle A2 LERGC

- 4C Mzt A 10C M2 XMESH =+, NFS-12} NFS-2 X2l+ AR CIE L @2
Mz 7|Zto| Zotgtol wet ZAastes dEes 2o CIE aet b e SVlslke deEs

X9 At FIEE Kol M2 e M2 HE F Sh R 9




[ME2E -3Co ANz&st L&X| I Frtzo| w2 St X(e] ME B3}
Color Storage period(day)
Treatment
parameter 0 3 9 13 15 21 27 34

Control 59.7+1.8°59.2+2 3861.4+2 14 56.94+2 4% 57.3+0.7 56.8+2.8# 53.4+1.7 52 .4+2 1/
L NFS-1 59.7+1.8"64.1+1.2460.2+1.3*55.6+1.9455.0+0.8%53.6+1.5"53.3+1.2" 54 6+1.8'
NFS-2 59.7+1.8"64.8+1.3*60.3+1.3"57.6+1.6"53.5+1.0°56.3+1.8" 54.5+0.6" 49.3+1.8'
Control 0.9+£1.8* 0.3+0.4* 0.6+0.9* 0.6+0.7° 3.6+£0.4* 6.0+1.3" 4.5+0.8" 4.1+1.0"
a” NFS-1 0.9+1.8* 1.0£0.8* -0.1£0.741.94+1.4"® 1.8+0.2° 4.3+0.9° 3.7+1.6" 4.9+0.7*
NFS-2 0.94+1.8* 0.941.0" -0.1£0.6* 3.1£1.0" 2.44+1.5"® 4 8+0.5"® 4.2+0.6" 3.0+0.6°
Control 15.5+2.7411.8£0.6%18.7+1.8419.1£4.522.841.24 26.942.7421.941.24 20.7+£3.4
b* NFS-1 15.5+2.7217.1£1.0°15.1£1.2816.8+3.1717.1£0.7820.041.519.8+4.7220.4+2 2

NFS-2 15.54+2.7°16.5+2.4417.14£1.3"¥20.1+1.6"16.1+3.0825.8+1.0" 18.8+£0.6" 18.0+1.7

L", degree of whiteness (0 black — 100 white), a”, degree of redness (=80 greenness — 100 redness), b”,
degree of yellowness (=80 blue — 70 yellowness)

Mean values in the same column (A-B) followed by different letters are significantly different according to
Duncan’s multiple range test (P < 0.05).

[ME2E 47Col A&st &KX 7| Fozo wE Sk X(e| ME 35}
Color Storage period(day)
Treatment
parameter 0 3 9 13 15 21 27 34

Control 59.7+1.8"63.3+1.6%58.5+2.6" 58.8+3.5% 56.0+2.8" 56.5+0.8" 53.3+2.6" 54.3+4 .2’
L NFS—-1 59.7+1.8%60.5+1.4%61.0+2.057.0+2.9"8 57 4+1.2* 55 9+2 5% 55.0+3.8" 53.6+3.5
NFS-2 59.7+1.8460.3+2.3857.241.0852.942.3855.1+1.8" 54 .0+3.5* 53.3+1.3*51.7+2.¢’
Control  0.9+1.8% 1.1+0.6*® -0.1+1.14 2.14£1.7% 3.241.0" 4.9+1.1* 41+1.3" 4.6+0.5"
a” NFS-1 0.9+1.8" 0.2+2.0° 0.7+0.9" 3.5+1.1* 3.4+1.2" 46+1.0° 3.1+0.7* 5.0+0.8"
NFS-2 0.9+1.8" 2.8+0.8" 1.0+0.6" 2.9+2.1* 43+2.0" 4.2+1.7* 4.4+11" 4.0+0.4"
Control 15.542.7°17.4+0.916.4+2.0"19.0+2.8% 22.3+1.48 22 241 6" 20.9+2 3" 23.2+1 8"
b* NFS-1 15.5+2.719.7+4.1418.4+2.419.3+3.5/ 20.6+1.8522. 9+1.919.3+1.0"23.7+2.0/

NFS—2 15.5+£2.7420.3+1.9"17.5+1.1417.6+£3.3224.741.1422.14£2.4* 23.1+£3.8" 20.6+1.1!

L*, degree of whiteness (0 black — 100 white), a*, degree of redness (—80 greenness — 100 redness), b”,
degree of yellowness (—80 blue — 70 yellowness)

Mean values in the same column (A-B) followed by different letters are significantly different according to
Duncan’s multiple range test (P < 0.05).

[ME2E 10Coll MEet 2K 7|H Foteof e St ME H

ol
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Color Storage period(day)
Treatment
parameter 0 3 9 13 15 21 27 34

Control 59.7+1.8"58.6+0.8%60.7+2.4%59.5+1.1" 54.4+1.3" 54 .3+2 .5 56.0+£2.3" 56.4+2.1'
L NFS—1 59.7+1.860.4+1.4"859.3+2 9 56.0+2.3% 57.6+2.6% 53.3+2.2" 51.9+3.28 53.7+2.7’
NFS-2 59.7+1.8461.2+1.2°56.14+1.1856.0+1.6855.9+2.0" 53.7+3.1A50.1+2.7853.2+5 5
Control 0.9+1.8* 3.7+0.8" 0.7+0.6* 4.3+1.3* 2.9+1.5" 42+12" 3.8+1.0" 3.5+1.3"
a” NFS-1 0.9+1.8* 0.1£1.0° 0.4+0.5" 2.7#£1.2% 2.7+1.0" 2.4+0.6* 3.8+1.4* 3.5+0.5
NFS-2 0.9+1.8% 2.2+0.8% 1.0+0.8* 2.5+0.5" 2.5+1.1* 4.1+1.4* 3.4+1.2* 3.6+1.2"
Control 15.5+2.7%20.6+1.1%16.6+1.1822.7£0.9" 21.1+2.3 23.6+2.8°21.1£3.3" 24.0+2.6'
b” NFS-1 15.542.7°18.241.6815.0£1.5°22.541.9/21.743.9° 19.7+1.28 20.940.74 20.5%1.7'

NFS-2 15.5+2.7°16.1+1.6818.6+0.9419.0+1.7820.44+2.3423.24+1.5#17.7+£0.4% 21 .3+2.7

L*, degree of whiteness (0 black — 100 white), a*, degree of redness (—80 greenness — 100 redness), b”,
degree of yellowness (—80 blue — 70 yellowness)

Mean values in the same column (A-B) followed by different letters are significantly different according to
Duncan’s multiple range test (P < 0.05).

- 2T P2t M7 & =7, th=7+CO, absorbers sachet@t NFS X 2|7 SZZ X A|Z22| CIE
L", a'et b" gtel #stk= 9 ol LtEtHACE MET|Zho| St wmab thx=, i =F+CO;
absorbers sachet@} NFS XMz|+ AlZ2e| CIE L™ #f2 45t CIE a" ¢4 S7islks &8s

H —2C XMz & o=+, NFS-12F NFS-2 XMel+ AlZ2| CIE b ¢t SEe 71

2dct gHe
e L deS LEX Tt

362 F =7, tf =F7+C0O, absorbers sachetl} NFS Mz|7 SZZUX| A|R2

|
~
S
A
v o
A
0

CIE L" gt2 45.9~47.72 MZ =7((52.1)2} H|15l0] 4.4~6.2 ZASIFCE 4T X2 XN EHsH
=+, tHZ=7+CO, absorbers sachet} NFS XMzl SR A 22| CIE a" g+2 ME7[Z240]
Sotetol 2t Srtsts d82 EFX|TE Ml Zke] FelAM Xtol= UAYCHP > 0.05). 4T
e ME = =7, i =7+C0, absorbers sachetZl NFS XMzl &2 x| A|Z Zt2e| CIE b’
atel ®el™ Xfo|l= fle HW2ZE LEtRCE
[MZE2E —2col Mzet ZHX| 71X Frcol wE S| ME B35}
Color Storage period(day)
Treatment
parameter 0 4 8 16 24 32
Control 52.1+1.0" 52.8+3.5% 47.8%1.3% 49.3+2.5" 46.0%£1.5% 45.5%1.7%
Control+CO2o—
. . ? 52.141.0° 49.4+1.5° 52.1£2.2% 49.4%1.1% 46.3+1.0° 46.4%2.3°
absorbing sachet
NFS 52.1+1.0° 48.6+1.18 50.1+£1.4"® 49.7+1.6* 456+2.0° 46.9+1.8"
Control 12.4+41.94 12.7+1.7% 13.7+0.6* 15.3+2.2*" 16.2+1.6* 16.8+1.2*
ar

Control+CQ,— 12.4+1.9* 15.6+1.4* 12.240.9%® 13.1+2.0" 15.6+1.0" 16.51£0.4"
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absorbing sachet

NFS 12.4+1.9% 127421 145+1.2% 154413 155+2.3% 16.5£2.3"

Control 35.8+3.7% 31.3%1.3* 25.8+1.2*% 33.5£0.6" 26.6+£3.4" 30.7+1.2"

. Control+CO2— N A N A A A
b 35.81£3.7 30.9+1.8 28.8+1.9 34.1+2.1 28.9+3.1 29.1+1.6

absorbing sachet

NFS 35.843.7" 257+1.1% 26.8+3.4% 31.44+2.3* 30.2+2.4* 32.0+2.6"

L*, degree of whiteness (0 black — 100 white), a*, degree of redness (—80 greenness — 100 redness), b”,
degree of yellowness (—80 blue — 70 yellowness)

Mean values in the same column (A-B) followed by different letters are significantly different according to
Duncan’s multiple range test (P < 0.05).

[ME2E 4°col Mzt TAX| J|H Frzd wE SZ24Xe] ME Hi5}]
Color Treatment Storage period(day)
parameter 0 4 8 16 24 32
Control 52.1+1.0% 51.5+2.3% 48.7+1.4% 48.8+1.4" 48.0+0.7" 47.7+1.1~
. Control+CO2— N N N A A A
L abso et 52.1£1.0° 49.6+£3.0" 47.9+1.7" 46.7+2.8" 47.2+1.2* 45940.4
SOroiNg Sacnhel
NFS 52.1+1.08 50.7+£3.2% 47.8+1.6" 47.0+0.8" 47.4+2.0" 45.9+1.74
Control 12.441.94 141+£0.9* 155+2.3* 17.941.9* 16.6%£1.4* 17.0+1.2"
Control+CO5—
a’ absorb ; 12.441.94 12.9+2.3* 16.7+1.1% 15.7+1.5% 17.8£1.0% 17.3+1.2"
sorbing sachet
NFS 12.44+1.9% 14.2+2.5% 17.0£1.7% 15.841.5% 17.0&£1.8% 17.3+1.2"
Control 35.8+3.7% 32.3%1.5% 28.5+2.8% 34.8+2.0" 30.845.0" 32.2+2.4*
. Control+CO2— N 5 A A A A
b Absor et 35.8+3.7% 26.0£3.2% 33.9+2.4% 3494+1.3* 31.6%£1.9% 31.6+2.3
SOroiNg Sachel
NFS 35.8+3.7% 26.7+1.5% 29.9+4.0"® 353+1.4% 28.1+2.1* 33.1+1.8*

L*, degree of whiteness (0 black — 100 white), a*, degree of redness (—80 greenness — 100 redness), b”,
degree of yellowness (—80 blue — 70 yellowness)

Mean values in the same column (A-B) followed by different letters are significantly different according to
Duncan’s multiple range test (P < 0.05).

= OpAZE S AN ZHM R ES50 S A48 2T UF T Sk HEt 24
s

- XN& E= 8 T MEUXS EZZE LE headspace 72 sE= Z X0 EX 5= |FAF MZEH
=z, NMER2EZel XX o 7Moo osf "EeE wh=cC} -3, 42} 10C NM& & ZEX|9 A
L= g | ZZ film bag W5 headspace 0,2} CO, sE+&= oleoll 2+2t LIECT

P
D\I ;

2 F =7 headspace O, == 10.9% =2 XZ =7| thd| 2k 89
4 T M&st =+ 2| headspace 0, == M& 157X 43| &
o XZ 36 = 1.1 0.3%= 2t2t 2HE=UCt vhH -3, 42 10ColM 36 MZE 7|7t
NFS-12} NFS-2 M2|72| headspace O, == 19.0~20.7%E =AXI5IUCE

>
o o
o 58
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- -3, 42} 10C MNZ& = =7 headspace CO, SE= 19.0, 59.72} 66.4%7IX| 242+
SItstR et 53] 42 10C MAEeH th=7 St X| =ZZ headspaceo| 60% 0|4 CO, S&2

ZZ

film bag WasS wFsict HAXFs HME F oy Hi F(heterolactic
fermentation)oll 2lsff Z&H E& LTS CO7F MM =Z LR SHE CO= =ZF
WE S Zx| AENMo| RHH Qa2 o|Fct
- gt -3, 49} 10C MZ 369 S NFS-11t NFS-2 XM2|7 St %[2| headspace CO, SZ&
0.0~5.7% T&S AR ME7|2F il =2 WEOo|Lt HE 2 2EEX| AT
25 25 25
ST S g ZOW
= = =
£ 55 255 £ 15
g g =] anml oL g == Control: 10°C
G £ 10 e £ 10 -+ NS 10°C
g -&- Confrol: -3°C [ g & NFS-2:10°C
e © NFS-1:-3°C e e
%5 -® NPS2:-3C 28 % 5
=} =} =]
0 1 T T T 1 1 1 1 1 0 1 1 ) 1 1 1 ) ) 1 0 1 T ) = T_‘l : AI 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Storage period (day) Storage period (day) Storage period (day)
<KMZ & ZZX| I7|AH Fotrof w2 St X[ ZZ headspace 0. & sk
30+ 80+ 80
. < 704 < 70
& Control ?( 60 60
M < Wiic g fﬁi—;—fﬂﬂ P //l—b\H’ﬁ}—H
= % 501 o < 504
I - o 5 Tl
- = 40 = 40+ —4&— Control: 10°C
H g E B Contich 4°C g A NFS-1: 10°C
H 2 304 B NEL4C 2 30+ A NES2: 10°C
H S 204 & NFS24C g 5
) S 1 S o
S RU S o
0 om—‘ It ) ‘ 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Storage period (day) Storage period (day) Storage period (day)
<KE F ZEX| 7| Foico| mE SR } headspace CO, & s>
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<Mz 36¢

- 22t 4C MZ & ZHX[9| {ta FHELRL CO, absorbers sachet F2Hof| EE}E F2dx =%
film bag W5 headspace 0.2t CO. &<+ oteioll Ztzt LtEfCEH M =7| =72t
CH Z=+CO, absorbers sachet2| headspace 0, ST= 8.9~11.1% =2 NFS XZ[F headspace
O SE(20.7%)%t Hlmstol o/ xtol& =ch -2C 2zt xF 3220 = =7
O =7+CO, absorbers sachet?| headspace O, &= 10.1Zt 5.0% =2 22} LEHRCE 4T

e MzE 322 & =72} i =7+C0, absorbers sachet2| headspace O, SsE= 2.3%2
8.9% O|stz Z+Zt LIEtGCE vtH 22 4C MZE 362 = NFS A 2|+2| headspace O ==

20.72F 19.9%2 242t LtEtL} 7| &S FXISIUCE

ME ™ =72 headspace CO, ST& 21.2~21.8%2 CHZ=T+C0O, absorbers sachetZ}
NFS Xz|7 headspace CO; SE 0.2~0.8%%} H|m5t0 25 Xjo|& EFCt —2C mpAZt
X2 322! & =T headspace CO, SEE 22.2% 2 ZHat=l gt 4C M2 XMZE 328 & Ofj =
T headspace CO, SE= 71.2%7HX| 715101 =X WAto| stolz|ict 2Lt —29f 4C X
362 St th=7+CO, absorbers sachet®} NFS X2|72| headspace CO, 5= 0.0~1.8%
2t 0.1~3.8%2 ZtZt SX|StHA| Z A A2 dEMSIR| ot

o O — LS M
—8- Control: -2°C —- Control: 4°C
-©- Control+CO;-absorbing sachet: -2°C -8~ Control+CO,-absorbing sachet: 4°C
25 -& NFS:-2°C 25 M NFS:4°C
= A
< 20 < 20
= =
£ 15- 2 42
= 15 < 15
- £
2 10 2 10
-] = T
8 3
- « O
C =)
0 T T T T T T 1 0 T T T T T T 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Storage period (day) Storage period (day)
< HME T ZEX JIM Frtzo| wE FZZUAl EZZE headspace 02 s H3b>




50 & Control: -2°C 1005 - Control: 4°C
- -©- Control+CO;-absorhing sachet: -2°C - -8 Control+CO;-absorbing sachet: 4°C
= - NIS:2°C s | NFS:4°C
~ 40+ ~ 80
= =
= =
= 30 < 60-
£ £
= ! =
g 209 S 40
£ £
e e
(=] (2]
ON 10— ON 20
&} &)
B I A LN
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Storage period (day) Storage period (day)
<KHE & ZZX| 7|AH Fotzo| wE Z2AX EE headspace CO2 s H3E>

(<]}
=

<M 382

k=3
e

S 2 A =S B S PN S
headspace CO, T2t &2
ofzh ol LtERHCE 3T
A2 (-0.833) S LIEHA
L=+, NFS-12}

2o My

4°C NS O =F x| Z %} headspace CO»

st A S LHERH e M

03t

ot NFS-12} NFS-2 HMz|7 St %

9792} -0.9502 2 ZtzZt LIEIL} |e
o2 x| ZZ} headspace CO;

LHE 2f

0x
R
Hn
o
110
ook
op
10

Hir
A r_}(')ﬂ rIO Jy_
© o o>
e
H
X
n
Q
o

b4

o

Ry

(@]

=N

d
-

I ZE headspace CO, =2 pH, HHME




o SHRICh SHEFo] AlA|== -0.107~0.284 =ZSZ LIEfL} headspace CO, &Z—pH,
headspace CO, SE-MHMAMTLl headspace CO, ST-2HaE &2ko| AlptMeE glgich

olefet 2rie A2 N 3

/\7:0 |
==

NFS—12} NFS-2 Xz|7 Stz x| Z XA+ headspace CO, =7} 7|
57| 222 mohEich

[-3Coll MZAst otz x|el ZEAE WYE headspace CO, =E2F pH, MAAIT=L} stttk 74
Pearson’s correlation coefficient]
Headspace Titratable Reducing
Parameter pH o
CO, acidity sugar content
Headspace CO; 1 - - -
o2l x| oH -0.833"" 1 - -
Titratable acidity 0.675™ -0.734" 1 -
(Control)
Reducing sugar
g sud ~0.037"" 0.081 0.015 1
content
Headspace CO; 1 - - -
o2l x| oH 0.636" 1 - -
Titratable acidit -0.855"" -0.796"" 1 -
(NFS—1) Y
Reducing sugar
g sud 0.213 0.542 ~0.145 1
content
Headspace CO; 1 - - -
oH 0.582" 1 - -
St A
Titratable acidit -0.776"" -0.774"" 1 -
(NFS—2) y
Reducing sugar
0.087 0.246 0.227 1
content
Level of significance: " P < 0.001, P < 0.01, "P < 0.05
[4Coll AMZrsE Stz x|o] A WFE headspace CO, T2 pH, MEAMTQF shalet shab 7t
Pearson’s correlation coefficient]
Headspace Titratable Reducing
Parameter pH o
COs, acidity sugar content
Headspace CO, 1 - - -
orZ1 x| pH —-0.985"" 1 - N
(Control) Titratable acidity 0.979" -0.993"" 1 -
Reducing sugar " ” »
-0.950 0.971 -0.990 1
content
o2l x| Headspace CO, 1 - - -
(NFS-1) pH 0.085 1 - -
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Titratable acidity -0.184 -0.990"" 1

Reducing sugar

0.277 0.952" -0.974"" 1
content
Headspace CO. 1 - - -
oFZl x| pH 0.836"" 1 - B
(NFS-2) Titratable acidity = —0.823™" -0.991" 1 -
Reducing sugar » " »
0.788 0.972 -0.969 1

content

Level of significance: ™*P < 0.001, ""P < 0.01, "P < 0.05

[10Ccoll MZ&et Stz x|e| ZZE |5 headspace CO, SE2F pH, HAAIE} shEt &2k 7+
Pearson’s correlation coefficient]
Headspace Titratable Reducing
Parameter pH o
CO, acidity sugar content
Headspace COs 1 - - -
orZ1 x| pH -0.993™ 1 - B
(Control) Titratable acidity 0.986"" -0.988"" 1 -
Reducing sugar o - o
-0.994 0.998 -0.984 1
content
Headspace COs 1 - - -
oH -0.362 1 - -
St A
(NFS-1) Titratable acidity 0.284 -0.990™" 1 B
Reducing sugar . n
-0.153 0.963 -0.975 1
content
Headspace COs 1 - - -
ozl | pH -0.261 1 - -
(NFS-2) Titratable acidity 0.205 -0.996"" 1 -
Reducing sugar . »
-0.107 0.974 -0.986 1

content

Level of significance: **P < 0.001, ""P < 0.01, "P < 0.05

.

2z
o
£ &5 multilayer filmZ NFS MHA S7|M fim ZZ& WH headspace CO»

o

2t 4 4C H20lM SR M2 & multilayer film(EHZ=7), CO, absorbers sachet

=zop 23

X E(pH, MEAMT stelCh stah) 7F ALt & EA st Aot of2 ZFo| 242 LIERCE -2°C
ANEsk =74 &2HZX| EZZ& headspace CO, SE= pH, HAEMEZel stelet sHatn S
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i

lo X

.048~0.594). —-2C NZst th=+,

|
202
e @ m
R U
710
ok M
im HT
9
o
n &

39, 0.9782} -0.8472 ZtZt LIEIL} RolAdoz =& AbztatA
St th =+, tH=7+C0, absorbers sachet} NFS XMzZ|T+ &

© B oo
0x ok
>

\‘
o
>
!
o
o3
o)
=
o
;-I_
n
I

- stH 4C AMZEEH NFS Xe|7 &A%l ZZ headspace CO» ST2F pH, XA
S A

o
CO, sE-HHAITR} headspace CO, sT-2HAEL &H2fo| Almtabil= ®2ls

[-2Coll Mzast S24UX|o] ZZ& LHE headspace CO, ST pH, HEHAMEL} 3

LA Z==*+CO, absorbers sachetZ} NFS
pHe= &HlE sl fFofMel(P < 0.01) ke ARmHmEH(0.902~0.940)E LIEtHCE.

T 52t21x| ZZ headspace CO, ST B35t} pH, MAEME e} SHICh stk
.9 | o

o ABAFE -0.975~-0.98322 LIEIG20] pHel Zheld kel AlRbAE=

AT o shelg

A== —-0.010~0.829 =&=2 & LIEI% 20 headspace CO, &X—-pH, headspace

EXl ftcHp >

o
o
on
Q'I_
i
d

Pearson’s correlation coefficient]
Headspace Titratable Reducing
Parameter pH o
CO, acidity sugar content
Headspace CO. 1 - - -
E7171%| pH 0.238 1 - -
(Control) Titratable acidity -0.048 -0.667" 1 -
Reducing sugar . .
0.324 0.902 -0.673 1
content
Headspace CO. 1 - - -
E212%|
pH 0.399 1 - -
(Control+C
O.—absorbin Titratable acidity -0.475 -0.953"" 1 -
g sachet)  Reducing sugar N »
0.573 0.935 -0.924 1
content
Headspace CO. 1 - - -
Z=7+71 %] pH 0.564 1 - N
(NFS) Titratable acidity 0.277 -0.322 1 -
Reducing sugar »
0.594 0.940 -0.465 1

content

Level of significance: "*P < 0.001, "P < 0.01, "P < 0.05

[4Coll MEst s224x[e] ZZ T headspace CO, sE2F pH, MALELl stlet shzf 74
Pearson’s correlation coefficient]
Headspace Titratable Reducing
Parameter pH o
CO» acidity sugar content
E 221 X| Headspace CO» 1 - - B
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pH -0.939™ 1 - -
Titratable acidity 0.978"" -0.975" 1 -

(Control) Reduc
educing sugar
g sugar g ga7m 0.792" ~0.857"" 1
content
z7t71% Headspace CO: 1 - - B
(ControltC oH -0.526 1 - -
+
O™ Titratable acidity  0.569 ~0.980"" 1 -
O,—absorbin .
Reducing sugar » .. .
o] sache’[) -0.787 0.861 -0.917 1
content
Headspace CO: 1 - - -
N poH 0.634 1 - -
&7t %| . ]
Titratable acidity 0.829 -0.983 1
(NFS) Reducing sugar - o
-0.010 0.766 -0.828 1

content

Level of significance: ™*P < 0.001, ""P < 0.01, "P < 0.05

= NFS S71d 28X7t HE& dxlel FE olE Haleld 2125 i
- M& & NFS =& SHdx[el HE 4z o 5 ds 8
ofzfofl LtERHRACE R*= 1,LHHX| HItXK|E= 0ol 7i7t245 21e|Ee Ms

T Ut

1=
met rjr

M
gl__l

- H|H &}, " F22] Aefe| Ho[HE AFSSE HAlH Y 02| E2 Traint}t Test H0|E{2e] H[Z0|
5:5¢2F 6:42 1w, 2E LWIIX|ZFo|lM 22t XGBoost2t RandomForeste| dso0| 71 £2 A
LIEHGCE

< NFS ZZF SHZx|e| MZE & MAEME oS 22| F "l (E|d st v 22) >
Model Train:Test RMSE MAE MPE R?
55 0.2096 0.1679 -18.0171 0.8766
’ 6:4 0.1769 0.1422 -12.4124 0.9142
Reg'PeeSasﬁon 7:3 0.1723 0.1370 -9.0159 0.9194
8:2 0.2051 0.1649 -4.5631 0.8958
9:1 0.2468 0.2060 -4.5592 0.8630
55 0.1800 0.1194 -1.5409 0.9089
6:4 0.1682 0.1007 -0.0141 0.9224
RandomForest 7.3 0.1766 0.1100 0.6765 0.9154
8:2 0.1675 0.1153 -0.1446 0.9305
9:1 0.2024 0.1475 -5.1143 0.9079
55 0.1788 0.1089 -0.2871 0.9101
6:4 0.1828 0.1047 0.3112 0.9083
XGBoost 7:3 0.1952 0.1187 -0.2645 0.8966
8:2 0.1526 0.1041 1.5356 0.9423
9:1 0.1695 0.1284 -1.8578 0.9354

- ofel B= HIKK[EY 7 M50 £2 Haled gne|ES LERHA Fo|Ct Traint} Testel H|
2 6:4 &= 8:22 5t11, 2HU 2 RandomForest == XGBoostE A5t Zd0| £E2 He=z
LIEFGCE

< WIIKES 71 450 $2 ME of % paleld YTl E(HY RS, 82E) >
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HIXE H| & L= IR E &t
RMSE 8:2 XGBoost 0.1526
MAE 0.1007
4
MPE 6 RandomForest 0.0141
R? 8:2 XGBoost 0.9423
- otel E= H|A S HFER] AEle| HIOIEHE AlEe HAlzY OFIEI"OI HATE LIEMAH =
Ct. XGBoost2l RandomForest= #H4 &2 £ (Feature Importance)l EAISHS L, LHH
an2|E 2 H$(Coefficients) S EA|SHHCH
< MFME O F Ln2|F A" A HREER]) >
Model Train:Test & ARt ANE 22 Control NFS-1 NFS-2 pH
55 0.8766 0.0099 0.0153 -0.0382 0.0298 0.0084
, 6:4 0.9142 0.0062 0.0180 -0.0340 0.0253 0.0086
Reb'r”eesf;{on 7:3 0.9194 0.0046 0.0189 -0.0325 0.0237 0.0088
8:2 0.8958 0.0028 0.0195 -0.0322 0.0164 0.0159
911 0.8630 0.0029 0.0203 -0.0351 0.0150 0.0201
55 0.9089 0.0367 0.0357 0.0074 0.0053 0.0044
6:4 0.9224 0.0360 0.0349 0.0073 0.0037 0.0026
RandomForest 7:3 0.9154 0.0362 0.0338 0.0073 0.0027 0.0029
g8:2 0.9305 0.0345 0.0284 0.0063 0.0022 0.0030
911 0.9079 0.0355 0.0261 0.0061 0.0025 0.0033
55 0.9101 0.0547 0.0863 0.0403 0.0265 0.0106
6:4 0.9083 0.0348 0.0869 0.0388 0.0127 0.0083
XGBoost 7:3 0.8966 0.0263 0.1165 0.0408 0.0121 0.0134
8:2 0.9423 0.0221 0.0807 0.0327 0.0088 0.0086
911 0.9354 0.0199 0.0553 0.0231 0.0075 0.0107
- otell = "™ s F2ie| AEle| HIOIEHE AFSS HAY Lne|EFe] WIHK|[xEo|Ct,

- 552 0, 2E HIIX|EFo|M XGBooste| Ms0| JH&

g

=<
= -

OS2 LIEHHen 6:48 mf, MPEO

M= XGBoost, LHHX| HI7IX|Zo| M= RandomForeste| Ms0| 712 £2 WS =2 LIELCH
- 7:4, 82, 91 ©f, 2E HIIX|E[A XGBoost2| M“OI & £22 W22 LIEtGC
< NFS ZF oizixle] Mz & M™LE ofF dne|E vlu(8™tst, FAk9]) >
Model Train:Test RMSE MAE MPE R?
5:5 0.1717 0.1340 -4.6910 0.9167
g 6:4 0.1627 0.1296 -4.3554 0.9253
inear . _
Regression 7:3 0.1738 0.1383 5.1651 0.9132
8:2 0.1814 0.1435 -5.6082 0.9081
9:1 0.2070 0.1651 -6.9221 0.8817
515 0.1032 0.0538 -2.3257 0.9699
614 0.0931 0.0488 -2.1165 0.9755
RandomForest 7:3 0.0986 0.0541 -3.0274 0.9721
8:2 0.0901 0.0462 -2.6454 0.9773
9:1 0.1135 0.0518 -5.0007 0.9645
515 0.1006 0.0536 -1.1306 0.9714
6:4 0.0960 0.0483 -0.7951 0.9740
XGBoost 7:3 0.0823 0.0470 -1.9192 0.9805
8:2 0.0788 0.0424 -1.7410 0.9826
9:1 0.1046 0.0477 -4.3345 0.9698
- ofel = HIMK[EY I M50 £2 Haled gne|ES LERHA FOo|Ct Traint} Testel H|
2 6:4 EE= 822 5l1, RH 2 XGBoostE AFE25tE AHO| £2 AW ZE LIEMGCH
< HIK|EYE JI& ’Ssol E2 ME oF HAHY Lde|FHIHAE, FE) >

- 61



HIXE H| & L= IR E &t

RMSE gio 0.0788

MAE ’ XGBoost 0.0424

MPE 6:4 -0.7951

R? 8:2 0.9826

- otelfl = TS 232 Mefe| HO[EE ARSSE HARY LE[Ee| A& LIEKHE F#O0|
Ct.
< MAPME O F Ln2|F As(HI"EAE, F52) >
Model Train:Test S PN aR=TPNC ANE 25 Control NFS-1 NFS-2 pH

55 0.0034 0.0283 -0.0484 0.0158 0.0326 -0.5629
, 6:4 0.0038 0.0262 -0.0452 0.0104 0.0348 -0.573
Re;'r”eesasgon 7:3 0.0033 0.0255 -0.0430 0.0057 0.0373 -0.5793
8:2 0.0033 0.0234 -0.0414 0.0035 0.0380 -0.5905
9:1 0.0035 0.0230 -0.0459 0.0107 0.0351 -0.5922
55 0.0344 0.0267 0.0059 0.0027 0.0031 0.9273
6:4 0.0379 0.0275 0.0054 0.0017 0.0035 0.9240
RandomForest 7:3 0.0311 0.0216 0.0048 0.0021 0.0038 0.9366
g8:2 0.0351 0.0203 0.0049 0.0024 0.0049 0.9324
9:1 0.0357 0.0209 0.0063 0.0020 0.0040 0.9312
55 0.0227 0.0497 0.0376 0.0026 0.0147 0.8728
6:4 0.0329 0.0678 0.0232 0.0037 0.0167 0.8557
XGBoost 7:3 0.0272 0.0582 0.0385 0.0027 0.0134 0.8600
8:2 0.0263 0.0622 0.0290 0.0028 0.0274 0.8522
9:1 0.0274 0.0424 0.0312 0.0022 0.0262 0.8706

- ofef EF= MinMax M35}, H]

Ct.

- 552 614 M}, 2E

LIEFTCH

- 7:32 i, RMSEL}
XGBooste| M&s0| 7%

- 822 mf, MPEXIM= RandomForest, LIHXA| "WIIX|ZAHM XGBooste| A

YR Zoll M

R0 M=

=

=

o 7o

[

Linear

Sxel Aefel HOlES ALSSH MalY LTel

2t2+ XGBoost2t RandomForeste] Ms

Z LIESCE

Regression,

2 LEten] 911 f, 2E HIHX[ZO|AM XGBoost2| 4

< NFS ZZE OrZlx|e] XMZE = HFAME oS LTD2|Z d|(MinMax &3t H|

MAEO| M =

SOl 7+

S
=<
==

52| "IHx| ®zo|

ol 7t 22 A==

RandomForest, MPEO|Al=

Model Train:Test RMSE MAE MPE R?
55 0.2105 0.1691 -18.0530 0.8755
' 6:4 0.1769 0.1422 -12.4124 0.9142
Re;‘feiaszon 7:3 0.1723 0.1370 -9.0159 0.9194
8:2 0.2051 0.1649 -4.5631 0.8958
9:1 0.2524 0.1966 -4.2220 0.8567
5:5 0.1800 0.1194 -1.5603 0.9090
6:4 0.1683 0.1007 -0.0965 0.9223
Random Forest 7:3 0.1763 0.1098 0.6624 0.9156
8:2 0.1675 0.1157 -0.1856 0.9305
9:1 0.2024 0.1476 -5.1178 0.9078
55 0.1790 0.1090 -0.2943 0.9100
6:4 0.1828 0.1046 0.3063 0.9083
XGBoost 7:3 0.1953 0.1188 -0.2514 0.8965
8:2 0.1527 0.1049 1.4564 0.9422
9:1 0.1695 0.1285 -1.9129 0.9354
- ofel E= HIMK[EY I M50 £2 Haled gne|ES LERHA FOo|Ct Traint} Testel H|
2 6:4 &£ 8:22 5t11, 2HU 2 RandomForest == XGBoostE A5t Zd0| £2 He=z

LFEFTCH

< I EE 7t

NS S

o o o

o 22| E(MinMax M s}, H[2E]) >




YK & H| & 24 "HIKE gk

RMSE 8:2 XGBoost 0.1527
MAE 0.1007
4

MPE 6 RandomForest 0.0965

R? 8:2 XGBoost 0.9422
- otefl E= MinMax ™ sl 2242 AEje] HoIEHE AIEst HAlHY e[ Fe| A& LIE

H Folcl
< HPUT olf 02| F A (MinMax F et BIFER]) >
Model Train:Test S PN aR=TPNC ANE 25 Control NFS-1 NFS—2 pH

55 0.1479 0.2014 9.7229E+12 9.7229E+12 9.7229F+12  -1.1737
, 6:4 0.1300 0.2334 -0.0340 0.0253 0.0086 -1.2342
Re;'r”eesasgon 7:3 0.1107 0.2451 -0.0325 0.0237 0.0088 -1.2568
8:2 0.0850 0.2537 -0.0322 0.0164 0.0159 -1.2949
911 0.0975 0.2804 -1.677E+13 -1.677E+13 -1.677E+13  -1.3027
55 0.0367 0.0357 0.0074 0.0053 0.0044 0.9104
6:4 0.0360 0.0349 0.0073 0.0037 0.0026 0.9154
RandomForest 7:3 0.0362 0.0338 0.0073 0.0027 0.0029 0.9171
8:2 0.0345 0.0284 0.0063 0.0022 0.0030 0.9257
911 0.0355 0.0261 0.0061 0.0025 0.0033 0.9265
55 0.0547 0.0863 0.0403 0.0265 0.0106 0.7815
6:4 0.0348 0.0869 0.0388 0.0127 0.0083 0.8185
XGBoost 7:3 0.0263 0.1165 0.0406 0.0121 0.0134 0.7911
8:2 0.0221 0.0807 0.0327 0.0088 0.0086 0.8471
911 0.0199 0.0553 0.0231 0.0075 0.0107 0.8835
- otz E= MinMax dst, F2He| AEle| HIo|EE AlEst HAlHY 02| &e| HWIHX| Zo|Ct,

- 552 mf, & & "WIIX|EOl|A XGBoostel Ms0| 718 £ Ao =2 LIEMRCE 6:4Y mf, RMSER}
R%0l| A= RandomForest, MAE2} MPEOIM = XGBoostel A=o0| 712 £2 Zdo2 LIEHGC}
- 732 o, 2 E HWIIX|EOM XGBooste| Ms0| 71& £2 A2 Z LIEtG2en] 8:2, 9112 of, =

=

£ gIXIEOllM XGBooste| 4&0| 7t £2 ez LiEgCE
(

< NFS ZZ SHURe] M& & HYLUE o5 Ln2[E 8| w(MinMax st F59) >
Model Train:Test RMSE MAE MPE R?
5:5 01717 0.1340 -4.6910 0.9167
L 6:4 0.1627 0.1296 -4.3554 0.9253
inear . —
Regression 7:3 0.1745 0.1387 5.2986 0.9125
8:2 0.1814 0.1435 -5.6082 0.9081
9:1 0.2070 0.1651 -6.9221 0.8817
5:5 0.1039 0.0539 -2.3314 0.9695
6:4 0.0937 0.0490 -2.1279 0.9752
RandomForest 7:3 0.0986 0.0543 -3.0213 0.9720
8:2 0.0902 0.0464 -2.6282 0.9773
9:1 0.1160 0.0522 -5.0555 0.9629
5:5 0.1006 0.0536 -1.1282 0.9714
6:4 0.0960 0.0484 -0.7778 0.9740
XGBoost 7:3 0.0823 0.0470 -1.9200 0.9805
8:2 0.0789 0.0425 -1.7445 0.9826
9:1 0.1046 0.0477 -4.3378 0.9698
- o2l Ee= UMK EYE 71 d50| £2 Halgld da2|E2 e FOo|ct TrainZt Test2| H|
82 6:4 = 8:22 5t1, ZH 2 XGBoostE At&3tE 20| T2 A2z LEHch
< GIHX|EYE T M4s0| £2 M o5 MY Ldn2[E(MinMax 83, FE2]) >
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HIXE H| & L= IR E &t
RMSE gio 0.0789
MAE ' XGBoost 0.0425
MPE 6:4 -0.7778
R? 8:2 0.9826
- otefl E= MinMax s, 22 AEie ol E ALEst Halzd 2z [Ee| A& LIEHA
Eo|c},
< HPME o5 LA E A (MinMax ek, F29l) >
Model Train:Test S PN aR=TPNC ANE 25 Control NFS-1 NFS—2 pH
55 0.1228 0.3675 -0.0484 0.0158 0.0326 —1.2214
, 6:4 0.1350 0.3411 -0.0452 0.0104 0.0348 -1.2433
Re;'r”eesasgon 7:3 0.1146 0.3299 -1.133E+13 -1.133E+13 -1.133E+13  —1.2684
8:2 0.1194 0.3046 -0.0414 0.0035 0.0380 —1.2874
9:1 0.1256 0.2994 -0.0459 0.0107 0.0351 -1.2970
55 0.0344 0.0267 0.0059 0.0027 0.0031 0.9273
6:4 0.0379 0.0275 0.0054 0.0017 0.0035 0.9240
RandomForest 7:3 0.0311 0.0216 0.0048 0.0021 0.0038 0.9366
g8:2 0.0351 0.0203 0.0049 0.0024 0.0049 0.9324
9:1 0.0357 0.0209 0.0063 0.0020 0.0040 0.9312
55 0.0227 0.0497 0.0376 0.0026 0.0147 0.8728
6:4 0.0329 0.0678 0.0232 0.0037 0.0167 0.8557
XGBoost 7:3 0.0272 0.0582 0.0385 0.0027 0.0134 0.8600
8:2 0.0263 0.0622 0.0290 0.0028 0.0274 0.8522
9:1 0.0274 0.0424 0.0312 0.0022 0.0262 0.8706
- otell E= Standardization 73}, H| S22 AE(2| HIO[E{E ALS T HAIMHY L2 Fe "It
X EE LIEPAH Zo|Ct.
- 5:52} 6:4 W, 2E HWIIX|ZFo|M 22t XGBoost2t RandomForeste| 50| 71& £2 Ao 2

LFEFRECH

- 7:32 W, 2= "WI}X|Eol|lA XGBooste| M=0| 7pE
2} R%{|ME Linear Regression, MAEOIM= RandomForest, MPEOIM &

=2
==

ZWoez Lietgton 8:2¢ mf, RMSE
XGBooste| Ms0| 7}

X E2 HoZ LIEfGCE
-91¢ mf, 2E HIIKX|Eo|M XGBooste| Ms0| 71 £2 W2 LIEIGCH
< NFS ZZ+ orzlx|el Mz & MXMAIE of= 2D2|Z£ d|uw(Standardization M3t H|22H]) >
Model Train:Test RMSE MAE MPE R?
5:5 0.2096 0.1679 -18.0171 0.8766
. 6:4 0.1769 0.1422 -12.4124 0.9142
Inear . —
Regrosaion 7:3 0.1723 0.1370 9.0159 0.9194
8:2 0.2051 0.1649 -4.5631 0.8958
9:1 0.2468 0.2060 -4.5592 0.8630
55 0.1790 0.1182 ~1.3130 0.9100
6:4 0.1683 0.1009 -0.0009 0.9223
RandomForest 7:3 0.1768 0.1102 0.6780 0.9152
8:2 0.1675 0.1156 -0.1854 0.9305
9:1 0.2024 0.1475 -5.1143 0.9079
55 0.1790 0.1090 -0.2943 0.9100
6:4 0.1828 0.1046 0.3075 0.9083
XGBoost 7:3 0.1952 0.1187 -0.2634 0.8966
8:2 0.1527 0.1047 1.4281 0.9422
9:1 0.1687 0.1278 -1.8876 0.9360
- ofel B= HIMK[EY 7 M50 £2 Haled gne|ES LERHA Fo|Ct Traint} Testel H|
82 6:4 = 822 5l11, ZE2 RandomForest B = XGBoostE AIE35HE Ho| £2 ZHe=z

LFEFELCE
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< HUHIXEYE I S0l £ Mk ofF HAHY Yd2[E(Standardization & &k, H[F&H9]) >
HIX|E H[ & oy HIMXKE gt
RMSE 8:2 XGBoost 0.1527
MAE ) 0.1009
MPE 6:4 RandomForest 20,0009
R? 8:2 XGBoost 0.9422

- ofglf E£= Standardization M &}, H|FEH| AE

§of ColHE ALES Halzld &

MMAET o 2TDE|Z X5 (Standardization B3, H|RZERR]) >

ne[E5e| A=

Model Train:Test & ARt ANE 22 Control NFS-1 NFS-2 pH
55 0.0534 0.0813 -0.0382 0.0298 0.0084 -0.3895
, 6:4 0.0437 0.0954 -0.0340 0.0253 0.0086 -0.4346
Reb'r”eesf;{on 7:3 0.0369 0.1002 -0.0325 0.0237 0.0088 -0.4484
8:2 0.0279 0.1037 -0.0322 0.0164 0.0159 ~0.4663
9:1 0.0312 0.1080 -0.0351 0.0150 0.0201 -0.4693
55 0.0367 0.0357 0.0074 0.0053 0.0044 0.9104
6:4 0.0360 0.0349 0.0073 0.0037 0.0026 0.9154
RandomForest 7:3 0.0362 0.0338 0.0073 0.0027 0.0029 0.9171
g8:2 0.0345 0.0284 0.0063 0.0022 0.0030 0.9257
9:1 0.0355 0.0261 0.0061 0.0025 0.0033 0.9265
55 0.0547 0.0863 0.0403 0.0265 0.0106 0.7815
6:4 0.0348 0.0869 0.0388 0.0127 0.0083 0.8185
XGBoost 7:3 0.0263 0.1165 0.0406 0.0121 0.0134 0.7911
8:2 0.0221 0.0807 0.0327 0.0088 0.0086 0.8471
9:1 0.0199 0.0553 0.0231 0.0075 0.0107 0.8835
- otell E= Standardization M3t F22 AtEfe| HO[E{E AT HAlRY L2 [Fe HIIX|
ZE LIEMH Zolct,
- 55, 7:3, 8:2, 911 |, 2 E HWIIX|Eo|A XGBooste Ms0| 7I& £2 HWLZ LIEGSD
- 6:42 [, RMSE2} R?0l|AM= RandomForest, MAEQ} MPEO| A= XGBooste| Mso0| J71&F 22
WO Z LIEtGCH
< NFS =ZZ BhZx|e| Ma& & MYME ofF L12|F H|w(Standardization sk, F2H¢) >
Model Train:Test RMSE MAE MPE R?
5:5 01717 0.1340 -4.6910 0.9167
! 6:4 0.1627 0.1296 -4.3554 0.9253
inear . _
Regroesion 7:3 0.1738 0.1383 5.1651 0.9132
8:2 0.1814 0.1435 -5.6082 0.9081
9:1 0.2070 0.1651 -6.9221 0.8817
55 0.1031 0.0538 —2.3583 0.9700
6:4 0.0933 0.0490 -2.1429 0.9754
Random Forest 7:3 0.0986 0.0542 -3.0392 0.9720
8:2 0.0901 0.0463 —2.6461 0.9773
9:1 0.1160 0.0522 -5.1087 0.9629
5:5 0.1006 0.0536 -1.1160 0.9714
6:4 0.0958 0.0482 -0.7342 0.9741
XGBoost 7:3 0.0823 0.0470 -1.9192 0.9805
8:2 0.0788 0.0425 -1.7354 0.9826
9:1 0.1046 0.0477 -4.3378 0.9698
- olel B= HIKK[EY I M50 £2 Haled gne|ES LERHA FOo|Ct Traint} Testel H|
22 6:4 E= 822 5l11, RH 2 XGBoostE AF25E ZHO| £2 AW ZE LIEMGCH
< HIHKIEYE T Ms0| £E2 At o & HAEY 22| & (Standardization 8 sk, F2H¢]) >
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- otell E= Standardization &k, F22 AtEfe] HIO[EE ALSE HAlzld La[Fe A=

YK & H| & 24 YR E &k
RMSE 82 0.0788
MAE ' XGBoost 0.0425
MPE 6:4 -0.7342

R 8:2 0.9826

i

< HHME ofF L1ne2|F A$(Standardization M3t FEL]) >
Model Train:Test S PN aR=TPNC ANE 25 Control NFS-1 NFS-2 pH

55 0.0393 0.1473 -0.0484 0.0158 0.0326 —0.4432

, 6:4 0.0433 0.1373 -0.0452 0.0104 0.0348 -0.4493

Re;'r”ees"ggon 7:3 0.0377 0.1345 -0.0430 0.0057 0.0373 -0.4574

8:2 0.0384 0.1232 -0.0414 0.0035 0.0380 —0.4651

9:1 0.0404 0.1221 -0.0459 0.0107 0.0351 ~0.4660

55 0.0344 0.0267 0.0059 0.0027 0.0031 0.9273

6:4 0.0379 0.0275 0.0054 0.0017 0.0035 0.9240

RandomForest 7:3 0.0311 0.0216 0.0048 0.0021 0.0038 0.9366

g8:2 0.0351 0.0203 0.0049 0.0024 0.0049 0.9324

9:1 0.0357 0.0209 0.0063 0.0020 0.0040 0.9312

55 0.0227 0.0497 0.0376 0.0026 0.0147 0.8728

6:4 0.0329 0.0678 0.0232 0.0037 0.0167 0.8557

XGBoost 7:3 0.0272 0.0582 0.0385 0.0027 0.0134 0.8600

8:2 0.0263 0.0622 0.0290 0.0028 0.0274 0.8522

9:1 0.0274 0.0424 0.0312 0.0022 0.0262 0.8706

O 2XpAE
o AEZIX E= Y gAY TR A[ZHE O AStERA ghMEnL dhg T 2 24
- MEZUX| ZFL O|AtSIERA wrMEiT dig T 3 =X

X ZZ LY O|AtSIERA dhM2kn) orad AlEZF2 olell E L} &t O|AMSIEFA 30.50% O[5t =

20| 1 Bar =22 22l=|on, O|AISIEA 70% O|AMRE = 20| SASHH 715Kt

< 2R EE ol ABIERE WA} o2 A7) >

No. CO. Concentration (%) Pressure (Bar) No. | CO. Concentration (%) | Pressure (Bar)

1 1.10 0.95 16 6.77 0.78

2 1.27 0.96 17 8.25 0.94

3 1.97 0.61 18 8.70 1.00

4 2.67 0.99 19 10.73 0.96

5 2.70 1.02 20 12.83 0.97

6 2.70 0.96 21 13.20 0.97

7 2.80 0.98 22 14.40 0.96

8 2.95 0.96 23 14.83 0.96

9 3.67 0.65 24 14.90 0.97

10 3.80 1.01 25 25.15 1.00

11 3.80 0.94 26 26.70 0.96

12 4.00 1.00 27 30.50 0.96

13 5.00 0.95 28 70.55 2.60

14 5.37 0.95 29 76.85 49.07

15 5.87 0.97 30 84.57 88.68
ZIx| EEH O|ANBIERA WMZED} ot AIZZe Eof of2fel 22 Al2 TiIon, 0|2 2=
AELAX E= Y FAE Ch| A|ZEE O[(HSHERAS ST Hrg T(H 2fs EAMSEUCE
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. Log-log line
Equation N
Y=10"(YIntercept + Slope*log(X))
Best-fit values
Yintercept -16.09
Slope 9.365
95% ClI (profile likelihood)
Yintercept -19.40 to -13.25
Slope 7.882 to 11.09
Goodness of Fit
Degrees of Freedom 28
R squared 0.9606
Sum of Squares 369.8
Sy.x 3.634
- AELAX E5 Y A o[t dhEnt wE I Y o Fgk 24
ot E= MELUXN 5 2 4 o|LtetEla 2| mhE 3 ol S22 A e Aol A
= 0|, M= N2 2 725101 2M5t¥en, o|sdX|l= M& o AXo|H, M=ZX[= pH 4.2
~ 45 Es= AE 0.8~1.0% Alo|e] ZX|o|o, M= X|= pH 4.2 0|5}, EE= AE 1% Oo|ate| A
X E ALBSICEH 87|48 ZEXE Mot 2E AELUX= &40l 1 Bar 0|52 Eol=[of &7(4
EX MZ2 JtAFLEO A0 RE AEAX EEe REF Y oY gX|o S el
SIACEH JIASEME ALSSH 22 tHEE 2420] 1 Bar 0|52 FX[EHY2Lt #A0] 100 g2 2 &
22F OhZlx|o| A M&7|of ZELY S O|AMSIEIAT} 59.67% 2 S7}510{ t240| 3.47 Bar 2 0=
o] 87|14 =& M0l 4 g E EelslEct Multi-layered film bag 2HE A8 S22 X|
= Mx7| & np7)e| =Z L o|AtSIERAE 57.43 2 71.20%0(0, 32 M%7| 2 27| of
2+2t 2.42 2 18.13 Bar2 0| E=[A20, AFT|= M=x7| & np=7|9] ZFLY O[LtatEl+= 76.85
2l 84.57%0|0{, M=7|9F mi==7|of 20| 2+2t 37.07 2 90.83 BarZ O == QcCt AKX =X ¢
240| 30 Bar O|atQl 29 ZZE FEEZS0| &olx1 80 Bar O|Atel Z2= ZAX|7| BH{A Zo| WA
stE22 MEZX ZZ 2 Hato| Relstojof Stof
< AEUR EZ gAY olMsiEts LI wE JIH e oS3 >
o= H= A=
- 7t& IIAEI T - . . i
No. =5 w4 _ o|AtstEls | ek | o|MstElA | QfF ol &tstets | Qf
E&tH | (mL 0./m*day-atm)
(%) (Bar) (%) (Bar) (%) (Be
1 SR 100 ¢ O - 1.23 <1 59.67 3.47 54.73 1.t
2 SR 100 ¢ - 20,000 1.00 <1 4.57 <1 1.30 <
3 SR 100 ¢ - 40,000 0.73 <1 0.10 <1 0.10 <
4 SR 400 ¢ O - 0.30 <1 2.65 <1 0.57 <
5 SR 400 ¢ - 25,000 4.00 <1 9.70 <1 4.50 <
6 SR 400 ¢ O - 0.00 <1 2.97 <1 0.70 <
7 SR 400 ¢ - 6,000 4.00 <1 5.87 <1 2.70 <
8 SR 400 g 4,000 3.80 <1 6.77 <1 2.70 <
10 =2 x| 400 ¢ - 2117 <1 57.43 2.42 71.20 18.
11 E2HU x| 400 ¢ 40,000 0.30 <1 217 <1 1.43 <
12 b= 7| 400 g - 14.83 <1 76.85 37.07 84.57 90.
13 ZHET| 400 ¢ 4,000 10.73 <1 14.90 <1 5.00 <
14 2T | 400 ¢ 4,000 & HtHA™ 12.83 <1 30.50 <1 13.20 <

- N & AR Lo ofsf LSt T 24H

Mg & 7IMF2t
LAt Z|A &=t

adspace

S

=
To =
o

a
o
ich
an
o
jo
o

224 (Bar) H2tet o2k Hiet= ot ol et

Z he
£ gelet =% Stdx|el &2 ME 288 It 7|M £H2 0.65~1.02 Bar

= o
TEZ FAISHACH ME 28 = NFS M|+ SR Al RollM =& EE2

A28 shol=|X| gkt o=
T2 CO, absorbent £&8F multi-layered film bag2 AF235IF 7|0l D= 2AA| ZZF WA Slo]

C
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Total lactic
acid bacteria

Headspace
CO2
0.517
0.444
0.359

Reducing
sugar content
-0.605
0.004
-0.137
-0.413
-0.467
-0.224

Titratable
acidity
-0.974™
0.614
0.155
-0.987""
0.160
0.294
-0.965"
0.491
0.415

2k Z A L F headspace CO, s 2f

pH
-0.945""
0.893"
-0.625
-0.389
-0.887"
0.938™
-0.236
-0.661
-0.968"
0.902"
-0.388
-0.580
- 76 -

Temperature
-0.787
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-0.861"
0.879"
0.260
-0.741
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-0.839"
0.395
0.452
-0.797
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-0.886"
0.713
0.331
*P < 0.05

LFEFLH

MoUAFE
lation coefficient]
*x < 0.01,

earson’s corre
Parameter
Temperature
pH
Titratable acidity
Reducing sugar content
Headspace CO;
Total lactic acid bacteria
Temperature
pH
Titratable acidity
Reducing sugar content
Headspace CO:
Total lactic acid bacteria
Temperature
pH
Titratable acidity
Reducing sugar content
Headspace CO2
Total lactic acid bacteria

-0.389~0.2602]
Level of significance: ***/ < 0.001,

7%+ 2P
(Control)
(NFS-6,000)
(NFS-4,000)

F

—

A




-H2 H& F multilayer film (CH=)ZF NFS MHAE &7|A film bagoll Z&E ZHF7|9
M2z, S8 X E(pH, MYzt S &), 45 headspace CO, st & Fobd
b AEEAE BAMS Zats ofel Zol HERHCE e MEAS =7, NFS-HMHADL
NFS-gHHA  HMz|7el ME2T+& pHeb Fol&el(P > 0.05) 89 AHoAE LERHAD
HMYMEL |oXOl(P > 0.05) 2o AEAE  LIERAAJCE HES HEE =T,
NFS-MH A} NFS-2HHA X272 pHeb M™AMTol &A= 242 -0.960, -0.9322t
-0.922& LIEHHO| FoXQU(P > 0.01) 5o AMBHAE LEfHCH He MES =72t
NFS-gHHA  XMz|Fel pHeb Y ol MEA = 0.9542F 0.936 TE2LE  LIEH
FolHol(P > 0.01) At#MS LIEHARACE B2 XMESH HETF, NFS-MHEAITE NFS-E2HHA
MelFe| MEMTs Y 2= foFel(P < 0.01) 89 222 (-0.988~-0.975)&
LIEtSACE ghod 812 X Ze NFS-M A3} NFS-EHH A X[ 7ol stalE &Fn & fotd 9
AAH == -0.396~0.149 =F2CZ LIEIL} S E8&-F AR 9 AAH2 AALCH sHH
He HES NFS A+t 2SI ZH headspace CO,sL % & Fétad =2 A==
-0.125~-0.008 &==292 LIEIL} headspace CO, sE-F R|o&td o AzzAl= FelsHAl

orotch(P > 0.05).

(M2 MEet 2579 25, pH, HEME, &Y 2, £& W F headspace CO; 52t & 7

o
M = ZF Pearson’s correlation coefficient]

Parameter Temperature pH Titratable acidity Fedusing suger Headspace CO», Total lactic add
content bacteria
Temperature 1 - - - - -
pH -0.886* 1 - - - -
Z57| Titratable acidity 0.840* —0.960%* 1 - - -
(Control) Reducing sugar content -0.797 0.954% —0.988x* 1 - -
Headspace O, 0.863* —0.979%* 0.981#* —0.984*x 1 -
Total lactic acid bacteria 0.660 -0.611 0.378 -0.396 0.506 1
Temperature 1 - - - - -
pH -0.844* 1 - - - -
e Titratable acidity 0.874+ 0,932+ 1 - - -
(Fim4xd) Reducing sugar content —0.759 0.889* —0.975%* 1 - -
Headspace 00- 0.454 -0.182 0.350 -0.326 1 -
Total lactic acid bacteria 0.584 -0.545 0.329 -0.219 -0.125 1
Temperature 1 - - - - -
pH -0.838* 1 - - - -
Sl Titratable acioity 0.837+ -0.922%% 1 - - -
(Bi4xd) Reducing sugar content -0.793 0.936** —0.984x* 1 - -
Headspace 0O, 0.742 -0.533 0.614 -0.634 1 -
Total lactic acid bacteria 0.145 -0.063 -0.210 0.149 -0.008 1

Level of significance: ***P < 0.001, **P < 0.01, *P< 0.05
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Predicted value

a1 XA 2R} Observed Model
value . ) ) One phase
Linear regression Exponential ) L
dissociation

0 5.93 5.45 5.93 5.92

3 411 5.29 5.72 4.77

Control 7 4.92 5.08 5.45 4.44
14 4.35 4.70 5.02 4.21

21 4.24 4.32 4.61 4.20

28 4.24 3.94 4.24 4.20

0 5.93 5.49 5.56 6.01

3 5.49 5.32 5.35 5.28

7 4.57 5.09 5.08 4.73

NFS-6000 14 4.31 4.69 4.64 4.34
21 4.21 4.29 4.24 4.22

28 4.24 3.88 3.87 4.18

0 5.93 5.59 5.67 6.03

3 5.62 5.41 5.44 5.40

7 4.78 5.16 5.15 4.87

NFS-4000 14 4.27 4.73 4.67 4.40
21 4.24 4.29 4.25 4.21

28 4.20 3.86 3.86 414

- NFS =& Std=RI2| pH o5 =He| Notd "ItE ¢t SAAH XZE offol| tERHACE

o
RSMEE= =2 9| of gzt Mgt Atol2] xto] HAo oo M&E22 42 HA2=E scoreZt =2
|

=8 D4 ds0| Hcim HEohEIch SEAx(el BFo| akzkelol  Linear regressionzt
Exponential Z& 0| ZtZt 0.2870~0.35652} 0.2925~0.3636 +=&=2 E0{F 1 One phase
dissociation 222 0.0994~0.1320 ==& HoiFict

R?2 AH =™zt 317 2M2S saf ol 5= gtol Hop} Ux|shks X|E LEHE ZezM &
Moz =2 E%ﬂ @

So| =ctn =®IF=EIC Linear regression EREIS| R?2 2
_I

dissociation 222 0.9390~0.9697 ==& ZE0FIch R2 ag W2 EE2 37I9F EE'H._—’F &
245t Alpket 23 71|#% olo|stof R2et FASHA Ztol =245 2| MEHo| sCi= HS 20
Z=C}. R%qy 2t EE8F One phase disscociation 22 0| 0.8983~0.9495 &2 H0{F0| 71& =Uct
UX|5H =M 1S LIE = W22 10| HojEl+E 2o Matert HojZEl
= o|F 2= A 42 1.02-1.05 &S HERHSAEE Bl g0l 0.9~1.05
Aoled o & BEo| 24+ 0.7~0.9 L& 1.06~1.150/3 EEC2 Hmrishsr| 2E 2Ho| B Zhe
1.00 +&& LIEH fsicte #EI1=(QAch Al 7EK] Z2 oS 2Eo| 8AX X|EE SAMoIS I Af
ot BfolMe= 2E ZZ0|E 2Ho| oot WIEAXIZE RMSE, R, RP.g @t 25 One phase
dissociation 20| ct2 F 2o H[sHA O Psictl MZt=Qict

S|

o

< NFS Z% otzix|e| pH of & 2ol &

o
08!

7t flet SAAH X#xE>
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Goodness of fit statistics

Xal 7 Model
RMSE R? R As B
Linear
regression 0.2870 0.7743 0.6238 1.0542 1.0010
Control Exponential 0.2925 0.7558 0.5930 1.0501 1.0002
One phase
dissociation 0.0994 0.9697 0.9495 1.0145 1.0001
Linear
regression 0.3565 0.7168 0.5280 1.0699 1.0023
NFS-6000 Exponential 0.3636 0.8207 0.7012 1.0631 1.0012
One phase
dissociation 0.1281 0.9699 0.9498 1.0186 1.0005
Linear
regression 0.3236 0.7824 0.6373 1.0639 1.0016
NFS-4000 Exponential 0.3222 0.8994 0.8323 1.0564 1.0006
One phase
dissociation 0.1320 0.9390 0.8983 1.0213 1.0005

NFS ZF oidxiel W2 MY 3 AT ASZ U oS 2o mE HYMT oSS
ofeHoll LIEHHRACE. BiR|el pH ASD EXolS 2ol ofFt MEE oS 2F NE J|7Ho|
_I

Sotetol o2t Zasks 252 2o{FAUCh

< NFS =& SHUR|o| H2 MY & MEMUE H54 « ofE Z2=of e o =gt >

Predicted value

a2 A 2Rl Observed — Model
value on |n.ear Gompertz Logistic
regression

0 0.41 0.46 0.39 0.40
3 0.51 0.54 0.52 0.51
c 7 0.64 0.64 0.68 0.67
ontrol 14 0.92 0.81 0.89 0.90
21 1.03 0.98 1.02 1.03
28 1.07 1.16 1.09 1.08
0 0.41 0.43 0.36 0.37
3 0.48 0.52 0.50 0.49
7 0.61 0.65 0.68 0.67
NFS-6000 14 1.03 0.87 0.95 0.96
21 1.13 1.09 1.13 1.14
28 1.22 1.31 1.24 1.23
0 0.41 0.43 0.31 0.31
3 0.36 0.52 0.49 0.47
7 0.70 0.64 0.71 0.70
NFS-4000 14 1.07 0.86 0.99 1.01
21 1.12 1.07 1.12 1.13
28 1.15 1.29 1.18 1.17

- S x| 2| %—%Oﬂ 2bztglol  Linear regression EEe| RSME #t2 0.0630~0.1249 H=ZF,
Gompertz 2H el RSME #2 0.0240~0.0820 =, Logisitc ZHe| RMSE Zt2
0.0172~0.0706 &2 2 LIEMGCt 2H ol ZF} 2 gl0] R? ZH2 0.8548~0.9926 =2 H0{
TR Ry 2k £ 0.7580~0.9877 =S H0oiFUCt SHx[et ER0|S 2H ol ZFol| ZHAIGL0] Al
22 1.02~1.15 ==& LIELHRA 20 By &St 0.99~1.02 =& LIERY 5icil HIHE o] Ml J1X]

S 2P 25 SRR HYMEE of55k=d Metstotn M= it

< NFS zZZ SHUx|o| HELME of

it

2o SAAM X HE>
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Goodness of fit statistics

el 7 Model
RMSE R R As B

Linear
regression 0.0630 0.8548 0.7580 1.0718 1.0090
Control Gompertz 0.0240 0.9926 0.9877 1.0306 0.9983
Logisitc 0.0172 0.9613 0.9355 1.0203 0.9981

Linear
regression 0.0790 0.9162 0.8603 1.0793 1.0110
NFS-6000 Gompertz 0.0542 0.9765 0.9608 1.0657 0.9957
Logisitc 0.0464 0.9719 0.9532 1.0554 0.9944

Linear
regression 0.1249 0.9033 0.8388 1.1539 1.0285
NFS-4000 Gompertz 0.0820 0.9478 0.9130 1.1247 0.9951
Logisitc 0.0706 0.9711 0.9518 1.1089 0.9915

NFS ZF HUxlel e AT 5 & RAF & 453 2 o5 2™ W2 5 RAR &
OIZZLS ofzol LiERHSICH SIURIl B RAF & MBS MT 14Ynx BolECL e
7| zboll =

MRt Uasts 2582 EodFAct O2{L} Linear—regressiont Gompertz 22 ol &
2 7|7J%EF Eolstetot TrIIEI" BES HoiFdct 8HH Third order
ME 14X & Fobd =71 S7tsictob @2 7|12hol =

S
30
_,>_
(o]
g

< NFS =& SHUR|e| H2 ME & & Fead = oS54 2 o= Z=o| e of 54t >

Predicted value

Ha|z HE AR} Observed Model .
value . . Third order
Linear regression Gompertz i
polynomial
0 6.88 7.15 6.88 6.85
3 713 7.15 7.16 7.17
c 7 7.36 7.15 7.20 7.38
ontrol 14 7.43 715 7.21 7.36
21 7.07 7.15 7.21 7.12
28 6.99 7.15 7.21 6.97
0 6.88 7.13 6.86 6.85
3 713 7.14 7.14 7.09
7 7.36 7.15 7.24 7.20
NFS-6000 14 7.43 7.18 7.26 7.09
21 7.07 7.20 7.26 6.99
28 6.99 7.23 7.26 6.92
0 6.88 7.12 6.86 6.81
3 7.13 7.13 7.13 7.15
7 7.36 7.14 7.23 7.39
NFS-4000 14 7.43 717 7.25 7.39
21 7.07 7.19 7.25 717
28 6.99 7.22 7.25 7.06

- #2 MF B NFS ZF el 3 RAT & o5 2Yel HEN WIS SlF SAN xES

— =— T

otzf 2| Fofl LIEHHSACE. Linear regression 2= 2| RSME #f2 0.1949~0.2009 &, Gompertz
BE2 0.1663~0.1730 =&, Third order polymonial 22 0.0427~0.0802 ==& 20 F%
Ct. Linear regression 2&2| R*2} R® adj #+2 Z+Zt 0.010~0.0252 ¥ -0.6650~-0.6247 =&
Ho{FAD Gompertz 222 0.3796~0.4473 % -0.0340~0.0788 =& 20{F0H =
o Zoll MEsix| 22 {2z mekElct HHH Third order polymonialel R?
0.8810~0.9599 ==& LIEN AT R%,y &2 0.8017~0.9332 =2 H0o{F0| LIHX| F
DUEC MdjMoz & Ritd 5 0|:3FEE1I HMetet Ao 2 MZtx[UCt At B @2

L

=] rulo
Aoro = H

b3 e o A

i
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Z35of ZAGIOl 1.00~1.02 ¥ 0.97-1.00 === LIEILfo] HE =22 2

ol
tu

It AT

< NFS =% Shxlel M2 XME & & 7id = o5 22| Hetd "rte flet SAH X#xE>

Goodness of fit statistics

Xal+ Model
RMSE R? RPad A By
Linear _
regression 0.1949 0.0010 0.6650 1.0241 1.0013
Control Gompertz 0.1681 0.3796 -0.0340 1.0179 1.0003
Third order
polymonial 0.0427 0.9599 0.9332 1.0049 0.9999
Linear _
regression 0.2009 0.0028 0.6620 1.0275 1.0004
NFS-6000 Gompertz 0.1663 0.4760 0.1267 1.0174 1.0002
Third order
polymonial 0.0590 0.9340 0.8900 1.0230 0.9797
Linear _
regression 0.1997 0.0252 0.6247 1.0271 1.0002
NFS-4000 Gompertz 0.1730 0.4473 0.0788 1.0201 1.0005
Third order
polymonial 0.0802 0.8810 0.8017 1.0090 1.0002
MBI 2. B7|M WM Lol TX N8 ZT7| ME MY EW X Eo| AREA]

< NFS ZZ 25|19l H2 ME & pH A 54 & olE 2ol wE =gt >

Predicted value

Ha|z XA 2R} Observed Model
value . . . One phase
Linear regression Exponential ) L
dissociation
0 6.09 6.00 6.11 6.30
3 6.03 5.74 5.78 5.77
c | 7 5.41 5.41 5.37 5.21
ontro 14 4.20 4.81 4.72 4.54
21 4.05 4.22 4.16 412
28 4.03 3.63 3.66 3.87
0 6.09 5.88 6.00 6.30
3 6.04 5.64 5.68 5.66
7 5.01 5.32 5.29 5.05
NFS-1 14 415 4.76 4.67 4.41
21 4.07 4.20 412 4.09
28 4.06 3.63 3.64 3.93
0 6.09 5.76 5.87 6.20
3 5.73 5.53 5.57 5.54
7 4.95 5.23 5.20 4.93
NFS-2 14 414 4.69 4.61 4.34
21 4.05 4.16 4.09 4.06
28 4.08 3.62 3.63 3.93

—ofehe| F= He XME FNFS Z& Z57|o pH o5 ZEo| MEtH HILE 9ISt 8AX X2E

oteholl LtEpH Zdo|Ct. Linear regression 222l RSME gt2 0.3313~0.3812 &= H0{FH

11, Exponential 222 0.3508~0.4103 =&, One phase dissociation 2= 2 0.1407~0.2444

TES BEoiFAdct =g g 2o SF/o| 2A 8lo] R, at2 0.8139~0.9761 =& E0f

TR R%y gt EFH 0.8139~0.9602 ==& LIEMACE A & B gt 22 1.02~1.07 &

0.99~1.00 =& LEHN 2Ho| M= Potctl THEEE(ACH 2t Al 71X 22 25
S

=2
=
M2 MY & ZA57(2 pHE ol Fst=0 Metsiotd M2Zte 21ct,

r




< H2 ME S NFS =& ZF7|9| pH o & ZH o Matd "ItE et SAH X=E>

Goodness of fit statistics

Xal+ Model
RMSE R? RPad A By
Linear
regression 0.3313 0.8655 0.8655 1.0596 1.0013
Control Exponential 0.3508 0.8994 0.8743 1.0501 0.9999
One phase
dissociation 0.2444 0.9390 0.8983 1.0429 1.0011
Linear
regression 0.3812 0.8139 0.8139 1.0765 1.0018
NFS-1 Exponential 0.4103 0.8562 0.8203 1.0642 0.9999
One phase
dissociation 0.2375 0.9398 0.8996 1.0351 1.0010
Linear
regression 0.3425 0.8303 0.8303 1.0694 1.0013
NFS-2 Exponential 0.3619 0.8737 0.8423 1.0579 0.9995
One phase
dissociation 0.1407 0.9761 0.9602 1.0218 1.0004

-ofelel EE W2 AT B NFS EF ZFU|e] HYMT ASZ L olSRYR HAE of57S
LEENH Holch ZtETlel MEAE ASZE of 522 XWT|Z0l LoiISE BIbstE &S

2o{Fdch

< NFS =& ZtF7(|9| H2 MY & MEMUE A54 « ofE Z2=of e o =gt >

Observed Predicted value

Xel+ A& AR} Model
value Linear regression Gompertz Logistic
0 0.22 0.43 0.09 0.07
3 0.14 0.52 0.21 0.14
Control 7 0.22 0.64 0.44 0.31
ontro 14 0.83 0.86 0.84 0.79
21 1.08 1.07 1.10 1.09
28 1.17 1.29 1.22 1.17
0 0.22 0.11 0.09 0.10
3 0.21 0.23 0.21 0.19
7 0.29 0.40 0.43 0.39
NFS-1 14 0.89 0.69 0.80 0.83
21 1.07 0.98 1.04 1.07
28 1.11 1.27 1.15 1.13
0 0.22 017 0.12 0.13
3 0.24 0.28 0.23 0.22
7 0.30 0.43 0.44 0.41
NFS-2 14 0.90 0.70 0.81 0.83
21 1.09 0.97 1.08 1.12
28 1.22 1.23 1.24 1.22

ofefol = HE2 MY & NFS =& ZIF7|o| HYLE ofF 2H ol Matd "Write fle SHH

X EZE ofleholl LIEMH Zdo|C}. Linear regression 22 o] RSME #4t2 0.1297~0.2524 =&=2 &
01T, Gompertz 222 0.0861~0.1003 ==, Logisitc 22 0.0700~0.0790 ==& £ 0]
O

I

Foich matated gl mdlol ZFof A glol R® ZH2 0.9033~0.9767 =2 Ho{FU0]
R @t 38t 0.8388~0.9612 =& LIEIAA T A 242 1.70~1.18 =ES LEIACE ZE

2HE9| By gt2 =79l Linear regression 22 2HS A 2|51 0.90~1.04 T=&E2 E0{F0 2=

< NFS ZZ Z4F7|9| HPEMUE ofF 2ROl SAXN X &>




Goodness of fit statistics

el 7 Model
RMSE R R As B
Linear
regtaadion 0.2524 0.9162 0.8603 1.7014 1.6951
Control Gompertz 0.1003 0.9548 0.9246 1.4020 1.0470
Logisitc 0.0790 0.9719 0.9356 1.2905 0.8741
Linear
regtaadion 0.1297 0.9033 0.8388 1.3090 0.9175
NFS-1 Gompertz 0.0963 0.9513 0.9189 1.2745 0.9073
Logisitc 0.0742 0.9711 0.9532 1.2262 0.9088
Linear
regresaion 0.1126 0.9374 0.8957 1.2121 0.9813
NFS-2 Gompertz 0.0861 0.9648 0.9414 1.2103 0.9424
Logisitc 0.0700 0.9767 0.9612 1.1818 0.9452
—-oteflel E= H2 XME & NFS L& ZF7(e| & ot o AZgu o 5 22 we o =gt
2 LIEMH Zdolct ZHRD| el & ot = AEZ2 ME 147X Srtsichot g2 7|2l = &
A 4ASE 258 E0{FACt a2} Linear-regression 2H 2 £7| R&t7 $£7F HE 7]71H0]
LU EFE UA5ts 2ES EHFA D Gompertz 222 |40 =71 HE 14 51X| E7tsict
7l SXlEEe 252 EdFct 2+ Third order polynomial 2E 2 AEZtnt FALSH MZH 14
UMK & FArAF 74 BIISIEE He 7|2l d4asts 252 LERNACH

< NFS EX ZT7lo] W2 M F & R42 5 A5z 2 o5 29| o2 o 53k >

Predicted value

a7 HE AR} Observed Model ——
value Linear regression Gomperiz )
polynomial
0 6.15 6.90 6.11 6.11
3 6.87 6.83 7.01 6.91
Control 7 7.55 6.74 7.39 7.60
ontro 14 8.07 6.58 7.50 7.96
21 7.52 6.42 7.51 7.60
28 6.89 6.26 7.51 6.87
0 6.15 6.91 6.14 6.22
3 7.04 6.88 7.07 6.89
7 7.39 6.82 7.28 7.47
NFS-1 14 7.75 6.73 7.31 7.79
21 7.47 6.64 7.31 7.42
28 6.63 6.55 7.31 6.65
0 6.15 7.32 6.15 6.46
3 7.87 7.27 6.93 7.24
7 7.55 7.20 7.23 7.82
NFS-2 14 7.64 7.08 7.30 7.86
21 7.37 6.96 7.30 7.13
28 6.09 6.83 7.30 6.16
-ofehel = W2 M & NFS 22 ZHE=7(e| & 4t = o & ZH o MM HILE 9IS 84
X X|®EE ofzfioll LIEFH ZIO|Ct. Linear regression 22| RSME gt2 0.6666~0.9203 &S
HoixFd D, Gompertz 2 0.3728~0.3880 ===, Third order polymonial 22
0.0368~0.0876 ==& 2 0{FCl. Linear regression 22| R? Zt2 0.558~0.1352 =& &£
0131 R? adj #t2 —0.4413~-0.5735520{F0 & |t olS0lM CI2 RHECI AXHo2
XM etshR| b4t HHH Third order polymonial mode2l R?2 0.7803~0.9905 ==& H0{F0f
=2 38 7ISsic 2E 2Yo| A U By 32 242 1.00~1.12 £, 0.92~1.00 +ES 20]
0| M7t fFoictl HIHE QA
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ME

B2 Mg S NFS 28 ZIF719] & wibd = o5 ZEo Hegk griE fle &4 X=®>

Goodness of fit statistics

Xal+ Model
RMSE R? Raq A B
Linear _
regression 0.9203 0.1352 0.4413 1.1230 0.9253
Control Gompertz 0.3880 0.6714 0.4523 1.0351 1.0010
Third order
polymonial 0.0658 0.9905 0.9763 1.0071 1.0001
Linear _
regression 0.6666 0.0558 0.5735 1.0854 0.9582
NFS-1 Gompertz 0.3728 0.6084 0.3473 1.0335 1.0011
Third order
polymonial 0.0876 0.9784 0.9459 1.0096 1.0002
Linear _
regression 0.6957 0.0590 0.5683 1.0961 1.0051
NFS-2 Gompertz 0.6279 0.3613 -0.0645 1.0702 0.9928
Third order
polymonial 0.0368 0.7803 0.4508 1.0409 1.0013
3XpA =

olel g ME & EEAC| A4 £I} W mE S (M)l o|MBEH EX 4
WEHE Lhetd Zolch ME M 2ZA(MAX)S| & 57|14 MF $E 7.0 log CFU/gOIUCH. -
HA-NFS® PA-NFS M2l 7ol & 7|4 M7 += Rolsez

2.52t 0C XMz 28 = f=x=7,
5.2~5.7

(P < 0.05) Zt235t0d log CFU/gE LIERH AL

ME x27| SHA (ARl & Fibd .9 log CFU/golA2n{ -2.52} 0C XMZ 28 =
oF =7, HA-NFS2F PA-NFS X |—_rL°| & w7ttt == 6 log CFU/g ol&2 ®XISIUCEH

A
+

=dAX(HWUX)e 52 %%OI = 3.4 log CFU/go|%len] —2.52F 0C XM & 282
CH=F72} PA-NFS XM2|T7e| 5% 2 2Z0| 4=+ 3.1~3.6 log CFU/g &2 §X|5t% Ct.
82 = -2.529} 0Coll MZAESH HA-NFS Xe| 7= 2tz 3.81} 4.0 log CFU/gS LIEHHO]
T £ PA-NFS M2| et B35t RolMe2(P< 0.05) 2 82 & %0l =5 L&
L At

DH

4 7Z o XA
N

B 2 ro oA

NE M 2UX(HAUX)e & H&AFE == 5.6 log CFU/g 20
2,52t 0°C MZ&et th=7F, HA-NFS2t PA-NFS Xzl & o &2
1 log CFU/g) O|5tE LtERHALCE
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Starage time (day)

Sambnl Starage time {day)
" 2 4 1 14 2 £ Symbol
[ 1 4 1 2 m
- A An A A M Bb ABe
- Ai A Aa A Aa Ad Aa
= A An A Aahy Au ABh Al
- A A A A Aa A Aa
- A Au A An A Ae AR
- h Aa Aa A Ao Ash b
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Storage time (day) Tovalsiof o Storage time (day) Lot
[ 3 6 0 14 18 n 1’ M significance. * 0 3 6 10 14 1 3 38 46 significance
Ae  Ad Ac  Aa A Az As A Bb Film type ® A Al Ac  As  As  Aa Ab Ab A Filmtype NS
Ad A Ab  Aa Az Aa A2 Az Aa Storage time NS B Az Ad Ac  Aa Az As  Ab  Ab  Ab Storage time
Ad  Ac  Be As Asb A Az Aa Ab Fimtyper 4 Ad Ac Be Az As Az Ab  Ab  Ap Fimpex
Ae Ad Ac Aa Az Az Aa Ma  Bb St + A4 Ad  Ac Az Aa Aa Ab  Ab Ab Storage fime
ignificance: NS, not significant (F>0.03); ~"P<0.001 Lev ignificance: NS, not significant (F>0.03); ""P<0.001.
c i
= =)
= =
) <
=t =
= =
2 1
g g
2 e~ Control 3 -e- Control
s = HA-NFS = = HA-NFS
& a- PANFS E 4 PANFS
-+~ MLODV bS] —» ML+ODV
z =
£ I} = L 1 1
E 35 S 0 5 10 15 20 25 30 35 40 45 S0
g Storage time (day) g Storage time (day)
5 <

(A), RSBl 88 =7 A (B), RE-To| #2 =2 B
<RE-EO 2#Y = NFY 5 2T 3 RAUTF & wsb
-0C X% 62 = =7, HA-NFS M2|7, PA-NFS XMz|Fet ML+ODV Mz|#el &2 & %

o ==

3.2~3.6 log CFU/g2 A& =7|of| v|sf FZ et At0|E HO|X| Bt

- vt .ol 514 =4 A H& 302 o S5 -moj 87 =AH B & 46Y F HA-NFS Azl 7
°of 22 % HEO| = ZfZf 6.02 4.1 log CFU/gE LEHAO =7, PA-NFS HMzZ[7<t
ML+ODV X 2|72} H|m3to] Re/M22 =ATHAP > 0.05). 0|2 22 X H&O0| 2| Xo|=
ZZ droll J|elste Aoz EehEct
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-ExY EE SRA NP2 MNE & 4579 22 E 5E0| ol 43EE 2E HERICH
(P < 0.001).
A B
s S1lom.mgt1“4m ‘(d:? T si';;:iic‘n:‘;e = 3 % lsnmrlgel:imldﬂrl 30 38 46 “é:'fe"?’?“"
As Az Az Ba Ba Ba Ca Fim type ® AB  Ab Ab  Ab  AD  As  Asb Bab Bab Film type
Ac Ac Ac Ab Asb Aa Az Storage time NS - Ade Ade Ae  Acde Acde Ac Acd  Ab Az Storage time ===
A As  As Ba Ba Ba BCa Fimtyper 4 As A As As A A A Be Be Fpen  see
Ab  Asb Asb Bab Bab Bab Ba SImg; frme s * Ac Ac Ac Abe Aab Azbc  Abe Aa Bab Storage time
ieance: N, niot significant (F>0.03); “F<0.001 Level of significance: *P<0.001
) &
z I~
o [}
< -+ Control s - Cantrol
3 = HA-NFS 3 = HA-NFS
= -+ PANFS b -« PANFS
g — ML+ODV —— ML+ODV
% 1 1 1 % 1 1 1 1 1 1 1 1 1 1
5 0 s 10 15 20 25 30 35 8 ] 5 10 15 20 25 30 35 40 45 50
Storage time (day) Storage time (day)
(), RE-TH B2 =24 A (B), FE-BY 2H xH B
<RE-Eol B4 x4 ME F 2A5I|e 52 U BTo| 4 Hsp
- N d & AT £ 4.2 log CFU/golen XMZE7|Ztol E7tgtoll wat ZiAstich
HA-NFS Mz|To| & HEFZ = ME 142 0| F e, X7, PA-NFS 2|72 ML+ODV
Me|Tel & tHEdT v MY 222 o|=8H HESHH(1 log CFU/g) Olstz2 2tz &=

Ct.

s =

Hl

of MEv|zte ME & 24

719l & tf

71 Mo ol dsEE

Jc%l- =0 o T S S k=3
E LIERHCHP < 0.01 EE= P < 0.001).
A B
- Storage time (day) Levels of Sl Storage time (day)
" 3 s 1 u 15 3 3 siguificance i " 3 s 1 u 2 W w #
L Ab Ab  BCb Aaz Be Ad Ad Ad Ad . Ab Ab BCh Aa Be Ad Ad Ad Ad
- Ac Ac Ab Aa ca Ad Ad Ad Ad L} Ac Ac Ap Aa Ccd Ad Ad Ad Ad
A Ab Ab Bb Aa Be Ad Ad Ad Ad a Ab Ab Bb Aa Be Ad Ad Ad Ad
% - Control % - Control
s = HA-NFS ] # HA-NFS
3 4+ PANFS ] & PA-NFS
E ~+ ML+ODV - “+ ML+ODV
g -:; 0 ; llfl IIS le.l ZIS _\J(.) 3'5 dll.l 4‘5- 5'0
[ %] [
Storage time (day)
mof &4 =4 A (B), Re-Eof 24 =4 B
= NE F 4579 & HEAS 5 #HEs
- 55 £-moj 82 T2 BolM XMEE ET, HA-NFS X2/, PA-NFS
He[Fet ML+OD MK EMT ¥ HUM o|dE #Hst= ofel ol LERHACEH
- AE M 2821 U= T2 (Coliforms)2 M & ME7|ZHo| X
of 2} log CFU/g) OlstE LIERA QUL
- AEBHO| AE Yute] 7lF U Aol WEH 2 AR AESE AHES Asdal B
H 22|27, 2|AH 2ol ZEAOEMUA, HEEM EH, HE=28H MHFH/E2l, o{AlY
of, AHZZ22|E[F}t, SMEEMTH S0l Holi S40|ofofetct.
- H2 N 30 (Re-Hof 24 =7 A)nt 46 (7s Hol 2td =H B) SoF ZHF7|2f Had
o|MES x=Alst A3t S aureus2t Salmonella spp.= AEE X ZUCE Ol NFS & 7|4
ZEol &S AAFT| = AMESTe Aol Metet A2 E LiEFRCE




ot
N
hnd

<29 R& MF(FS:

re

o 2 I A) B ATT| AMRE M L Y

o

d olds 28

— o o
=A1>
Type of Foodborne Storage day
packaging pathogen Day 0 Day 3 Day 6 Day 10 Day 14 Day 18 Day 21 Day 25 Day 30
films (log CFU/g) (0 T) (0 ©) (0 ©) (6 ©) 6t) (4t) (47T€) (47c) (47T
Coliforms 424017 4.2+0.2 42401 4.7£0.1 3.1%0.1 ND ND ND ND
Control S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
Coliforms 42+01 4.1+01 4.5+0.1 4.8%£0.1 ND ND ND ND ND
HA-NFS S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
Coliforms 42+01 4.1+0.1 4.3+0.1 4.7£0.2 3.1£0.1 ND ND ND ND
PA-NFS S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
Coliforms 42+01 4.3+0.1 4.0£0.1 4.6£0.2 3.8%0.1 ND ND ND ND
ML+ODV S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
1) Each value is meanzSD.
2) ND: Not detected.
<mo| RE MRS B B4 =4 B) 5 LT AMXE AT ¥ HaY 0|¥E s
24>
Type of Foodborne Storage day
packaging pathogen Day 0 Day 3 Day 6 Day 10 Day 14 Day 22 Day 30 Day 38 Day 4¢€
films (log CFU/g) (0T€) (OTt) ((O©T) (®BT) (BT (37T) (37TC) (37) (-3 T
Coliforms 424017 42402 42401 47401 3.1+0.1 ND ND ND ND
Control S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
Coliforms 4.2£01 41£01 4.5+0.1 4.8%0.1 ND ND ND ND ND
HA-NFS S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
Coliforms 4.2£0.1  41£01 4.3+0.1 4.7£0.2 3.1£0.1 ND ND ND ND
PA-NFS S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND
Coliforms 4.2£0.1  4.3£0.1 4.0£0.1 4.6£0.2 3.8%0.1 ND ND ND ND
ML+ODV S. aureus ND ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND ND

1) Each value is meanzSD.
2) ND: Not detected.

TS 2 =d M S NFS S71d 28X Mol e ZAF7|e| =& Fuf & =F Y 7t
S

-

.3 mLE LIEHf At MZE7|ZHo| Antgtol| wat f5-Eol
of B E Mz|Fe EZF Ris= RHZ(P< 0.05) F7
A SI|7HX] =Tl PA-NFSo| ZA Hil= HA-NFSet
Mo 2 (P < 0.05) =Uct.

—_

& ool Bd =4 A ME 302 F oix=7e =& 2I= 853.3 mL, PA-NFS Xz|Fe| =&
Ful= 831.7 mLE HEHHAUCH 7S EHof &2 =H B ME 462 = =72 PA-NFS A2
To| WE Fult 242t 893.37 846.7 mLE LIERY 0! 2u|XolH +8F 4 92 HEol
& a0l BAUCH 0|2 Sai 2 oT0lA O|8F PA-NFS FES V| HE T 25|l
=3 WA YXo| FHE 2 gle W= stelw et

uhel S5Ol #2 = B ME 3021 462 Sob HA-NFS AalTe| EE Hule MLrODV
ME[Fet vt RelMoZ(P < 0.05) &AH #EEASD] 2H2 605.01 541.7 mL O[St
B E3 NE F HA-NFS MalTel 3 Wae 4uRtel 840 Y& olxlx| o
2 Aoz metelglr)




A B
. Storage time (day) Levels of T Storage time (day) T T
- 0 3 5 0 14 18 2 25 31 significance i 0 3 6 10 14 30 38 46 significance
® in A Bf Ae Ad Ad Bc  Ab  Aa Film type ® A Cz Cg Bf Ae Ad Ac  Ab  Aa Film type  **=
L] Ah Bg Cf Ce De Dd De Db Da Storage time - Ag Ce Bf Ce Ce Da Cd Ce Db Storage time  ***
a Ai ABh Ar Bf Be Bd Ac Bb  Ba Fimtypes . A Ah By Af Ac Ad Bc Ab Az Ba Film typex  uus
¢ Ah Az Cf Ce Cd Ci Cc Cb Ca Storage time ¢ Ar Af Be Cd Bb Cc Be Be Ca Storage time
Level of significance: “P<0.001. Level of significance: “"P<0.001.
1000,
800
g -e- Control = -~ Control
E"‘"’ = HANFS g = HA-NFS
2 o PANFS 8 a- PANFS
s ~+ ML+ODV s —- ML+ODV
200|
TR T T TR o s 0 15 30 35 30 35 W0 35 50
Storage time (day) Storage time (day)
(A) me-Hof &4 =4 A, B) #&-Hoi &4 =4 B
<RE-m BH =7 NE F AU\ mE R Hsp
- M& =7| Z57|2| headspace O, == 13.0~16.1% 2 LIEIGCt |5 -Eof &td =71 Ao
M ME 10 = i =+, PA-NFS2t ML+ODV XM2|72| headspace O, &=+ 0.2~3.6%7X|
ToMZ2(P < 0.05) Haet = XMZE 30€7HX| 3.3% Olstel 0, =& w®X|stUct HtH
HA-NFS Xz|7= M& 102 = 8.9%2| headspace 0, L& LIEILY 20 o]l F XHEV|ZH &
ot 51~8.6%2 &2 LIEIHO CIE HMe|7Sol Hlsl FelXez =UCHP < 0.05
- -3C 42t Mz (ws-Hof 24 =7 B) 102 = ti=72| headspace 0, sE= CI2 Z&
HMe| S0 dish =7 Z-4st0] 0.2% 2 LEG20{ 0| headspace 0, & &2 MZ& L7|
R 7X| = Act H2 HF F HA-NFS M2|72| headspace 0, &<+ PA-NFS X 2|70 H]
H OO|X-IO§ h:ol-|_-_|_( < 0. 05)
A B
=TT e Sll("wng!ll:m l(d:f PR !i;ri;lf":rﬁ i [ ?;mg?:l:“mi: T !i]é:;z:ﬂ:f“
L] Aa Bb Ce Ce Ce Be Be Be Ce Film type i L] Az Bb Co Ced Cod Bed Bed Bed Cd Film type
) Aa Aa As Ab Ab  Ab Ab 4 Ab Storage time  **% | Az Ash Asb Abe Ae Aab  Ash  Asb Ash Storage time %%
4 Az ABb Bb BCe BCc Be Bc Be BCe Film type 4 Aa ABb Bb BCe BCe Bbe Bbe Bbe Bbe Film typex
4 Az Asb ABb Be ABe Bc Be Be Be Storage time ® A2 b ABbc Bd  ABed Asb  Asb  Asb Ak SR i
Level of significance: "P<0.03, " P<0.001. Level of significance: **P<0.01, ""P<0.001
?g -&- Control ‘E -e- Control
kS = HA-NFS H = HA-NFS
] + PANFS H - PA-NFS
: ~+ ML+ODV 5 ~ ML+ODV
c © 9 i\A,AI/THT %
0 5 10 15 20 25 30 35 40 45 50
Storage time (day)
i 82 =71 A, (B) %%-ﬂruu s =4 B
NE & ZF7|e] =Z WE headspace 0, S& H3>
- xZ EE Fu wst Aot FASH e -Eo 24 = A2 & -Hof 24 =7 BolM =
T2 HE W headspace CO, s Hst A= XET|ZHo| Fdatgh w2t RelM22(P <
0.05) &7tstict M& =7| 257 =& ut?%| F2| headspace CO, ST 6.2~8.4%0|
Aok M 14 F o=+, PA-NFS X 2|72t ML+ODV AMz|+2| headspace CO, ST= 62.8
~81.2%0|2ict. BHH HA-NFS X 2|7 headspace CO, ST= 42.5% = 7t& &2 g2 2
Ct.
- 4C NME(ws Hoi 24 =7 A) 18~30¥ =S¢t HA-NFS XM2|72| headspace CO, SE=
29.2~40.9% = ®AI5t =7, PA-NFS X2l 72F ML+ODV XMz| e} H|uwsto] FelM2Z (P
< 0.05) ZFuct,

- 0|2t FAtSHH -3C MZEHRE

=

[y -

COs

16.8~22.3%E

-mhol skd =7

B) 22~46¢
FAISHA 20 =7, PA-NFS

=9 HA-NFS X 2|+ headspace
2|72t ML+ODV X2l F<f H|
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Storage time (day) Levels of Storage time (day) Levels of
Symbal 2 ot Symibal e
o 3 6 10 14 18 2 33 3 significance 0 3 6 10 14 212 30 3 46 significance

® A A Ac Ab Ax Aa Aa Aa Aa Film type ® Af A: A Ac Az Ab Ab Ab A Film type

B A4 BI B4 Cc C: Ca Cb Che Dbe Storage fime  *** ® A Bé Bd Cb Ca Dbe Ded Db Die Storage time  *3*

4 Ad Ac Ac ABb Az Bz ABa Ba  Ba Fimiyper o A A+ Ad A4 ABc Az Bb Bb B Bb ity

¢ Az ABf Ae Bd Bc Ba Bab Bab Cb Storage fime ® A ABde Ad Bb Ba C¢ G Cc Cb Storage time
Level of significance: NS, not significant (P>0.05); “"P<0.001 Level of significance: *"*P<0.001

=
S

< s £
?c_ < Control g -e- Control
g o = HANFS £ = HA-NFS
£ w - & PANFS g & PANFS
g - = -~ ML+ODV § ~+ MLHODV
& g
5] st
1 1 1 1 1 1 0 J
0 s 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40 45 50
Storage time (day) Storage time (day)
(A) RE-FO| 24 =2 A, (B) RSB 24 =Y B
<fe- oo 24 =A1 NE & 4579 =& YT headspace CO, sk H3>
[7e-Ho| =td = ME 5 NFS 7|4 =&KX Mo wE 4779 #s™ Z2 st 4]
olef E= W MRS Hof BY = A) T ZIXof 02 2T SX x| HALY 7B
= ZAb H4E Liekd Bolct

=44 %ol ZAJIA HA-NFS XM2|77} ola] &=ojM th=T, PA-NFS2 ML+ODVECH Rol5
o2 £2 HFE VISR (P < 0.05) 1 22| FSES KoMl Xto|(P > 0.05)7F A

7|55 ZAAIAM MZE 202 = HA-NFS HMz|7e Yt o5
ML+ODV XMe|TECt RelM22(P < 0.05) UL ME 30 =
X JlaE= ClE XHelF7Ech o8 2(P < 0.05) 2 H$

= = =, PA-NFS2t
E2AH HA-NFS Mz|#2| &

oj2{gh 21t 54 Ato| HAIA HA-NFS 2|72 ofo| &7} t=F, PA-NFS2t ML+ODV
Me|7EC #H22(P < 0.05) = Aol 7[5kt
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N

<FsS - Hof 2d =4 A N T AF7[2] SEX0| HA 22>

N 71ZH A 25)

i3 R (0)=]] 6 14¢d 21¢d 30
(oc) (0c) (67C) (4C) (4C)

Control”  6.12+1.19  §.0+1.5 5.8+1.4" 6.1+1.1A 6.2+1.24

o xe HA-NFS 6.1£1.14 5.8+1.4" 6.3+1.24 6.5+0.9" 6.1+1.0"
a= e PA-NFS 6.1+1.14 6.1+0.9" 5.7+1.3" 6.3+1.2% 6.5+1.14
ML+ODV 6.1+1.14 6.3+0.8% 5.8+1.2% 5.9+1.3% 6.4+1.14

Control 4.2+2 2" 4.7+1.6" 5.841.9 6.3+1.2% 6.1+1.3

Krol S U HA-NFS 424224 4.3+1.8° 5.8+1.3" 6.1+1.44 6.5+1.7%
e PA-NFS 424224 4.7+2.0" 6.1+1.8 6.1+1.5" 6.5+1.14
ML+ODV 4.2+2 2" 4.3+1.7° 5.94+1.6" 6.1+1.6" 6.3+0.9

Control 2.8+1.4~ 3.7+1.4° 3.2+1.5* 3.6+1.5% 3.9+1.7°

oI5| HA-NFS 2.841.44 3.9+1.6" 3.54+1.7% 4.3+1.7° 514214
PA-NFS 2.8+1.44 3.9+1.6° 3.5+1.44 3.6+1.7° 4.242.0°

ML+ODV 2.841.44 3.24+1.2% 4.1+1.5 3.94+1.5% 4.1+1.8

Control 4.2+1.9" 4441 8 6.0+1.6" 5.941.74 6.6+1.8"

xtol oo HA-NFS 4.241.94 4.7+1.6° 5.3+1.9" 6.2+1.2" 6.7+£2.0°
=0es PA-NFS 4.241.9* 4.5+1 5 5.6+1.4 5.8+1.5 6.6+1.5
ML+ODV 4.2+1.9° 4.2+1.6° 6.0+1.9* 6.7+1.5% 6.8+1.4%

Control 3.1%£1.3% 3.7+1.5% 3.3%1.7° 3.8+1.6" 4.441.7"8

olo| HA-NFS 3.1+1.3% 3.7+1.8% 3.7+1.8* 4.5+1.5% 5.7+2.14
PA-NFS 3.1+1.3° 4.0+1.7° 3.2+1.5" 3.8+1.3% 4.9+2 748

ML+ODV 3.1%£1.3% 3.4%1.3% 3.8+2.0° 3.94+1.9% 424108

Control 7.3£0.7% 5.7+1.7° 6.2+0.9" 6.1+1.3 5.6%+1.4"
otarstmg  HANFS 7.3£0.7" 6.0+1.3" 6.1£1.5"  6.0+1.3" 5.7+1.1"
e PA-NFS 7.3£0.7* 5.941.3" 5.8+1.5" 6.0+1.5" 5.7+1.5"
ML+ODV 7.3+0.7% 6.3+1.5% 5.9+1.4% 5.8+1.24 51+1.14

Control 3.3£2.0" 4.7+1.8* 4.3+1.4° 4.5+1 .14 4.6+2.0°

N HA-NFS 3.3+2.0" 4.7+1.8° 4.2+1.7% 4.3+1.3" 4.7+1.7°
TEeT PA-NFS 3.3£2.0" 4.6+1.8" 4.3+1 .14 4.5+1.0" 4.7+2.0°

ML+ODV 3.3£2.0" 4.5+1.6" 4.8+1.4% 4.8+1.3" 5.5+1.6%

”Control, multi-layered film pouch; HA-NFS, half-area breathable film pouch; PA-NFS, partial
area breathable film pouch; ML+ODV, one-way decassing valve—mounted film pouch.

?Sensory score: 1(weak extremely)<>9(strong extremely).

®Each value is mean+SD(n=20).

YMean values in the same column(A-B) followed by different letters are significantly different
according to Duncan’s multiple range test(” < 0.05).
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<RS- -Hof 2d =A A NE F ZAFI|9 J|Ex HAAF 2>
A& 71ZHXE 25)
= Xzl (0)=1} 6 14¢d 20! 30
(oc) (0c) (67C) (4C) (4C)
Control’  6.02+1.59%  58+1.6 5.8+1.2" 6.2+1.3 5.9+1.0"
oz 5 HA-NFS 6.0+1.5% 5.9+1.2% 6.5+0.9" 6.3+£0.7° 6.2+1.14
- PA-NFS 6.0+£1.5% 6.1+0.9" 5.9+1.2 6.14+0.9% 6.0+1.1%
ML+ODV 6.0+1.5% 6.3+1.0% 6.1+£0.9* 5.8+1.2° 5.7+1.14
Control 6.0%£1.3% 6.1+1.3* 5.7+1.8" 6.1+1.3%8 5.94+1.2%
LT HA-NFS 6.0+1.3% 5.7+1.2° 5.8+1.5" 5.5+1.08 4 5+1.48
PA-NFS 6.0+1.34 6.3+1.14 6.1+1.3% 6.0+1.3"8 5.441.6%8
ML+ODV 6.0£1.3% 6.1+1.6" 5.7+1.7° 6.5+1.14 5.54+1.3"
Control 5.8+1.9% 6.3+0.9% 6.1+1.7% 6.0+1.5% 5.7+1.7%
|5 HA-NFS 5.8+£1.9% 57+1.7° 5.7+1.7° 55+1.2° 4.0+1.88
PA-NFS 5.8+1.9% 5.5+1.6" 5.7+1.6* 5.9+1.4A 5.0+2.248
ML+ODV 5.8+£1.9% 5.6%1.44 5.3+2.0° 5.841.4% 5.24+1.9"8
Control 6.9+1.3" 5.8+1.0" 6.2+1.4" 6.3+1.4% 5.44+1.3"
=X 55 HA-NFS 6.941.3% 5.7+1.1° 5.6+1.4" 5.8+1.0" 5.0+1.3"
PA-NFS 6.9+1.3% 5.8+1.24 5.9+1.4% 6.0+1.5 5.44+1.3"
ML+ODV 6.941.3° 6.3+1.3" 6.0+1.0" 5.8+1.3" 5.1+1.4°
Control 6.1£1.7% 6.3+1.2% 6.3+1.6" 5.8+1.4% 5.44+1.7%
zapxiy|se  ATNFS 6.1+1.74 5.7+1.28 5.9+1.8" 5.5+1.3" 4.0+1.9°
== PA-NFS 6.1£1.74 5.9+1.3" 5.5+1.8% 5.7+1.4" 5.0+£2.0%8
ML+ODV 6.1£1.7% 6.0+1.3% 5.6+1.8" 6.1+1.7% 5.3+1.7%

Control, multi—-layered film pouch;

HA-NFS, half-area breathable film pouch; PA-NFS, partial

area breathable film pouch; ML+ODV, one—-way decassing valve—mounted film pouch.

d3ensory score: 11(dislike extremely)<>9(like extremely).

YEach value is mean+SD(n=20).

“Mean values in the same column(A-B) followed by different letters are significantly different
according to Duncan’s multiple range test(” < 0.05).

- M2 MRS T B =7 B) T A0 mE ZAFI(e M Aol HAIR 7| EE ZAF H
42 of2f Eoll LElfch

- 24 xlo| HAle} 7|5E HAlIM ChZET, HA-NFS, PA-NFS2} ML+ODV 2| TE feolxel
%ol (P > 0.05)2 LIERHR| erotct

- 0|2 Sd R85 moj 2 =7 Bo| -3°C I HTS RE-Hoj A =AU Al 4T HEECH
meylo] BSEA ERS RAStL Auxle] MEE Z4 glo] JIAY|ZtS HEE £ s

2o{FAct
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N
=

<FsS - Hof &d =4 B N & AF7[2 SYX0| HA 22>

N 71N 25)

3= R EES o 6 14 30 46
(0c) (o) (6C) (-37T) (-37T)

Control”  6.19+1.19"  §.0+1.5 5.5+1.3* 5.9+1.7 5.3+1.44

o ze= HA-NFS 6.1£1.14 5.7+1.47 6.3+£1.24 6.1+1.0° 5.6+1.24
=S PA-NFS 6.1+1.14 6.1+0.9" 5.7+1.3" 6.1+1.4" 6.1+1.6"
ML+ODV 6.1£1.14 6.3+0.8" 5.8+1.24 5.6+1.5 5.0+1.3%

Control 4242 2" 4.74+1.6" 5.841.9" 6.1+1.7% 5.8%£1.5%

Krol S Ul HA-NFS 4.1+£2.24 4.3+1.8° 5.8+1.3% 5.8+1.2% 5.7%1.44
e PA-NFS 4.1+£2.24 4.7+2.04 6.1£1.8% 5.241.54 6.0+1.34
ML+ODV 4142 2% 4.34+1.7% 5.94+1.6" 6.1+£0.9 6.3%£1.3*

Control 2.8+1.4% 3.7+1.4% 3.2+1.5% 3.9+2.2% 3.9+1.3%

oI5| HA-NFS 2.841.4% 3.94+1.6" 3.54+1.7% 4.6+1.9 4.0%1.4%
PA-NFS 2.8+1.4% 3.9+1.6* 3.5+1.4% 3.5+1.5% 4.1+1.3°

ML+ODV 2.841.4% 3.241.2% 41415 3.44+1.04 4.5+1 5"

Control 42419 4. 441 .8 6.0%£1.6% 5.9+1.9% 6.0£1.3%

stojony  HA-NFS  4.241.9% 4.7+1.6 5.3+1.94 5.7+1.7" 5.4+1.6"
=04 PA-NFS 4.2+1.9* 4.5+1 5 5.6+1.4 5.6+1.8" 5.6+1.5
ML+ODV 4.241.94 4.2+1.6" 6.0+1.94 6.0+1.0" 5.8+1.44

Control 3.14+1.3% 3.74+1.5% 3.3+1.7% 4.04+1.9 4.54+1 4%

olo] HA-NFS 3.1+1.3% 3.7+1.8* 3.7+1.8% 4.2+1.8° 4.8+1.7°
PA-NFS 3.141.3° 4.0+1.7° 3.2+1.58 3.9+1.6° 3.7+1.3°

ML+ODV 3.1£1.3* 3.4%1.3 3.84+2.0" 3.74+1.4% 4241 .47

Control 7.3+£0.7% 5.7+1.7° 6.2+0.94 6.2+0.8" 6.7+0.8"
oparsime  HATNFS 7.3+0.7" 6.0+1.3" 6.1+1.5" 5.9+1.0" 6.5+1.1"
e PA-NFS 7.3+0.7* 5.9+1.3 5.8+1.5" 5.4+1 44 6.5+0.8"
ML+ODV 7.3£0.7% 6.3+1.5" 5.9+1.44 6.0+1.5" 6.7%£1.0"

Control 3.3£2.0" 4.7+1.8 4.3%1.44 4.4+ 47 3.9+£1.3%

N HA-NFS 3.3+2.0" 4.7+1.8° 4.241.7° 4.1+1.6° 3.8+1.3%
e PA-NFS 3.3£2.0" 4.6+1.8 4.3%£1 .14 4.4+1 5 4.0%1.8*

ML+ODV 3.3+2.0% 4.5+1.6" 4.8+1.4% 4.2+1.4% 3.5+1.24

”Control, multi-layered film pouch; HA-NFS, half-area breathable film pouch; PA-NFS, partial
area breathable film pouch; ML+ODV, one-way decassing valve—mounted film pouch.
?Sensory score: 1(weak extremely)<>9(strong extremely).

®Each value is mean+SD(n=20).

Y“Mean values in the same column(A) followed by different letters are significantly different
according to Duncan’s multiple range test(P < 0.05).
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<RS- oof 24 =A B MY & A5 7|5k HAAF 21>
XNE I1ZHAE 25)
= Xzl 7 o 6l 14 30 46
(0c) (0c) (67TC) (-3C) (-37C)
Control”  6.09+1.59%  58+1.6 5.841.2" 6.1+1.4" 6.3+1.4"
_ HA-NFS 6.0+£1.5% 5.941.2% 6.5+0.94 6.1+1.0" 6.3+1.0°
2'%7|2_||:_ A A A A A
PA-NFS 6.0+1.5 6.1£0.9 5.9+1.2 59+1.2 6.4+1.2
ML+ODV 6.0+£1.5% 6.3+1.0" 6.1+£0.94 5.841.2% 6.3+1.4"
Control 6.0+1.3" 6.1+1.3 5.7+1.8" 5.9+1.9% 6.0+1.14
_ HA-NFS 6.0+£1.3% 5.7+1.2% 5.8+1.5 5.1+1.44 5.6+1.3
HAMZ 2= A A A
PA-NFS 6.0+1.3 6.3%1.1 6.1+£1.3 56+1.14 6.0+1.17
ML+ODV 6.0+1.3" 6.1+1.6" 57+1.7% 5.8+1.0% 5.4+1.4*
Control 5.841.94 6.3+0.9" 6.1+£1.7% 5.841.9* 5.6+1.6"
S HA-NFS 5.8£1.9" 5.7+1.7" 5.7£1.7" 5.4%+2.0" 5.4%1.5"
Ajli—‘— A A A A A
PA-NFS 5.8+1.9 5.5+1.6 5.7+1.6 5.3%+1.5 6.1+1.3
ML+ODV 5.8+41.9" 56+1.4 5.3+2.0" 5.8+1.2% 55+1.7*
Control 6.9+1.3" 5.8+1.0° 6.2+1.4" 6.0+1.4% 6.3+0.9"
_ A A A A A
=X 55 HA-NFS 6.9+1.3 5.7+1.1 5.6+1.4 5.841.0 6.0+£1.3
PA-NFS 6.9+1.3" 5.8+1.2% 5.941.4" 6.1+1.6" 6.2+1.3"
ML+ODV 6.9+1.3% 6.3+1.3" 6.0+1.04 6.0£0.9" 6.2+1.17
Control 6.1+1.7% 6.3+1.2% 6.3+1.6" 59419 6.0+1.8"
= — HA-NFS 6.1+£1.7° 5.74+1.2% 5.9+1.8* 5.142.0° 55+1.74
e Pl kel
PA-NFS 6.1£1.7° 5.941.3% 55+1.8* 5.141.8° 6.3+1.5%
ML+ODV 6.1+1.7° 6.0+1.3" 5.6+1.8" 5.94+1.0° 5.6+1.8"
”Control, multi-layered film pouch; HA-NFS, half-area breathable film pouch; PA-NFS, partial

area breathable film pouch; ML+ODV, one—-way decassing valve—mounted film pouch.

23ensory score: 11(dislike extremely)<9(like extremely).
JEach value is mean+SD(n=20).

YMean values in the same column(A) followed by different letters are significantly different

according to Duncan’s multiple range test(” < 0.05).
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Aet.

A 312 HA-NFS X2l 7 (gE-mf 37 =H Al |SE.mof std =H B)= ztzt
Latilactobacillus Z(5.01%2t 47.03%), Leuconostoc Z(46.80%2t 39.71%), Dellaglioa %
(5.01%2} 47.03%) & Weissella 5(0%2F 1.14%)2 x5 =I5 Ct HA-NFS HEl+= 5
&-Iof etd =7 BOllAl Latilactobacillus & 2 Leuconostoc &0 HAst Dellaglioa %0l

metM 23 S/ 78 =doll et &£ & MTe| 2= xo|7t A2, §3| Dellaglioa
=2 78 =dol uf2t SAo| A =S 2helskint

otz 8 F Be Mde J(species) TFEL & 24 Zipolod, XME 0¥ B
sonorensis(37.25%), B. subtilis(11.28%), P. australiensis(5.89%), B. haynesii2.85%), Art.
alpinus(2.58%), Agi. flavus(2.34%), K. flava(2.02%), Leu. carnosum(1.55%), Aeq.
sublithincola(1.30%), B. velezensis(1.27%), B. licheniformis(1.14%), Ano.
suryakundensis(1.04%) 2! P. /imosus(1.04%)2 &tol=| i},

MY 14 =7 M B(species) T&EL REEX= L sakel53.56%), Leu.
carnosum(18.96%), Leu. gasicomitatum(9.34%), Leu. gelidum(8.90%), L.
fuchuensis(3.05%), L. graminis(1.79%), D. algida(1.66%) =2 2 2l=|don], A& 14
HA-NFS Xz|7 Ma Z(species) == 2L = L. sakel51.81%), Leu. carnosum(18.00%),
Leu.  gelidum(11.33%), Leu.  gasicomitatum(8.75%), L. graminis(2.84%), L.
fuchuensis(2.32%), Leu. mesenteroides(1.55%) & D. algida(1.51%) =22 X7} &olx R
Ch MZ 142 =72 HA-NFS XM2|72e| M B(species) T&2 SFc HFE FASIUL2
Lt, HA-NFS XMzl M2t Leu. mesenteroides?7t w74 = UCt

MY 3Y =7 wS-Hof BA =AH Al BEEE L sakel49.73%), Lew.
carnosum(18.06%), Leu. gelidum(11.17%), Leu. gasicomitatum(7.79%), D. algida(2.91%),
L. graminis(2.87%), L. fuchuensis(2.43%), Leu. mesenteroides(1.44%) 2 W.
koreensis(1.15%)0l04,  XMZ 312 =7 RE-ohofj &4 =AH Bo E2XZ= Lew
gelidum(35.83%), D. algida(23.46%), Leu. gasicomitatum(17.46%), L. sakef13.13%), Leu.
camosum(4.43%) X W. koreensis(1.15%)2 =2l = AL}

MY 312 HA-NFS XNzl7 RS oo o4 =Ad ASl BX= L. sakel41.37%), Leu.
carnosum(17.64%), Leu. gelidum(16.65%), Leu. gasicomitatum(10.91%), D.
algida(5.01%), L. graminis(2.51%), Leu. mesenteroides(1.60%) & L. fuchuensis(1.53%)Z
gholE|fon], ME 312 HA-NFS X2l 7&-Holf 2t = Be| 2= D. algida(47.03%),
Leu.  gelidum(24.11%), Leu.  gasicomitatum(11.09%), L. sake(9.85%), Leu.
carnosum(4.22%), ¥ W. koreensis(1.14%)2 2+l =Yt

w2l 31Lxt FEx=A w2l D. algida 227t A E2& S &lstCt. D. algidas
714, M24 3 SEYs fideE ENEden, 2 AooME npHZt =
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Relative abundance (%)

Dny 14 Control Day 31 Control A Day 31 Control B Day 14 HA-NFS Day 31 HA-NFS A Day 31 HA-NFS B

B Agilicoccus flavis

u 4rthrobacter alpinus

W Anoxybacillus suryakundensis

W Bacillus haynesii

® Bacillus licheniformis

w Bacillus sonorensis

B Bacillus subtilis

B Bacillus velezensis

u Dellaglioa algida

B Latilactobacillus fuchuensis

W Latilactobacillus graminis

u Latilactobacillus sakei

W Leuconostoc carnosum

u Leuconostoc gasicomitatum

© Leuconostoc gelidum
“ u Leuconostoc mesenteroides

— — —

w Weissella koreensis

Day0 Dayl4Control  Day3iControlA  Day31ControlB  Dayl4HANFS  Day3IHANFSA  Day31 HANFSB

Day 0: MZ 0¥; Day 14 Control: MZ&F 14, tf=7; Day 31 Control A: MZ 31, th=F, F=-Ttoff st =AH A;
Day 31 Control B: M& 31, th=7, R -&oll 4 =7 B; Day 14 HA-NFS: & 142, HA-N

HA-NFS A: MZ 312, HA-NFS =&, 75 -Hof & =71 A; Day 31 HA-NFS B: X & 312, HA-NF
B =7

100

Relative abundance (%)

Aequorivita sublithincola
u Kaistella flava
B Potamosiphon australiensis
u Paracoccus limosus
B Others < 1%

100
m Agilicoccus
® Arthrobacter
® u Anoxybacillus
= Bacillus
u Dellaglioa
0 w Latilactobacillus
B Leuconostoc
u Weissella
B Aequorivita
° u Flavobacterium
m Kaistella
® Potamosiphon
20 B Paracoccus
u Psychrobacter
Others < 1%
Day 0 ‘

5t 4 B.
<EXMNER RE=A L NMAT|ZH W2 ZHET]2| genus (A) & species (B) ==0lM M &2
Hi 5>
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Relative abundance (%)

100
80
B Tausonia
® Hanseniaspora
60 8 Cladosporium
® Mrakia
B [ssatchenkia
u Trichosporon
 Colletotrichum
40 - ® Pichia
8 Kazachstania
® Saccharomycetales sp.
® Others <1%
20
0

Day 0 Day 14 Control Day 31 Control A Day 31 Control B Day 14 HA-NFS Day31 HA-NFSA  Day31 HA-NFSB
00 —
80
B Tausonia pullulans
;\? ® Hanseniaspora sp.
: 60 ® Pichia kluyveri
E 8 Mrakia sp.
b= = Colletotrichum scovillei
.E  Issatchenkia orientalis
¢ ® Kazachstania barnettii
§ ) # Pichia sp.
1  Kagachstania servazzii
W Saccharomycetales sp.
B Others <1%
20
0
Day 0 Day 14 Control Day 31 Control A Day 31 Control B Day 14 HA-NFS Day31HA-NFSA  Day31 HA-NFS B

Day 0: X% 02; Day 14 Control: MZ&F 142, thZ=F; Day 31 Control A: M& 31, =7, K= -FHof &4 =
Day 31 Control B: X% 31, ti=7, 5 o &2 =71 B; Day 14 HA-NFS: MZ& 142 HA-NFS ZZ}; Day 31
HA-NFS A: M ZF 31, HA-NFS =%, & -l 3td =AH A; Day 31 HA-NFS B: MZ&F 31, HA-NFS =&, |R&-hojf

[
=

z B.
<£7é*-’£-$r, SEx=A 2 HET|ZH| w2 ZHET| 9] genus (A) 2 species (B) ==0M 22 #&

ZZ ZF Y 78 =dd o2 ZAF7|e| ey stetE 2AM 2 28l 3D-topographic plotE M
A F 7 A

= =
oo, 017|M X, Y, ZES 22t 02 0|5 AIZHDT, Al &), 27 AIZHRT, GC £28), ol

I BF Y 78 =do ut2 ZF7| AR FeM 3EH=Ed| tf & 2D-topographic spectra®
otel T8 Boll LIEFAAUCE Ool= ZF7| A=z F UM 3lghE FASE 82 7K1 AX| T
signale] ZE+= Cl2C= A2 204 FCt

wsk7| s, 28 CollM differential comparison model0O| A}
ZEE control2 AF235H L}
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Siggnal Intensity (mV)

Day 31 HA-NFS A Day 31 HANES B

(B) : pay Day 14 Control Dy 31 Canmrol A Day 31 Contrl B Day 14 A NFS

Day 14 Contral Day 31 Control A Day 31 Conrral Bt Day 14 LA NFS Day 31 HANFS A Day 31 1A NES B

Day 0: MZ& 02; Day 14 Control: M& 14, tH=F; Day 31 Control A: MZ 31, =7, & -Hoj &tAd =A
A; Day 31 Control B: M2+ 31, =7, R5-Eofj &d =2 B; Day 14 HA-NFS: M2+ 142, HA-NFS ZZh Day

31 HA-NFS A: MZ 312, HA-NFS ZZ&, R&-Hof 24 = A; Day 31 HA-NFS B: MZ 312, HA-NFS ZZ,

£ B.
<EZA m=HI §& =7o| o2 ZH57]29| 3D topographic plots (A), 2D topograpic plots (B)
2 different comparison topographic plots (C)>

- IMS 242 ZAMl& HEol| ofs =2lE VOCS0| /HEH2 2 o[ 25t 3
Qo ofzfoll A O|x} 22|E flet =&t 0|2 O&ES Hdsto, 2 32 stetE2 E2[ZE Jix

ote] E=2 2ot chE ols HE 2 2o EXlEc.

- mah ARz Aol FuN sEtee 228 2t setee| o2 oS Azt o2 H3 2E
o xj0|2 Jlgtoz HHMo= AlHE 4 glct Plote] AALS lEtEel SEE wedster|, @
M2 =2 =52 oo}

- Gallery plotse] 2t 82 % EF 2 5 ol 02 25| Alge M 5YN sizeel
signal peak LIElD], 2t d2 22 3|wM sigtec =& E8 ¥ RE x| 2 #EY)|

A2 2| signal peakS H0o{Z=C},
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- 8 . 0 . . -:oaﬂﬂﬁc LIE pavo

.' _. L L] . . oe B n L] W Day 14 Control

- .0® (] o ocQDéeg B Dy 31 Contral &

m 0o l L] o ...‘ ] B ¥ bay 31 Contral B

= 0O LB o 08l 0 « o OLEEIIEIESS

S 0«0l L (] B ¥ Doy 31 HANFS A

- 0e ] (] 0 (R ¥ Doy 31 HANFS B

3E§9iig§:18s83:i¢ EEESEissiEces RN
Day 0: X% 02; Day 14 Control: X% 142, tf=7; Day 31 Control A: M& 31, th=7, 5 oo 3t =A
A; Day 31 Control B: M& 31, ti =+, & -Tholf 3k4 =2 B; Day 14 HA-NFS: M & 142, HA-NFS ZZ}; Day
31 HA-NFS A: M2 31, HA- NFS ZX FE-mhof 24 =AH A; Day 31 HA-NFS B: MZ& 312, HA-NFS =ZZH
Se.mof std =A B.
<EY A R&E =7 wE ZF7|9 YN stetEel gallery plots>
-ot = 2T FF ¥ 78 Ao E ZUFI| A|Re| GC-IMS A Zu AEE 4159 F

2N sietEa O sterkEel §3dE8 LIERACE FeM sterEoll= 5702l aldehydes, 137H2]
alcohols, 107H2| ketones, 3702l esters, 3702| benzenes, 3702| pyrazines, 17H2| furans, 1
2l 3702 terpenoids?t Zet=[0f AUJCt =2HE0] F 702l signal peakE Eo{F= 4%, 0l

2 Al sterE2 monomer2t dimero|Cl.

- EoI=El 4159 stetEoll= aldehydes?! butanal, hexanal,, benzaldehyde 2! nonanal0| Z &=
0of U2n{, alcohols =tgt=92l 1-propanol, 1-butanol, 1-pentanol, cis—3—hexen—1-ol,
1-hexanol, (Z)-3—hexenol, octen—3-ol, heptanol, 1-octanol, linalool, % 2-phenylethanolO|
zZgtzlo]  Ach ESE ketones=  2,3-butanedione,  2-butanone,  2-pentanone,

2,3—pentanedione cyclohexanone, 2-heptanone, acetophenone,

ct. Esters2&=

1,4-dimethylbenzene, styrene,

ethyl propanoate2}

furaneolZ} terpenoidsoll sl &5t

ethyl
1,2—-dimethylbenzene0| &2I= A
methylpyrazine, 2,5—-dimethylpyrazine, 2,6—dimethylpyrazine0| A& 20,

acetateZ}

Ct.

alpha—pinene % limonene 1,8—cineole0| &2z

2! 2-nonanoned| &Iz
AE=on,

benzenes=

PyrazinesC 2 2F/E =

furansoll &st=

=
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<GC-IMSZ ZZE ZE7|o| 5wy sizte>
No. Tyve of Name Flavor Description CAS Fomula ~ MW?  RP Rt DT¢ Typ
compound
1 Aldehydes Butanal cocoa, musty, floral, green, pungent, bready 123-72-8 CaHsO 72.1 599.6 84.322 1.126
2 Aldehydes Hexanal fresh, fruity, grass, green, sweet, almond 66-25-1 CgH20 100.2 808 227.377  1.550
3 Aldehydes Benzaldehyde almond, cherry, sweet, almond, nutty 100-52-7 CiHsO 106.1 949.3  370.074  1.463 Dimers
4 Aldehydes Benzaldehyde almond, cherry, sweet, almond, nutty 100-52-7 CiHs0 106.1 969.7 384747  1.214  Momo
5 Aldehydes Nonanal balsamic, orange peel, citrus, floral 124-19-6 CoHis0 1422 11021 719397 1.415
6 Alcohols 1-Propanol musty 71-23-8 CaHgO 60.1 553.4 61.66 1.134
7 Alcohols 1-Butanol balsamic 71-36-3 CaHi00 741 648.7  109.392  1.362 Dimers
8 Alcohols 1-Butanol balsamic 71-36-3 C4Hi00 741 665.1  118.606  1.195  Momol
9 Alcohols 1-Pentanol winey, sweet, balsamic, fusel, fermented 71-41-0 CsHi20 88.1 7735 198.202  1.272
10 Alcohols cis-3-Hexen-1-ol green, grassy 928-96-1 CgHi20 100.2 8549 268787  1.241
11 Alcohols 1-Hexanol fruity, green, sweet, banana, flower, grass, herb 111-27-3 CsHis0 102.2 855.7  269.527  1.643  Dimers
12 Alcohols 1-Hexanol fruity, green, sweet, banana, flower, grass, herb 111-27-3 CeHi20 102.2 889.9 302.14 1.322  Momol
13 Alcohols (Z)-3-Hexenol earthy, fresh, green, olly 928-96-1 CgH20 100.2 860.7  274.084  1.507
14 Alcohols Octen-3-ol mushroom 3391-86-4 CsHicO 128.2 955.5  378.602  1.575
15 Alcohols Heptanol musty, herbal, green, woody 53535-33-4 CrHi50 116.2 9743 407429 1300
16 Alcohols 1-Octanol herbal, citrus, woody, spicy 111-87-5 CsHis0 130.2  1079.1 65396  1.396
17 Alcohols Linalool coriander, floral, lavender, lemon, rose, sweet, fruity 78-70-6 CioH150 1543 10926 692316  1.226
18 Alcohols 2-Phenylethanol fresh, sweet, vanilla, woody 1960-12-08 COgH100 122.2 1133 807.141  1.193
19 Ketones 2,3-Butanedione buttery, fruity, milky, pastry, yeast 431-03-8 C4He02 86.1 5794 74373 1.188
20 Ketones 2-Butanone camphor, pleasant, pungent, fragrant, fruit, fusty 78-93-3 CeHsO 72.1 610.8 89.844 1.242
21 Ketones 2-Pentanone woody 107-87-9 CsHio0 86.1 680.1 127.638  1.365 Dimers
22 Ketones 2-Pentanone woody 107-87-9 CsH00 86.1 6947 137.088  1.127  Momol
23 Ketones 2,3-Pentanedione buttery 600146 CsHgO2 100.1 7183 153.814  1.302
24 Ketones Cyclohexanone acetone, minty, perppermint 108-94-1 CeHi00 98.1 876.2  288.725  1.141
25 Ketones 2-Heptanone woody, blue cheese, fruit, green, nut, spice 110-43-0 CiHi0 114.2 882.7 295023  1.636  Momoi
26 Ketones 2-Heptanone woody, blue cheese, fruit, green, nut, spice 110-43-0 CiHi0 114.2 889 301219 1.737  Dimers
27 Ketones Acetophenone must, flower, aimond 98-86-2 CgHsO 1202 10709  631.156  1.199
28 Ketones 2-Nonanone musty, humid, cheese, butter, strawberry 821-55-6 CeHis0 1422 10931 693801  1.444
29 Esters Ethyl Propanoate sweet, fruity, grape, pineapples 105-37-3 CsH1002 102.1 7105 148.086  1.141  Momol
30 Esters Ethyl Propanoate sweet, fruity, grape, pineapples 105-37-3 CsH1002 102.1 7235  157.796  1.457  Dimers
31 Esters Ethyl acetate grassy, pineapple, fusty, winey-vineygary, fruit, grape 141-78-6 CeHg02 88.1 599 83.994 1.349
32 Benzens 1,4-dimethylbenzene aromatics, green 106-42-3 CeHio 106.2 869.5 282354  1.040
33 Benzens Styrene balsamic, sweet, floral, plastic 100-42-5 CeHs 104.2 896.4  308.667  1.474
34 Benzens 1,2-Dimethylbenzene fatty, oily, pungent, geranium 95-47-6 CeHio 106.2 9068  319.461  1.044
35 Pyrazines Methylpyrazine cocoa, green, hazelnut, popcom, roasted 109-08-0 CsHeN2 94.1 826.7 243532  1.464
36 Pyrazines 2,5-Dimethylpyrazine roasted 123-32-0 CeHeN2 108.1 9144 327519 1107
37 Pyrazines 2,6-Dimethylpyrazine cocoa, coffee, green, roast beef 108-50-9 CeHsN, 108.1 916.5  329.881  1.556
38 Furans Furaneol caramel 3658-77-3 CeHgO3 128.1 1058.4  596.468  1.203
39 Terpenoids alpha-Pinene earthy 80-56-8 CioHig 136.2 9223 336428 1.224
40 Terpenoids Limonene camphor 138-86-3 CioHis 136.2 10335  531.408  1.214
41 Terpenoids 1,8-Cineole minty, herbal, eucalyptus 470-82-6 CioH180 1543 1039.2 545845 1. 299

a) Mw: 3|2tM ststEel BXAHE, b) Rl Multi-capillary columnollM 3|&kM stgH=E2| retention index, ¢) RT: GC-IMSollA

_}'og
el
MHn

=13
FIgs

ﬂ

retention time, d) DT: GC-IMSOlM 3|&tM stEtE2] drift time

-

2l M
= 27| MEZ|ZHoll w2l Z7ter EtetE 2= butanal, 2,3-butanedione,
cyclohexanone & styreneO| UCH O slptE=2 ZZ& S/ 2Aglol M 31 F&- ol
B4 = Boll XMEA| 7S-Tof 2 =7 Aol H|5H0] ﬁ'*él E7tste d&2 LERRACE

— — o

21 d&E 3ed steEe

- orr

ZzY EF ¥ 78 =dol WE 45719 GC-IMS =AM
=

FEH:

—

)

2,3-butanedione yeast&f, cyclohexanone acetone&t, styrene balsamic&ES LIEFMHCE.

Lot ZEI| MEV|ZHo| w2t Zdaet EetEEs= benzaldehyde(D),  nonanal,
cis—3—hexen—1-al, octen—-3-ol, heptanol, 2—phenylethanol, 1,4-dimethylbenzene,
alpha—pinene, % limoneneO| UAct ME7|Ztol| e}t 25t stetE2l T heptanol2 herbal &
greenEE 7FXID4 2-phenylethanol= fresh ¥ woody&& 7HX|11 ULt 1,4-dimethylbenzene
greend, alpha-pinenet= earthyf, limonene camphor&g 7iZIct ol sigtE2 =&
Fof A0l ME 1Y 7S -Hof 2td =7 Boll MEA| R&-Hof ##d =7 Aol H|stod

— —

0}>| rir

M| UAShe a2 LIEYACt Cha £(1998) oi7tol| wtzod ZIx| A &H7|Zto| ZdofRlof|
2} 2,3-butanedioneg| &&0| E7}5tL benzaldehyde &tZfo| ZtAstotd H3lct,

g

HA-NFS XMz|7#& =72} v|m 3501 hexanal, (Z)-3-hexenol, linalool, 2,3—pentanedione &
ethyl propanoate-DO| &7}5tA Cl.

ESh ofz=72l H|W3{ HA-NFS RAz2l+= nonanal, heptanol, 2-phenylethanol, %
2,3—butanedione0| ZIASIFCE. Nonanal2 floralg, heptanol2 green 2 grass&FS 7HX|0q,
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2—phenylethanol2 fresh & woody&ks 7FAICT.

- X 312 HA-NFS §5-mof 82 =71 BE HA-NFS §&-mof 82 =71 AR B|mStod
butanal, 1-butanol, (Z)-3—Hexenol, Linalool, 2,3—-Pentanedione & 2-Heptanone2| intensity
£ fFedoz FFEUC

- 1-Butanol2 ol|EtE Y& =2
=

=L MAME=0{, Saccharomyces cerevisiae2 thAIES S MAM=C| o}
2t RE-mof| 24 =4 B 22 54 M Z 1-Butanol?l intensitys Zt4

AlZALCE

- Hu S(2022)0 wm=H w gt50o| U0 S cerevisiaet  Lactiplantibacillus plantarum,
I 22 |4tde| 2§ 2H& = S, cerevisiae BHE 2Ha 2} H| W50

(Z)-3-hexenol?| intensityE FAMZ FZIMAZICtD E03UCt w2l F&-Eof 4 =4 B
A MME ZAAZAT] W20 o|2 25l (Z)-3-hexenol2l intensity

£ fabpel sMoz ol
£ HdaAZl A2z HmehEChH
- w2t GC-IMS 4 Z3 2 & U /5 ol wal 257 ARl 3UN sEtEel R
e} intensityZ7t E2l&S =helstict.
<EHE £240 R 220 OE A9 LA otet=2 intensity B3>
Intensity (mV)

No. Name

Day 0 Day 14 Control Day 31 Control A Day 31 Control B Day 14 HA-NFS Day 31 HA-NFS A Day 31 HA-NFS |
1 Butanal 354.95 + 36.42° 471.20 + 66.82" 520.44 £+ 23.11° 479.56 + 69.96™ 413.26 £ 35.52¢ 681.34 + 25.42° 337.36 £ 15.42°
2 Hexanal 872.42 + 96.76° 249.78 + 71.46° 452.45 £ 13.06° 366.88 + 22.48° 588.06 + 22.91° 641.36 + 24.19° 557.35 + 8433
3 Benzaldehyde(D) 1,196.08 + 22.60° 871.31 + 85.66™ 766.06 + 94.37™ 739.26 + 40.93° 903.47 + 97.79° 360.05 + 37.54° 795.28 + 93.38°
4 Benzaldehyde(M) 1,099.90 + 85.25° 1,221.22 £ 172.78° 1,131.22 £ 108.92° 1,184.26 + 12.25° 1,482.05 + 132.48° 1,131.04 + 99.61° 1,478.04 £ 43.7¢
5 Nonanal 4,376.17 + 225.64° 380117 £ 44.43° 2,384.16 + 80.81¢ 2,788.01 + 183.65° 3,981.96 + 119.01° 1,571.70 + 58.04° 2,599.67 + 68.64
6 1-Propanol 4,685.82 + 30.08° 4,630.51 £ 160.10° 5,435.08 + 175.44° 5,257.06 + 120.75° 4,752.60 + 126.78° 6,404.39 £ 104.64° 4,519.77 £ 105.5
7 1-Butanol(D) 52.48 + 3.09° 79.08 + 5.86° 115.86 £ 15.17° 56.02 + 8.65% 59.20 + 8.58% 393.76 + 19.70° 281.36 £ 17.45°
8 1-Butanol(M) 127.96 + 19.52 130.28 + 11.74% 198.44 + 9.62° 103.11 + 13.80° 145.42 + 5.28° 286.34 + 27.86° 261.57 + 10.89°
9 1-Pentanol 189.52 £ 4.08° 330.81 & 41.26° 285.48 £ 19.09° 306.07 + 23.73% 310.56 + 24.54% 187.26 + 9.63° 221.27 + 15.01¢
10 cis-3-Hexen-1-ol 503.11 £ 65.72 491,62 + 36.87° 320.70 + 9.42° 387.18 + 20.84° 391.10 £ 32.58° 261.82 + 6.35° 384.64 £ 39.10°
11 1-Hexanol(D) 386.39 + 99.16° 203.37 + 49.60% 183.00 £ 19.02° 352.98 + 8.99° 176.69 + 2.42° 188.35 £ 10.34° 265.68 + 20.97°
12 1-Hexanol(M) 201.13 £ 50.46° 386.45 + 10.09° 380.15 £ 17.70° 390.34 + 17.63° 364.99 £ 8.20° 370.71 + 12.09° 371.34 £ 6.46°
13 (2)-3-Hexenol 209.15 £ 3.41° 98.01 £ 4.77° 220.67 £ 33.04° 134,24 £ 21,08 115.06 £ 10.05° 810.91 £ 51.79° 270.66 + 12.97°
14 Octen-3-ol 357.41 + 20.50° 185.97 + 13.98° 161.77 + 2.42° 166.79 + 8.10° 285.26 £ 4.72° 111,15 £ 19.51° 192.04 £ 58.40°
15 Heptanol 4,976.17 + 232.91° 2,987.60 + 130.02° 1,403.34 + 25.46' 3,922.93 + 122.37° 3,329.84 + 154.76° 289.85 + 31.29° 210217 + 227.98°
16 1-Octanol 4,316.00 + 227.83* 4,046.35 £ 326.53°  3,928.41 £ 235.31®  3.923.4 £ 380.20°  4,384.36 + 258.51°  3,778.22 £ 201.32° 4,246.74 £ 166.1(
17 Linalool 1,728.73 + 88.83° 1,915.56 £ 117.50% 1,986.46 + 103.62° 1,903.22 + 58,96 1,680.80 + 96.65° 2,608.10 £ 75.49° 2,087.89 + 282.1
18 2-Phenylethanol 4,655.65 + 407.80° 4,286.75 + 670.10° 275453 + 775.3%°  4,656.69 + 568.45° 4,663.81 + 501,41 1,389.90 + 31.88°  3,024.35 £ 71.33°
19 2,3-Butanedione 207.88 + 8.67' 439.84 + 21.39° 1,422.71 + 27.712 1,210.09 + 94.06° 488.33 + 25.70° 636.52 £ 45.07° 362.00 £ 15.40°
20 2-Butanone 1,344.59 + 250.76° 47617 £ 21.30° 631.48 * 63.64™ 593.31 + 11.31% 601.78 £ 74.13% 595.33 + 90.66™ 706.60 * 58.78°
21 2-Pentanone(D) 324.01 £ 94.80° 395.84 + 85.74° 700.85 + 47.45° 287.21 + 43.88° 560.65 + 55.49° 833.70 + 38.46° 1,015.81 + 18.97
22 2-Pentanone(M) 210.27 £ 11.92° 295.83 + 65.89° 223.05 + 42.99° 257.79 + 17.90% 201.47 +9.15° 439.10 + 26.38° 257.93 + 21.26°
23 2,3-Pentanedione 42.93 £ 4.40° 72.46 + 10.89% 98.87 £ 11.38% 118.82 £ 11.80° 76.21 £ 14.03% 378.95 + 83.91° 81.09 £ 11.03%
24 Cyclohexanone 1,974.85 + 211.08° 2,487.12 + 205.26° 2,710.00 £ 173.05%°  2,734.41 £ 236.57%°  2,526.48 + 168.90% 3,071.22 + 154.30° 2,880.28 + 205.9¢
25 2-Heptanone(M) 73.82 + 15.8%° 226.20 + 47.31° 313.52 £ 9.95° 238.37 + 33.90° 227.27 £ 13.07° 191,67 £ 5.86° 211,56 + 55.99°
26 2-Heptanone(D) 63.01 £ 9.55° 7097 £ 7.24° 97.48 £ 10.45% 7079 £ 6.15° 75.81 £ 5.36° 806.33 + 72.39° 148,26 + 48.90°
27 Acetophenone 2,213.06 + 22.55° 2,226.50 + 131.90° 2,180.15 + 64.84 225225 £ 27.94° 2,211.42 + 68.86° 2,008.28 + 144,94 2,157.59 + 60.06
28 2-Nonanone 1,256.60 + 239.75° 1,088.66 + 251.82% 780.24 £ 4574° 827.18 £ 49.31° 979.01 £ 85.32% 1,056.81 + 149.28% 1,083.23 £ 110.3¢
29 Ethyl Propanoate(M) 165.77 £ 38.86° 164.92 £ 2228 237.77 + 2244 253.87 + 28.44° 236.87 + 4.98° 215.32 + 36.35% 266.16 + 34.12°
30 Ethyl Propanoate(D) 157.62 £ 27.95' 550.97 + 75.24% 668.89 + 27.68° 621.21 + 75.22% 816.30 + 47.79° 1,055.76 + 91.68° 452.92 £ 7.80°
31 Ethyl acetate 1,201.04 + 63.35 1,030.74 + 88.21° 145.14 £ 22.87° 153,53 £ 9.49° 1,066.65 + 104,75 127.76 £ 7.94° 2,006.56 + 136.3
32 1,4-dimethylbenzene 508.40 £ 31.26° 439.70 + 86.10° 366.69 + 50.74% 374.38 + 6178 42450 £ 33.19° 310.80 + 21.16° 322.56 + 25.39°
33 Styrene 723.20 + 76.55° 903.96 + 41.93% 1151.34 £ 238.27%  1,128.72 £ 284.67°  1,182.60 + 185.45%° 859.77 + 18.60% 1,294.80 £ 254.3
34 1,2-Dimethylbenzene 1,303.80 + 229.87° 1,375.06 + 93.71° 1,420.42 £ 51.48° 1,413.66 + 106.74° 1,388.48 + 25.53 1,287.46 + 19.83° 1,318.62 + 8.99
35 Methylpyrazine 215.75 + 53.95%° 279.00 + 61,04 235.84 + 41,52 241,92 + 61.50° 250.97 + 58.73% 130.20 + 19.45° 165.01 £ 24.11°
36 2,5-Dimethylpyrazine 479.51 + 54,51° 463.81 + 35.03% 457.80 + 6.68% 47116 + 37.11% 423.77 + 20.94® 426.87 + 9.76% 419.22 + 10.10°
37 2,6-Dimethylpyrazine 1,045.63 + 17.08° 945.80 + 47.06™ 911.53 £ 39.05° 858.62 + 33.90° 974.03 £ 16.41° 852.38 + 25.12° 941,62 £ 8,27
38 Furaneol 1296374 £ 959,12 12,085.55 £ 123.28°  11,667.83 £ 770.98°  11,719.68 £ 225.9°  13,234.39 + 158.98°  11,200.80 + 644.96°  12,792.71 £ 576.6
39 alpha-Pinene 987.22 £ 80.14% 394.48 + 57.15% 298.19 + 7.84° 347.55 + 23.87° 407.46 + 26.30° 278.70 £ 7.97° 323.41 + 2,079
40 Limonene 1,245.06 + 134.84° 956.04 + 81.73% 837.28 + 87.06™ 863.79 + 49,60 1,189.48 + 133.47° 796.47 + 79.71° 995.43 £ 29.08°
H 1,8-Cineole 464.12 £ 92.84% 555.97 + 93.20°" 472.04 £ 43.45™ 510.56 + 55.35" 633.48 * 76.86° 422,11 £ 16.85° 502.21 £ 34.59°

Day 0: M& 0Y; Day 14 Control: M& 142, HZX=; Day 31 Control A: M& 31, X3, SKS-TH0| & A A; Day 31 Contr
B: M& 312, =3, RS -H0 23 =2 B; Day 14 HA-NFS: H& 142, HA-NFS Z&; Day 31 HA-NFS A: M& 312, HA-NFS
&, RS B0 28 A A Day 31 HA—NFS B: M& 312, HA-NFS Z &, RS -E0i & =2 B.
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24 gol ofd J= ol AIFHCId A o2 Fof HEEx FEckn FFACH I o
T Az Az ME Al LEM Sl AT Aol RidmALl u|REA Hol X2 S (YY)
2 Hulstel Mol MY SIS oFS TS AFAIZ & USe YBsIch Eot
Jeong(2021) 59| oAToll 2ol EHUE B0l £24F YUxlel YRIHO| JH& 5104 pHE
uaot EFSO] BoF ST WE BBS 2ol 4HHHOR W Yxel MEIlof £Yeictn
2031420 Park(2002) A HZE Al BXIE2 Mol HUES 2o UEE FAAIZCH
D 2Dson DS Hukeh Al MalPolAM "I e ETECH £2 pH, W o
MMl 52 Y P2 LERfACtD B asct
0l 272 B ATOME YR +58 Yxlo| H4 X L EZ BH NS A% MY &
HES 27t R4F0| 01831 of2i2 DI MBEMEZ HAsts AHE FHETA
st
AR 58 Uz MEES 9l AATE MAIS| sk Tatet Lol RSt HEMO| Bet of
g2 cigat 2ot
BHZol s 37 ZEelet ol=E 7|FoR TR 4 JUch LE2IE JIFo= s 9
M3} u|RHY £E NEIHOR BRI 4 00, HPIN/XNETA Yo|RE I Lol
of w2t DZolRet MYo|E Hu|RE PEE + Uch HEMel DY0|RE SIATEA, AL
21, Af[ulof, olATIEIOl o0, Mn|T Lo|RE SulS, AYEE, SHIST 2 DUn

272 EdgE2A, EfJtEA S0| UCH

AMEolfF oo Selet Holz= & 22852% 52 £t
i

AxFEE, B2 M2TM0ILES, URE, 2ES, D222, BS, D-UEE, LEE
A, APIRILES, D-SH|S, D-2H| 8%, $3Z2A, AHH|SH DA, OMALELE, ofx
oig, olzlARlE, olAUE, D-XYR2A, AYa|E, £0iE, BZ2|DTAISAY, BoaHE|A
Bl 1l of
HMBHE MBo MU BTN Slsl0] SHMOR MolE BRE AE, o|UHE, HYE S
oi2f EolllN ¥BED Uck HEHE TEH, Foid, HILERL=E, HE So| 0|85
2ACHKIm et al., 2013). 0| & FEHHS W2 STolME £2 MEE LIEfo] AN x5}
ME oFdsinl Z4E7] %4 S0l MEel Walt 27| LiEltx| ghot Zxlol AF8SH7| X Etat
HEM2tD 2= ACkKim et al, 2002). EoH F-ES| tHMAMZA THEFH S| ALE0[ CODEX
Aol makslof Uck
olef EE Y2 +&8 YxIE M| Sl Aol FHHDAL s M Lol RSt HEH
S42 Lietd 3olch,
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<M zo|zet EEAML 54>
o
=% 55 Zta| = ag -
(kcal/g)® (1 kg)
Zio|ched sl EolEl 2,000~3,000 4 241,410
Fl
hxZo| 2 0.5~0.6 2.4 10,100
et
0.7~0.8 2.4 29,920
a3H - - 32,860

- EO}El (thaumatin)2
AMot=a|Ftof| Aol 28 XM XM S= ZHEH H (Katemfe)
}. =}

#o|E LEe ol 32 521t  £&40| ot g1

=

K

LH5E7| wi 2ol shEE X4t AHo| wel s Ao EAo|

MEo| oF 2,000~3,00080ll S5t =2 HOlZE JIE A=
O:

Sdo| glo] =E AFol ALE Jlssto] SR CStg ¢ 5 ot shR|ek zhalo A
4 =

— =
2t 7tH0l W tHHE T

pi=g

- 2YI 22 mpAolut Ao EXSte =EHE, LdE2A(aldose)®l 2|0 =7 (aldehyde
group) 7t =22k [ (hydroxyl group) 2 #|&tEl Zd0|0f, LC|E(aldito) = =2|7|= st L3S
2 258201 Sot AEMANAN 2ERME 0|85t0] MES FEB sk, MES =22
MEE ZF0| 0|¥E2 42 XAAZ 5 Aok £33 HES A 28 FXAste
2 Foists S cieket SHo 2 AFEE &+ Uch YA 22 MUlolM 25t F7t 2 SHA O
FO{X|X| gfot Mol v|sh EF0| Hon, HUEES HF Al Y Fx7t Al SIIEHA| 1
ol&8 =8| FEIt 8101 Szt votetAiet 22 Alo|x=Ho| ERok AltEA HEE 5 2
Ct.

— &H| & (sorbitol) 2 Xt 2| = (xilitol)

Rk

ZtZt 0.5~0.62F 0.7~0.82| dEHECt X2 Zo|=E 7K
[m]

o
j— =
A0 Aoz FHGH A0S HF7| 2501 CLE Ho|R2f S85to] ALZE L ACt &

B3 RIUR|SS G pHol oHstol, che DRl Bls 0|4 B0l 2ot Hxes Mz e
g3olct

- O YYmeS ofF M3 Al AstEDlel REE, SRHoIAT 22 B 2H 40|
S BICHD QRAXIL0], Y3 HF ol MBHEHR0l 50 g 0l3H0l Uch.

- XEHH (xanthan gum)2 M JI2XZM F 70| glucose, & 7Hel mannose 2|1 SH-}2|
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glucuronic acid THE&F 52AIZ O[FO0 X LERZE 3000~5000 KDaol EAIHS ZE=C}. THEF

A2 AEe HMAY 2 MEE ST FEtHME SXlstn AlEe] M 3

AlZI7] fIgt M EFHIIZ0|
S

AR E Tt Mol

— a o — — % [
2-132] He| oM ebget Holot S AlF MHoM o 28Xl HENHZ AFEE L R
oo 12 YF 82 Fall™ UK ot

ol = d= FEE SHRE =S| flet tiMAolzet HEA HE7F FH vfeH[E LIEL

HoZdolct

66 cP H{IZ &el=len], B 8,159 cPUCtY HEISHCt £ ot

| ME= 6250 cP ME & LIEHAACHSong et al., 2022).

SR M= Al HUES UAStE FAEE HEE JIX7| 2Ieh SHEHd 2 ZEul = FAoll tist
0 2% E E7Ists AdE FHecHAR ol et 8HE 5% HItet SHARE 45t &

EtZe| =& == 0.10%0|c}).

M Zo|ge| Mylze Mo 2|z s 7|Eo= siakstel AHSIRC) Stz xlol MobE Mg
Hx& <8 E0IEI2 0.0013% == SH|E2 4.84% = AIL2|E2 3.5%E FHIlol= HS
ZHshc}

A 2|7 ul g1 (%)

Hedui = (80%), LXIIF(3.7%), 2+ F(3.8%), &&E(3.2%), M (2.4%),

i Al ( %)
HX|HA(2.1%), OF=(1.3%), MZH(1.0%), MEH2.5%)
2 Al 1 Mol F (81.4%), LXRIIF(3.8%), 2 F(3.9%), THEH EH(4.1%),
AL
M2 (2.4%), XM (2.1%), OH=(1.3%), MZ(1.0%), E0FE(0.0013%)
B AT 2 Mol F (77.4%), DXIIF(3.6%), 2t F(3.7%), THEHH S (3.9%),
AL
MSH(2.3%), HX|UA(2.0%), OF=(1.3%), MZH1.0%), SH|=(4.8%)
2 AT 3 Mol = (78.5%), LXRIIF(3.6%), 2+ F(3.7%), THEHH 2H(3.9%),
AL
MPH(2.4%), BXIAZ(2.1%), OH5(1.3%), M2ZH(1.0%), At2|S(3.5%)
+THERY 8o T 2%
«OkZlx|of H7IE KEHH = ZEBZZ: 0.10%

&2 AXIstl A= =Z ST 400 golct. otz E= SHZA|

HEM HMItZes =otet HAuE LERH Zdo|ct

| 400 g M= 7|22z M, E0iE, SH[E2 X2 S2| &Ito| 23 Mz 7142 2
( 1 4 g)ot 117€(14 g)22 HEIGCH Y2 +=&

SR M= Al EOtElo] ME, SH|E1 Ad2[SECt MESI| JHE Mete do2 EHekE

1TH =

SHUX M= eAos 5
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<SHZ#l 400 g M=E flot tid ozt HEM EHIt allAl o>

I (9)

(=] [=]
2FHE ST ] B Al 2 BIAE 3
Held 5 325.5 309.8 314.1
nG-yi= 15.1 14.3 14.5
57 15.5 14.7 14.9
THEHE EH 16.3 15.5 15.7
THERA 0.33 0.31 0.31
= 15.95 15.18 15.39
MN2A 9.8 9.3 9.4
& x| ol = 8.5 8.1 8.2
o= 5.3 5.0 5.1
A 4.1 3.9 3.9
EolE 0.0051 - -
Rl - 19.4 -
Atde| & - — 14.0
[NFS &7|M Z&XE MEet dFUXS RE7IE &4H]
- XN&E F 2EHEE MESt 2R e n|dE Hat= ofell ®o| LIEHAACE HBFEZLX[e & FAA F
= XM& 2zd A0l 25 7 log CFU/g2 FXISHACL.
- NZ& M MR EAQ HAFZ2 3.9 log CFU/g 0l 2nd, o|F 5, 102} 15Coll XM&sH 27
Ao A FEES AESX] LUACE
- ME & AFUXe HAM o|d=E Aest 2 S aureus?t B. cereuse HEEX| ZAULH.
<0col MEst RS n|dE HEb>
= o AL
XE7|2ZHY) & whd + W3 S. aureus B. cereus
(log CFU/g) (log CFU/q)

0%(0) 7.18+0.06" 3.85+0.06 N.D? N.D
75%(22¢) 7.68+0.01 2.3240.05 N.D N.D
100%(30¢) 7.66+0.06 1.8340.14 N.D N.D
125%(37Y) 7.64+0.05 1.41£0.07 N.D N.D
150%(45¢) 7.63+0.09 1.00£0.08 N.D N.D
175%(52¢) 7.61+0.08 N.D N.D N.D
200%(60L) 7.65+0.20 N.D N.D N.D

1) 2 ZIl= 3dts 51920 MeantSDZE LEHH

2) N.D: Not detected

<5TCH MEs dFUR|e| n|dE HEb>
= O AL

XE7|12ZHY) & wid + W3 S. aureus B. cereus
(log CFU/g) (log CFU/q)

0%(0) 7.18+0.06" 3.85+0.06 N.D? N.D
75%(22¢) 8.2140.05 N.D N.D N.D
100%(30¢) 8.01£0.14 N.D N.D N.D
125%(37¢) 7.84+0.06 N.D N.D N.D
150%(45Y) 7.65+0.12 N.D N.D N.D
175%(52) 7.48+0.04 N.D N.D N.D
200%(60L) 7.27+0.01 N.D N.D N.D

1) 2& ZIl= 3dts 5P 20| MeantSDZE LEHH
2) N.D: Not detected
3) ol 8t MY X|:ZE2lT SHAIgtE Z=1ist 4%, o|F AE2 ZASIK| 2S
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<10col MZEet dERZX|e| n|ME HE>
= (=) AL
XE7|12HY) s wid = W3 S. aureus B. cereus
(log CFU/g) (log CFU/q)
0%(0Y) 7.18+0.06" 3.85+0.06 N.D? N.D
75%(22¢) 8.02+0.09 N.D N.D N.D
100%(30¥) 7.81+0.15 N.D N.D N.D
125%(37<) 7.63+0.03 =9 - -
150%(452) 7.4240.10 - - -
175%(522) 7.2340.05 - - -
200%(60Y) 7.0440.01 - - -
1) 2E Zoe= 38HS oINS MeantSDE LIEHH
2) N.D: Not detected
3) o Bt MA X EEIE SHAIZIE EZniet 49, o|F AMEe FHER 22
<15Co AZet dE2ZIX|e| n|ME HE
= o AL
X E7|ZHY) s wid + W3 S. aureus B. cereus
(log CFU/g) (log CFU/q)
0%(0Y) 7.18+0.06" 3.85%0.06 N.D? N.D
75%(22¢) 8.154+0.10 N.D N.D N.D
100%(302) 7.954+0.05 =3 - -
125%(37) 7.77+0.06 - - -
150%(452) 7.57+0.13 - - -
175%(522) 7.3940.03 - - -
200%(60%‘) 7.00£0.05 - - -
1) 2E Z3t= 38HS 5199 20| MeantSDZ LIEHH
2) N.D: Not detected
3) o= st MY X|E2lE SHAIZIE Z3ist 2, o|F Age TSR %S
- NM& 25 22X e pHE XME7|ZHo] S7tet| EEFEF st dRAUX e MEAMEE K
Z7|Z10| dabetof w2t SItst 2oy, 10 CHM= 30, 15CollAl= 2220 ZZsHAZ ! 1.0
%e ZIlsto] MEE FEstCt
<HZE & AFUX S| pH #HE>
ME2x(C) . . . .
M7 7He) 0cC 5C 10°C 15C
0%(02) 5.59+0.06" 5.59+0.06 5.59+0.06 5.59+0.06
75%(222) 4.9740.03 4.194+0.02 3.90£0.03 3.65+0.03
100%(30) 4.86+0.05 4.12+0.05 3.84+0.02 -2
125%(37<) 4.76+0.04 4.07+0.03 - -
150%(452) 4.6440.05 4.00+0.04 - -
175%(522) 4.5440.05 3.94+0.02 - -
200%(602) 4.4240.03 3.88+0.03 - -
1) ZE ZIl= 3= 31920 Mean+SDE LIEHY
) ol st MY x| E2lE SHAIZEE Zofst d, o|F MY MASHK| ks
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<KZE & GRZAXe] MHPLME HFH
HEez(c) 0cC 5C 10T 15T
ANE7|ZHY)
0%(0¥) 0.3240.02" 0.3240.02 0.32+0.02 0.3240.02
75%(22) 0.4840.01 0.81£0.01 0.94+0.03 1.40£0.02
100%(30) 0.53+0.02 0.85+0.02 1.1440.02 -2
125%(37) 0.56+0.02 0.89+0.02 - -
150%(45%) 0.61+0.03 0.93+0.02 - -
175%(522) 0.64+0.03 0.95+0.02 - -
200%(602) 0.70+0.01 0.9740.02 - -
1) Z& Z3= 38 st 20{ Mean+SDZE LIEHH
2) of= 3 MY X EatT BZs x3bE Z2, olF MEe AWK g

-0, 5 102} 15CAHM XMESH FUXS shsZHAL 2= ol #F ZC} 0CAHM= HET|[2H
SOt AsStA ER o Wyt AR X| 2tch 5Col| MES dFZLX|e BsEM EAX2 60
off 58 o|stE LIEHHAUACE.

- 102t 15C 2t A M& Ztzt MZE 302 2220 o|at=t X|FollA| SHAIgtS Z=1fsto] AN
S Zthotdct
<KMZE 2EY dFZ2X e st EX EM H#HEb>
Mg HsEH 0% 75% 100% 125% 150% 175% 200%
ey Zx EN (o) (22¢) (30¥) (37¢) (45¢) (52¢) (602)

ol 2 P’ P P P P P P
0C ol P P P P P P P
AEY P P P P P P P
ozt P P P P P P F
5T ol P P P P P P F
AL EY P P P P P P F
|zt P P P =3 - - -
10C ol P P P - - - -
A E P P P - - - -
ol P F? - - - -
15C ol P P - - - - -
Al P F - - - - -
1) P: Pass (98 M T 5% O|&S PassZ #E7|E
2) F: Fail (98 M= 5% o|at2 Fall2 E7|8)
3) ol &t MH X|EElE FHAgEE =St 22, olF MY AKX 2

- 2H|7|st EE 2 st oA == otell Foll LIEHRACE pH 4.6 O[Ae AE2 M MZE0| &
olaff 7t& =2 AT 4tel 0.925 A 835tH, pH 3.5~4.6 AlO|2| 2N AlER2 O|ME(&E
2 ZEo| xg) MAo| 2SR 24X s StEZ T grel oFMAIs 0.962 M ST
ct.

- 2 AT ALZE AME(ER)E XA o|ME(FAT)S A ols] w=7t RsiEo], Cf
AL MEQ FI|A MMHOoZ ol pHIF ZaskE S-S 7K1 gk AX[L] pHE M2(4~1
0C)olM MZEE A 102 Fol| 4.5 o|st2 UA5HA ECHKang et al., 2022). 8t Choi et
al. (2021)of 2™ ZX|= s H T Fotdol ofsl] MAME= 7780 &2 ehdn, & &
F MR 22 9E(>2.0%), H2 pH(<4.5)2 &2 o|slet EMoZ Qlsl LMo Z obM G
Aoz Zheetot 2SI

- olof] EMYH OIMALE 3.5<pH< 4.6 7|F22 510 0.9622 M EZ5IYCt NFS E7|AM =&
HEUR 2 =T MEE HMAHFT= 0.770|CL
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i
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= NFS S7|d =&z} CO,

i
ar
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i

ofm

od
gl
I+
K

- NFS &7

U
K{o

-

I

2H =& + CO:

KO0
H

<0

_I

NFS 7|
(40,000 mL 0,/m?®day-atm)

X =

0|7

ok

P

—_

K

K0

—_

__o_l
K0

K

K

K0

ok

4.1
1.2
12.3
1.9

6.1

0.4
57.0

2.0

4.2
1.3
11.8
1.9

6.1

0.4
61.2

1.9

4.2

1.2
27.6

1.9

6.2

0.3
58.7

1.9

pH
(%)

N.D. 3.4 N.D.

3.5

N.D.

3.4

o 2+ 2 (log CFU/g)

Ko

8.1
4.2

°
o
N

6.2

3.2
20.7
0.3

o =g
+ CO, =&tH|
CIE =ZEZD)

7.8
3.5
10.6
2.1

8.1 6.3
3.3 3.4
2.3 111
71.2 0.2
+ CO, Z&tH| Um =F
clE ==
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6.2

3.5

8.9
21.2

E [

0l(log CFU/q)

|.

= NFS &7|

skt (log CFU/g)

2h

=
o

Headspace O, 5= (%)
0

Headspace CO, =T (%)

[7I& =& NFS &7|




Y 3R

x| = = giﬁ CO: s mo14 mm NFS S7|M =&

Ol= za) (6,000 mL Oo/m*day-atm) (4,000 mL O,/m*day-atm)

qgd Mg s Mgd NgsF  NgdH  Ng®
pH 5.9 4.2 5.9 4.2 5.9 4.2
M AT (%) 0.4 1.1 0.4 1.2 0.4 1.1
shel g s (mg/g) 40.3 15.0 40.3 13.6 40.3 12.6
A= (%) 1.9 2.1 1.9 2.1 1.9 2.0
E &7 (log CFU/g) 4.0 N.D. 4.0 N.D. 4.0 N.D.
% 27|M Mz(log CFU/g) 6.8 5.7 6.8 6.9 6.8 6.8
& |23 (log CFU/Q) 6.9 7.0 6.9 7.0 6.9 7.1
22 % ZZol(log CFU/g) 3.5 3.4 3.6 6.3 3.6 4.1
Headspace O, &Z(%) 17 .1 0.1 18.1 16.7 18.5 14.4

Headspace CO, =T (%)

o =
+ CO, E5H|
CIE =34

NFS =& 1
(6,000 CC)

NFS =% 2
(4,000 €C)

NFS =% 2
(4,000 CC)

NFS =& 1
(6,000 CC)

N gelpnlt

D23

(1) 254, Z2A2 o|™MZ, =24, (2000). AU z=A XtA2|E 77} Zx|el |7|4F ehEof
o|x|= A&k st=AEDsHs|X|, 32(4), 889-895.

(2) A&, & AENM. (2013). O|MEEFS AsiMds HMS ISt SHEHM (THEHE) o Ask
Journal of KOSHAM, 13(5), 233-237.

(3) 23|, ZME ZIR vE2d . (2016). MZ=2e| Mol o Zolz A|Z 2 =5 A=}
stop A1 49(3), 17-28

(4) Z8M . (2014). M2 HO|AEH/HOAE EM 2 Uiz ot Mo CHEt MEIH-ZHAEZH
EstE9ol A&k 46(5), 593-600.

(5) Zal¥, Zolzl. (2002). Xanthan Gum &7} ZH=7|9| o|&tst™ - 2sx EAM. sH=A| Etn}
s+5|X|, 31(2), 196-203.

(6) Zald, ez Zolzgl. (2001). BSH &HIF ZF7(2| o|3tetX - 2s™ EM. stzAEAY
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Hi 7to 25l AefE Eelet. HA gfF2 Eol MZsto] HES| Eote= HelolA ZEofl
Z8o| s #olg ol ohy Mol FHot FAAM S7[ Mol thet S LotET| 2{sHod

4um, 72um, 4um2| 3522 O|FHZl 80um FH ZEo| OAEEIXIE FHIISIH M= =ols

G2 Hele ZE2 2F S7/40| FoHES &elst¥a. 80w ML 385 EE2 Z& 3

DtAEUE XS M85 3%, 3.56% Z&E, 30T DtAEUIXE M 3% EES MZEotdS.

SHIF F47] 2ol 7|8l &2 HMAX|TEH 20000 cc/m-day O|Ate] S7[ME2 25
Lo ol wWEAlEo HEstois A I7F gle Hele. S0l ZatE otAEuix[e] FFof wE
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Abstract Homogenously dispersed Co oxide nanoparticles on laser-induced graphens {LIG) wene
fabricated wsing a simple hvo-step laser irradiation. This work emphasized the synegetic photo-
elecirnthermal effect in Cu nxide particles embedded in LG Cur Aexdble hybrid compesites echibited
high mechanical durability and excellent thermal properties. Moneover, the Cu cade nanoparticles
in the carbon matrix of LIG enhanced the light trapping and multiple slectron internal scattering for
the electrothermal offect. The best condibions for deicing devices were also studied by confrolling
the amoumt of Cu enlation. The deicing Flurfm'mm of the sample wis demonsirated, and the
results ndicate that the developed method coold be a promising srategy for maintaining lighiness,
effichency, excellent thermal performance, and eco-friendly 50 processing, capahilities.

Keywonie flexible; laserandoced graphene; palyimide; deicing, photothermal effect; heater

L Intreduction

There have been RIWENE cinceTng ahinat the sccumulation of ice oWy o the incress-
ing use of electronic instruments, aircraft, power grids, and telscommunications, which
lead= bo many Prnbll:m.ﬁ in e 'i:|1|:||.|.'2-‘tr_!.- []—E]. Furthermore, o socumolation can cause
immediate safety problems while driving an electronic car or boarding an airplane |5,6].
Thersfore, do.-n.-hrpirﬁ ml:ril.i dt:l.rli:nE; divices i essenhal o hldp muaintain the perf:’!ma.rw
of electronic products, especally inthe aerospace mdustey, In recent vears; tremendous
wHorts have been devoted to ﬁ.n:ling mahﬂ'i:ﬂ]:l-fm'dui.cirlﬁ, such as electroconductive bex-
tiles, carbon nanotubes (CN13), sprayable metal lavers, and carbon fibers (CFs) [P-10).
Ammlq s, th]}' EEﬂEM,hEhMﬁEﬁ!E. and flecdble materials are vikal for appHraHtm-:-
based om electronic devices. Recently, graphenes has received great attentaon because of its
large surfsce atea, good thermal conducthivity, excellent mechamical strenpsth, and superior
electronic mobility [11-13]

Graphene, a sangle-atom thick tweo-dimensional honeyermb lattice of sp1 carbom
allotropes i o versatile materizl tat offers high photothermal conversion efficiency, unable
wettability, high mechanical strength, and ease of functionalization [14-16). Becently,
significant effort has been devoted to graphene-based deicing devices. Graphene-based
deviers could efficently hest up by combining the photo/electro-to-heat effect of graphens:
Fﬂ'l.'hl.‘.ﬂ'\l._l.l’ etficient dL-lclnE devices, While Ernphm-—h;med devices have |.|.'r.||.r.|_1.'u.~ PI‘ITP!.'J'H.I.‘S.
their applications ane hmited by complicated, expensive, and meficent manufacharing
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Abstract This study investigated changes in the quality and headspace 0,/CO;
concentrations of young radish (Raphanus sacvus L) kimchi (YR-kimchi)
packaged using a multilayer (ML) film with or without sachets containing a CO;
absorber and nano-foamed structure (NFS) [ilm, respectively, during storage at
-2.2 or 4.0TC. Compared to that in YR-&imch/ samples stored at 4.0C, the total
lactic acid bacteria count and titratable acidity of YR-&imchi samples stored at -2.
2C increased rapidly until 21 days of storage, irrespective of the packaging, After
32 days of storage at 4.0C, the reducing sugar content of young radish kimchi
packaged in ML film, ML film with a CO; absorber sachet, and NFS film decreased
by 54.9, 80.7, and 79.9%, respectively, compared to before storage. However, the
salinity of YR-4imchi samples packaged with different film types showed negligible
differences during storage at -2.2 and 4.0T. No significant O; reduction or CO;
accumulation was observed in the headspace of NFS [ilm-packaged voung radish
kimchi stored at either temperature. Hence, these results indicated that NFS [ilm
packaging combined with supercooled (-2.2T) storage improved the shelf life of
YR-kimchi without packaging expansion during storage.

Keywords young radish kimchi, nano-foamed structure film, storage, quality

1. Introduction

The Korean A&imchi market continues to grow due to the increase of dual-
income households, emphasis on convenience in eating, and changes in economic
and social aspects such as nuclear families (Kim et al., 2022: Nam et al., 2021).
According to the "Survey on the Kimchi Industry in 2020" published by Korea
Agro-Fisheries & Food Trade Corporation, the total supply of &imchi distributed
in Korea in 2020 was approximately 1.774,975 tons. Among them, the supply of

kimchi manufactured by domestic &imchi processing companies was 407,734 tons,

677
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Changes and machine learning-based prediction in quality characteristics of
sliced Korean cabbage (Brassica rapa L. pekinensis) kimchi: Combined effect
of nano-foamed structure film packaging and subcooled storage

So Yoon Park ™", Miran Kang”, Sul-Min Yun ™", Jong-Bang Eun ”, Bo-Sung Shin®, Ho
Hyun Chun™
* Technology Innovation Research Division, Werld Instifite of Kimehi, Gwangiu, 61755, Republic of Korea

" Deparoment of Integrative Food, Bioscience and Biotechnology, Graduaote School of Chonnam National University, Gwangiu, 61186, Republic of Korea
= Department of Optics and Mechatronics Engineering, Pusan National University, Busan, 46241, Republic of Korea

ARTIGLEINFO ABESTRACT

Keywords:

Korean cabbage kimchi
Srorage conditions
Packaging

Head:space composition
Machine learning

The prevention of over-ripening during storage and distribution is crucial for commercial kimchi products witha
short shelf life. Thiz studv evaluated the effectz of naneo-foamed structure (NFS) film packaging and subeooled
storage on the characteristics and stability of cliced Korean cabbage (Brassica rapa L. pekinensiz} kimchi {KGE).
The experiments were performed az factorial tests based on completely randomized dezigns. Subcooled storage
(—3 *C) delay=d total lactic acid bacteria (TLAB) growth and suppressed the changes in pH, titratable acidity
(TA), and reducing sugar content (RSC) of KCE compared to refrigerated storage (4 and 10 “C). The headepace
CO; concentrations in NF5-1 and NFS-2 film packaging were maintained at < 6.1% throughout the storage (36
d}, frrespective of the storage conditions. These results indicate that MFS film suppresses COz accumulation
wherein subcooled storage prevents the over-ripening of KCE. Furthermore, we combined machine leamming (ML)
algorithms with experimental recults to predict the quality of KCE. The ML-baced algorithms, random forest and
extreme gradient boosting trees were more accurate in predicting TA, RSGC, and TLAB counts than multivaniable
linear regression. The study demonstrates an improved packaging system and optimal storage conditions for
KCE, which can be extended to other kimehi and farmented produets.

1. Introduction Korean cabbage kimchi (KCK) products are manufactured by salting,

washing, and dehydrating cabbage before mixing it with powdered red

Kimchi, with a unique taste and flavor and anti-obesity, anti-in-
flammatory, and probietic properties, is widely consumed in Korea and
has been recognized worldwide as a representative lactic acid-fermented
cruciferous vegetable food (Cha, Kim, Kock, & Yi, 2020). The COVID-19
pandemic that instigated awareness of healthy foods to strengthen im-
munity has led to an unprecedented increasze in the demand for com-
mercial kimchi products—Korean food companies produced a total of
510000 tons of commercial kimchi products in 2020, with approxi-
mately 9% exported to the United States, Japan, Hong Kong, Australia,
and Europe.

pepper-based sauce. Fermentation without sterilization allows the
native microorganisms in the raw materials to remain within the prod-
uct (Jeong etal., 2013; Kim et al., 2015). Lactic acid bacteria (LAB) such
as Leuconastoc mesenteroides, Wetssella cibaria, and Lactobacillus planta-
rumn are the dominant microorganisms that are naturally found in KCE,
which produce organic acids, free amino acids, and volatile compounds
via the action of various enzymes, and synthesize a variety of aromatic
components under fermentation conditions (Choi et al, 2019; Xing
et al., 2021). Hence, the physiochemical and sensory qualities of kimchi
change continuously as LAB continue to grow under refrigerated

Abbrevigtions: AF, aluminum foil; R*, coefficient of determination; CFU, colony-forming unit; KCK, Korean cabbage kimehi; LDPE, low-density polyethylens; ML,
machine learning: MAE, mean abeclute error; MPE, mean percentage error; MLR, multivariable linear regreseion; NFS, nano-foamed strueture; PET, polvethylene
terephthalate; TA, titratable acidity; TLAB, total lachic acid bacteria; RF, random forest; RSC, reducing sugar content; RMSE, root mean zquare error; UV, ultravielet;

XGBoost, extreme gradient boosting trees.
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Surface Morphological Growth Characteristics =
of Laser-Induced Graphene with UV Pulsed ==

Laser and Sensor Applications
Sungmoo Hong, Jinsu Kim, Songyveob Jung, Junuk Lee, and Bo Sung Shin®
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ABSTRACT: Geura!lf laser-induced graphese (LIG) i

by altering each processing variable. Therefore, it is mecessary
to investigate the characteristics of the LIG serfae strochse
generated according o the enlire laser processing parameter
range. However, few studies bhave focused om the surface
morphological properties of LIGs. In this stwdy, the characier-
istics of LIGs generated on 2 polyvimide (P1) fm with duferent
laser processing parameters were stedied based on the surfice
morphoogy, and the L1G was applied o 2 hamidity and boas-
selective sensor. When the PI fim was sttached to the diagonal
ramp, the distance in the z-axis direction of the processing wwrisce was dhunged, leading to 2 gradual change m the beam spot
diameter at the focasing poinl. Throegh this methed, continwoss energy changes were indoced, and LIGs with variees sarface
colors and shapes that can be distinguished with the niked eyes were prodeced. The LIG prodoced by this process was

3 . —
parameters. 11Gs with difierent chararteristics cam bhe crested S T
et oo,

aser-mnduced graphene {LIG)-hased sensors are pro- by processng parameters were studied based on the surface
duced by crbonizing a polymer fim by 2 e Sech morphology and applied to the sensor. ]
laspe-3req Lssar sramning of 3 @m iovolves vaioe Geperally, carbon exists in vanous sirschures, such as graphite,

processing parameters, and LIGs with difersat morphological m‘;d:msarhm.pphnm carhon mﬁthrem,and

LRt 5 = > iiamonds. Craphene, one of the allotropic fyoms of carbon, hasa
chamclenistics can be fbricated by vamng each processing o by orcyure in which each carbon atom has thres bonds
van.l.bh'-im:eijﬁumn@jf.m“.ienlim.mm & ol e i Eaas
applications, the process of 11G generstion is important as 2 boneycomb amangement in a two-dimensional plape.' *
factor that determines its response characieristics. Althouph the Graphens has been widely wsed in sensors, batteries, flexible
base components are the ame, the slectmchemical repomse
characleristics may difier depending on the safare shape Becewed  Decrmber 30, 2021
Theredore, the characteristics of the LIG surface stnaciare must Accepied-  Masch 30, 303
be mvestigated according to the entwe lser processng Pabinbed: Morch 17, 2003
parameter ranpe; however, Bw shudies have focwsed oo the
seirface morphological properties of LIGs In this study, the
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Effects of Half-Area Breathable Film on Preventing Expansion of Packaged-
Cubed Radish Kimchi during Storage under Altering Temperature Conditions

So Yoon Park', Suk-Min Yun', Miran Kang', Jong-Bang Eun’, and Ho Hyun Chun"™

! Kimchi Industry Promotion Division, World Institute of Kimchi
*Department of Integrative Food, Bioscience and Biotechnology, Chonnam National University
*Division of Food and Nutrition, Chennam National University

Abstract

In this study, changes in the q1.|aht)r and headspace O./CO, concentrations of cubed radish (Raphamus sativus L.)
kimehi (CR-kimchi} packaged using multilayer airtight film (MAF), half-area breathable film (HABF), partial area
breathable film (PABF), and one-way degassing valve-mounted film (ODVF) were investigated during storage
under altering temperature conditions. The total lactic acid bacteria count in CR-kimchi samples stored for 6 days
at 0°C, followed by 8 days at 6'C, increased to 7.8-7.9 log CFLl/g, regardless of the packaging. The titratable acid-
ity of the CR-kimchi samples increased to 0.6-0.7% during storage at 0"C for 6 days and then at 6'C for B days;
it was maintained at 0.6-0.8% for 32 days of storage at —3'C. After 46 days of storage, the reduced sugar content
of CR-kimchi packaged using MAF, HABF, PABF. and ODVF decreased to 26.8-30.3 mg/g. indicating no signif-
icant (p=0.05) differences. However, during storage, headspace CO, concentration and film volume were lower in
the HABF treatment than in the control, PABF, and ODVF treatments, indicating that HABF packaging combined
with supercooled (-3"C) storage can extend the optimal ripening period of CR-kimchi without packaging expansion
during storage.

Key words: cubed radish kimchi, breathable film, packaging, storage, quality

N B 4l0] Hold 2 2l
-‘1'—] Aol = Leuconostoe spp.. Lactobaciflus spp., Wissella
SelvEie] HE L34 E A MiFE FUR2 p. & ThEdt fibae] &3 ok (Goksen et al, 2023).

Y A3, g EF A3 E A oz w2 il OMEE e dEAg F AAd g 3RS 24
AL dulsin A 7FAN HAS Y B o ale] f714h 2EE Y o istehiE A AR tHGrujovid
£ Zeo] HHH et Lee et al, 2023). 22j} BHHe| 7F et al. 2022). a’Jilh AzEA F e A7 #HeE A
7 04 7k AAE Hede] 4 ¥ s b AAl KA grigE fake] F400 daElM o WA o4
<Al E Hele AELFC UE fEwel £25 F7F E& B4R dFd EE 4Fo2 oAzt ung
*lvﬂ ZU ZPA4ge] ARE AdstHthKang et al, et al, 2019). T2 71 A% B2 S5 AEAE
2022). 20200 i AEAA S F A4HE of 519k el AT F4 2wt FAeEe] Ay sshe] veha 4
el thPark et al, 2022). =& 20204 o|F ZZb-19  F4o| Hoj#Hrh(Lee et al, 2019).
AHFo] A MAAoz GaEwy Hoy Pald =82 #Ee] e g Wé&a”i{ HES wEale £
U 430z gy 4 A djE H=2908s & fAd HFHoE S dAE £ e 14
Hel -‘,"4-0[1:]-{bha0 et al, 2021). FE7 2l AlREE=

A A Z polyvinyl chlorideflow density polyethylene ?]
*Corresponding author: Ho Hyun Chun, Kimchi Industry Promaotion dl Edle ~E +
Division, World Institute of Kimchi, Gwangju 61733, Korea it '_Eﬂ ] elE2HE 271, polyethylene/polypropylene/
Tel: +82-62-610-1761; Fax: +82-62-610-1830 aluminum foil 7189k o} HE 9171 9lch dutzoe
E-mail: hhehun@wikim._re kr - :
wha] 7la| ATEF A 7 % = m= gl
Received August 22, 2023; revised October 24, 2023; accepted October lkg O] 1) 237 A 7HRc] e o2 L8 o
31,2023 S271 de] ol 855 Slthlee & Yoo, 2017). 221t T
353

133 -




2o ¥ EEN; 2 U4 e =9
2021H =
SR B it drn o .
~2 cHetal
SHAZAQ ol = e s 2021. 10. 29. 24 BEXCO f =
e E
20214 _
to =
sh Ak S 3Ht 8| gog, Ans 2021. 11. 26 Je OZIE;,HWE of ghal =
_ " j sH
ZH sty s
20229 =
St Al E 0t etg| g 2022. 07. 06. £ 48 BEXCO chHstel =
ERN e
2022 ¢
St Al Z 1} stg| Zo|2t 2022. 07. 06. £ 48 BEXCO cHstel =
=M et=rh s
2022 ¢ b AL of AE
sk Akl 831513 eIEIES 2022. 07. 15. R e
- _ =MSH
EA =g
2022 ¢ oA
g AE
e 42 2022. 07. 15. T A= TEEE
5 5 Euke
EA =S
21st IUFoST World = - Sands Expo & _
MSH 2022. 10. 31. ) Motz =
Congress 2022 = Convention Centre F
2022 ¢
SR AL Al Z D 5HE| QAR 2022. 11. 09. M3 siu| x|z ™ cHstel =
FH =
2022 ¢
St Al EFZ 5t Zo|zt 2022. 11. 09. M= siiH| x| S & cHstel =
FH =S
The 1‘1”‘ 2 A ) }
International zM2 2023 02. 27, Auckland University sRE
Abalone 1 x| A of Technology
Symposium =T
2023H &
St Al Z 1} etg| Zo|zt 2023. 06. 30. M| Z== | 24 4 M E chstel =
X &=l 3
2023H &
St Al Z 1} 5tg) QAR 2023. 06. 30. M| == | 74 4 Ml E thstel =
M &=l 3
2023 &
St Al E Y okt sts| N oA =
+F of sl
2R A ZA| o AR 2023. 10. 19. £ BEXCO fstal=
SRE
37" EFFOST Palacio de
International Mo H 2023. 11. 07 Congresos de A 2l
Conference 2023 Balencia

- 134 -



2021 KFN Intemational Symposium and Annual Meeting

Tailored to Fit:
Food & Nutrition in New Era

m '.quwrﬁie © ZEdtoje Ksce_laavﬁ\ KFR] e=smenu

hymeo @] @#22  Srogras  UDESMNG  AMOREPACIFIC

Nutrione ~ >Ownglons  [hrosms  Jyessscens  QisAl

© N BRNE i cosuaxsiot
S oo

e WL nusn  saw )

KFN The K Nutition ) 51z

PO1-67

POI-68

PO1-69

PO1=70

PO4-01

P04-02

P04-03

PO4-04

P04-05

P04-08

and Forages Division, National Institute of Animal Science, Rural Development Administratice.
Korez, “Institute of Livestock Environmental Management, Korea
Morphological Characters and Total Phenolic Contents (TPC) of Safflower (Carthames.
tretads | L) Germplasm

*, Hyungjun Noh', Jeong-Seob Moor, Ja Lee!, Sookyeong Lee', So]m
Hwang', VeoneJos K. "Nafonal Agrobioivesiy enee, Naioul insiate of A
Sciences, Rural Development Administration, Korea, “Hlerb Experiment Station, Medmm.
Herb Resaurce Research Institute, Jeollabuk-Do Agricultural Research & Extension Service:.

Korea
A AR YSAX LS AV HEE FS20| DY IYRY

S ¥, 492, AAE), e, 2, Tabu Mungia, 25 2, o128 197 e <
Fom, g uole.

07 glo| A2 Yol ME A5 EY Wit

7, ddsh AddeE AFgu T

Antinociceptive activity of o athancil axirol fractons, and st compounds g
Cae

Hﬂ- Jung. I(‘c Guanglei Zuo', Seung Hwan Hwang’, Kang Hyuk Kz
long-Won Sub, Soon Sung Lim®. 'Division of Radiation Bioscience.

Kores it of R Radiological & Medical Sciences, Kore,

College of Medicine, Hallym Uriversity, Korea, “Department of Food Science and Nutritior.

College of Natural Sciences, Hallym University, Korea, ‘Bioprospecting Research Unit

National Biodiversity Institute, Costa Rica, Institute of Korean Nutrition, Hallym University.

Korea

Combination of Breathable Film Packaging and Subcooled Storage Temperature for the

Enhancement of Shelf Life of Kimchi Made of Shredded Napa Cabbage (8rassica rape

L. pekinensis)

So Yoon Park'®", Ji Hee Yang', Ho Hyun Chun’. "Research and Development Division, World

Institute of Kimehi, Kore ’Depmmm[ of Integrative Food, Bioscience and Biotechnology,

Chonnam Ntionl Univrsit, &

Provantion of pack burst speflage in gochjang (famentad hot pepper paste) products

by direct heat treatment

Srinivasan Ramalingam'", Ah-Ryeong Joe', Ashutosh Bahuguna', Su Mi Lee!, Myeong Ju

Nam', Eun Chan Lee', So-Young Kim’, Myunghee Kim'" ‘Department of Food Science and

Technology, Yeungnam University, Korea, “Department of Asznbd Resources, National

Tnstitute of Agricultural Sciences, Rural Development Admini . Korea

Effect of edible coating treatment with hydroxypropy! methylcelvulose contained melato-

nin on quality maintenance of fresh green asparagus

Athip Boonsiriwit"", Myungho Lee!, Minhwi Kim', Pontree Ttkor', Joongmin Shin?, Youn Suk

Lee'. Department of Packaging, Yonsei Umversnty, Korea, “Industrial of Technology and

Packaging, California Polytechnic State Uniy California, USA

A Study on Spicy Sauce Using cnmnqy-ng arean Pepper Containing Angelica keiskel

Heejeong Fo'", Jaewan Hong, mi Jool. 'Department of Food and Nutrition, Sookmyung
men's University, “THE Sau

Mattunciona nanomateiss using diatomaceous earth and halloysite nanotubes loaded

with oregano essential oll

Ahmed Abdelkader Oun'”, Jun T Kim'. 'Department of Food and Nutrition, BioNanocompositc.

Research Center, Kyung Hee University, Korea, “Nanotechnology and Advanced Materials

Central Lab, Regional Center for Food & Feed, Agricultural Research Center, Giza, Dgypt

Evaluation of quality changes in commercial cold brew coffee by microbial and accel~

erated sheli-iife testing

Suk-Min Yun', Do-Hyeon Kim’, Hyeon-Jin Park', Jin-Young Moon!, Jong-Bang Eun'”

Department of Integrative Food, Bioscience and Biotechnology, Chonnam National University,

Korea, *Department of Food Technology and Biotechnology, Chonnam National University,

- 108 -

0407

#04-08

204-09

204-10

P04-12

PO4-t:

PO4-1

PO4-1

PO4—1

P04~

PO4-

PO4—

135




20214 et 8etets FAStsd s SUAR _ #sE, A
tK‘SWC at247) aiziony sl sax g

dusEEs

for the Industry Convergence
and Application

YUstH Aol Bt Fel/l=2] FHere
SNE U 7| =38 Y= Sioto]

SE AT AT
o3 A
SE AR

ey

ne

e

S

o3

i

118 268 (2) [ZAH WE]

Track | [13:00 ~ 13:30] : H2&BE (MO Bl

O (P-1-8) 20X Lt =82

Y - NEY D[R A0YE)

1DPE H 22| 20/H 7t3 Buo ME ZiHFnY

P-1-B-1) BSR Y Lugr

AR PSR- SR “'[N’Ju. ’JUHrEEH"t*."I

Hqolx 74 2|21 ANE FEE AWM LremE W

P1-B-2) SET, OHE OHE LY

SRR gRuElE Y~ FRE, S408E YuriE 2y ~anay

HoH S5 QAU JWoR T QYW B W4 21T 2B E?

P1-8-3)
[EUR2 QRIS RS SR
By L AolE W@ AY HOZ XE HE I T
(P89 Hae
e
A0t BE WE 00X H&F S AU NY
(P-1-B-5) S, AEgs
[@dsa graeEsgoR sy
F/Y?17) YSTMASHE YEXAE BE 4R 28
(P-1-B-6)

FRE, He
(EMEyER’, So\atetrystaly

Track | [13:00 ~ 13:30) : M2ZHE [MOIL BY)

O (P-I-B) Manufacturing Section

B - ZEA wrEEHW

HEWX| X0/4 F2ATS WA W 0 ZTHE BT AF
(P4-B-1) i, t
|[HuR 7|45
FY FX 38 WET WA FE Y WN U FE HY
P1-8:2) Wzl M, Hus
&l ﬂ!ddl’
SUSINM WEE =AW LY WU Ei‘%ﬂl ojME ATH FE 87
(P4-B-3) T IS Suresh Babu'. S5 olay!
At GeEN)
A3569] WD MEFYOM BE YUWHol 2145 Yol o3 Y
(P4-B-4) ojg 1S S Babu BHU
[CY
oo HE EUM REO| HEAH U T FX JUE HET N
{P4-B-5) Baa, Ayt &
R 7S HEH
PEMBETX| E2lE ME FWol U 2T
P-1-B-5) ik s
(s FAEE )

it -

136




(T

PO

R

[t

BT

PN

B0l

s 00
o wred
i1 sadaging ‘gutty
e 8", S e Pk, L W ), Y g vl g 4 M i, 5o b
it e Kol o e
‘ JEECE Symthesh and
Secrurpnsng ks, Sonrapped ! a8 il T e
el vy, sivay Cmpearemers of s vt S
Praparsiios; W iy X
o '™, basreen B!, Waiaut L' Soarghi ' sustanabls packaghng sppliesl
otk S5 L
" T vyt v
S 0 Pk, b o b T ABR) T o S e
e g 5o’ g e pans' .mm_“w bazed.
et e of FoneAl ¥oer bl ebtie wih mrypes
Horg geon Song®, begs bar
i o
sntitactorad activity on spelags veast In kimesl Kives, ‘Tipaiman
g West L, T i 1, VA et o, Py B a1 st Seeders i dumechrolion len
Serg S0’
taekt iy A R TEO Dymeiae-naded e
He Wi ', Do 4 St
¥ it it
e s, i Ching’ ) i
e —— S Chmristdantio
chie Myl Bt b
iy Rl vy &
trigere swerage
oy 1 " ot e utynn g e
S P e ' Sk Vit .S o G, o borarioimnct s
war n
S0k M0 50 Yoo PO, Wcw g gt Uit +1 pan Chu anthocyie extract and gac
RhNEL mn_n_ Koy it
L : i hpartoveet af Fooe Sessace an

- 137 -




2022 gt=AlE1ets] DM ststie &

oz
Rl
FU
N
=]
Ll

HNOLOGY

POB-020  Effect of F foamed small film paclaging on the
quality of sliced Korean cabbage ldmehi during storage
Mirgn Kang'*, S0 ¥ean Park', Ho Hyun Chun'
"Wl irtitute of Kimnch, Karen, “Groduate Schoal of Channary Nationa! Linkessin Ko

PO8-021 Synthesis and characterization of carbon quantum dots {CODs| from petal
poweder

Hymon & D™, jun Taw Kim'
‘Department of Food and Nutrithn, Kysing Hee University, Koveg

CARVING . 4 208027 Synthesis and ch of medified poly (butyd Eanah

A NEW ERA G sl oo s s ,I cmos-hldrunge.mlm
IN FOOD SC|ENCE e : : E‘m’?ﬁ:n;;smﬁ;oammz;ne;namunm,amgmmm_s.-.up;n
8( BIOTECH NOLOGY : 208023 mﬁﬁu,ﬁmeﬁﬂwwdwu

Hang-geon Sang ", taejoon Han™*

*Departrment of Rictechnology, College of Lile Sciences and Siotectaalogy, KonsT
tniversily, Kores, 'Department of Foad Biosclener and Technology, College of Life
Sciencey and Biotechnalogy, Koreo Linversity, Koves

FOE-024 Cystelne-loaded pH- f: e a
Ll with change

Hye Wian Cho', Dong Lin Shin’, Ssng Won Kim', Eun seol Kim', Seung Ju Les”
“Dangguk University, Korea

#08-025 Charactarization of adlay millet starch films incorporated with benzalkonlum
chloride
Ainjian Kim'™, Ji-Haon Kang'
“Havikyrrg Mational Lsersihe Kereo

S08-026 KMnO,-based ethylens gas indicator for kiwifrult ripeness
Ciong Ln Shin'*, Hye Woan Cha®; Samg Wan Kim', Eun Seol Kim', Seung Ju Les
"Doagguk Unlversity, Karea

hoRRy ion of 3 pH v color labed red cabhage
extract and gallic acd for beed freshness
Miryoung Kwak'®, Sea Cheal Min'
Beportment of Food Sciente ard Techmolagy Seoul Wirken 't Uiering Sires

Effect of application of nano-foamed structure small film packaging on the quality
of sliced Korean cabbage kimehi during storage

Mirsn Karg'”, S0 Yoon Park ', Ho Hyvn Clan'
Ftpokndhity i dipeared D, Hiurkd Deptbtn o K e, G P85, Koo
“Bheprnment cof butegrimi Food, Bscine and faschnatan; Gradire S of Ciennem Savma! Univerdn, Geaegm A0 Lo

® F w hom o &om
g it -

bra e = b

P e e

et A

Tab bt o o o o vty o B kst v bt b ot s i
W
—
Hirage i iy
"

Tirstmen 5 &

pr—pees

e e e s SN e purk g | Ve 19, 75
bt U b et im0

Canchusiong

T . e pa

Timah ok L, 10 50,0

- 138 -




7 15 &

AE0|E 2 F

[EEAE] WEE)

Track | [10:00 —

2022-07-06 12:07-

10:30]1 MiAWEESE (MIOILE 0&n

ZIET) T T mwer WANIT IS Sl e ]
Fw wes WAlo Wl e s el

e
i

VAW SIE cEor

| s oI SIAMATS S AT

LRI e e e e

e

TR ST ARl N W o)

rzgon. eiew
OIS, reH T

Pl

st sy

B L e e e e s

O oo el Seimio]

Track

1100 —

SRR WD)

Ea Srm SDw SHRIGL

[ R R S T
a—
- L.
SrarEE S e
P R i
e W o 1S ol
A timne
HaE WA A RUE e W SUHOR W8 Sa W i e
A . < !
Lo v s o stewy
FISrW SN SEE LOPT WEVHE B OlH® CIEA meiol S6 wa
o -
I e R B Ay 03 b e s

A BASIC STUDY ON THE GAS PERMEABILITY OF LDPE
FILMS WITH CHEMICAL FOAMING AGENT

Sung-Moo Hong? . and Ba-sung &

Thevators. » rathed e ey
Lemethatybty af the oms taeil. a1 w et of Forming e
0 ke o8 g N st bbb i oot

& potymes
e
Jrnestl

chnerred

s e by miing e
W it 0 ool
Farce it o

gy & material uso sn 8 ackmpee mteial i & e

s 1 oceesary 10 i
Clafhing. b i e O

s b duiagle

f o it i il Rk A the demind o it oo chthing

Caie o1, B that

i vouves e swiaid

EXPERIMENTS
4

@ Funming ugene micest pabrar flen pesass: Tha procens af kg  pek
it KOPE o el Vi o D

Changes el [
asee ol e, 4 i st oAl raemianer s

- 139 -




2022 st= Al S ehets

A STUDY ON THE 3D POROUS STRUCTURE PRINTING BY

653 2022-07-06 12:07:11 2 4 CHEMICAL BLOWING AGENT WITH LDPE FILAMENT

moo Hong

-
=12022 H2AEBHEE AHSUH T2 pd)

O 20 HAFHAU

i s vt ot of sk 8 v plyre i o s O———
charmecil ks agert Tha LOPE Rament miaect bty o iikn spbaihiouminamid
s i paning g P 10 pie ot art a1 ENMCON HCONH,
" ores. i the mathod, t Hamart NHLCOMH oM B oD (1)
u»um\mmn i3 5 S i 2 ANKZCON NCOM|

MEGIIAIHCE 1 MHCG i,

Praduct

DUCTION

osm palyver and disd for waious purpicers 1
b bt pelerboster

® Uiy 8 sl s m B mabersl ard 8 Mament nived Wit i foamins sgen.
‘qerration teough hesting by @ 30 preing penter e

4 ariaysa mocthint, by (bamaiotcs

vt

® 11w Bomoen matbe ot 5 sy Yrom ha s and and 5 gty aTched T
S . Becace . Ko, o Gy auraey e covel e i, o
- g for s e et ol

e i grpies o cham b i vt pove e
Fo wraen macte

elactc while manrainang the 1

ERIMENTS @ i tasect po anahaie

o i e i sl o

508 Flarnant with O

o Agert

1
o~
't

ST eI
HER SWS] AT =Y s W me

s

W EIEW ww o W W e
] wrason g

RPN e 1 7t
DWW SR Aswe) T aW W s "

B e T S

A WIS PR i ST

R MO PR N Ao i

o
b s

Track Il [11:00 — 11:30]1 MIAWES (AIOILI D&l

EEE . SIS RSSO SNH SRR
WHEHS Drlos el sle o

s s, werm s o
SO WS e IS S S o :}-ud
AAEE S S E ,ni;r:rl u\a&i‘ﬂf ‘?‘
T

o WEET T S S S Thetabrmated fomirg agerd + LOFE Marnare. i LIWE Sarver are

-
TP . e A e e ot e 18 e § I Povers A
B e R T C s L R P
e w2, Grenes’
(1 5 I e
SIS S Der WA ol B e 1B sl HE 8
e maan stsa
(50 81 CIOID I N B RS 61 CHOH 4 S e O 0
war

140




21st IUFoST World

M

Congress 2022 SRIXI=

ret

k=l

IUFoST

2022 SINGAPORE

31 OCT - 3 NOV 2022

CONGRESS HOSTS

SUPPORTED BY HELD BY MANAGED BY

9 sincapore  Clcsquare _

Singapore

TOURISM
BOARD

2Gradudre School af €.

1 Warld Institute of Kimchi. Gwangjr, Republic of Korea
2l Ulniversity, Gwangju, Republic af Korea
e s

S/n (Poster
Board No) Author Name Abstract Title Gategories
Proximate, mu-mnmnems and sensory properties. Food Processing ai ‘
a6 Einice aozl of breakfast Nakes fi ocoyam composite | Engineering / eanal
Y bur sweetenad with date palms. | & Future Food
Food Processing and
87 Karin Schroen Migro: snd fianewchilisjoayTarsustainshledood Engineering / Traditional
|P & Future Foo
Effects of modified atmosphere packaging on storage
- Syazana Abdullah | qualities of fresh-cut fruits using low-cost a Food Packaging &
Tim commercially “available hims. a practical casestudy | Material Science
on Arusac™ Muskmelon (Gueumnis melo L)
Inshell versus shelled storage of almonds for Food Packaging &
€2 Ronald B. Peog shelf-life extension Material Scienc
Cross-disciplinary communication i intelligent Food Packaging &
| % ptraieuuliele jevelopm Material Science
Modification of potato starch by anne:Hng _
91 Nandan Sit et ment and s eFec o native anel, | Fond Packeging &
L oS Sithet on proparties of prepared film:
Biodegradable film of poly (lactic acid) b
a2 Horman San incorporated with ristiyl cilrate and U Food Packaning &
essential oil for wlanee
- i ; Characterization of athyl maftol incorporated rood Packaging &
Promhuad S Material Science
on i) Ghoracterization of polymer structure and evaluation Food Packaging &
i frorm e seweed (Kappaphycus aivarezi) ateralScicnss
Comparison of ginger and lime peel oil loaded in
95 | veyen Laorenza nd onchilled | Food Packaging &
pacific white shrimp
Priyanka | Nanocomposite food packaging films from banana | Food Packaging &
%
G flow nanoparticles/betel leaf Material Science
Fabrication of jackfruit seed starch/tamarind Feod Packadln
97 Preetam Sarkar kernel xyloglucan/zine oxide nanoparticles-based Sog packading,
Improving hydrophobic properties of canola S
s usi i© acit o ging &
98 Thilini gg:]lﬁgﬂb:aed focd packaging nims using oleic ac! ) |FeSdRackeding!
Gambined effeot of ranc-Tcamed structure fim e =
packaging and supercooled storage an shelf Ii Food Packaging
o3 Ho Hyun Chun extension of Korenn cabbage (Brassica pekinensis L.) | Materi
Kim
Mlqranon of rosemary from gellan gum/ zeinbased | Food Packaging &
[ 100 [TeshRuwel active food packaging filim into food stimulants Material Science
" A focus study on migration of harmful chemical Food Packaging &
| Ang Wei Min contaminants from reusable bamboo fibre cups. Material Science.
10z, | Rubsn Aldsce Sustainable packaging solutions for fish and seafood | Feod Packaging &
P of chi & e
103 Pul Liew Phin edible film incorporated with probiotic L actobacillus od Eackaging
o g R st Material Science
| Coating of Kraft paper with an active chitosan-based |Food Packaging &
104 | Patthrare Inthamat | coating to enhancing the functional propertic: Material Science
Deodorization of Kimehi in bottles using a low-densi
b Food Packaging &
105 Nayeong Kim polyethyiene lid film incorporating zinc oxide and | Mterial Scince
Effcﬂ < of different preservation and packag 3
106 | Rita Pinheiro Treihoas on mdustal hread dough texture, color and | Feod Packaging &
| mlcroblclog\cal properties during storage time
Joseph Merillyn ochemical characterization of eggshell arange | Food Packaging &
107
Vonnie pe!l hIPnn film as a low cost biosorbent | Material Science

Combined effect of nano-foamed structure film packaging and supercooled
storage on shelf life extension of Korean cabbage (Brassica pekinensisL.) kimchi

Ho Hyun Chun'. So Yoon Park!2. Mi Ran Kang'

IUFoST

2022 SINGAPORE

@
o7

L4

Commercial kimchi products are characterized by lomited <helf life, which spans approximately 30 day

avespective of the packaging type The O, and €O, m the affected the
KCK TLAB mowih dymamics during storage. No (=} or CO, was
sbserved in the of the NFS £l ECK during storage at —3 and 4 *C. The NGBoost
model was more effective than 3 lnear regression model in predicting changes m TA and TLAB count
Sroughout storage, with root mean square error and mean square error below 056 These results mndicated
Tat NFS film zins 3 with storage can RCK = and packags
sovelling, whick ¥ oecurs in the

$ail (AF)T DFE laminared (PAL; as commol)
254 v desSerent NS Slms Wit SSereat O, pammsabilin (NFS-1 254 2E5-2; 85 reamhen) PIkaSmE on QU
el scored ar ¢at 4 and 10 °C) ar subcooled (ar —3 *C) conditioas.
models using ML %0 pradict the qualmy of KCE during storage.
Marterials & methods
= KCK preparation
- The ECH sample conmprisad salted kimechs cabibags (75.09%) powdersd red peppes (2.598). Sroumd racksh (6.5%4),
=hutinous rice paste (3. 7%5). ground ginger (6.3%5), ground zarlic (2.0 %), fermensed anchovy juice (5.8 %6),
Sermented shring juice (2.9 %5, refned sea salt (1.3 2
- Symthesis of NFS films
- The IFS films were formead by addme a foanung agent (azedicarbonamude) with relanvaly high light absorption 1o
a LDPE Stm with low lighe sheorprion in the UV range of 200400 nm ond iredinsng fhe flm with a pulsad laser

Fiz 1. Schematic diagram of the nanc-foxmed
Srichect (VDS B ki ek fn Rirwae
cabbase (Brassea rapa L.

CCK]) packazing.

Sample packaging | — il

~ The HCK samles rare dnvided tmie thres groups based on the packagime: the firs: comprised 100 £ KCEK samples o
PAT bags (100 x 170 rmam) with a thickness of .17 a1 and exymen permeabilicy of 60 ml me-24 h-atmm =t 24 °C, the
second conmprised 100 £ KCH samples in 3FS-1 Slm bags (100 = 170 mem) with 3 thckuess o 0.12 nmn and exvEes.
pesmesbilicy of 10000 mi 34 branm st 24 °C, and the rhird congrised 100 g FCH samples in WFS-2 film bags
{100 = 170 ww) with 2 thickness of 0. 12 mom and oxypen permesbility of 20000 ml w24 hoatm at 24 °C

Storaze conditions

~ The packazed KCK samples were stored under subcocled (—3.0 0.3 “C) or refigesated conditions (+ = 0.5 and 10
=05 °C) gor 36 days

Total lactic acid bacteria (TLAB)

- Dihzed samples (1 ml) were plated on Pemifilm TAB couns plazes (3M Co.. St Paul. MM, USA) in miplicate. After
smoubation st 30 C for 38 b, colonies formad on the inoculsted plates wars counted and sxpressed as log CFLIE.

PH. titratable acidity (TA), and reducing sugar content (RSC)

~ The pH level of measured BH 2 pH meter & the KICK Slrate at 25 °C.

- Accorsing 1o e ADAC protocol. tha ditumd KCI fias (10 ) was Hmated 1 & final pEL of §.3 With 0.1 N
2O solurion using 2 Timsee® digital borle-top bursts while stzing.

- Faducne susar ofthe 3.5 acid {DNS) assay. Boch dilused
sl (1 i) vms mixed wath 3 ol of the DINS resgent and fen bailed o 100 °C for 5 min The mixmre was cooled,

wmea

and irs sbsorbance was measured ar 550 mm Rediacing sugar conteit (mg/g) was expressed as glucose

= Amalysic of packaging headspace composition
~ Changes i the . and €O, composition of fie headspece i the PAL NFS-1, or NFS-2 flm bags contwiming sliced
FICI for storage wers msasured using o porible gas snalvzer squipped with a naedle boldes, Sier, and nesdls (with
©1 % resclurion for O, and CO; sensors)
- Statistical amaly=is
- Data were analyzed using cos-way anslysis of variance (ANOVA) and Duncan’s mmltiple ranze tests using SPSS w18
All results are enpressed s means = smndard deviations. and differsnces with p-valuss < .05
stistically significant
= AL algorithm development to predict the quality

were comssdersd

- Muttivarisble linesr regression (MR, BF, and XGBoost were used to compare e ML algorihms tha: were urlized
1o predict the TA and TLAS count of fhe packazed FKICK during storage. The quality (D4, RSC. ana TLAB coumns)
‘prediction models for FCE wers buils with Pydhan (version 5.8 §) using Pandas (version 1.2 4, for MIR), Scikitleam
{wersion 0.24.2, for RF). and XiGHoost (version 1.4.2, for XGBoost)

- Thie performances of each ML slgorishun for the qualiry predicrion af K ware svaluired by oot mein square wor
{RMESE), mean absohuse error (MAE), mean emos (MPE). and of o)

3 5. Cliamges it O () 2 0, () ,_m.ﬂ.wm

Fig 4 Changes i RSC of flm-packaged KCK
toraze.

Rz e KK packazed 5

I = e = s .
ML, maachine Jewmmms. TA. mmaesble acidiny, TLAB, moeal baosie acsd bacteris; MIE, moisvasistls Enser segression: SF, randem Sorars XGBoass
e g - frrey r— ey pE,

Acknowledgements
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Conclusions

L Supercoaled storage ar —3 °C delayed the growth of TLAS in ECE more afectrvely than
3 The beadspace €O, of the NFS Sim e

5. Thes jits indicate the ¥ of ML
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P-66 ion and ization of i v 165
(PETase) from Pseudomonas sp. gec21
Su-Jeong Ryu', Chang-Young Lee'?, Yun-Sang So'2 Hye-Rin Lee'”, Seul-Ki Yang®,
Jong-Hyun Jung’, Dong-Ho Seo
“Department of Food Science and Technology. College of Agriculture and Life Sciences, Jeonbuk
National University, Jeonju 54896, Republic of Korea
“Department of Agricultural Convergence Technology, Jeonbuk National University, Jeorju 54396,
Republic of Korea
“Research Division for Biotechnology, Korea Atomic Energy Research Institute, Jeongeup 56212,
Republic. of Ke

P-67  Efficacy of stirred cold plasma and negative ion system for non-thermal
pasteurization and quality attributes of sesame
Seung Su Yu'. Han Soo Ahn', Kim®, Jun Young Kang’, Joung Woo Lee?,

"Department of Food Science and Technology, Seoul National University of Seience and Technology,
Seoul 01871, Republic of Korea

oAl ] | "Dk Young Go. L1D, 12487, , Republic of Koroa
2022 RDI=AHAET3) A 471%53] 2 shahs] P-63  Effect of nano-fosmed structure fim packaging and supercooling storage in siiced --
cabbage (Brassica rapa L. pekinensis) kimehi and young radish (Raphanus satinss L)

o Kimchi: modeling microbial activity and changes in physicochemical properties
Food 1-echnol° ies for S5 Yoon Parkia: Niran Kangh SutMim van'e. sona-bang B T Heor omon’
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for the hot air drying of watery kimchi ubbage ‘waste: aﬁe‘\s on drying efficiency,
;

Suk-Min Yun'?", Miran Kang', So Yoon Park'2, Jcng»Bang Eun?, Ho Hyun Chun’
!Technology Innovation Research Division, World Institute of Kimehi

“Department of Integrative Food, Biosclence and Biotechnology. Graduate School of Chonnam National
University

> A:2022.11.9() ~ 11D P-70  Ready-to-eat sweet pumpkin flour enriches quality characteristics of --
its applicated food products

> P AIAFE ALY & 2ZE IS HerEun Har', SoWon Loor. Hyuntung Chung
[T ——. Department of Food and Nutrition, m National University, Korea
P71 Investigation of hormetic effects of six herbal medicine extracts in response to -
>3 2 SUASAAEE SALNMEZDS S HE different concentrations of LPS treatment in RAW264.7 macrophages
CHAMELO| R, CHHZE(3), OHIR Y, Chae Won Park'. Seung Jin Jung', Sang Gil Lee'”
(), OHAR ‘Departmont of Smart Green Technology Engineering, Pukyong National Universiy, Busan 48513,
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Efficacy of stired cold plasma and negative ion system for
non-thermal pasteurization and quality atfributes of sesame

Seung Su Yu', Han Soo Ahn', Yeon Jac Kim', Jun Young Kang', Joung Woo Lec’, Sung Hee Park'
"Department of Food Science and Technology, Seoul National University of Science and Technology,
Seoul 01811, Republic of Korea

“Duk Young Engineering Co., LTD, Seongnam-si 13487, Gyeonggi-do, Republic of Korea

Nonthermal pasteurization of cold plasma (CP) and negative ion (NI) has been studied to reduce the microbial
contamination of powder foods. Uniform exposure to CP and NI i essential for enhanced microbial efficacy of
powder foods. In this study, potential of stimed CP and NI system was studied fo reduce the inital microbial
contamination of sesame. Tmpeller was installed into silo of CP and NI treatment. Rotating impeler (1,000 rpm)
provided the driving force for buoyance of sesame in the air of silo during CP and NI treatment. Three different
conditions of CP, NI and NICP were tested for holding time of 1, 3, 5, 7 and 10 min. CP, NI and NICP represented
the single treatment of cold plasma, single treatment of negative on and simultancous treatment of negative fon-cold
plasma, respectively. Stirring system contributed on the inactivation of initial contamination for all the CP, NI and
NICP. When stiring system was not equipped into silo, NICP. indicated the log reduction of 1324018 for 7 min
treatment, Stirred system  showed the log reduction of 188002 for 10 min treatment with enhanced microbial
efficacy. In the stiring system, synergy of NICP was also observed as compared to single NI or CP wreatment, CP,
NI and NICP resulted in log redaction of 0.4340.07, 0.09:0.02 and 0.63£0.01 for 3 min. In the quality atributes, no
detrimental effect of stired NICP system was confirmed for color and pH of sesame. This study showed the
potential of stirred cold plasma and negative ion system for non-thermal pasteurization of powdered food.

Effect of nano-foamed structure film packaging and supercooling storage in
sliced cabbage (Brassica rapa L. pekinensis) kimchi and young radish
(Raphanus sativus L.) kimchi: modeling microbial activity and changes in
physicochemical properties

So Yoon Park'?, Miran Kang', Suk-Min Yun'?, Jong-Bang Eun’, Ho Hyun Chun'

“Technology Innovation Research Division, World Institute of Kimchi
*Department of Integrative Food, Bioscience and Biotechnology, Graduate School of Chonnam National University

“This study investigated changes in the quality and headspace Oy/CO; concentrations of sliced cabbage (Brassica
rapa L. pekinensis) kimehi and young radish (Raphanus sativus L.) kimehi packaged using a multilayer film with or
without sachets containing a CO; absorber and nano-foamed structure film, respectively, during storage under
supercooled (-3 or -2 °C) and refrigerated (4 or 10 °C) conditions. Predictive models describing the growth knetics
of total lactc acid bacteria in sliced cabbage kimchi and young radish kimehi were consiructed. Supercooled storage
delayed total lactic acid bacteria growth and suppressed changes in pH, titratable acidity, and reducing sugar content
in sliced cabbage kimchi and young radish kimchi compared to refiigerated storage. In addition, no significant O
roduction or CO; accumulation was observed in the headspace of the nano-foamed structure film-packaged sliced
cabbage kimchi and young radish kimchi stored at cither temperature condition. Gompertz models were more
acceptable than linear regression for predicting the growth behavior of total lactic acid bacteria in sliced cabbage
Kimhi and young radish kimchi packaged in multlayer or nano-foamed structure films during supercooled and
refrigeraed. storage, The prediction model can play an important role in the kimchi industry, such as preventing
over-ipening of kimchi during storage or distribution, because the quality can be monitored.
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P-20  Protein complementation and synergy effect in functional properties obtained
by blending sesame meal protein isolate and perilla meal protein isolate
Da-Rea Kim'#, Yun-Kyoung Jung®, Shin-Joung Rho®, and Yong-Ro_ Kim'#*
“Dopartment of Biosystems Engineering, Seoul National University, Korea, *Global Smart Farm
Convergence, Seoul National University, Korea, *Center for Food and Bioconvergence, Seoul National
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P-36  Effect of application of nano-foamed structure small film packaging on the quality - 150
of cubed radish kimchi during storage under fluctuating temperature conditions
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Machine learning-based classification of vegetable oils: a comparative study using - 152
GC-MS, TD-NMR, and FT-IR

Hyukjin Kwon', Jeongin Hwang, and Suyong Lee

Department of Food Science & Biotechnology and Carbohydrate Bioproduct Research Center, Sejong.
University, Seoul, Koroa
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P-36 8
Effect of application of nano-foamed structure small film packaging on the quality
of cubed radish kimchi during storage under fluctuating temperature conditions

Miran Kang", Suk-Min Yun'%, So Yoon Park® and Ho Hyun Chun'

"Technology Tnnovation Research Divsion, World Instiute of Kimehi, Gangju 61755, Korea

“Deparment of Inegrative Food, Bioscience and Biotechnology, Graduate School of Chonnam National Universiy
Gangju 61186, Korea

This study investigated the effect of packaging films with full or partial nano-foamed structures (NFS-1 and
NFS-2, respectively) on the quality and packaging stability of cubed radish kimehi during storage under fluctuating
temperature conditions ranging from 1°C to 6°C for 28 days. After 14 days of storage, regardless of the type of
‘packaging film, the counts of fotal lactic acid bacteria in cubed radish Kimehi samples increased to 7681 log
CFUJg, and then gradually decreased wnil the end of storage. No significant differences were observed in the pH,
titratable acidity, and saliity of the control and NFS-packaged kimehi samples throughout the storage period (P >
0.05). The headspace CO, concentration of the control increased with increasing storage time by 84.6% with
Volume expansion of kimchi packages. In addiion, the headspace O, concentration decreased by 0.0% in control
samples stored for 28 days. However, the headspace CO; and O concentrations of NFS-packaged kimchi samples
were maintained at 2.7-144% and 5.6-18.5%, respectively, with no package swelling observed throughout the
storage period. Sensory quality scores, such as appearance, odor, and overall acceptabilty, of the cubed radish
kimhi samples packaged with NFS-2 film were similar to those of the control, whereas they were higher than
those of the radish kimchi samples packaged with NFS-1 film. Therefore, partial NFS film packaging can be used
1o prevent the rupture of cubed radish kimchi packaging due to over-ripening during storage, without the need for
(COyabsorbent sachels o degassing valves.
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Breathable waterproof packaging film
using pulsed laser for fresh sea food preservation

Kangy!. Sung Moo Hong?, Jinsu K, Bo-sung Shints®
rtment of Cogno-bechationics Engineening, Pusan Netional University Pusan 46241, Repubiic of
'Jmafamna) Degurtment for nckatie Maouidcturig Engheecrg: Pusan Nationial University Pussn 46241, Mpm.'\f of Koea
o Clotics and Mechatronice Engineering, Pusan National Universite Pussn 46241, Regublic of
* bosung@ousan scir

1. EDS measurement of the sdditive part of the films
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Yoonjung Sul*#, Jong-Whan Rhim*
’Department of Food and Nutrition, BioNanocomposite Research Center, Kyung Hee
University, Korea

Quality prediction of cubed radish (Raphanus sativus L.) kimchi packaged in
nano-foamed small pouch film under fluctuating temperature storage
conditions

Miran Kang**, Suk-Min Yun'?, So Yoon Park™#, Ho Hyun Chun*

“World Institute of Kimchi, Korea, “Chonnam National University, Korea

P08-011

P08-012 Develop
edible films
Yoonho Cho'*, Jaejoon Han'?
Department of Biotechnology, College of Life Sciences and Biotechnology, Korea
University, Korea, ZDepurtment of Food Biosciences and Technology, College of Life
Sciences and Biotechnology, Korea University, Korea

and cf of dual-modified sweetpotato starch-based

P08-013 Quality changes and prediction of cut Korean cabbage (Brassica rapa L.

pekinensis) kimchi packaged in nano-foamed structure film pouch under
i storage

So Yoon Park'?#, Miran Kang', Suk-Min Yun'?, Jong-Bang Eun’, Ho Hyun Chun'

"World Institute of Kimchi, Korea, 2Chonnam National University, Korea

P08-014 Antibacterial and antioxidant properties of cellulose nanofiber-based films
incorporated with zinc doped-grapefruit peel-based carbon quantum dots
Seong Yong Ha'*, Su Jung Hong’, Gye Hwa Shin’, Jun Tae Kim"

Department of Food and Nutrition, Kyung Hee University, Korea, “Department of Food
and Nutrition, Kunson National University, Korea

P08-015 Gelatin/pullulan-based active composite film with cinnamon essential
—~ oil-loaded metal-organic frameworks for active packaging applications
Su Jung Hong'*, Jun Tae Kim"

Department of Food and Nutrition, Kyung Hee University, Korea

P08-016 Gelatin/poly {vinyl alcohol)-based composite films integrated with
metal-organic framework nanostructures and anthocyanin for smart food
packaging applications
Zohreh Riahi***, Jun Tae Kim",*
pepartment of Food and Nutrition, Kyung Hee University, Korea, “BioNanacomposite
Research Center, Kyung Hee University, Korea

126
o KosFosT

= W

| | e

- 145 -




2“23 ‘ Ltema&nalﬁ%}lh@mk

Sustainable Food Innovation
A Bridge to the Future fFor All

June 28 (Wed) ~ 30 (Fri), 2023 ICCJEJU, KOREA

KERI

G W Aebone o Ay Qwesy Q)i Q)i BRI

OFrmBIO KGCHSB ™ wmmaambY )iy chvommss @om__ 7 oo oy

&ame G omom
~gio enome
Wipp e A, psverenn P QR Cumng B |y ook FETwaes © 73

et prammonsy Cogmumm = Camotiror XEET ENCVE

P08-011

P08-012

P08-013

P08-014

P08-015

P08-016

[I; QT i

Yoonjung Sul*#, Jong-Whan Rhim*
’Department of Food and Nutrition, BioNanocomposite Research Center, Kyung Hee
University, Korea

Quality prediction of cubed radish (Raphanus sativus L.) kimchi packaged in
nano-foamed small pouch film under fluctuating temperature storage
conditions

Miran Kang**, Suk-Min Yun'?, So Yoon Park™#, Ho Hyun Chun*

“World Institute of Kimchi, Korea, “Chonnam National University, Korea

Develop
edible films
Yoonho Cho'*, Jaejoon Han'?

Department of Biotechnology, College of Life Sciences and Biotechnology, Korea

University, Korea, ZDepurtment of Food Biosciences and Technology, College of Life
Sciences and Biotechnology, Korea University, Korea

and ct of dual

dified sweetpotato starch-based

Quality changes and prediction of cut Korean cabbage (Brassica rapa L.

pekinensis) kimchi packaged in nano-foamed structure film pouch under
i storage

S0 Yoon Park™**, Miran Kang', Suk-Min Yun'?, Jong-Bang Eun®, Ho Hyun Chun'

"World Institute of Kimchi, Korea, 2Chonnam National University, Korea

Antibacterial and antioxidant properties of cellulose nanofiber-based films
incorporated with zinc doped-grapefruit peel-based carbon quantum dots
Seong Yong Ha'*, Su Jung Hong’, Gye Hwa Shin’, Jun Tae Kim"

Department of Food and Nutrition, Kyung Hee University, Korea, “Department of Food
and Nutrition, Kunson National University, Korea

Gelatin/pullulan-based active composite film with cinnamon essential
oil-loaded metal-organic frameworks for active packaging applications
Su Jung Hong'*, Jun Tae Kim"

Department of Food and Nutrition, Kyung Hee University, Korea

Gelatin/poly {vinyl alcohol)-based composite films integrated with
metal-organic framework nanostructures and anthocyanin for smart food
packaging applications

Zohreh Riahi***, Jun Tae Kim",*

pepartment of Food and Nutrition, Kyung Hee University, Korea, “BioNanacomposite
Research Center, Kyung Hee University, Korea
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P04-05

P04-06

P04-07

P04-10

P04-11

P04-12

P04-13

P04-16

Hallym University, Korea

Development of freshness indicators for quality of raw skate (hongeo, Okamjei kencje) during
stora

Yoong%heel Kim’, Han-Seung Shin. Department of Food Science and Biotechnology,
Dongguk University, Korea

setxue Lok WY A7t BUiSSl MNE SXI) 0iXlE 33

SR, Andri Jaya Laksana®, 449, &3, AW 9S4 50T AARELTE,
s A FEubol e B el S g v AT

Changes in quality characteristics according to storage period of treated cabbage and lettuce
by type of cleaning agent

Yun Jeong Jo', Jong-Kug Lee, Jung-1I Joo. Chungcheongnam-do Agricultural Research and
Extension Services

Storage Life Extension of Spring Kimchi Cabbage (Brassica rapa L. spp. Ppekinensis) using
Controlled Atmosphere Pallet Bins

Suk-Min Yun'?", Miran Kang', So Yoon Park'?, Jong-Bang Eun’, Ho Hyun Chun'. 'Kimehi
Industry Promotion Division, World Institute of Kimchi, “Department of Integrative Food,
Bioscience and Biotechnology, Graduate School of Chonnam National University

Effects of Combination of Cryogenic Immersion Freezing and Deep-Frozen Storage on the
Quality and Microstructure of Korean White Kimchi

Miran Kang"", So Yoon Park", Suk-Min Yun'?, Ho Hyun Chun'. 'Kimchi Industry Promotion
Division, World Institute of Kimchi, Korea, Department of Integrative Food, Bioscience and
Biotechnology, Graduate School of Chonnam National University, Korea

Changes in Quality Characteristics of Cubed Radish (Raphanus sativus L.) Kimchi Packaged
in Nano-Formed Structure Film with Different Breathable Areas during Simulated Distribution
Conditions

So Yoon Park!?, Miran Kang', Suk-Min Yun'%, Jong-Bang Eun?, Ho Hyun Chun', 'Kimchi
Industry Promotion Division, World Institute of Kimchi, Korea, “Department of Integrative
Food, Bioscience and Biotechnology, Graduate School of Chonnam National University, Korea
Changes in the Physicochemical and Microbial Quality of Cut Baechu (Brassica rapa L. ssp.
pekinensis) Kimchi by Electron Beam Irradiation and Prediction of Microbial Inactivation
Kinetics

So Yoon Park™", Miran Kang', Suk-Min Yun'?, Jong-Bang Eun’, Ho Hyun Chun’. 'Kimchi
Industry Promotion Division, World Institute of Kimchi, Korea, “Department of Integrative
Food, Bioscience and Biotechnology, Graduate School of Chonnam National University, Korea
EYZ/HE Aol SUSKIE Bt 2H WHIIHZH(modified atmosphere packaging) Z2 B4
AR, vojzl!, Al el Aol e Aok e, AFISPCATH

Evaluation of Packaged Tofu Quality Based on the Quantity of Cooling Material for Fresh
Food Delivery

Su-Hui Bang'®", Ji-Young Kim', Ji-Woon Park’, Jung-Min Sung’, Seon-Min ON’, Jong-
Bang Eun?, Jae-Hwan Ahn'. 'Korea Food Research Institute, Food Safety and Distribution
Research Group, Korea, “Department of Integrative Food, Bioscience and Biotechnology,
Chonnam National University, Korea, *Korea Food Research Institute, Research Group of
Food Processing, Korea

& ‘stics of antl
content

Jung Mu Song”, Ha Yun Kim, Yong Sik Cho, Hyun Wook Jang. Department of Agrofood
Resources, National Institute of Agricultural Sciences, Rural Development Administration,
Korea

[o
rate

Jung Mu Song’, Ha Yun Kim, Yong Sik Cho, Hyun Wook Jang. Department of Agrofood
Resources, National Institute of Agricultural Sciences, Rural Development Administration,
Korea

Enzymatic Degradation of a Biodegradable Polyester Thin Film Containing Immobilized Dual

film according to propyl gallate

of each of

film to improve elongation
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P11.066

ng insights in feed p q
of food co-products in the circular bioeconor
Thomas Bastiaansen', Richard Benders’, loshua
Difksman®, Menno Thomas™, Wouter fendriks’, Sonja De
Vries’, Guido Bosch*
{Animal Nutrition Group, Wageningen University &
Research, the Netherlonds, *Physical Chemistry and
Soft Matter, Wageningen Univrsity & Research, the
Netheriands, *Van der Waals-Zeeman Institute, Institute
of Physics, University of Amsterdam, Amsterda, the
Netherlands, ‘Zetadec, Wageningen, the Netherlonds

P1.1.067

Impact of centrifugation- assisted block freeze

(Pereskia grandifolia)

Sivi Benedet, abel Achaemndm‘ Patricio Antonio
¢, Eduard Hern:

Universiot olismon de Cotalunyo, Ca:re/!de/els,
Barcelona, Spain, “Universidod de La Ser

La Serena, Chile

Ultrasound and PEF-assisted xtracton of diamine
oxidase (DAO) enzyme from Pea:

Maikeh Khanir’, Virginia Sanchez-imenez!, osé Vicente
Garcia-Pérez!, Jose Beneditol, Juan A. Carcel*

“Universitat Politécnica De Valéncia, Valencio, Spain

sesosc0ses e

P1.1.073  Influence of high-pressure processing on the quality
and

sensory mribmes of pre-packaged melon

during

Zhe Chen' reau Tyt , Krystian Marszatek', Yasin
Ordemir’, Zineb Benme:h!menz Simona Fabroni’,

Sara Spilimbergo’

“Deparment o Frut and Vegetabl Prodiuct Technology,
Waclow Dabrowski Institute of Agriculture and Food
Biotechnology-State Research Institute, 02-532, Worsaw,
Poland, *Ataturk Central Horticultural Research nstitute,
Food Technology Department, Yalova, Turkey, *Laboratory
of Applied Microbiology, Department of Biology, Faculty
of Nature Science and Life, University of Oran 1 Ahmet
BENBELLA, B.7 16, Es-Sénla, 31100 Oran, Algeri, ‘Councl

Career and Personal Devel-
~ Kickoff Meating of the EYE
WMentorship Programme

‘and Industry Professionals

Specil sesion roomSC8 | special sesson room SC 6 7
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el ]
Sustainable and di
etk st ot
greener and healthier future
Loca Foad Proceesing
WeaithGrain Forum: From
sl s
eecoptabty ~eiing

in food system

session room SC3 +4
MicrobesaSustainableFoods

Healthy Foods for a
~ the essential role of

food processing.

MicrobesdSustainableFoods

— Designing future fermented transformation of the.
GIANT LEAPS project:

on alternative proteins to

accelerate the dietary shift

Innovative food processing

technologies

technologies for tallored
Innovative food processing.
technologies

in the food chain and food

food design
Applicatian of di

Auditorium 3

EFFoST2023 Conference Programme

Young EFFoST Day 2023

08:30- 12:30
A roadmap towards 2030 Agenda

Profiling and identification
of novel compounds

y in food processing and microbes
compounds from food side

New techniques and
technologies for tailored

ofnovel compounds.

Auditorium 1
day 6 November 2023

:30 | Registration

EFFoST Welcome & Opening Session | A
ETETRETETY Plenary Session 1: Food, Microbes and Industry 4.
food production systems.
Innovative food procs

technologles

30-1830
technologles

30-1230 P
100-16:00 [T ]

Day 2: Tuesday 7 November 2023
[TETRETETY Plenary Session 2: Sustainabi

16:
10:
1a:

sy

sustainabili

Operand’ at the Living

FOODFaths ‘Modus
chains via implementation of | Labs. Faod for Life-Spain

TITAN project: Enabling.
transparency in food supply

Development of sustainable

food production systems

technologies and new trends.
in'the food chain and food

‘Application of digital

20:00 - 23:00 | Conference Dinner | Palau de les Arts

Day 3: Wednesday 8 November 2023
[CETRETET] Resonsible consumption

ECO READY project:
Achieving ecological
resilience for the European
food system thraugh
consumer-driven pall

toboost | Case Study

health, sustainability and

FOODPaths-FOODforce:

Shaping our Future.
Sustainable Food Systems

Valorization of bioactive
compounds from food

side streams

purpose room 1 [P2.1] & Mult-purpose room 2 [P2.2, P2.3]

technologies and new trends
in the food chain and food

food production systems
BT Plenary Session 3: Tailored design of food products and processes | A

~11:00 | Refreshment break | Poster Session 2 | Exhibition area & Multi-

14:30

Effects of nano-foamed structure film packaging and supercooled storage for

the quality maintenance of kimc

Ho Hun Chan® Miran Kang. 5o Joon Park Suk-Min Fm

hi

EFf

e M
2023 heoae

Kimcks dustry Promotion Diviion, World ustie of Kimeh, Groangiu 61755, Republic of Korea

BETRTY Awards & Conference Closing remarks |
T £FFosT2024 announcement |
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“School of Food Science and Nutrition, University of Leeds, and su: ility
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PL1O73

Exploring emotional responses resulting from haptic
imalistic stimuli in a live meat-eating experience

Walu Soerwinke,Datn Dany Hor

THotel Management School Maastricht Zuyd University of

Avpied Scentes, Moosrht, he Nttt

P11.074

P1.1.075

food by-products

Alexanﬂr! Caboussat', Giulia Lécureux'

University of Applied Sciences And Arts Western

Swizerond (HES-S0), Genevo, Switzerland

Assessment of techno-functional properties and

polyphenolic profile of date seed flour with different
ricle size

Laura Candela Salvador', Doctora Niria Muhca Tebay
Carmen Botella-Martinez, Clara Mufioz-:
Ferm‘mdez 6pez, losé Angel érea-Anarer Wanel Viuds

‘Umvemdad Miguel Herndndez, ELCHE, Spain

PL1076

Novel bmiechnoloﬁl(al approaches to grow Medicinal
maize residues and their application

in breadatek

Carola Cappa’, Giulia Castorina’, Noemi Negin’, Franca

i
Solvador Harminaes Macias'?, Oriol Comas-Basté’, Niiria
Ferrer-Bustins’, Anna Jofré’, M. Luz Latorre-Moratallal,
Sara Bover-Cid’, M. Carmen Vidal-Carou*

’D!panaman! de Nutricié, Ciéncies de [Alimentacio i
Gostronomio, Universitat de Barcelona (UB), Spain, “Centre
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%%, Ever Hernddez Olivas?, Monica Rubilar’,

Francisca Acevedc?, André Brodkorb'

*Teagast Food Research Centre, Moorepark, Ferm

Ireland, *Departamento de Ingenierfa Quimica, leversrd::.

de La Frontera, Temuco, Chile, *Doctorado en Cien

dela ingenleio mencion Bloprocescs, Universidod de
Frontera, Temuco, Chile, ‘Departamento de Ciencias

Bﬁxrms, Universidad de Lo antern, Temuco, Chile
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Adriana Dantas', Marc Piella!, Dinar Fartdinov®, Pere Gous
Xavier Felipe’

Institute for Food and Agricultural Research and
Technology (IRTA), Monells, Spain

CriscuolF, Maria Cristina Casiraghi
Gabriella Consonn'’, Daniela Erba?, Manuela Rollini!
*Universits degliStud di Milano, Milano, Izaly
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