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Development of effective hurdle technology for
high quality fresh—cut fruits and vegetables
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SUMMARY

This study was aimed to identify maximum treatment methods for
minimizing quality deteriorating factors such as the growth of microbial
counts, and the browning and the softening of texture during the distribution
after packaging, as part of developing effective hurdle technology for
fresh-cut products of high-quality fruits and vegetables. The results and

findings are summarized in the following:

O The maximum dip solution, first selected in preferential consideration of
hurdle effects related to the inhibition of the growth of microbial counts, has
0.25% ~0.75% of malic acid, 0.5%~1.0% of ascorbic acid, and 0.25% ~0.75%

of calcium chloride.

O Not the sequential treatment but the simultaneous treatment was
employed for the mild heating method (40C) for one minute. The former
uses the heat treatment first and then the dip solution while the latter

directly uses the 40C dip solution.

O The minimum amount of the components of the dip solution was set as
MACmin (malic acid 0.25%, ascorbic acid 0.5%, and calcium chloride 0.25%)
and the maximum as MACmax (malic acid 0.75%, ascorbic acid 1.0%, and

calcium chloride 0.75%).

O The 40C heat treatment should be necessarily applied at the time of

putting lysozyme into MACmax treatments, but the concentration of the



lysozyme was not enough of a difference in the range of 0.01% ~ 0.1%.

O In general, PP materials are more effective in controlling microorganisms
than PE materials. As such, it is verified that the best packaging material is
PP film 0.05mm when fresh—cut products are manufactured from apples using

the MACmax-mild heating-lysozyme treatment as in this study.

O In the prevention of discoloration, the MACmax-mild heating-lysozyme
50ppm treatment is the most effective for PE film 0.05mm, followed by PE
film 0.03mn and then PP film 0.05mm. The MACmax-mild heating treatment is
the most effective for PE film 0.03mm, and the method that does not use
pre—treatments is the most effective for PE film 0.03mm, followed by PE film
0.07mm, and then PE film 0.05m. However, AE value(L value) varies little
at the level of 1 in the order of precedence. After all, PE film 0.03mm is the
most excellent in the prevention of discoloration of fresh-cut apple in all the

pre-treatment methods.

O When fresh-cut Fuji apples were experimentally stored at the
temperature of 4C using the dipping method, non-treated samples showed
on the 25th day of the storage the total microbial counts of 7 log cycle,
MACmax treated samples the total microbial counts of 6.0X103cfu/g, and
MACmax-lysozyme treated samples the total microbial counts of
1.3X104cfu/g. It is also found out that MACmax-lysozyme treated samples

showed excellent chromaticity and firmness during the storage.

O When fresh~cut Fuji apples were experimentally stored at the

temperature of 4T using the spray method, there was generally no



significant difference in the total microbial counts of treated samples, and

the firmness of all the treated samples decreased rapidly.

O When fresh-cut Tsugaru apples were experimentally stored at the
temperature of 4C using the dipping method, non-treated control samples
showed on the 10th and 20th days the total microbial counts of 2.4x1030fu/g
and l.OXIOGCfu/g, respectively. In contrast, MACmax treated samples and
MACmax-lysozyme treated samples showed from the 1st to the 20th day
the total microbial counts of under 1 log cycle, a very low level. MACmax
treated samples and MACmax-lysozyme treated samples also showed
excellent chromaticity and firmness during the storage. On the other hand,
in general, the content of free sugar increased and that of vitamin C

decreased during the storage.

O When fresh-cut peaches were experimentally stored at the temperature of
18C using the dipping method, non-treated control samples showed on the
5th and 8th days the total microbial counts of 4 log cycle and 7 log cycle,
respectively. In contrast, MACmax-100ppm lysozyme treated samples did not
show any microbial count until the 5th day but on the 8th day the total
microbial counts of under 2 log cycle, stil a very low level. The
chromaticity of non-treated samples was reduced on the 8th day to 63 based
on L value while the other treated samples had maintained over 72

throughout the storage period.

O When fresh-cut cabbages were experimentally stored at the temperature
of 18°C using the dipping method, non-treated samples showed on the 5th a

rapid increase of the total microbial counts of 6 log cycle. In contrast,



MACmax-100ppm lysozyme treated samples maintained the total microbial
counts of no more than 1 log cycle per lg of samples throughout the

storage period; it was an excellent restraint of microbial growth.

O When fresh-cut potatoes were experimentally stored at the temperature
of 18C using the dipping method, samples treated in a lysozyme solution
whose concentration 50~ 100ppm maintained a certain level of total microbial

counts and chromaticity.

O When fresh-cut vegetables were dipped in a 10 w/w% solution of
fructose:glucoseisucrose=2:1:1 for one minute, the freezing point of celery
was depressed to -1.1TC, red cabbage -1.9C, radish -2.2 T, cabbage -2.17T,
and chicory -2.0°C. When the vegetables were dipped in a 10 w/w% solution
of fructose:glucose:sucroseiethyl alcohol= 2:1:1:1 for one minute, the freezing
point depression was set: as for celery at -1.9C, red cabbage -2.0C, radish

-2.8 C, cabbage -2.3C, and chicory -2.3TC.

O The initial freezing points of fresh-cut fruits were set' as for untreated
melons at -1.27TC, pears -1.2C, watermelons -10 C, and apples -14T.
When the samples were dipped in 0.75% Malic acid, 1.0% Ascorbic acid and
a solution of 0.75% CaCly and when they were dipped in 0.196 Lysozyme,
0.75% Malic acid, 1.0% Ascorbic acid and 0.75% CaCls, their freezing points

were almost not depressed.

O The weights of fruits and vegetables were the least decremented when
they were frozen using the dipping method. The weights of watermelons

were decremented the most and those of apples and pears the least, when



they were frozen using the dipping method. The results show that the more

moisture a sample contains, the greatest effect its freezing speed has.

O When pears, apples, and melons were frozen using the dipping method
their volumes increased or shrank, which had the least effect on the
difference in their internal pressures. In contrast, when pears, apples, and
melons were frozen using the air-blast method, the increase or shrinkage in
their volumes had the greatest effect on the difference in their internal
pressures. The results show that the faster the freezing speed is, the least
the difference in internal pressures is attested. However, when strawberries
and watermelons were frozen using the dipping method, the greatest internal

pressure was attested.

O The internal pressure of fruits which were not treated using the thermal
equalizing method rapidly dropped at the time when the initial material
temperature dropped. However, when their material temperature were moved
from its initial freezing stage into the zone of maximum ice crystal
formation, the internal pressure of fruits was abruptly raised. Then, as their
material temperature lowered, their internal pressure steadily rose.
Accordingly, it is found that their pressure increased and rose at the level of
about 2 psig. The internal pressure of watermelons, which were treated
using the thermal equalizing method, fluctuated in a similar way as when
they were not were treated using the thermal equalizing method. Their
internal pressure was about 1.3 psig, a considerably small pressure, from the
initial freezing stage to the end freezing stage, because a certain level of
internal pressure was generated by the temperature of samples treated with

the thermal equalizing method. Furthermore, when thawed, the internal



pressure of samples treated with the thermal equalizing method was smaller

than that of samples not treated with the thermal equalizing method.

O When melons, apples, and pears were frozen using the hurdle technology
technique, the range of their internal pressures fluctuated less if the thermal
equalizing method was employed for 3~4 times, than if the multi-step
thermal equalizing method was applied. The internal pressure of pears
dipped in a solution of 40C was much greater than that of pears treated
using mild heating. In contrast, the internal pressure of untreated pears

changed the least when they were frozen.
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Harvest (first harvest)
Field-pack (bins/cartons)
Tranlsport
Vacuum or forced-air cooling
Trim and core
Chop/shred/tear

Combine different products for salad
mixes

Wash with chlorinated water

Centrifugation to remove surface
molsture

Package in film bags
(vacuum packaging : gas-flushing)
Store temporarily (<5C = 41°F)

transport to food service outlets
and/or retail markets

Fig. 191 Yerd At (Kader,

Fig. 1. Preparation of minimally processed lettuce products.
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Table 1. Requirements for the commercial manufacture of pre—peeled

and/or sliced, grated or shredded fruit and vegetables

Shelf
Workin, life at Examples of
ife ) .
.. & Demands for processing Customers suitable fruit
principle 5C
and vegetables
(days)
Preparatio - Standard kitchen hygiene .
Catering 1-2
n today, and tools . A
. . industry, Most fruit and
consumpti * No heavy washing for bl
on peeled and shredded restaurants, vegetables
. . schools,
tomorrow  produce; potato is an .
. industry
exception
- Packages can be returnable
containers
Preparatio . Diginfection 3-5
nh today, - Washing of peeled and Catering
the shredded produce at least industry,
customer .
uses the with water restaurants, Carrot, cabbages,
schools, iceberg lettuce,
product .
within industry potato, beetroot,
acid fruit, berries
3-4day - Permeable packages; potato
iS an exception
Products . Good disinfection 5-7
are also . ; ; ; . .
intended Chlorine or acid washing  Retails shops, Carrot, Chinese
o for peeled and shredded in addition to cabbage,
aili produce the customers red cabbage,
Telaling . pPermeable packages; potato Jigted above potato,
is an exception beetroot, acid

fruit, berries

- Additives
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Table 2.

Inhibiting

treatments for

processed fruits and vegetables

quality enhancement of minimally

Respiration

Browning

Softening

Microorganism

Selection

good cultivar

Sharp cutting

MA & active
packaging

Divalent ions

UV lights

of Ascorbic acid and Na salt

Erythobic acid and Na salt

Ascorbic acid-2~mono-and
triphosphate

Citric acid
Cysteine

N-acetyl cysteine

4-Hexyiresorcinol

EDTA(disodium salt)

Sodium acid pyrphosphate

Sporix

Sodium hexametaphosphate

Hydroxypropyl B-cyclodextrin

Zinc chloride

MA & vaccum packaging

Selection of good cultivar

Calcium infiltration Streptomycin

MA & active
packaging

Natural PG & B-
galactrosidase

inhibitiors

Mild heat
treatment

Selection of good

cultivar

sulfate

Hydrogen peroxide
S o d i
hypochlorite

u m

Sodium benzoate

Potassium sorbate

CIP and HACCP

system

pH control

MA & active
packaging
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4. YRAASA A7t R #&A e T AAF dEALE
A FAEF FE HEAN FAHY 9A Axe THE AxEo] iy
I FA AEZ FZol dojuh Axy 7lE XY A&v)Fe] B E A
E A e, A2 FJEFE B a0 22 AR AT FF
98 24 d@9 o9 e EAE AAs] Asty Zidelu MAASAE
olgsted WEHY I Aadlees 77 AAF Aoz d#A Uk W
BARAE dIH F, o7t d2& 2 FUIER T YERIER
(cryoprotectants) S #7138t WEAZse HHOoZAN ZAYFAEY d¥d
AR FAAZE F43t7] st Bol dT7He goh old g d7=
Al Trout$t Scheid?t ZYo) 10%<) Hd&-& Hrbste dEstd 299 {3
SHAAEE FAZE F 31oH, Badcock T2 Ad¢Hol A¥} ascorbic acid
g AUtste WEAAsE auy
Aok &th =Y Wakamatu 5 3o 483 NaClg 77zt Hrbstod
FANN F AEE RS u IFHY gelstE WAL £ v HIsAT
Merymano] 93t YEEIEALS WFEAGA A& 48 A8 A48, 2
Fog T7AA DHES ML UATS BE 3 LS FAAMNE I
e TR ol AAAFo WYFERIEDS HME Aede =H9 Wz

=
B F23ed B4 ¥¥ZRERE 2S¢ F g3 2nd 9 A Sterling

[
= &

>

ok

ol

, °olg

L

48 % Awel a9g o= AE e £

rlo

A4 WEo 9lo] glycerol, ethylene glycol, propylene glycol, sorbitol, &
F, 9IEE 59 FALRAAZAN nzFALd #elo RIIAY. aFn
SHANME Leet Shino] $/9 LaxF2o Y YAA FAYXNAE o4
& AT77E de, Jeong 59 ErEE EL AuF Fo)AEQ YEAAFA
9 ¥, citric acid, dextrose, fructose, sorbitol, ascorbic acid ¢ EZ4H A
o8& o] Ao FHAF H2AGd FALXAE 14T AFE WS
A Aot

Y} o5 ATE Fz YERsEAL AF Wil 4F 3o &

"%

o

M



& WAHoR ARANA YEATsSE Wy Bed ATHAW. =T FHA
SAE ol &dtd Ao WIE st ¥n AHE FHE AFE AT
Ae Sl A 4 So] HFHPE 9 X F20] stEAFo dE AFHERIL
W, dEAAE WiRe] 2047] Hi, o] T WF MEZFA Bt &
ot} B3] IIRE Y2FFA AA AFA AL stressol thFsr] A3+
Aue gl ol tdFE HEAS S AEd Fo §HY EAs
AA HNEd HEAE FIE #AZ WAH sFste AR At 3
ok E3 2= AA 2047] Hld th3le] sorbitol, vitamin C, fructose, iodine&
AR S W WEARETSE fructose’t 7HE $FEIoU A HAME &
27 Mg $FEdn sgen, 209 A9l glucose, alcohol, NaCl,
sodium acetate® A& A3 20% NaClo]l 713 % Ax%E Yehliddx
st ey 20471 wie] A& WAAEAY] FEE 05%E 2 4
o #AZ HAA WFEZE g747F av e ez veisth Ed NaCle 93
st a9 gou A YR st zA o]l FAHF FA W F
4

T 40y Fo uid AAsd d77F sTE
$H, AAZA mag FAWAALY AF o] & At 1 JTe LR
Table 37 Zr}.
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Table 3. Utilization and function of cryoprotectants in foods

Cryoprotectants Function Remarks
Mono- and disaccharides
Glucose minimize gelation of egg yolk |Lopez et al
minimize precipitation of milk |Lonergan et al
proteins.
Fructose minimize gelation of egg yolk |Jaax, Lopez et al
Sucrose minimize gelation of egg yolk |[Wakamatu et al

Sucrose syrups

& other sugar syrups

Various mono- &
dissacharides

minimize precipitation of milk
proteins.

retard oxidative browning of
fruit by excluding Os.

minimize  insolubilization  of
protein in fish.

Lonergan et al
Pointing

Tamoto et al

Polvhvdric alcohols

Glucose

Sorbitol

minimize gelation of egg yolk
minimize insolubilization of
protein in fish

minimize precipitation of milk
proteins.

minimize precipitation of milk
proteins.

Lesser
Love & Elerian

Minson et al

Desai et al

Salts
Sodium chloride

Sodium citrate

Polyphosphates

minimize gelation of egg yolk.
inhibit oxidative enzymes in
furit.

minimize precipitation of milk
proteins.

minimize precipitation of milk
proteins.

minimize thaw-exudate in fish
minimize thaw-exudate in
poultry.

Wakamatu et al
Reed

Doan & Warren
Doan & Warren

Meyer et al
Klose et al
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Table 3. (continued)

Cryoprotectants Function Remarks
Other
Ascorbic acid minimize oxidative browning in|Reed

fruits by serving as a
reducting agent.

Citric acid minimize oxidative browning in|Pointing
fruits by altering pH to a
value less suitable for oxidative

enzymes.
Carboxymethyl- improves texture of ice cream|Doan & Warren
cellulose, alginates by promoting the formation
& other gums and stability of small ice
crystals.
Lactose minimize precipitation of|{Lonergan et al

proteins in milk by prevention
of lactose crystallization.

@9, BAe AFe AT wES st @
A4 Q. W, $AAEC] A% T AYHYeH 4F Re Pol, 4, =
A7 % JYh AANE 2 A0k @ Aotk ey AL

FWSE WAeE Au e gEe o oln gl v ostd vl
4

o
z
N
3
o
I [
2
=
oz
L
L oy

o,

=
L

e N
1]

R m

A

rir
o o
ol
1
O%H
fo
el
o
>
r\l
2

A 2744 freeze-cracking S AWstE WSS GastA T s dubAd A

& water-ice?| FWstel AAE AMAAB] sUAstE FEFAA A% S

A &0z A¥Es vl Fennema$t Powrie(1964) 4% &

&4 g3l F2 9AEAN TARE g du ¥ T FF AHBFL

st a8z $24%F AFMIE 0C £5% £ AL 2=4A

838 o g 9% 79 BFS dosAn, R AEFS &% €
4

Brpe o A BFste), 4F4 e A7 vE &

e
X
r& m{>
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ez 24 2 A¥SF(bound water) TF

Bz 9o},
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AODZd As 2 P
A1d AN 2 AAH

1. 4845 2 A

AP AFEE 2 AR U LEAE AR (EIFEHAAL, 250~
2Bg)E Al aAe dEFEAA 7Y wigd Ae TS Beoke
5 494 Al ol =(10-1lea/box)E 7HHE HAE AN T
Ao FuF(FESEEY), AR, 2AEE HARrsd), Ad 5
€ HAYPTd WiEd AT AS A 249 dFrtECdA T EE
AlgEE 5Tol8t9 RH 90~9%5% Zz1oA AgstHA 2ol AH&stAoh

FAAE Aol AMgE A W, 27), w2 2 e ol AEE BAFE
Aol dYd A FEH 2 W4T AS ¥E GUHENEGEIE AHE)
A Fujste] 5TAA 1433 BaAT A& AR

Adge] FAFe AAMe g AAA Az AEd HA FEA R A2

ol

.

®

lysozyme(Sigma Co.), chito oligo[:=t] A o]-F, ()Wl A &A1 Grapefruit seed
extract(GSE)[DF-100, (F)o Zojojgf ] vy A(FSjddsxzdHd) &
FRFTFA) AT B H7]4HS malic acid(Yakuri pure chemicals Co.,
Japan)$} citric acid(Junsei chemical Co., Japan)E& Ar&3don, YAz
£ Ascorbic acid(Showa chemical., Japan)$} %7 73Al2 CaCly(Duksan
pure chemical Co. )& A}£3lgic). ol9] Ao}l BT £od FF2 Extra pure
B A%E AHESE T

XA 2= Sealed Air Co.¢l CRYOVAC P640B (Oxygen transmission rate:
12 cc/m2/24hr/73F/0%RH), CRYOVAC B190 (Oxygen transmission rate: 250
cc/m2/24hr/73F/0% RH) ¥ Tenneco Packaging Inc.®] A|FL2 AlF v
A ek BofE s 9l Hefty One Zip Storage slider bagg AF& 33t
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2. ARG 2 e xA

F 2 ascorbic acid, CaCl: 2 citric acidE ol&3sto z+7} 0.25~1.0%< HY
AM LL:lw/w) EFHEE 7IFezste zASE, A 7o et NaCl,
chitosanS E¥sted] AM&3tgich g, AHde FIELANT 80% B Fr,
H5f, 28 oY ZAE 20%9] 200~4008 (v/v)e] ZH<9 30ppm Tween 80
& Tt AT, AAETHE AR A W] FAt

3. g AA

7b. AAA

At B4ol: coreE Al AL, A, 9, AZ 5& FF AHE o

2 Adgdssn B9 AL slicer(Mirra 275, Sirman Co., Italy) 2 Smm F7

X
o

Z slicingst FMFE FAF AAGFE AL g2 slicerz AA3ES 7
2 Azste] 247} 40T 4AA BAN] 187 AAFGTh AA F Lol
A EHEF(ERLEE 28~29C) A7 F 50T dry ovenolA 104z 7+4,
UVE ZAIRE Ztte] ¥4 filmoll E£331% ot

. 549

AtE cored AAT AL, $9H e Fd AHE s AAESs L
W] d AL slicer® 5mm FAE slicingdtz duiFdE FASE g+ A
S O E slicerZ A A3} A gA 23 Spraying systemo 2 /| HAX L ARG
BAL $¢F 1~2kg/em’, BAF A2 02sec2 Al89 FRWE 77 23 NE B
Abst ¥l ®AF F 80T dry ovenolAd 3minzt ¥ A& thg 50TH dry
ovenoll Al 10A17+ 714E, UVE ZA e Zzbe] =% filme] ¥43statt.
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9. A4 A
Alge AEAHYE €F AZFXE AL8o AAgen, Ax2x
8T, 80T, 120C ¥ 160TCHew HYAIZbe 2447y 183 3Fo=2 4.
3=

o]
=
4, $¥0 9 95, 24, ARFUPAR T
=

rr

1

ofd

o

= geaEr] WRAVE 80x90x90cmeol ™, &4

0 FUEE 30~95%0| ATk $FNL 05HPY DCREZ
TEHEH ANEFELS 096mY/minol YT A B7 A2HE A2 A7]E 50
719 FeFsAde] A4Be s5em FALY K

B

% FAAYE S AAH

Az, W, =7 wE 9 Suk o A8E wud & dA A9 4433
2x2cm)o.2 AYste] 5Co|stz BastdA AMEsId, $2A #2AHE 0
05T, -5+05C, -10£05C 2 -15£05T9 4dAolM zZhzt 3~6A12 &<
AYat. e AL 2z WAHEA FLo] +1.0TCq =2 w7t
AA AT
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A2d 532 Ry

)
rfo

1. ¥ 59 %A
AdAg 5 A59 71EAd8 F ZHLE+ spot thermometer(HT-11D,
Minolta, Japan)g °]-83}d A48}

2. FF79 &4

nAE A& A8 10859 BFAH A E4[085%(w/v) NaCllE 7He &
2 En}7 (Seward, Stomacher 400 circulator)® TLAAIE (A, A}, BFob)Ql
B$olE 1~287F 230~260rpmo.2 FAFEa, AAFe FHFARHH, A
e 5F7I(F) Bobitgl, Oscar w5287l DA 502)& ol&3td ZFF o
<+, Z4z ImE #HAE F oA Mt #jAd pour plating¥d F 35T
incubatoroll A1 48~72A17F S ot st i plate® 25~25074¢] colony® #A
e plateE #Hstd AT AR 1gF EE AR Iml7 FTFE &80T
&34 wiA = PCA(Plate Count Agar, Difco Lab.)E ©] &3ttt

3. MAE AKAE AE

Mg KA EHAEE Y3 A" TFE Table 49 TFE =4 F
AEATFLols TZAAZ FH2 2F Lol AdA A&wANA overnight
culturedted activationAlZ1 & lysozyme, citric acid, malic acid % ascrobic
aciddl o1& nAE 7] A AHE A7 FHIAGY olF FAITFE 28~
37CAA 12~24A7F WEE F ASAHA HHE FA 1%0v/v)Y =2 F
F83 30T incubatorol A wldstRA  wjkAzHE #FFe] F{FEE UV
Spectrophotometer(Jasco V-570, Japan)& AM&3ld ODeoll A &2 = oz
ZAsta AA A ¥stE BRI
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Table 4 . Microorganisms and medium used in this experiments

Strain Medium

Lactobacillus plantarum KFRI 00163 MRS medium(Difco lab.)

L. acidophilus NRRL B-4495 “

L. amylophilus NRRI. B-4437 “

L brevis ATCC 8287 ¢

Bacillus subtilis KFRI 01121 Nutrient medium(Difco lab.))
Escherichia coli KFRI 00242 “

S. typimurium KFRI 00191 “
Pseudomonas aeruginosa KFRI 00190
P. fluorescens KFRI 00194 “

4. Ao &3

ANRY EW MxE MAA(UltraScan XE, Hunter Lab., USA)E AR&3sto
HAAEE RSIN modeZ A& 7 2719 A8& A48t #dEYY 4 & 4
z} 23] WrE Z2A PR, AMAE] Z$- TTRAN modeE AH&38te 2709 A
822 AF Az 23 dtEe o] Hunter A9 ¥ HEE Jepdle Lak
(Lightness), & M9 AT E Uelle agl(redness) ¥ =249 AEE g
£ bit(yellowness) .2 243 At}

Table 5. Operation condition of color test

Index Condition
Color system HunterLab UltraScan XE
Scale Hunter Lab
INuminant D65
Mode RSIN, TTRAN
Port size 1.00”
Standardization Modes RSIN/TTRAN
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5. A% &3
ZA & Texture analyzer(TA-XT2, Stable Micro System Ltd., England)
< ol &3t rupture test® =AYt Rupture test?) A}838 probex 610

can

mm®| stainless steel rod®°]™, test speed 1.0mm/sec, distance format<-
strain®] i strain< 50% 2.2 2R AT & AHAE probert HAEB A FA 7}
W P force(g) oz Uehiden AHFF 3749 ANgE FAAZ F3F,
2t Alsol disf 43 wE 239 F FAEAE JEUY 2873 24 A A
2 Egote slice FAE 212 Tmmeo) At

Table 6. Operation condition of rupture test

Index Condition
Type Measure force in compression
Distance format strain(50%)
Test speed 1.0 mm/s
Probe diameter 10 mm/s

6. Mgl C & F

NS Al dwgrl C FFE HPLCHLE FARsAT. &, AR
5%(w/v) metaphosphoric acidE 7}3ti A &dA Al&s] &3
wdkstth FEHE 045um FHAHQJ FEZ o 7ste] HPLCY FYsAoh
o] W A}&% HPLC systeme Table 73 Zow tig o= wew Co 3
ARs AT

o
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WEY C 3H2H(mg/100g) = ﬁ-’;—-’l <100

AT A Fg vERY Co & (mg)
Al(g)

Table 7. HPLC operating conditions for vitamin C analysis

o Instrument JASCO HPLC system

o Detector UV/VIS 254nm

o Oven temp. 30T

o Flow rate 1.0 mi/min

o Column Waters MBondapak Cis(3.9x300mm)

© Mobile phase 50mM sodium phosphate : MeOH = 9 : 1
7. %89 FF

AE F 5g& 100mle] ¥H FehxIo] Haka oF 50%(v/v) && &

100mlE 7Hek ohg ool et 10% kst HESES AbSstod Fastdo. 30

23 2592 FE331 FE9S 046um HEHYA YEHE o35t HPLCA
Fdstdth o] W A4 HPLC system? Table 8% Zow & AZFHA
o2 g Hoz fd FTFHS AU

3 (%) = —C-X?Q <100

C:AFTH oA 73 Do FFH(mg)
D84

st AlE9 FA(g)
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Table 8 HPLC operating conditions for free sugar analysis

o Instrument JASCO HPLC system

© Detector RI

¢ QOven temp. 30T

o Flow rate 1.0 ml/min

o Column Carbohydrate Cartridge(4.6x250mm)
© Mobile phase CHsCN:Hx0(75:25, v/v)

8. A= %3

ANge 2xE= Age zZt Bgwz FUdA AFH3Ad  blender(Oster
861-66L, USA)z= wAFsu A8 50~100miE H[AAd HI o5 pH
meter(ORION  520A, Orion  Research Inc., USA)E o] &8}
0.IN-NaOH(Yakuri pure chemical Co., Japan) &40 =2 pH 827tA A A st1
tha Aol wet ALds R

s = L0900

V:AgdRe A=Y 4289 0.IN-NaOH €942 %(ml)
W AA ALE" Agde] %(ml)
f: 0.IN-NaOH &9 <7}

9. 249, uHgy, a3 4 &x 534

ANE HEzAd G URrgd 2 F2 4% A% F8 AAe EF
2, 48 2 2% EAF 2 golE YRR FANAT AR 534 R A
AFNA AL 29¥EAN2E ] AL FAL(RD: SW-UF 400, Ad3d<)
E o]g3ld JU(FAEHA: L1,850xW850xHI80mm) FA4F-ol AXg Ewg o
Aol ANEE g -20~-70CESNA 222479} $3F22 228 243}
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EE 391, T2YAIYHETS ALY AXY FHAAe B ¥HRE A
2Hpe] ¢&7] FYE(AL&Z: R-503, 123 R-502)9 2# 714& 93
22kWel ddsHE A

AdHZSAH L -148~100psi "9 pressure transducer(Z&: C280E, Setra,
USA)9] ¢&Hol Zo] 10cm, A7 2mm F#& dAsH A2 2ZAA &
BAe & & 2xg FAld 43314 K-typed 0.3mm F-Z288 ddd
E ¥4 1A ddAY shch FAANY WEEE 9 2823 AE
o] &x7F -18T, sHEAY WReH H AQATLS FLo] +

n
n
1Col =2 w712 Hydra data acquisition(29: 2625A, Fluke, USA)E °©] &

do,

ANgel WAHE e FARY 0 thermocoupled AHE-3t4 Beckman'
o 9sle] WAAEL AANYeW, £EEAHL Hackert T #Wiol ot
0.3mmY¥ copper-constantan EAWNE A5 7188 FAF R Y
ALLo =4d u7}A Hydra data acquisition(2625A, Fluke, USA)& A&}
o A% stPrh B Ao AMed WFstE SAE transducer® EE A}
+ +040psig, €4 dl= £0.12TC o]}
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Am3g 235 9 a3
Al 1A HAZA dip solution AA 2 A< é’ﬁ

1. 33 dip solution A A

AR A(dip solution)e] ZA L =

H

g Z2As7] 98 #Ad, 237 Ad3A
2 vAE AS dAg AEH J)FEe EIHAA antibrowning activity®

ascorbic acid, isoascorbic acid, NaCl, kojic acid, trehalose ¥ oxalic acid 5 &,

237 #FsA9AME CaCly, calcium propionate, calcium lactate ¥ chitosan %

il

, JAES BHEstAME lysozyme, pediocin, calcium propionate, isoascorbic
acid, kojic acid ¥ chitosan 5& XA AZE. 93t HAVWAZ 449 855
datao. 2 A3 g7 3tn AAEG AA Aol sbesivia #
G B A7MAE FAeE FAAAE QA ER 3y, T ' Ak

TEA SHAA 7 HIMAY AE v AT &9 E

A

S

F71e] A2 pH AstA&3 {714 Ao FaHd o3 Ao &
A glen, old EAE o]&3td AR T FTAAE A FAHAA AA
Aol 29 UAE ZAE EHog AEHI vk, E ascorbic acide 7HE
g dEA L dRAA 85 e dEHQ FAWA Y, CaChe HAF
o dd 273 o AE&oz de defA k. WA olE HUMAE H
3l AEFH7A €59 lysozyme, chitosan @ DF-100 59 AlFe] #%5
2R FEA HAHIHAE W2 27 WAE Ao &3, ME(L value)

548 FAsYh

rr
HE

N
nch
off

-39 -



1) Citric acid

TA4} FE 01~15%F A3t Axg HAA Ao ddg FAAZE A
Aete] 18C ARF T W3 4 #5EAS AT IAF 27] v
BE & FAYTF, THFF AP, 02B6%0lst 7AN A FdME g
10° cfu FEo1gon, 05%01d FAX AGTANE 10° cfu $FEo2 Yy
th(Fig. 1, Fig2). %, 05% F%9 7944 $=olA 27] 3479 nAdgso
Fgol FRE AolE wel, A2 FEIL 05% FEIL T F AT TA
FE 05%cl4el AetE vas ¥ §(Figl), 1.0% FA4 AT AR $

oft

S8 Aoz yehy 39atdl 10° cfu, 643l E 48x10° cfud FFL AT
T, 075%0]4e] A AYTAME AY 44AE AFHARYH T4, F
FrAe H 05%0]3te] FAL A o vlE] oy FHFot FUbete d
< B3k

A7zl BE ME(L value)®] ¥l lAX e T A4 & 4
4& B AZ7I #AQe]l TR} MY 5 Ao E2 YEwen, A%
27158 37T FAAdY TRV Fold 4 E L valuert W& Ao 2 e

W Aol A3tdE s & 4 At (Fig. 3, Figd). 53], 279 AE Ao W
A 48 1.0% FA xate A A 27)HE L value’t Mg BL
Ro g vetgon, olelg dde AR 64d7AA A&HAT

H, B4 A dol ArHoez A% 3dAACdE FAHT H 1.25%
T MEFE AL 45T FEINLH, AF 699 AF dEEY A
g7t wfg A5 Aoz ey
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1.0E4+09

1.0E408 |

1.06407 |

1.0e+06

1.0e+05

1.0e404

1.0e403

1.0E402 —e— Untreated — % D.W

Microbial count[iog(cfu/g)]

1.06401 + ~wCltric acid 0.1% citric acid 0.25%

1.0E+00 - -
0 3 6
Time(day)

Fig. 1. Hurdle effect of 0.1 ~0.25% citric acid on microbial count

1.0EHO
1.06409
1.0E408 +
1.0E407
1.06406
1.0E405

1.0E+04 |

~— D W

1.08408 + —&— Untreated

citric acid 05% < citric acid 075%

Microbial count{log(cfu/g)]

1.0E+02 +

- citric acid 10% citric acid 125%
1.0E401 |

—w—citric acid 15%

1.0E4+00 ;

3
Time(day)

Fig. 2. Hurdle effect of 0.5~1.5% citric acid on microbial count
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L value

75.00

55.00

50.00

Fig.

75.00

70.00

65.00

60.00 1

55.00

50.00

—e— Untreated

= Citric acid 0.1%

~%—D.W

cifric acid 0.25%

0 3
Time(day)

3. Hurdle effect of 0.1~0.25% citric acid on L value.

—&— Untreated —¥— D.W
citric acid 0.75% - citric acid 1.0%

—=—cCifric acid 1.5%

L

g

citric acid 0.5%

citric acid 1.25%

0 3
Time(day)

Fig. 4. Hurdle effect of 0.5~1.5% citric acid on L value.
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2) Malic acid

AbE R 01~15%8 AMgatd Alxd FA el dad FAARE 3
Aked 18C AZFT FEFe ¥g 3 de54E ;AT AA F 27

e 2% A% A7 FHSF AT F$ 10° cfug FEIRLH,
0.1%014e RE AFHA APFAME g3 10° clud F#& 2 Fig. 5
Fig6). 2(18C) AR 3¢xE B o, AAHAY] FE7t Fold4F S5
7 AAHE RS ¢ F AReH, B3, 0.75% FF o4 At Fxd
M 2757 10° cfu/g FF0l18t2 JdAHE Aoz Yehgd. o3 A
gL FAse sxo wE AF(Fig. 29 vlag g FAL 1.0% AT
AN B £ e JAFEd APTEc. FHE, Al Ae AL AT
AR AT e 075%0149 ES T wxolA ARFIIC 237
Tt F7bske @42 JEuA e

AtFAte] W AHE$e A7) @E FAAEY] ME=(L value)d] ¥
ghol glojM e FA A Ao FASA Aoz AtRte] R ¥
o}AFE L valueZt $& Aoz el ZRle] HE S & 4 AAH(Fig. 7,
Figd). &3], 1.0% o°l’d< Al AggaMes A z7100A4 393744 L
valueZb ¥ Aoz veigon, olgjd Axes A% 6d47A A&HHIH

9, 1.0% ©)4e] Atda AYTFES @ =243
UAEE FAA3A AstEol FFA HXE fodEge AR RN HA
A& o gol Jdv A2 AGHIYG.

ojt

#Hs5Adol A% 3
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1.0E+09
1.0e408
1.08407 1
1.0E+06
1.06405

1.0E404

1.0E403 | —o—DW s rrlic acid

e 0.1%
-~ malic acid
0.25%

1.0E402

Microbial count[log(cfu/g)]

1.0e401

1.06400 : * —
0 3 6

Time(day)

Fig. 5. Hurdle effect of 0.1~0.25% malic acid on microbial count

1.0E407 ¢
1.02406 1
1.06405
1.0E+04 1
1.0E403

106 v

1.0e401

—o—DW - rralic acid —#-- malic acid
0.5% 0.75%

malic acid malic acid  ~4-- malic acid
1.0% 1.25% 1.5%
1.0E+00 : .

0 3 6
Time(day)

Microbial countlog(cfu/g)]

Fig. 6. Hurdle effect of 0.5~1.5% malic acid on microbial count.
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50.00

Fig.

L value

80.00

75.00

85.00 |

50.00

Fig. 8. Hurdle effect of 0.5~1.5% malic acid on L value.

- —eo—DW —3—malic acid - G @CHD
0.1% 0.25%
0 3 6
Time(day)

7. Hurdle effect of 0.1~0.25% malic acid on L value .

—o—D.W ~%— malic acid - mralic acid
0.5% 0.75%
- malic acid g malic acid —e— malic acid
1.0% 1.25% 1.5%
0 3 6
Time(day)
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3) Ascorbic acid

Ascorbic acide AEFAL@ZAAM 7HF dE ALHL e AEAA F
o R HdFe AW ZTHE 98 AANY L AH T4 A&HI o
2 AFoAME dHEAz &84T HFO=Z ascorbic acid®] F#EW FAHEH %
7] HAE Al &% F& ZAsY EXHd @2 =g ZAS}nA A
WA, ascorbic acid ¥E 0.1~1.0%& AF&ste] Az AAdd dgg FA
#E FAE 18TolA AFsHAM Foae WAEE DU ATHFig. 9).
Ascorbic acid®] F=7F Eoldol wel dAHFE VAE ASHALAE B
F 92m, 0.1% ascorbic acid Aol & 1.0% ascorbic acid A F7F ¢
1 log cycle &9 AdF Z4A83E e A

Ascorbic acid® F=¥ AT AFAVIA mE FAATG ML
value)?] W3lo] QlojM & ascorbic acid FER”Z F33 Aol& B F 9o,
ascorbic acid9) FEJF 2242 Bao] dAFNE AL ¢ £ AYHFig. 10).
£3], ascorbic acid 05% ©]/d9 sZolAE 18C A4 3¥Atelx Lgke] 709]
FoR HETFE A FFT AYT FEY @& BRo AR 438 Re
2 Y}, A% Zdo|A ascorbic acid®] FAFEE7} 05% FEYES ¢ F
ATt

!

g

¥,

ot

H, B532OZ ascorbic acid 05% ©149 % AT <HAFZe &

A& A 58 Aoz el HA ascorbic acids 5 05%2 #¢dA).

fas)
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1.0eH9
—. 1.0E+08
E
E 1.0E4+07 +
L
o 1.0E406
o
= 1.08405 +
c
3
8 1.0E+04 -
S 106403 |
5 —e—D.W - @S COFDIC @cid - ascorbic acid
O 1.0EHR2 + 0.1% 0.25%
= 1.06401 + ~#--ascorbic acid ascorbic acid —+ascorbic acid
’ 0.5% 0.75% 1.0%
1.0E+00 :
0 3 6
Time(day)

Fig. 9. Hurdle effect of 0.1 ~1.0% ascorbic acid on microbial count

80.00
75.00 | :
70.00
[}
=
g 65.00
-
60.00
—o—D.W ~-¥--ascorbic acid - ascorbic acid
0.1% 0.25%
55.00
ascorbic acid  ~-~—-ascorbic acid - ascorbic acid
0.5% 0.75% 1.0%
50.00 -
0 3 6
Time(day)

Fig. 10. Hurdle effect of 0.1 ~1.0% ascorbic acid on L value.
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4) Calcium chloride

Calcium chloride= 7ol et =273 T #8022 de &34 gl
o B drddAE 2125 8 AHgste AS BAHoR A FEE 9
83} E Al calcium chloride AR 7F 7FA1E %7] q|AE Ao ads Al ¥
o g #FH EAS #AstuA sy, wWA, calcium chloride %= 0.
1~1.0%0M Azxgd JA Aol ddd FAAHE X st 18TA AFstd
A Fege WEE ZAast9g o (Fig. 11). Calcium chloride® EE7F EolAd)
wte} AAFEY FAE ASAAEAE B £ dor, TR AT 2T
of B8 ¥&9] calcium chloride A2l 77 A9 WAL A§AAEHE &
T UAReH, & A 4 ¥ calcium chloride %< 1.0%9 3% 2
F Aol vla] 18C A4 39A olF A 6dAAA ¢ 1 log cycle FF
o AT FAEHE JENAH(Fig. 11).

1.0E409
1.0E408
2 1oev07 |
=
[&]
5 1.06406 |
ke
= 1.06405 F
oy
]
O 1.0E404 |
©
g 1.06408 +
S 10402 ——DW v CACI2 0.1% e CaCl2 0.25%
=
1.0E401 + - CaCl2 0.5% .CaCl2 0.75% -~ CaCl2 1.0%
1.0E+00
0 3 6
Time(day)

Fig. 11. Hurdle effect of 0.1~1.0% calcium chloride on microbial

count.
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ML value)?] W3to] QoAM= ascorbic acid®]l A9 wFAVIAE
calcium chloride& A= §oll we} WA JAHE A& & & AMYew, 2 &
Fe AF 0YAREH AY 64A7A A&FHoZ yebyrhFig. 12). T,
ascorbic acid®] 7-¢-oll ¥l3} calcium chloride A 2lF& A¥HoR AF 7]
HE 272 AAE3 SFHS AT vE AERste F52 ol&% LY
BT AE7 5~10 & 2 A& ¢ & AU o2 AIAE calcium
chloride7t MEo] wA& FFo] 2R &g Aolgte Fx A4dAE )7t A
Aoz Ad Aa Age AF x7] A% WEE AolsE dHd calcium
chloride7t fr83tA AH88 & on, I 5T 01%9 sEAN=E dAF
T 238 B § dov, A& 025% o)Ay F£FEo] I AR ADHIY
o},

80.00
75.00 )
70.00 +
©
=2
T 6500 |
—1
80.00 |
——DW —%—CaCl20.1% -=—CaCl2 0.25%
55.00 +
CaCl20.5% = CaCl2 0.75% - - CaCl2 1.0%
50.00
0 3 6
Time(day)

Fig. 12. Hurdle effect of 0.1 ~1.0% calcium chloride on L value.
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rok

#H, #5422 calcium chloride A& TE 53429, 53], 4% 64
A M E RE calcium chloride A7 2 o] 43dlgon, Ax Wil oA
o F83 AoZ ey

5) Lysozyme

LysozymeS Aol o] o= FHuo e olnit 1297 BAF
140005329 9714 polypeptide® A AELoZ ALHE AL A 44
Ao A3 lysozymeo]l FHE o] F Uk Lysozymed] FHEL AT AX

9 9} peptidoglycan 29} N-acetylmuramic acid$®} N-acetylglucosamine A}¢]<]

B-1, 4-glucoside AL Aty L7z ELS dode AR, ost A
BEo Gram ¥ AFNE 4A REEA T Gram 4 AT B ZHY
lipoprotein-&] ¥t}d &0 2 L8 zgo] WaHo] &FFLA7A] wXA= X

e Aoz 284 du Lysozyme PlAE A{AA] &5 HFRLERE B
S A7t JEgHo] gtow Fo Al A FL XE, HF, custard cream, V7
AF 59 F4AFoR ALy AFd deMe FITE adE 2
AgAeR ol &5 .

FAME AM He] HAAFoe H&& FHoz dEHez AYIAR
AN Agol 7t £F HH F=E FAFH FA9 lysozyme AA7E 7t
%7 T BE Aol AF} AE TR wE #FH EAS #Adsta A
o WA, AgHor FHEo HEd FEY 001~05% FEAAM AxT
Ado] Agd FAAIRE AR 18CNAM AFstHA Fose WHE
A4 th(Fig. 13). FigdlAl R ulel o] 7552 X238 4 log cycled]
Z3o) vlg) B 1 log cycledld 3 2 log cycle®] %71 759 #4
Rk aEy, 18T A% 39k 2 6dAdAE 2 AFU) fle

EIEN

puAv

S

yo

4
A

e
it

A

i
2 o

s

g 3l
Aoz vehd w, ol AX Aewrst 49 18C FEQ A dade
AbhE B@ate WAdel 5TUA, 283 14 ARHA 52 AH HITAHLE



A7 AHY dadd AlBAR FHLEC 16T A% ¥ FHSA €
RAoE AAHATY. F, lysozymed] ZAFA HAHL2E7 BT AFAS 7Y
& o g9 HABAHo] FALr] oEe 2o EAVN HUS M5 E

A g 4 gl ul olol WiE Aye] e Ao a5k, 2y, o)
3 A EFen AZR7092) 205 B4 BEFE I F8480 A
o AT Age x7|uAEY Ao FHoR Algo] A" AL e A

o8 "t

1.0E+09
1.0E408 |
D 1.0E407 |
=
L 1.0e406 |
(o]
o
= 1.06405 |
oy
3
S 1.0e+04
K
5 1.0E+08 |
o
S 1o0E+02
= ——DW ——lysozyme 0.5% e lysozyme 0.3%
1.06+01
lysozyme 0.1% = lysozyme 0.05% - lysozyme 0.01%
1.0E+00 -
0 3 6
Time(day)

Fig. 13. Hurdle effect of 0.01~0.5% lysozyme on microbial count.

Lysozyme©] MZ(L value)el ®3lol vix& dF a77t gAY 47 9
AAFE Ao 2 BATk & Fig. 14904 B Evted 7o) lysozyme F % 0.3~
05%FEAAE L& 7IE 22 ¥ vXe dFo] 24 ¥ Az HIYL
U, lysozymed ¥% 001~01%5+59 sxdAe Late dd AEZF 5
a2HE Aoz Ve, olgd AxE AF7AY HAA Ao dold A
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o2 Hid & FE9 lysozyme MM Mxo ik & o] glony,
23| W TR ARE 3AYE ARE By, AE Eunks a3

A lysozyme?] A# FEFE 423 03% o)A EA3 gvtE A2EQ v £
ol NEAYEAE A% AA4E Jeld Aoz Hol ppE ZWMe Hu
AE JE A7 AdHAF Aoz AdEHd.

80.00

75.00

70.00 +

65.00

L value

680.00

DW e [ySOZYME 0.5%

55,00 e fys0ZYIPE 0.3% - lysozyme 0.1%

—a—lysozyme 0.05% - lysozyme 0.01%

50.00
0 3 6

Time(day)

Fig. 14. Hurdle effect of 0.05~05% lysozyme on L value.
AZEd A5 YgHe F4HoZ I BFEAH UM E EE lysozyme
AT dE2TE AME3 S/ AT ve #FHon $FaHod, A

g gxo] WE Zole I FEAS AR Yk

6) Chitooligosaccharide

Chitooligosaccharidex 7]|EAMS Z4toz 384 Easie ¥y =
2 JNEAN BEHEALE ol83E T4 Bz AxE AoZ A A



Zo| §EF3 10% chitooligosaccharide HAAF S T3t
chitooligosaccharide AA7F 74AE %7] A E Ao &xtet RyLx &7
2 ALE Fxd BE #53H EAE IAEGHTH

W A chitooligosaccharide ¥ % 0.05~0.3% W9 AT EFAA =7
Qe A& EHE B 4 2 (Fig. 15). Chitooligosaccharide & %7}
0.05%<Q o AF271(083H)e] AAEZFHE 1 log cycle FEIH 21, 0.1%
2 03%9 FEAME 2 log cycle FFY 27IWAE AFAALAE & 5+ I
Ak zY AR 39AME 03%Y FEyre]l 2 log cycle & EdE
fx8QeH, O olste FRAAE g AAVIL oHE AeE U
Ak =3 A 6929 A $- chitooligosaccharide #7t s =7t &%
33 FE57F UM A4S RAow, od AFAE oA B 4
A E Fdatgs v, AF Fukzld & A}£3% chitooligosaccharide #HA| %
& 2 2L FHEo) 238 nAEY FAE 1 Aoz FAHHS

=

to

1

u?L

(o3
Ay

Hel 2wo] Be Ao FHAHYL =, Fig. 16914 HE uish o] A%
71008:h)9 ojm Mzwslyt F43 =] gizTol ulE Lt ¥ AE
7} 10 &% ZA2HYTHFg 16). &, 0.05%9 ¥ FENA AEZF 8 £E
28A3, 01% 2 03%NAE AEZE 244zt 11 2 16 5 #F2EAG. o8
A dBg FAHLE F BFHANAE a2 wdEHe] A 2715 H #
TH AFNAE AT Aoz AGHAE v, AR AHSo] IR AL
2 gasgn
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1.0E+09

1.0e408 +

1.0e407

1.0e406

1.0E405

1.0e404

1.06+03

1.0E+02 +

Microbial count[log(cfu/g)]

—o—D.W —3¥— chito oligo 0.3%

1.06401 - chito oligo 0.1% -z - chito oligo 0.05%

1.06+00 : :
0 3 6

Time(day)

Fig. 15. Hurdle effect of 0.05~0.3% chitooligosaccharide on

microbial count.

80.00

75.00

70.00 +

L value
R
8

55.00 F ——DW ——-chito oligo 0.3%
e GhitO 0ligo 0.1% chito oligo 0.05%
50.00 .
0 3 8
Time(day)

Fig. 16. Hurdle effect of 0.05~0.3% chitooligosaccharide on
L value.
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7) Grapefruit seed extract(GSE)
A2 F 252 5 (grapefruit seed extract) e 3343 o]
EAFLE T

(Citrus paradise)d] A& &, Z
ZgH ol Tog HAGTAH AFHNE

o]o] FRARL A HA, B
S&ol Bol Hx Utk 1 S&E v Hof, e £3E F FH
AF R gy AEst Fuke] A E FAE AFAIVIRE 89, 5 F o
e HaiwA g AxfA, HA, ofF T uFd FAEFR £AE g A
dHeoz AEHD vk oo B dAFoHe A AHE dFANER 5y
GSE?| #¥#EAH & ZUdtua g, HYd AHEF GSEx AP
£3% Ao% DF-100(QUINABRA-Quimica Natural, BraziDolgte AF4
HAojEla glow, I AEL GSE(grapefruit seed extract) 50% <+ =] Al
A(glycerin) 50%2 TAHH Rolth

GSE &%= Z 50ppm, 250ppm, 500ppm 2 1000ppmo 2 FE3lo Hdx A}
#E YAANRE HE3Q Fig. 17904 BE upel Zo] AFZ271(094h)9]

~

A% GSES) ¥E7 ®o}a4% 4% 750 aS FAT 4 9o, 23

o
" 4

of ARt Hdlm =<l 1000ppme A Z7|vAAEo] A YeElUA & &
A FHTE 2AYE F AU a2, olB @ A E BFstn A% 3
ol Y Aae Avde Aoz vehd 238 GSEE AME® sE7T
EETE STV B2 @4l EASH ey, AdEed 1000ppme F$- o
T ¥l3] 3 2 log cycle 52 757 2789 ¢S € 4 AUHFig.
17, °o8ld Afe 32 % EuE J&de dAFde Aer A5 2 49
M GSEE At&ste Aol @440 glge RaFEty AdHUG.

H, Axel A4¥AFAx vl FAFAQ o= Fig. 1844 HE High Zo
AZ271092)FH GSEE AHEE A7 RFA Murt w9 EFae
o ol Ade ARV Wl LS Fdolden, GSEY ¥
g 92 Lie Herd At (Fig. 18).

BN
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1.0e409 - ; T
1.06408
1.0E+07 +
1.0E+06
1.0E405 -
1.0e404

1.0E+08

—o—D.W weom GSE B0ppm
e GSE 250ppM ~#--GSE 500ppm
1.06401 | GSE 1000ppm

Micorbial count{log(cfu/g)]

1.06402

1.06+00 -

Time(day)

Fig. 17. Hurdle effect of 50~1000ppm GSE on microbial count

80.00

75.00

70.00

L value
3
38

L

55.00 S,

—o—D.W ~3¥%—GSE 50ppm e GSE 250ppm

4500 |
GSE 500ppm  ~=~ GSE 1000ppm

40.00

Time(day)

Fig. 18. Hurdle effect of 50~1000ppm GSE on L value.
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8) Ethanol(4)
Ethanol2 d9o] #8 Q& ATZ A AFNAAA 718 2R AL

2]
7 ZHA 28H1 e a4 ot E APdAME FHo

£y
)
2
fo
B
2
u
>
op
w
rir
olft
fo
)
ol
2
2
2
ofo
ol
rr
o
N o
L
52
tio
HE
=
2
AW
F

&
b
&
2
=S
)
—l
rir
2
X
™
o
o
)
o
e
it
R
ofo
o
)
olf
)
P
o
fu
2
ox
i
2

=, v ZAY F de FVEAES TVl dEEtazt e SR
dgo = APt

Ethanol 5% 10~50% 91 AgF RFAA 27ABE BFAALTAE
£ 4 SIATH(Fig. 19). olv] 4 wieh npANARZ FFF ASAAAAT}
Ta8te)l A 3dxre] A gz2Td HlE] 10% sXolA 1 log cycle FF,
50% Fx=AAe T 5 log cycle % Zolg HYTh ol d ZAiAE A7)

7 FtelE 295 ASAAEA dARE #aEUE oy Y &
Mo BAE A 39a 71522 ethanol % 20% o]l A= dZ2+

vl ofzte] EHE HPOoY, 1 oo ¥R = 30% o4 YxTFoe
ol7} A9 gle Aoz &UHAH(Fig. 20).
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1.0E+09

1.0e408

1.0e407 +

1.0E+06 |

1.0E405 | P

1.08404 -
1.06408 | i

1.0E402 + o

7 —e—Untreated  —%— Ethanol 10% - Ethanol 20%

Ethanol 30% ~—— Ethanol 50%

Microbial count[log{cfu/g)]

1.0e401

1.0E+00
Time{day)

Fig. 19. Hurdle effect of 10~50ppm ethanol on microbial count

80.00

75.00
q) -
=2
g 70.00
—

65.00

—e— Untreated --x— Ethanol 10% - Ethanol 20%
Ethanol 30% —w— Ethanol 50%
60.00 :
3 7
Time(day)

Fig. 20. Hurdle effect of 10~50ppm ethanol on L value.
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9) 7l A7E 24

ool AFT HINE AAcleE nAE Aojg #FHEA calcium
propionate, isoascorbic acid, kojic acid, "} %3 grapefruit seed extract %
chitosang, ME¢ HH3 A E  isoascorbic acid, kojic acid, trehalose %
oxalic acid 5&, &3 ##H3 M= calcium propionate, calcium lactate %
chitosan 52 A &3 28y, calcium propionated] A-$- Aleke] B3
4q 22 43} F8-8 S A7, isoascorbic acid, kojic acid ¥ chitosan®} 7
o= 2358 AL AFAIAY Ax WeE fFEAIE AR YEgE
v olE iR A9 1 ZHV GAY d$ vFE, AF
ABATE T BFNA HEsdE FFAEo] BE o #HEHo AGA
g A TAA wiAs A

4. A B4l e md
A APH AAA TR BE 4R A &% R FFHH W @
FRARAN 1 ZAst AR, AAHoR AN HEo] 5T RoE #
49 2% 24 FHoz oEY EEAYd 4% AFF WAE Ao TR
% BEE4 W%E 3SAT. ow, W & AE 2AY A SEE
SAFE GH APAA LA ARHE AE FEE T2 de] Ak ¥
FolbAA ARG, WANRE FAARE D
18CAAN AgshaN FAsta

1) Citric acid ¥ Calcium chloride €8 &3}
Citric acid ¥ calcium chloride® ZtZte] 4 F=& 0.255%2 3o, the34
Ze &= AL&39 .

Ay 1 citric acid : calcium chloride = 0.25% : 0.25%
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Ay 1 citric acid : calcium chloride = 0.25% : 0.75%
AW I citric acid : calcium chloride = 1.0% : 0.25%
AUy V citric acid : calcium chloride = 1.0% : 0.75%

Fig. 2101A BE wpe} o], AFz71(04xDd+ 2z #H7t
FAFS =591 1 log cycle &9 ulAE ZAHEaH7} dv 2S¢ F AU
a3y, citric acid 2 calcium chloride®] E4 A8 &= AA3YAANA A3
A Zol7k e A& B 4 o], Ny I % Vo 3¢ % 4 log cycle
o MAE BRadst SA4gS 4 & den, 53, Mgy MY 4%
AFE7N0Y2DFE A 64X HA ALAHeR O &F0 7
citric acid ¥ calcium chloride®] &84 gloA A AEASAA < #HE major

factor”} citric acidgl-& &kt

i
Lo
R
®
o
2
P

1.0E+09

1.0E408

1.0E407 |

1.0E+06 |

1.0E406 |

1.0E+04 + P o
sf{ o -

,/
7
—e—DW —%-— cifric 0.25% - citric 0.25%
X CaCl2 0.25% CaCl2 0.75%

1.0e401 | citric 1.0% - citric 1.0%
CaCl2 0.25% CaCl20.75%

1.0e403 1

Micorbial count[log(cfu/g)]

1.0E+02

1.0E400
0 3 6
Time{day)

Fig. 21. Hurdle effect of citric acid and calcium chloride mixture

on microbial count.
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g, Ao A= AYWE V(citric acid © calcium chloride = 1.0% :
075%)7F 74 S5t AFZ7(09xhd FH4 A= dizTo s AEL
value)7t 85&9 zolg BT, AR 39# o]Fdx 557EY Aolg A&HH
22 e thFig. 22). wrdol Ay 1 (citric acid ¢ calcium chloride
= 0.25% : 0.25%)& dZT9 A9 Aolrh fgen, Ay O R AHeH

& AZ271(092) AE(L value) 5% 9 &% & BEIou A% 3d 2 6

Axtell = tEzFee] AolE AT F AU

80.00
75.00 +
70.00
(0]
3
© 65.00
>
-~ ——DW —x citric 0.25%
80.00 CaCl2 0.25%
e Gitric 0.25% - citric 1.0%
CaCi2 0.75% CaCl2 0.25%
5%6.00 - s citric 1.0%
CaCl2 0.75%
50.00
0 3 6
Time(day)

Fig. 22. Hurdle effect of citric acid and calcium chloride mixture

on L value.

2) Malic acid 2 Calcium chloride &8 &3
Malic acid @ calcium chloride®] H24 ¥E& Z+z 025%2 3o, o3
Ze v &2 AR
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t

Ay 1 malic acid : calcium chloride = 0.25% : 0.25%

Agy IO malic acid : calcium chloride = 0.25% : 0.75%
AWy M malic acid : calcium chloride = 1.0% : 0.25%
AU vV malic acid : calcium chloride = 1.0% : 0.75%

Malic acid ¥ calcium chloride®] 7<% citric acid R calcium chloride&
£ Ayl A FAS BHYH(Fig. 23). AFZ2710EPAE 1 log cycle
Zzol uAR ATEFHE Y Sold A& Ay V(malic acid :
calcium chloride = 1.0% : 075%)& "% $43 AREHE B AF=710
dxhel = 7 43 Bk ohy}, A 3gA Atz vlE ¥ 5 log
cycle %9 £74 ALAANEAE BY). Citric acid R calcium chloride®]
EEA A G nRTHA R
9 Aoz ATEFHUTH

o] M E XS A B E major factors malic acid

1.06+09

1.0e408

1.0E+07 +

1.0E406

1.0E405 |

1.0E+04 +

1.0E403 +

o

.——DW —x— malilc 0.25% - malic 0.26%

1.0E+02 1 - CaCl2 0.25% CaCl2 0.75%

Microbial count[log{cfu/g)]

1.0E401 malic 1.0%  ~w— malic 1.0%
CaCl2 0.25% CaCl2 0.75%

1.0E+00
0 3 6
Time(day)

Fig. 23. Hurdle effect of malic acid and calcium chloride mixture

on microbial count.
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o

A, Az Hfox AWy V(malic acid : calcium chloride = 1.0% :
0.75%)7F 7v8 48 2%E BIon, o ¢ 439 A 2¥R(citric acid
. calcium chloride = 1.0% : 0.75%)°1 A ¢} Bl%g F£Fo 2 IAAHUT. ¢4,
A2 WY I (malic acid : calcium chloride = 0.25% : 0.25%)< %4 HA¥9 =
A3 Fxo Aelw(citric acid : calcium chloride = 0.25% : 0.25%)° H| &}
Azwsizh A @3, AF27108xhds dAFEY %58 Hole AL
2 vebd v Mxgd 9ol FdsEg HEd A9 citric acidEtHE malic
acid’7t +8% o2 ddaqrh

80.00
75.00 +
7000 F
[
=)
T 6500 F
|
£0.00 - .
——DW —u—malilc 0.25% - malic 0.25%
CaCl2 0.25% CaCl2 0.75%
56.00 - o mralic 1.0% s ralic 1.0%
CaCl2 0.25% CaCi2 0.75%
50.00
0 3 6
Time(day)

Fig. 24. Hurdle effect of malic acid and calcium chloride mixture

on L value.
3) Malic acid, Calcium chloride ¥ Ascorbic acid £& &3

A3 AFARE 8839 malic acid ¥ calcium chlorided] #4 F=E 72t
Z} 0.25%= 3}l1, ascorbic acidE 05%E 4 FEZ 89 v 72 HE
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2 ARgsh i

AWy I malic acid : calcium chloride : ascorbic acid = 0.25% : 0.25% : 05%

Ael®wy O malic acid © calcium chloride : ascorbic acid = 0.25% : 0.25% : 1.0%
A% I malic acid : calcium chloride : ascorbic acid = 0.25% : 0.75% : 0.5%
A9 IV malic acid : calcium chloride : ascorbic acid = 0.25% : 0.75% : 1.0%
A WH V. malic acid : calcium chloride : ascorbic acid = 1.0% : 0.25% : 0.5%
A%y VI malic acid : calcium chloride : ascorbic acid = 1.0% : 0.25% : 1.0%
Ay VI malic acid : calcium chloride : ascorbic acid = 1.0% : 0.75% : 0.5%
AW VI malic acid : calcium chloride : ascorbic acid = 1.0% : 0.75% : 1.0%

Fig. 2504 HE upe} Zo] A4x7109x) 2 AR 394 2% Az
VI{malic acid : calcium chloride : ascorbic acid= 1.0% : 0.75% : 05%)°] 7F& $-4=%F
A &g vehlo] A 3Uake] Z9- 3 log cycle o9 ¥ AdEE HY
ok 39, MW Vi(malic acid : calcium chloride : ascorbic acid= 1.0% : 0.25% :
1.0%) % A% VI(malic acid : calcium chloride : ascorbic acid= 1.0% : 0.75% :
1.0%)9 9% AYWd Mo 23 A FA3 59 & nYE Aoay
E Ye oy, A% 384}l 1 log cycle 45 AR Asago] 22 o2 YE
pra=g
AT Azt oldEs vig Fv e ARE & 4 YUY Fig. 26
A HE uieh o], HETF EF dxTd vEAde 52 LEE ARNT F
Qroll A8t L&y, ascorbic acid®] FE] MEghe] AAE7] Bl malic
acid®] Fx=o| w&t Lgtel ZAHE AL B F, 2w FEAlY
ascorbic acid & 3¥] FEX}0]9 calcium chloride®s ¥#& WA K3}, 48] FE A}
ol¢] malic acid ¥=7} A% 349 Late ZAsSE AR FEg ot
Malic acid®] =7} 025%% A A 1, O, I ¥ VE malic acid®] %7 1.0%
A AFHEV, VI, I 2 VIl B8] &2 Late HAstda, olwl ascorbic acid

i
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= 20)e] HEEE Aol BFetn JFS uXA] Xk =, AWHE I, I
M 2 VHAME ascorbic acd F57F @& A 1 2 Mol AH¥PI #
VRt duetdog 943 A5E BYo. Malic acide =7 1.0% A 24
V, VI, VI € Vie fiiE AZz7de $o8% A5 Aoy 49 A%
o] AW WMol FASA AYAdE AL & F AU olHTF AL
ascorbic acid 59 GAstA7E A5 AR 7P Fod ke A7 3w
= Fol7t JE Ao, Adhe] Ak FaAFe WS AAlstr] $siM= ascorbic
acidet 7 FAsHA FEE Fole »HE FR8XT, malic acdd 3 Zol ¥
Eg&3te] ARgete OhE 43St AEAE-g elEle Aol BE T8 7 3l
the Aol

g

1.0e+07
1.0E+06 ;
—_— /
o 1.0e405 |
=)
- i
o 1.0E+04 | g .
B 57 -
Kz 1.0E+08 t /
o —o—DW - mal 0.25% ~Ymmal 0.25%
0o L cal 0.25% cal 0.25%
= 1.06402 | J asc 0.5% asc 1.0%
i —mpmnmial 0.25% s mal 0.25% mal 1.0%
gf cal 0.75% cal 0.75% cal 0.25%
A asc 0.5% asc1.0% asc0.5%
1CE+O1 P mal 1.0% &mal 1.0% gt 1.0%
cal 0.25% cal 0.75% cal 0.76%
asc 1.0% asc 0.5% asc 1.0%
1.0e+H0 . +
0 3 6
Time(day)

Fig. 25. Hurdle effect of malic acid and calcium chloride and ascorbic

acid mixture on microbial count.
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8000
75600
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=2
[
>
o
7000 ¢ ——D.W ¢ mal0.25% ~—3%— mal 0.25%
cal 0.25% cal 0.25%
asc 0.5% asc 1.0%
~mrpem @l 0.25%  oom mal 0.25% ¢ mal 1.0%
cal 0.75% cal 0.75% cal 0.25%
8500 asc 0.5% asc 1.0% asc 0.5%
mal 1.0% e mal 1.0% s 2l 1.0%
cal 0.25% cal 0.75% cal 0.75%
asc 1.0% asc 0.5% asc 1.0%
6000
0 3
Time(day)

Fig. 26. Hurdle effect of malic acid and calcium chloride and ascorbic

acid mixture on L. value.
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2. E€14 Wi 9 hurdle 3§

ool Al AFE F7IE T HkA AEweze 271 FHE AHHA]
FAFAFY 208018 FE7HsE AT 284 hurdle 718 8& FF5A7
71wl Fste, @ vtz A Eo] ¥ FER dEn ZBAF o Wyl
ZTEol & RoR #{AHAT oo HIMAZL ofd EF Wy d¥e
# heating A& LA stPoen, 7 YHoEE dF 9 A

oz WYY

1
Ay

x| H

hs!
O
i

7}. Heating A 2o W& v]PE Ao 53 2L #5554 g

1) @< heating A8 P & g7
Mild heating®l €3t hurdle effect 2t 7Is4S #Asty] H3 EFHE

FH4 52 $F 92 94T WAR Assel 492 AW

uj g 2 A}&3te] 40°C, 50C, 60C 2 70T A
30% ~ 2%%t mild heating M= 3HA AGF9 hurdle effects FUFAT
(Fig. 26). ZAEZF o2 40C-1¥-dipping A&7 7FF 4% hurdle effect®
ol 18C AF 39A 0] thxTol Hlel 2 log cycle £F o9 EAE HA
on, oleig AFAE AFEIO0EAHFE A 6d7nA ALHAL. &3 7
T 40C-18-dippingd] #AA Rstgd ot 40C-28-dipping 2 50C-1%
-dipping A& TF9 A$% 1 log cycle o149 &34E HAY, Hbdd AT
TN M & 2z 70C-1%-dipping APFE A= 28 dx
Tote] EatelE FA & £ A h(Fig. 27).

Azo Afode A BE AT/t 18C ARZ7ILESG dzT9 vz
FE ZLE AR FL FE FAINUD(Fig. 28). 28y, 70C-1%-dipping A
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Ao i FAAY FFE vA, 271093 AEL value)dto] 15

, ol FEE AR 64AA A& ATH(Fig. 28).

1.0E+9
1.0E+08 |
D 1.0E407 +
3
2
L 106406 |
o
9
= 1.0E405 |
c
3
O 1.0E+04 |
&) e DWW
< Ab2, 1 min 40°C, 1 min 40T, 2 min
-8 1.08403 | e D W e DW DW
6 50°C, 30 sec 50°C, 1 min 50C, 2 min
§ 1.0e+2 | oW S DW e [) W
60°C, 30 sec 60T, 1 min 60T, 2 min
1.0E+01 o DLW
70°C, 1 min
1.0E+00 : :
0 3 5
Time(day)
Fig. 27. Hurdle effect of heat treatment on microbial count.
8000
7500
7000
6500
]
=
© 6000
_1 k2
5500 |
S
5000 ——D.W 2o DLW — 3 D W e [ W
A2 1 min 40C, 1 min 40°C, 2 min 50°C, 30 sec
ow . DW D.w - D.W
4500 50°C, 1 min 50°C, 2 min 60C, 30 sec 60°C, 1 min
....... — DW s DW
60°C, 2 min 70°C, 1 min
4000
0 3 5
Time(day)
Fig. 28. Hurdle effect of heat treatment on L value.
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W) $£% 4% ol dAg

FEL 5% 2192 A9 HIPA SHAAM ARHEFAT FHol U<
ul, A Ag g A9H ¥HLEs 15T, 30T, 40T 2 50T HE F
FoA 18 ~ 38 $3L T IdXNgE ANIsHh. AEHoER FHET
(Fig. 29) 2 ME(Fig. 30) EFoA Heex 2 HAztd me A7
FoAe FAsr|7F oldlen, #%5F WA gBde AgEd Az}
FE5A AYHE BAHo] HAePI, £ A8 BTUHLEE EFFS F
& BA7IAE o X A g Aoz =y AAR R A&
d7oE Fy7t 98 Aoz #wamaAd. 2y AETHAME 40T-3%-
dF 2 50TC-18-9F AP/ 27 AE Aoe M $FHed, e
ATl v 1 log cycle AF F9 Fd5 Ao AHE EHAF(Fig. 29).

Jﬂ %

=

e

1.0E+08
_ 10EH07 -
o
5 1.06406 [
8
(e} L
8 1.0E405
S 10404 -
o
o
T 106408 |
O
S 104 |
2 HE 15C ~—¥—FE 0C —+—EE 30T
= 3 min 1 min 3 min
1LOEOT 1 @ E 40T Q% 50C ¢ PE 50T
3 min 1 min 3 min
1.0E400
0 3 6
Time(day)

Fig. 29. Hurdle effect of heat treatment by air on microbial count.
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80.00
75.00
©
=
S 70.00
-
»
——FE 15C -  EE 15C ~%— EE 30C ~+—FE T
65.00 1 min 3 min 1 min 3 min
o 40T YE T ¢ FE ST - EE 500
1 min 3 min 1 min 3 min
60.00
0 3 6
Time({day)

Fig. 30. Hurdle effect of heat treatment by air on L value.

2) A 714l -heating B-& A&z 2 Az

QA API AMAE 2 A7 HHFNA hurdle effect’t 3 WPE
Aeste] o]5S HELASAA 18C AZE< hurdle effect® eyt
7R 2 citric acid ¥ malic acid 58 AFHE3FA3L, mild heating WHo2E 4
0C-1%-dipping, & H7/IAE ZH5) 48ste] 40CZ 28T Ao HaE 1
27 dipping3le A o2 g

7}) Citric acid ~heating % A2 2 Ay
Citric acid 0.256% ~ 1.0%& F /5ol &3qstd 40T=E 7143 x|, 4
G FAAG A 828 183 dippingA 2@ § 424 wEsta, 18T A%
st A hurdle effectS #2139 th.  Fig. 3004 X& v} Zo], BA3 Ay

WAl o A = citric acid 1.0% + heating ¥} &3 2] > citric acid 0.5% + heatin

rok

l

o]
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g WEAZT > citric acid 0.25% + heating M X8 T &A2 Fd7 4%
3R o, citric acid 1.0% + heating H& A2 77t /13 dA3 745 =4
A EaFAE B A% 38 EAY Qlo] THFFZ AT dzTol vl 31
og cycle o]de AdMsEg HHeH, oHd avs AF 6YA7AX ALY
o @, dA Y WHe 2 489 AS, F 40T FHsol 94 dippingst
o dXg g Fof A9 citric acid 0.25% ~ 1.0% &N 187 dipping3t
o AP AgE dA HEF citric acid + heating HEAYT Bk A E
€] Pl EFs. ©@A, $9F A7 WAdME citric acid?] FE wa} A
M E &) Eo} heating-citric acid 1.0% +Ax 2+ > heating-citric acid 0.5%
T 2> heating-citric acid 0.25% £xA 8T £MZ gH7 $534
HFig.31).

Nz B9, A glo] FHSE dipping® T FE3 w%dAY
AZ7F APRE AHE Qo FASUHFig. 32). olee Zae G4 4
oMol A3}, & 40C FHFFANA dipping™ Al s Ao MAE7l k7t Al
AAY dxz7s Fditte WEAde ok A ol g Aot ol
 APEE wFo| Mol Yo FF B Fxo] wit Axgle] wxE o)
gAlE Ao UG
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1.0E+401
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Fig. 31. Hurdle effect of citric acid and heat treatment on

——D.W

s NEAt(40°C, 1 min)
cit 0.5%(1 min)

3~ heat(40C, 1 min}
cit 0.26%(1 min)
heat(40°C, 1 min)
cit 1.0%(1 min)

,,,,,,, o citric (40C, 1min)  ~—#-- citric {40°C, 1min)
0.25% 0.5%
~—@— citsic (40°C, 1min)
1.0%
0 3 6
Time(day)

microbial count.

80.00
75.00
70.00
(]
=
© L
g 65.00
-
—e—D.W —¥— heat(40°C, 1 min) s @t (40°C, 1 min)
680.00 cit 0.25%(1 min) cit 0.5%(1 min)
heat(40C, 1 min) e GitHiC (40T, 1min) el GitriC (40°C, 1min)
cit 1.0%{1 min) 0.25% 0.5%
55.00
— @ citric (40°C, 1min)
1.0%
50.00 *
0 3 6
Time(day)

Fig. 32. Hurdle effect of citric acid and heat treatment on

L value.
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1}) Malic acid — heating & A& 2 A¥y

Malic acid 0.25% ~ 1.0%E ZH5d &8st 40C2 714¢ Fxd, dd
3 FAAT AEE 183 dippingA @ # F ALoM wdstn, 18Tl AFst
WA hurdle effect® 239 Th.  Fig. 320014 HE utsl zo], T4 A
WA o e malic acid 1.0% + heating #H-EX27+ > malic acid 05% +
heating ® €8T > malic acid 0.25% + heating W&X 279 €42 ZH7}
sdgon, o5 FoAE malic acid 1.0% + heating & 77t 71 &
3 2T 24 AFEAE 2 AF 2710493 EAY §l°] THTE
e gzFol HlE 3 log cycle 79 AdNFES BAow, A% 3
% 3 log cycle £%9 ANEAE Btk @, dxg ¥HE 2 AL
A% Z 40T ZFF WA dippingste] @Az 3 Fo 29 malic acid
025% ~ 1.0% Sdo] 187+ dippingdted AT AsgE dA4 H4EF malic
acid + heating W& 8T B} AHrgol mFaHt. GA, TIF A
A o = malic acid®] F%¢) wE} A8 &8 o] ¥o} heating-malic acid 1.0%
423 8]F > heating-malic acid 0.5% <=xx] 87> heating-malic acid 0.25%
EAAYTY £M2 ZH7t 58 A HFig. 33).

Az ol A% dAY Yol =FHFE dippingd tE2TY FEF A ¥k
AU Axyl QARE osHE Aoz FAHUG(Fig. 34). T AAte &
A Ao Al A, F 40T FFFIA dipping® AT Aol M=r oz
AAEAY =279 Fdsvts deds o= AR A7k e Aol
olgl g AL Z mlFo] Bol At FF 2 Fxol wet MEgte] wAE 9
o] gt or FAHHIUY

s

J’).
A
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1.0E+10
—e—D.W e heat(40°C, 1 min)
1.0E409 mal 0.25%(1 min)
—_— s heat{40°C, 1 min) heat{(40°C, 1 min)
’a 1.0E+08 mal 0.5%(1 min) mal 1.0%(1 min)
= v G (40°C, Tmin)-— 8-~ malic (40°C,1min)
“6 1.064+07 0.25% 0.5%
e —@—- malic (40C,1min)
O 1.0E406 0%
=
5 1.08405 |
3
— 108404 ¢
8
8 1.0E408 |
e
[&]
5 1.0e+02 |
1.0E401
1.0E+00 -
0 3
Time(day)

Fig. 33. Hurdle effect of malic acid and heat treatment on

microbial count.

80.00
75.00
70.00
]
2
g 65.00 +
—d
* = —%
60.00 f ——DW —%—heat(40C, 1 min) ~=heat(40C, 1 min)
mal 025%(1 min) mal 05%(1 min)
heat(40°C, 1 min) - malic (40°C,1min) - % malic (40TC,tmin)
55.00 mal 10%(1 min) 025% 05%
~—@-matic (40T,1min)
10%
50.00
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Time(day)

Fig. 34. Hurdle effect of malic acid and heat treatment on
L value.
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3. 4 dip solution 2 mild heating ¥ £ x 2 &3

UM Ags AFAFAGA HA dip solutiond T4 E FTHFS malic acid
0.25%6~0.75% : ascorbic acid 05%~1.0% : calcium chloride 0.25%~0.75% TTL=
gasgn. ool IS BHE TAAEE () Ed Axge WAE ERE A
833, @) 2e AEE FAE 715 A AAEE FANE B B AHEL

Rest, (3 AR 715FoIAE PAE FHAIS BT hurde effect 347

o= e @A Agstdt. %3, 4 dip solutiong TA e 4 A
7THEE] FEd oM E, Ao R AMEstd AFEY hurdle effctE ¥
T AE FE IAFoR HAsAS, & £FY hudle effectE d& 5 Je FE

Aoz M4t ¥, mild heating M= 2 HFHAIZL 77 407,
o2 AAsAt. a8z, HIHWEe dxEE HAT Fd dip solution
o HAste 23 Aol ofld 40T dip solutionol] &FH HX| 3t W&
A HE A A ol U8g 8odte FHA | dip solution TAHE
< MACmin(malic acid 0.25% : ascorbic acid 0.5% : calcium chloride 0.25%)2.% 8
e, HoFe dip solution T4 EE MACmax(malic acid 0.75% : ascorbic
acid 1.09 : calcium chloride 0.75%) 2.2 HH3le F7} A& FaP3tHrh

7}. MAC-mild heating ¥ -8 A2 dg lysozymeo| &3

Yol A F 35 MAC(malic acid : ascorbic acid : calcium chloride) dip solution
S o AArE Add A AR aFHE vAE, NE 24 R #%4
S5 FAA &34 FHEe k. o7]d mild heating ¥ AT HE&L
hurdle £7%& 9 Z3st Aoz & 4 glvh. 284, £ ¢ 739 A
& AEFFFTES d8ME 2o fAE daddo] a7ET AT old E A3
dqAe PAEAR HALE Zgstr] A8 AIHNER A} A8 HE

lysozymeg F71H 22 Hgstt AP AP
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1) MACmin-mild heating ¥ & 32lo]l dl§ lysozymed &%

Fig. 355 MACmin®l ¥AFE9 lysozymed FSlst] 1 Z23E & A<
t}. AMEE lysozyme FERTE lysozyme §Y F 40C EAg %7 A%
2710092 2 A 3939 wARS AB3E T2 2o FEeE
g $ Akt Axo A lysozyme 0.1% T ATt FHFUHE
&tz Bla AFEZ0LA AEL value)@ol 55F & #& B
U, 18C AF 39Adle dlx2TFe o)z 9l tHFig. 36). E3#, Lysozyme
%9 AYTFE AtololE AE(L value)gto] 15:%olste] zol& Hof Zel7}h g
T o wasan

0.

o

9
o

o
3R
o

NI

N OB

T |

N0

OB

IR +

Microbial count[log(ctu/g)]

1O -

N AEHCED

Time(day)
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Fig. 35. Hurdle effect of MACmin-mild heating on microbial count.



7D
L]
=
S A
—
——18C DW ~3—40C MAC-min
€D | ysozyme 001% Lysozyme 01%
40C MAC-min 18C MAC-min
e | ysozyme 01%
40°C MAC-min
[»] 3

Fig. 36. Hurdle effect of MACmin-mild heating(tay)L value.

2) MACmax-mild heating -8 A2} & lysozymeo] &3}

Fig. 37& MACmaxdl 4A% %= lysozymed Fhstol 1 A#AE & Ao
o vl BEStA lysozyme Y E 40T A48 ol dE hurdle &
HE BAF £ U F, lysozyme FY L 40T AP E H£Fo) uhEh
18C A# 39A4ANA Y=TE AFEF lysozyme FYUol e HEAE
MACmaxA &7 813 4 log cycle %9 74 AFHaasgs Y. o2H
o} lysozyme FYAldlE 40T EX HEo] WHelgde AL & F UM
t}. 9 EQEHE lysozymed ¥EE 001% ~ 0.1% AloloA & Zols
¥ F AAHFig. 37).

BRYge 71§02 3 HEo RAEE FFF FeY FAMS dEE B,
lysozyme 9 % 40C dxd & P43 Xe7E0] vlaAd & L valueE #
28t H e, Gl lysozyme FUEFNE AXo JES v oer Holu,

E3] Xl ¥ L valueo] HERY R & polyphenol oxidase 59 H4
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d 524849 A rtsdol dE Aoz FAHAG. ol#d AxE 18T
AGz2710920FE A% 3dA47A4A A% A& H A (Fig. 38).

i)
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—&— 18C MAC-max —¥—40C MAC-max
10E+05 —o=—lysozyme 001% Lysozyme 001%
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75 e |y gOZY ME 01% ~%-|ysozyme 01%
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Time(day)

Fig. 37. Hurdle effect of MACmax-mild heating on microbial count.

8000 ¢~
7500 |
S
B 7000
g
—
—4— 18T MAC-max ¥ 40C MAC-max
6500 s |y gozyme 001% Lysozyme 001%
18C MAC-max 40°C MAC-max
~-me |y g0zyme 0.1% ~4#%-| ysozyme 01%
18C MAC-max 40°C MAC-max
6000
¢} 3
Time(day)

Fig. 38. Hurdle effect of MACmax-mild heating on L value.
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1}. MAC-mild heating ¥ & A #lol d& chitooligosaccharide] & 7
M AFol A chitooligosaccharide ©E A8l Z27] vAEA A= F&3F
U A Tl 238y mARe] A& FAAHLH, M FgFS v
A A 2427 e Aoz yvehgr, a8y MAC dip solution® 40T
mild heating A&l W& chitooligosaccharide® hurdle £3}& 2<% a7t
Ae Aoz AGHE nf B AgoMe nAEH AL E Zsatr] A3 H
AH7}E 2 chitooligosaccharideE 714 0.2 AH&L3e H4¥ & AAstArh
Fig. 39914 BHE ddz29: 94 439 WE&Ed ZA v=2A &y

2 chitooligosaccharide 500ppmE %% MACmax dip solution A&7+ o

2

ZT9l chitooligosaccharide® F&tx &< MACmax dip solution 2
B8] 1 log cycle +59 nAE ZAFEHE HHow, 40T mild heating A&
AlelE 2 log cycle #&9 nAE Hradws EAdHFg 39). BA,
MACmax H4lel MACming dip solution® AFE34 S A= 40C mild
heating *1¥] % chitooligosaccharide® %% dJSolx EF3a 23¢ o
2o vE Fa4t e F4E Bt AR Afd dodME dx
T2 A3 vl A48 MACmax Ao Hl8] 40C ¢AHE BEE Aol F
i, EAYT AFYFENAE MACmax A& T7F MACmin A2 7RG $4°
oy, 0 #e  AoJAE): AA  FUvHFig.  40). as,
chitooligosaccharidet= vl A& Aol 2 Mx ZWHoA MAC dip solutiond] =
Hg3t7] ol g Ao AdHY.
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Fig. 39. Hurdle effect of MAC-mild heating and chitooligosaccha

ride on microbial count.
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Fig. 40. Hurdle effect of MAC-mild heating and chitooligosaccha

ride on L value.
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A 2 A Hurdle effects9 G4 =¢

1. Lysozyme 5% &3 2 Air 33X a3

AgnAY  A¥gAHE FTEHoz A, 1344 bhudle EFHE
MACmax(malic acid 0.75% : ascorbic acid 1.0% : calcium chloride 0.75%) dip
solution®. %, 2x+2] hurdle &3+ 40C mild heating X 2], 3xt3 hurdle &%
= lysozymed] A8 og AZtE 4 gtk o]#]d ot A hurdle effects =
Aol et Boh hASHA F71HA fF50) sbedta #eHdT. E A7
ME 9rlel 4213 Q) hurdle EHE A2AFACT) 4T WS HEstaz
AT

7}. MACmax-mild heating ¥ &2 o] d& lysozyme ¥ =¥ &3

M AFo|d MACmax-mild heatingol 2 €3 lysozyme®] =+ 0.01%
~ 0.1% Atolol Al & ol HAE AKAA g AolE B F v AL
2 Jegth(Fig. 37). weEbAd B d3e AAdHe] HAFe 37 §F Jle
F3Yg 9% AT Yo = lysozyme FEZ 0.005%, 0.01% L 01%2 F+&
Moz Agsta A g AT FAAG HH AFEE 0.05m PE filmol
TR H2AZACT) AFsEA FE4 £ AxdstE SHsA%.  F
#4529 W3l Fig. 41914 ®iEuksl o] lysozymed 2| BE Ao A
FoHA FAYGA gHE B § AdY. E3I, lysozyme FEF 0.005%, =
S0ppm7tA] WE & FEgol mXE 4% 34 ¥ Aoz #dHAHFig
41).

Aol A9 MACmax-mild heating®) lysozymeg &3 ZE 2T
A=W stE MACmax-mild heatingX g7 A9 #4d ez “eEbETHFig
42).
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1.0e+00 . : .
3 6 9 13 15 20
Time(day)

Fig. 41. Hurdle effect of MAC-mild heating and lysozyme on

microbial count.

80.00
75.00
o)
g 70.00 S
.
65.00
wqp— Untreated o 18T MAC-max s 40°C MAC~miax
—@— 40 lyso 0.005% 40 lyso 0.01% - 40°C lys0 0.1%
MAC-max MAC-max MAC-max
a).(x) I i I i
3 6 9 13 15
Time(day)

Fig. 42. Hurdle effect of MAC-mild heating and lysozyme on

L value.
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Y}. MACmax-mild heating—lysozyme# & ¥ Air $IXYF 85

MACmax-mild heating®l] lysozyme 0.1%Z 2 &% o& A3 AW ANRE
0.05mm PE filme] ¥ NZFAL 2028 (v/w)e] 718 91 T3Fste] AL
AZAC) AFsEA T3¢ R Axwss SHsRYG. 2 23, Fa+ W
8+ Fig. 43 2 44014 BEniel o) 238 F7] Fxe o3 nAyEd 7t
F7tete 84S Ve At (Fig. 43 R 44).

g MEWIHL value)E lysozyme HE&oFo] TA gl MACmax-mild
heatingd 213 2E A7 Axdss Ao FA¢ Fel2 Yebgoh(Fig. 45
4 46.)

1.0E+10

—@— Untreated - Tetra untreated % Tetra
1.0E+09 } 18°C MAC-max

1.06408  —¥—Tetra Tetra
40°C MAC-max 40T lyso 0.1%
MAC-max

1.06407 |
1.0E406 |
1.0E405 |
1.0E404 r

1.0e+13 |

Microbial count[log(cfu/g)]

1.0E+02 |

1.0E401 |

1.0E+00
3 6 9 13 15 20

Time(day)

Fig. 43. Hurdle effect of MAC-mild heating, lysozyme and

air-package on microbial count( I ).
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10E+10

1 DE+09

10E+08

10E+07

1 0E+06

10E+05

10E+04

10E+03

Microbial count{log(cfu/g)]

10E+02

1 0E+01

10E+00

—&— Untreated

G- 40°C lys0 0.1% N

MAC-max

Tetra

40T lyso 0.1%

MAC-max

40T MAC-max

Tetra
40C MAC-max

&

9 13
Time(day)

Fig. 44. Hurdle effect of MAC-mild

air-package on microbial count(II).

80.00

75.00

70.00

L value
]
8

55.00

50.00

heating,

20

lysozyme

—&— Untreated o Tetra untreated s e TetrR
18°C MAC-max
—@-— Tetra -Tetra
40C MAC-max 40T lyso 0.1%
MAC-max
3 6 9 13 15
Time(day)
Fig. 45. Hurdle effect of MAC-mild heating, lysozyme

air—-package on L value(I).

_84_

and

and



80.00
75.00
70.00 ¢
(V]
=
S 5w |
—
60.00
—e—Untreated e 40°C MAC~max = 40T lyso 0.1%
MAC-max
55.00
—8—Tetra ~Tetra
40°C MAC-max 40C lyso 0.1%
MAC-max
50.00
3 6 9 13 15
Time(day)

Fig. 46. Hurdle effect of MAC-mild heating, lysozyme and

air—package on L value(II).

2. Mixed Gas 33X % 53

AAFe Al HH AEE 005m PE filmol 93 AEFAS 20424
(v/w)2] Mixed Gas(COz : Oz : N2 = 7.02% @ 2.49% : 9049%)& ¥ ¥ 43
o 18CoA AZsAA T 2 A=Wz E FAHHAL

7}. MACmaxoll dig 2§

MACmax A2+ 2 hurdle effect A48 #F3o]
(0.05mm PE film) W39 F7lz4 2 3759 7o ot 438 d3+= Fig.
47 2 Fig. 8% 2. EFANY F7lzd € F7FEY dFd BAf] F
el el Wl MACmaxe] =z7/u4E  Alo] &IH7F STt B,
MACmax H|ojfo] #Agle] Atgozn A F7/154E A 2= A
o] VA E Ao JHE &AL, 2 o] Airg FEE Ao, Mixed
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GasE EAZA o FY4g Aol &3st 7 v FPHFig. 47). M=o F L9
T MACmax HgTEo] 5391, 543 Axgd ZAAA T Mixed GasEs
U Aol 7HF ¥, dgoR2E FVNEYSE A &L A, 2 UL

Airg 594 A9 42 et tHFig. 48).

o

1.0e+08

1.0e407

1.0e+06

1.0e+02 |
o —&— Untreated e MAC-Max

Microbial count[log{cfu/g)]

1.0E+01 F e et U nitreated(Air) ——p— MAC-max(Air)
—&— UntreatedM.G)  —@— MAC-max(M.G)

1.0E+00

0 2 5
Time(day)

Fig. 47. Hurdle effect of MAC-mild heating and with different air

coposition-package on microbial count.
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80.00
75.00
70.00 |
]
=
g 65.00 +
—
60.00 1
55.00 + il Untreated e MAC—MEX o Untreated(Air)
MAC-max(Air) e U 1treated(M.G) & MAC-max{M.G)
50.00
0 2 5
Time(day)

Fig. 48. Hurdle effect of MAC-mild heating and with different air

coposition—-package on L value.

1}. MACmax-mild heating-lysozyme3] & o] g 28

MACmax®t 40C heating H-8xd 9] lysozymes S50ppm % 100ppm A&
AT EE £2A(0.05m PE film) H¥-o 7124 R 7159 oFd =
2t A4¥g3 ZAE= Fig. 49 2 Fig. 509 2},

Fig. 4994 E<= upel Zo] 18T A% 2daE 71£% W, MACmax-mild
heating-lysozyme*] 2] 2] 50ppm lysozyme FEoAE Air U3 A > Mixed
Gas FY& 2 > 3715 A 2 A ¢HE 27 AE Ao aHIL ¢
Attt @R, 50ppm lysozyme 359 Air 3¢ A B AR Tukr|(5Y
el & A AlFE) HlE 1 log cycle FFELE FaF7E Bdoh  whHe,
MACmax-mild heating-lysozyme* 2] 2] 100ppm lysozyme ¥Xo|X & Mixed

Gas T 2 > Air U R > /159 A &L A9 M2 2704
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Ach(Fig. 49). T, Mx=wW3le] B Y lysozyme =,
oo #AAG ] A FAG FAS BHoH, MFIt
Fol &l zolE #dr7E o] Y (Fig. 50).

1.0EH10
~~4— Untreated et 40 C lys 50ppm
1.06409 | MAG-max
' ~—#— 40C Iys 100ppm 40°C lys 50ppm
oy 3 MAC-max MAC-max{Air)
9 1.08+08 40T lys 100ppm —¥— 40°C lys S0ppm
E MAC-max({Air) MAC-max(M.G)
R TOEH7 + g0 lys 100ppm n
e MAG-max(M.G) )
O 1.0eH06 X
S 1.0E405 |
8
— 1.0EH4 |
.8
S 1.0+ |
L
= 10EHR
1.0e+01 |
1.0e+00 -
0 2 5
Time(day)

Fig. 49. Hurdle effect of MAC-mild heating, lysozyme and with

different air coposition-package on microbial count.
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85.00
7500
[0} L
S 70.00
©
>
— 65.00 I
60.00 + ~@— Untreated e 40°C lys 50ppm e 40C fys 100ppm
MAC-max MAC-max
407 lys 50ppm e 40°C fys 100ppm s 40°C lys 50ppm
MAC-max(Air) MAC-max(Air) MAC-max(M.G)
85.00 r
—+4— 407C lys 100ppm
MAC-max(M.G)
50.00
¢ 2 5
Time(day)

Fig. 50. Hurdle effect of MAC-mild heating, lysozyme and with

different air coposition—package on L value.

3. X% A4 2 FAE 2V|vAE Aoad

Agdge] Agste TFA] AF 2 FAEE PP film 0.03mm, 0.05mm,
0.07me} PE film 0.03sm, 0.05mm, 0.07mm, & 67}x19] EF filmE o]&3d
MACmaxA #]&] ¥ ¢ 40T heating B8 2% 3 S0ppm lysozymeH ] o ¥
2 FEsY 2 Alg W A8 18CAM AFHEA T 2 M=
ERcRg A=

il

7}. PP film $7Ao W &3
Fig. 51914 Bt whsh o] 18C AgUANA AF 2712 ¥ 5 Q& A%
2047 ) 27 275 WS JlFon ¥ A, AR ANY WEel G

FYU3 AN E PP film 0.05mm > 0.03mn > 0.07me &XZ Z7|nAE A
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ko{l

#7} $Fatgrt. 2@y, PP film 0.07mE AHES A8 A$, 18C A
A 57190 A 54l A vjAEe FAo] g film FAE AHET AlEd vl
2 AHE AL 2 4 Uyt Eo)d H& PP film 0.07mE AE
g AS, 18T A 271%H F971@dA) 2 FU6IAH7AA Y Fo T4
2 AT vl

g AL E8X 2L AZLE w2 3

film A& Agsicol @i Aoz FAsHA o] sHesh, old dF W82

ox
pe
2
jo

Lo
ot M
i frd
ox M
rlo _h,
Hooxe
o e
£ IN
>
AT
lo N
o B
of
e
o
id
rir
povs
s
e
&3
@
=N
9

AZZ7093 ~ 2939 FFF Wsd JFE Lot dew, A5 PP
filmel 79 0.05m7t HA <A ez FEHUT

1.0EH10

~&—Untreated PP 0.03 MAC-max PP 0.03 —-3¥--40 T lys 60ppm

1.0E+0 MAC-max PP 0.03
—_ ' —erde{Jrireated PP 0.0 -umv-- MAC-max PP 0.05 40T lys 50ppm
— MAC-max PP 0.05
o 1.06408 .
~ Untreated PP 0 D7 -~ MAC-max PP 0.07 = 40T lys 50ppm
= MAC-max PP 0.07/
5 1.0E407 j
(o] &
O 1.0E+06 | :
S 1.0e405 |
3
— 10404
8
Q
o 1.0E+03 +
O
5 LOEH2 ¢
1.0E+01 |
1.06+00
¢ 2 5
Time(day)

Fig. 51. Hurdle effect of MAC-mild heating, lysozyme and with

different PP packaging film on microbial count.
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Y. PE film F7Ad & &3

Fig. 52014 H+= uheh o] 18C AR 24AE 718 o, Alae] AAY W
Hel w2 U3 ZANA MACmax-mild heating-lysozyme 50ppmel 7%
PE film 0.05mm > 0.07mm > 0.03mn®] <A %, MACmax-mild heating®] 7§
PE film 0.03mm > 0.07mn > 0.06me] ¢AZ 27IWAE Aol a37t 533
o a8y, o] 18C 29x AZAARE FolA MACmax-mild heating-
lysozyme 50ppm A8 Fo] PE film 0.05m% ¥33% A 52 Az %
71 MBE A £FY AolE A FUh

g, 18C ARFFVIY AZ 54a Faael WMl glel MACmax-mild
heating-lysozyme 50ppm< 7%, PE film 0.03mn > 0.07mm > 0.05me] £A =2
tAE Aol EAIE $FEe] AY 2dxe HlwT of A FrldA= P
film 0.05meo] 23]z HAE Aol FHA B Aoz AGHJT ol
 Aoe gdd AF9 PP film FAE ZFAFig SDAAXE &9 uie 2o,
T filme] FAZARZL EASE AR £ FHaLd wg g ok ot
= Ag BAFE AolH, o gig F71HA & g% AiEsd 477 3
WA Eolol & oz AHEH .

Ao, A =AM lysozymeS AFESIA ¥ MACmax-mild heating
ozt AP A8 18C AF 5YA FwF ¥l oI E PE film 0.03
mm > 0.05mm > 0.07me ¢M 2 vAE Ao st g ov, AT
zkol = A AtH(Fig. 52).

et
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1.0e+10

—&—Untreated PE 0.03 ;  MAC-max PE 0.03 ~—¥-~40T lys 50ppm

MAC~max PE 0.03
1.0EH09 ' —iUntreated PE 0.05 ~me MAC-max PE 0.05 407 lys 50ppm
— MAC-max PE 0.05
~ - Untreated PE 0.07 & MAC-max PE 0.07 ——»~407C lys 50ppm
(\3 1.0e408 MAC-max :E 0.07 ot
S 1L.0EH07 | -
(@]
O 1.0E+06 |
5 1.06405 |
8
— 1.0E+4 -
@
L 10E48 |
S
S 1.0E402 -
1.0e401 +
1.0E+00
0 2 5
Time{day)

Fig. 52. Hurdle effect of MAC-mild heating, lysozyme and with

different PE packaging film on microbial count.

. ¥7 0.03m film9] AFd e 53

Ngo AAF Wyo] Tt film F7A7 003m=E T ZUAA AL
filme] Adg PPAZE 2 PEAAZE Ay AFAE Fig. 5394 e #he 2o
%, 18C AY 27190 AF 247X E A5 dAAME e #Al PPAA
o} PEAA RT} 27U AE A EH7 $48Hth @A, MACmax-mild
heating-lysozyme S50ppmA &7 A$LdAE AF F - Fwd X 39A
o] FRE PEA™C] PPAZERL 58 Aos el (Fig. 53), A%
7] )& 275 Ao} ZWdA BEud PEAAS AMEsE WHHE 12d 4
a7t vz & 4 U ey, Abtziew AR Fr)9 FaESvl HEAH o
2 10'~10%g A=Y ¥ F£Fold, 8 279 AE A7}
%

298¢ aaghe BFME PPAA] o2d SN B A AR o

@
o
f
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1.0e+10

~~@— Untreated PP 0.03 . MAC-max PP 0.03

1.0e409 +

~~3— 40T lys 50ppm e Untreated PE 0.03
MAC-max PP 0.03

1.0e+08

- MAG-max PE 0.03 40T tys 50ppm
MAC-max PE 0.03

1.0e407 +
1.0e+06
1.06405
1.0e+04
1.0e+03 r

Microbial count{log(cfu/g)]

1.06402

1.0e+01 |

1.0e400 ! L

Time(day)

Fig. 53. Hurdle effect of MAC-mild heating, lysozyme and with

0.03mm packaging film on microbial count.

2. 7 0.05m filme] AR W& F3

Alg AA el FYS film FAYE 005mE FLE A ARE
filme} A2E PPAA 3 PEAAR Ads Z34E Fig 5404 2e vieh 2ot
Aol dAY el ARl 18C AF 7% AF F7A AG 54A7}
A HAH oz PEAE Huie PPAIR0 wAE Ao &3, F, 35 49
A ZAgo]l $aA. olHd At AXNIHAE A &L FAE A8
ME FYT F4E BAoH(Fig. 54), PPAA 2 PEAIRY w& Fo5% 1
log cycle &Folge zol& Vekd v, &R film F47F 0.05mm 3§ PP

Aol HAE Ao} ZRe] $5FE T & AU
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10E+10
—@—Unireated PP 0.05 © MAC-max PP 0.05
10E+09
—M-—40T lys 50ppm e Untreated PE 0.05
: MAC-max PP 0.05
o TOE+08 v e MAC-max PE 0,05 i 40T lys 50ppm
= MAC-max PE 0.05
E 10EH07
(o)}
O 10E+06 |
£
=5 10E+05
O
O 1ogs04 |
8
8 1oe+03 |
[
RS,
= 10E+02
10E+01
10E+00
0 2 5
Time(day)

Fig. 54. Hurdle effect of MAC-mild heating, lysozyme and with

0.05mm packaging film on microbial count.

v, 57 007m filme] Ado] @& w3
ANz Axz 2 2 film A7 0.07Tm=E YT ZHAA AHS filme] A
4& PPAE % PEARAE HEF AFE Fig 54 Be ureh 2o
Z, 18C A% 2¢xE 71Fd W, A5 AHY WPe] FL3A film FA
7t 0.07TmE FYH 2AAMNE PPAZC PEAR Boh gL Aojo] A}H o
Ak, olEd AxE 18C AF FrIGLAAA A&HAYLH, A7 w
2 759 gl AolF Holx e FAY AgE Addtne 2L ¢

o2 e tHFig. 55).

i
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1.0e+10

~——Untreated PP 0.07 MAC-max PP 0.07

1.0e409 F

g 40 C lys 50ppm e Unitreated PE 0.07
MAC-max PP 0.07

1.0E408 | ..o MAC-max PE 0.07 40T lys 50ppm

MAC-max PE 0.07

1.0E407 +
1.0E406 |
1.0e405 |
1.0E+04
1.0E+03

1.0402

Microbial count{log(cfu/g)]

1.0e401 |

1.0E400

Time(day)

Fig. 55. Hurdle effect of MAC-mild heating, lysozyme and with

0.07mm packaging film on microbial count.

v wAAE Aol FdAY HA film A

Lysozyme 50ppm-& AF&3F MACmax-mild heating-lysozymex & A& ¢ A
FF TAE Aol FHIA 7HE HA filme Fig. 56904 B dhe} Zth
%, 18T A% Au7IR] 2948 7N1Fo2 £ wol& PP film 0.05m > PP film
0.03mm > PE film 0.05ma > PP film 0.07mm > PE film 0.07mm > PE film 0.03
m SAZ Z7] FAE AARZAN et g 18T AF F1(6YAD
g 71€22 E doe PP film 0.07mm > PP film 0.05mm >PE film 0.03mm >
PE film 0.07mm > PP film 0.03mm > PE film 0.05mm &AM Z wA&E AloAF5377}
T8t Hold AL PP film 0.05me 73$-9 PP film 0.07mE ®ug
o, A HAukriel 2UA7EX = PP film 0.05mme] PP film 0.07mmo] B}3} 1 log
cycle #& o4 nlAE A&AA AV de AR YEdoy, AR 7]
¢ 5YAE 7I€ ¥ dol= PP film 0.07mme] PP film 0.05mmo] Hlal 1 log
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cycle FFAE vAA R wAE AKAA 7 o 5 Ao
Gthe dolth, T3, PP film 0.07m+e PP film 0.05mmol ®ls) A&7z
o A AR F2 71e717t getsle, 18C AF/7 59 F¢ vlwA ¢k v
AE #HYE F 4 Yo Sdo] Uk ey, AA FAFe @z ARE

25 F7IAFAME 7] Mg Aoyt M Fod 2doew A8,

hu
oft L
Ru)

A F£Y HAAE AFKo] LA o]Fd = vl o4 thE hurdle effect 2§
o] gul7t givke AL 9y <EA ' AMdelth. AR, ol AR{E Hwt
Aoz #Add w, 7AE ASFHAIAE 005m PP filme] MACmax-mild
heating-lysozyme* 2] & %3 Alx}e] AXAH9 AEFAZE AT 713 A

filme 2 &< ArHFig. 56).

1.0E+10

1.0E409 F —&@~~40T lys 50ppm ~—fg-—40T lys 50ppm 340 lys 50ppm
' MAC-max PP 0.03 MAC-max PP 0.05 MAC-max PP 0.07

1.0e+08

v 40 T lys 50ppm o 40T lys 50ppm ¢ 40°C lys 50ppm
MAC-max PE 0.03 MAC-max PE 0.05 MAC-max PE 0.07

1.0e407 I
1.06406 |
1.0e+05 +
1.0E404 1
1.0e+03

1.0E+02

Microbial count[log(cfu/g)]

1.0e401 +

1.0e400

Time(day)

Fig. 56. Optimum film for MACmax-mild heating-lysozyme

treatment.
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AL vt A9 A film A9

EFAL A2 2 FAE2 PP film 0.03mm, 0.05mm, 0.07mm2}t PE film 0.03mm,
0.05mm, 0.07mm, ¥ 67FA1e] £7 filmE o] &3te] AAANYE A &2 A%,
MACmax* 2|95 ¢ 40T heating &g o3 2 50ppm lysozymeH 8l o] F-
o m} A3 B ARE 18CAA AFEAAM HAE(L value) HEE 53
A¥= Fig. 57, 58 2 599} # itk AR Fo ME(L value) B3 A
Z718 A4 &Ql 7FonE AR 2dAE FALE o AR 5UAXAA
HBEE 3 &4 e =9 ol A% oA A5 Alg AA AHAe £
71 AEHL value)® HAXZE 18] XAAd o MEWsE SAT 71 /7]

Eolth

2742+ $4 MACmax-mild heating-lysozyme 50ppm |99 3%
Figh579l A B vt} Zo] PE film 0.05om > PE film 0.03mm > PP film 0.05mm
o] MZ 439, MACmax-mild heating X224l E Figs8dlH B
£ ¥ts} o] PE film 0.03mm > PP film 0.03sm > PP film 0.05m® €42 ¢
Fatd o, AXYAMEE A F2 2 (Figs)lA < PE film 0.03m > PE
film 0.07mm > PE film 0.05mm <€A $Fsgth. 284, MACmax-mild
heating AWM PE fim 0.03mE AH§3 2 Addstnes dAwzes=
ZF AP E ARG FRAGN 5T &9 39 L value AE &4 Zelrt
178 AR Jegy Ax godAe it HATEFoLzZz:E B F Ae @&
ER{T o2y Az BFsn ol ARE FHst B o, AAAE
AR M= FWAAE PE filmo] PP filmEth Hojd A& & & Ao,
PE filmZlA% 003m7t 714 A€o stz ol dies A dd)
A AZS 27 vdE Ao FHdA dubH o= PP filmo] PE filmEH 2
o e duEE, 25 A7 g € eFEACAEA 9, A
E Y, AN 5) $AeAN B AEE filme] AE 2 FA 2AH
ojof #& BAFE

o
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78m - : .

L value
8

74. r
4.00 —e—PP 003 PP 005
~epePE 003w PE 005
72.00
0 2
Time(day)

Fig. 57. Hurdle effect of MACmax-mild heating-lysozyme 50ppm

and with different packaging film on L value.

80.00
78.00
[0}
2
S 760
—
—e—PP 003 & PP 005 —¥—PP 007
74.00 T
et PE 003 o PE 005 ¢ PE 007
72.00 L
0 2
Time(day)

Fig. 58. Hurdle effect of MACmax-mild heating and

different packaging film on L value.
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80.00
N“"‘" .......
78.00 | T +
=2
S 76.00 |
ot )
74.00 +
—e— PP 003 PP 005 —¥-PP 007
~+—PE 003 - PE 005 - PE 007
72.00
0 2 5
Time(day)

Fig. 59. Hurdle effect of untreated sample and with different

packaging film on L value.
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A 3 A Hurdle effects=¢ A 72 AZF

=d54 s

1. Hurdle effects=¢ AXH9] Al3d] gig &7
ol A £&¥ hurdle effects AFAFNE o7 Fo AHHY AFHFoA H&

ate] AgstaA ARG g Fo FAEAES AU

7t. Dipping "ol & FAA} Ag R AR

A71% AEA 249 ddutEdA 20033 78 F&o TS Tl AR
(FA, MAFF 250~295g, ZEIF F71%5H)E 5C °l3ke] RH 90~95% =
A AAIFF] AREHLE 7~-80)stAA A& FFHFI
Malic acid 0.75%, Ascorbic acid 1.0%, Calcium chloride 0.75%(MACmax)& 35°]
AU L 97)el lysozyme S0ppme EFEA %A A& 40C= 7HEsd
dipping solution® 2 Ag38tgith. AFF< Alde AHEAAH +#EE2 &9
AH s e slicer Mirra 275, Sirman Co., Italy)® 5mm T2 F slicing 3t 3L,
slicingd S 32% $£EE2 AFsd ALAREHAS FAXE 15T)8
Atk Slicingd dRE vlg Az 40C AR R 182 JAAS o5, 20
AN AZR(FELE 28~29C)% ¥ 0.05mm PP filmol £33t 4T $gHd A

AAM TS 59 WIHE SAIFA.

)

1) A%Fd a4 A%

Fig. 6014 ®& viel o] giz72 AEe 738 7(Untreated) 2 72
A 104929 5 log cycle, A% 20~25U &= 7 log cycle %9 FHETE E
Q. ol MACmax A& Te 39, A% 1097l 13x10%cfu/g, A 20
Aol 1.0x10%cfu/g, AF 259dlE 60x10°cfu/ge]l FFF FFE BT
90, MACmax-lysozyme H&TE A% 10d2te] 24x10%cfu/g, A3 2093
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o 49x10°%fu/g, AR 25QoE 13x10%fw/gd FTF FF& B, 94 4
33 AeAFe] ASdE 2y lysozyme T wWE FHFY A EHE
g3 7] 71 o] & Y H(Fig. 60).

1.0E+10
—&o— Untreated
o 1.0E+08 + - 40°C MAC-max
~
2
L ¥~ 40°C Lyso 50ppm - —e
o)} MAC-max
O 1.0E+06 -
1=
=]
8
— 1.0EH4 +
@
<
o
Q
S 1.0E+02
1.0E+00
0 10 20 25
Time(day)

Fig. 60. Hurdle effect of MAC-mild heating-lysozyme on microbial
count in minimally processed Fuji apples during storage at 4T.

2) ARFe A= A3

P2TF2 AHES B3 8T (Untreated)= L value 7159 M=o A% 10¢
o] 686, A 20~259E 67.0~6429 FFo 2 UERRTHFig. 61). ¥
MACmax AT A4, A% 1023k 733, A% 20~259l= 71.6~70.09
22 HYon, MACmax-lysozyme A&+ AF 104& ] 755 A% 20~
2594 = 73.2~7239 F=Fo 2 JERRATHFig. 61).
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75.00 - ‘\3\’\1

70.00 1

65.00 |

L value

5.0 F —o— Untreated 40°C MAC-max —%-40C Lysoc 50ppm
MAC—max

50.00
0 10 2 25

Time(day)

Fig. 61. Hurdle effect of MAC-mild heating-lysozyme on L value
in minimally processed Fuji apples during storage at 4T.

3) AFe B& =ARx: A3

A8 Fe 7 Z(firmness, kg force)e 4C AZz71d 21 FFoId, A%
208 3ke] 1.7 o)A (Fig. 62). ey, MACmax A8 79 35, A%Fz7]
o] 2.3, A& 204xtolE= 22 £F o), MACmax-lysozyme X8 T& AHZZ7]
of 24, A% 20¥a 24 &2 YEHAE vk AL Fe Mg FxE W
37} 7bF A& AN 8E MACmax-lysozyme A Aoz A H A (Fig.
62).
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4.0
OUntreated B40C MAC-max M40TC lysozyme
MAC-max
30 |
e)
=
7
© 20
c
£
i
1.0 +
0.0
0 20
Time{day)

Fig. 62. Changes in texture of minimally processed Fuji apples
with MAC-mild heating—lysozyme during storage at 4T.

1}, Spray ¥ A% FAAAH A 2L AR

BA7NE QA AAY dyviEdA 2003d 7€ F&ol FUE FUA AR
(A, WA STF 260~29g, FEIF F715H)E 5T ols9 RH 90~9%% =
AdA AF(IFFT AARFALE 7~-8T)stAA ALgsHdY. FHF
Malic acid 0.75%, Ascorbic acid 1.0%6, Calcium chloride 0.75%(MACmax)& 9]
AU EL A7) lysozyme S0ppme E&E %<Q AL spray solution®Z
ARREEATEH AZE] AtdE AMERA A FRERE ZW AHI oS slicer
(Mirra 275, Sirman Co., Italy)® 5mm S22 slicing3li, slicingdt 2H-&
528 FEERZ A9 AEAHEHe] FHLE 15T)s 9. Slicing ¥
A& vlE AxF spray solution 2 AlE Q] IRAE ZZ 02secE 23]
B RAHEAL #9 1~2kg/em)S G Th B4

ey
k-2
$1x% 9F 005mm PP filmell 243t 4T d3Ld A Fds

=

80C dry ovenolA 3min7t &
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ofrl

o wate Z4sdch

1) AR5 Fd5 A3

Fig. 6304 B uleh o] iz g AME3 FAge A% A 1049%
o 26x10%fu/g, A 20¥olE 14x10%fu/g F59 FFFE 2yt ¢H
o, MACmax X279 A A% 10dxtel 12x10°%fu/g, A 204l 86
10cfu/g 7% 3¢ 29901, MACmax-lysozyme A 2l+E A% 1093}
of 1.3x10%fwg, A% 209xte] 20x10°cfu/gdl F7FF £5& R, YT
W o] dipping WHHe] HlE AMFHow EFse #Ah EAH v FIHAT

(Fig. 63).

X

1.0E+10
O 1.0408 |
S~
=
L
(o]
O 1.0e+6
<
=]
8
— 1.0e+04 |
*_g ~—&— Untreated
o
Q + 80T, 3 min heat
S 10E2 - + MAC~max

—3%— 807 3min Lys 50ppm + MAC-max
1.0E+00 -
0 10 20
Time(day)

Fig. 63. Hurdle effect of MAC-spray heating-lysozyme on
microbial count in minimally processed Fuji apples during storage
at 47T.
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2) AZFe A= A

PE2TZ AL FAETE L value 7159 AMEgke]l A% 1092kl 693,
A% 2044 E 680 &2 Yehygth, wdo] MACmax M 79 2%, A%
10g =kl 72.0, A 20¥ 9= 7099 FEo2 el e, MACmax-lysozyme
A TFE AF 10934 711, AF 209 7009 F£& HAHFig. 64).
AEol ZA¢E FYE WYl dipping Wi Hls] diyge= MACmax A
7 2 MACmax-lysozyme #&T¥ L value 71F¢ AE gol 20 & #4s
' 2495 Bych

75.00 +

70.00 \

—&— Untreated

L value

65.00 + « 80, 3 min heat
+ MAC-max

—%— 80°C ,3min Lys 50ppm + MAC-max

60.00
0 10 20

Time(day)

Fig. 64. Hurdle effect of MAC-spray heating-lysozyme on L
value in minimally processed Fuji apples during storage at 4T.
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3) AF & AP x W3
Fx 89 A E(firmness, kg force)x 4C A&FAz710] 23FFo1H, AF 20
dzatel 1.35FIde. 2y, MACmax AT A5, AF27)d 30, A%
2094 3AE 20570 ™, MACmax-lysozyme H#TE AFZ714 28 A% 20
U= 21 & BAHFig. 65). ©l3 AFE dipping WA HH AFx7]
Hog & AEE vrhidoy, A% 204X E 233 FilF
BEE Hole AR YR F, A% 204X ANE 4z 4=
AZz71d 8l FAYT 57%, MACmax Hz]T 67%,

&

b3
(firmness) &
MACmax-lysozyme A3+ 75% &< v, 25 spray AIA g AZF
FAG Ax A S Role RALE #uHAM.

2
rr
B

s

rlo

i

4.0
OUntreated B40C MAC-max WM 40C lysozyme
MAC-max
3.0
o
=
0
%)
2 20}
E
=
1.0 1
0.0

Time{day)

Fig. 65. Changes in texture of minimally processed Fuji apples
with MAC-spray heating-lysozyme during storage at 4TC.
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t}. Dipping ol o & 271FA3% A&d € A%

ANE A 2R dFutECdA 20033 99 & FRE FULE A
(27VF, AAEF 250~260g, =5 TLEF)E 5C ola9] RH 0~95% =2
A AZF(PZF] AAREHLE 7~8T)stdA AHEsHH.  FTFH5ol Malic
acid 0.75%, Ascorbic acid 1.0%, Calcium chloride 0.75%(MACmax)& *olAY
2 7)) lysozyme S0ppme EFst] =9 A& 40CT= 7kEse] dipping
solution®. 2 ALg3tgth AFFU AAFRE AMEH A FEE2 ¥ AHE o
€ slicer Mirra 275, Sirman Co., Italy)Z 5mm F7AZ slicing®dti, slicing¥t
HAAE z2E $£EEE AFsto ALSRIHAHe FHEE 15T)sdHh
Slicing® 2#g w2l AxF 40C FAA 183 JAG o, F&olA dx
(EH2% 28~29C)8 ¥ 0.05mm PP filmell £33t 4C 3 A3
A FoF 59 ¥zE FAdAT

mlo

1) AZFe Fd4 W3t

Fig. 66914 B wiel o] diz72 AL FAATY 4% A% 1044
o 24x10%fu/g, A 20¥elE 1.0x10%fu/g £F9 FEFE EHd. W™
o], MACmax A&+ % MACmax-lysozyme Az 3 AZF271%E A% 20
AR AF71ZE Wl 1 log cycledl & WA Rape g @2 FFY FAT
£ JelQchFig. 66). ol@ @ Ade FF 9 ol B ofud FAM AL
ZA(FuDAIAY 8 F AAS 717kd] B8, 275 (TsugarwAtde F8%
g AR7|zke] AoiH ez FUE ofx FFE vHES A2 FHAH

_{

F

¢
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1.0E+08
—&—Untreated - 40°C MAC-max
©°
=5 10406 | —¥—40°C Lyso 50ppm
“— MAC-max
L
(]
°
=
5 1LO0E+4 r
o]
Q
©
0
o
§ 1.0e+02 +
=
;(,,,_..»'—-—*/'””* X
1.0E4+00 - . : * -
0 10 20
Time(day)

Fig. 66. Hurdle effect of MAC-mild heating-lysozyme on
microbial count in minimally processed Tsugaru apples during

storage at 4T.
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2) A5 A= Asg

WRFRZ AFES FAYTE L value 7159 Aol A% 104z 787,
A 20Y0E 7729 £F22 YeEch(Fig. 67). ¥de MACmax #3279
A%, A% 10430 814, AF 20¥0= 8099 F&EE& EHew, MACmax-
lysozyme A& A% 10820l 805 A 20¥l€ 7949 FF L2 UEHY
ATHFig. 67). 12§ ARE FF9 Aol +8 F At A7t 54 9
¥ Yg Aoz B#EHU

85.00
80.00 |
4]
=2
W]
>
-
75.00 r
—&— Untreated = 40C MAC-max ~—#—40C Lyso 50ppm
MAC-max
70.00
0 10 20
Time(day)

Fig. 67. Hurdle effect of MAC-mild heating-lysozyme on L value
in minimally processed Tsugaru apples during storage at 4T.
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3) Aol ng =ARE A3t

2879 7S (firmness, kg force)® 4C AZZ7I 28 FFEoIH, A%
204 2ol 2.6 FFolAtHFig. 68). ¥, MACmax AT A, AFz7]d
35, A% 209xelE 30 £Fol8, MACmax-lysozyme H7E AZz7]
32, A% 20¥3 31 £&< UeEhidE v, ARV B Alge] FE WL
74 Ae A8 MACmax-lysozyme 287 Aoz FH A H(Fig. 68).

4.0
3.0
I
x
73
o 20
e
= OUntreated
T
8 40C MAC-max
1.0 f
M 40T lys 50ppm
MAC-max
0.0
0 20
Time{day)

Fig. 68. Changes in texture of minimally processed Tsugaru
apples with MAC-mild heating-lysozyme during storage at 4T.

- 110 -



4) A e dNgE At

ARG 271F AFAIRY 4T ARV & Feld &%, vitamin C
T, Ax wg g % ¥wigE SH5 A HTable 9, 10, 11, 12).

Frald FFE Table 9914 Be uieh v fEd F2FE g AT
FARe] A7 wEt Frkste FFE B F, Aol #ARlol
4T AR 204 AR Fole AFx7] oy F 120% AFFE F8 FHT
(fructose, glucose, sucrose) &g o] 7 Y4 E& 2o /D
53] fructosed] TFF7H7F F3H] I Aoz e TH(Table 9).

Vitamin C9] 7%, A8 F= AFx7] 33mg/100g FE=AM AF 209+
ol 26mg/100g 0.2 AR M (Table 10). o] MACmax A+ %
MACmax-lysozyme A7 AME HFZE7] 113~114mg/100g FF A
A 10 xell = 74~86mg/100g +E2.2 #Ahstgen A3 208A o€ 8~
12mg/100g +F o2 743t A3 109% o]F<9 7]zl vitamin Co &7
27t WA JPgFgE Aow @A (Table 10). A, AF2719 vitamin
C o] FA2)Fo] 13l MACmax 27 % MACmax-lysozyme 77}
A Yetd AL Jd¥ARA vitamin C F9lo] gl FA T Hl&] HAAA
o2 A8 1.0% ascorbic acid?] 9 wjFolH, ol gk 7T AZENdE
Hu tatA, AFFArlole A4 #aTe ¢ F Itk

27bF AMFAI RS 4T ARVIFY AEWEETable 11904 e uhet
2o FAETE ARG F¢ 020~023 F AT AEE H wd
o], MACmax A8+ % MACmax-lysozyme A&+ ZA$ HAZ7] 038~
040 &9 Axgto]l A% 104 o)FFHE 020~02 FEoz FaHJY
(Table 11). A= E vitamin Co 29 w7 E MACmax M3+ %
MACmax-lysozyme A&+ A7) E& Axe AAHd AL 075%
malic acid W&o2 A=k

Table 125 A7 T FF7A2EE B T 3oz, A7 A

ol E Ul filen, dAAem 4T A% 10¥€Ad = 99.45~99.50%, A% 20
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Aol = 99.21~99.38% FFELE FHo] FAHE Aoz Yet(Table 12).

Table 9. Changes in free sugar of minimally processed Tsugaru apples

during storage at 4T

Storage time Free sugar 40C Lys 50ppm

Untreated 40C MAC-max

(days) content(%) MAC-max

Fructose 3.78 3.96 435

0 Glucose 1.34 1.31 1.57
Sucrose 1.77 1.83 1.76

Total 6.90 7.10 7.69

Fructose 4.23 4.25 454

10 Glucose 097 107 0.91
Sucrose 2.26 1.99 2.34

Total 7.45 7.31 7.79

Fructose 473 5.03 5.30

20 Glucose 1.27 1.50 1.45
Sucrose 2.09 212 2.31

Total .09 865 9.06

Table 10. Changes in vitamin C of minimally processed Tsugaru apples

during storage at 4T

Vitamin C contents(mg/100g)

Storage time(days)

0 10 20
Untreated 3.29 2.87 2.59
40T MAC-max 114.17 8598 12.19
40°C lyso S0ppm 113.39 7431 7.84

MAC-max
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Table 11. Changes in titratable acidity of minimally processed Tsugaru

apples during storage at 4T

Titratable acidity(%)

Storage time(days)

0 10 2
Untreated 0.23 0.20 0.20
40°C MAC-max 0.40 0.24 0.20
40T lyso S0ppm 0.38 025 0.22

MAC-max

Table 12. Changes in weight loss of minimally processed Tsugaru apples

during storage at 4C

Weight loss(%)

Storage time(days)

0 10 20
Untreated 100 99.50 99.35
40C MAC-max 100 99.48 99.38
40C lyso 50ppm 100 99.45 99.21

MAC-max
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2. Hurdle effects=¢} AX A A 7ol A a3
QoA E&9 hurdle effects AP 2FAE o8 F9 AR FAFA A&

ate] AgstHA A7 e Fo FAEHS FYSGAT

o

7t. Dipping ol 9 Egof A @ A%

AL gE AFEANFAA 20033 88 2o T A Fgok(ohd

%, 4 #Z)E 5T o]3te] RH 90~95% ZZANA AZF(EFFd Hsol
EHL2E 7~8T)stdAA A&3I4Y. F#/oo Malic acid 0.75%, Ascorbic acid
1.0%, Calcium chloride 0.75%(MACmax)& Ho|AY F& 7] lysozyme 5
0~100ppmE T3t =2 AL 40T=E 7}Eso] dipping solution® 2 Ah&-3}
Atk AZEA BFote AIEA A #5832 FY AHE 95 slicer (Mirra
275, Sirman Co., Italy)Z 5mm F7AE slicingd}il, slicingdt dHE 32+
FEERZ AHsl AlE(BFordHe EH2® 15T)3H . Slicing® HEE
gl Az 40T FAd 1823 JAT o, AdA Ax(FE2E 28~2
9°C)% & 0.05mm PP filmol] ¥£33se] 18CoA AFsEA o5 T4 ¥

g S4sad.

1) AZse Fd4 ¥

Fig. 69914 R dhet FAe e ¢ 18CAHZZEY] 1 log cycle TF]
27571 A& 5U A 4 log cycle #F 02 A 8UAA &= 7 log cycle +F
ol FFFTE BPY ¥hAd, lysozyme 100ppm3 MACmax g T %3
Aeb Ao BASE AFEVIFH AY 54AAE e AEHA %
o AA YA E 2 log cycle FEAE EnAE FAFTE HYd FER &
3 nAE 24 94 A%E KUY MACmax%g ]88 AR Azt
AL AF 54274 1 log cycle 79 2T5E KHolH, HF 8YAd &

3 log cycle &9 27FE BYT}t. Lysozyme 50ppm¥ MACmaxE E¢%

]

T
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1A Y A FE A% 5493742 MACmax$H2 ol &8 AX A AYPT7e FAS
AL BHgoy, AR 8UAINE 5 log cycle 79 FH+E YeEpUH. &
A, lysozyme 100ppm %¥HE o] 43 AR AHzFe AHeE dHo=R
lysozyme 50ppm™ MACmaxE £33k IA A a7 A 5¢e g9 F

2 AL oA FEE Byt dl, AXAY Exol WY ARAF A5 AS
g ZHAME 1 8% HA7 dE Ao AP AHFig. 69).

1.0e+08
—&— Untreated i - 40C MAC—-max

1.06407
oy —¥%—407T lys 50ppm —+-40T lys 100ppm
(@)}
=S O1.08408
w— 40T lys 50ppm w- - 40°C lys 100ppm
L MAC-max MAC~max
8’ 1.0E405 |
§ 1.06404 |
o]
o
© 1.0E+03 t
Q
o
O 1.0E+02 |
=

1.0E401 | ———

1.0E+00 -

0 2 5 8
Time(day)

Fig. 69. Hurdle effect of MAC-mild heating-lysozyme on
microbial count in minimally processed peaches during storage at
18C.

2) AZF Ax A

hxt2 AMEE FAHEFE L ovalue 7189 A Ego] 18CAR £7I%H 5
AR = 68~70 FFoINLH, AF 8= 63 FFEZA NEFo] HolX]
A4S HAHFig. 70). 284, lysozyme 100~50ppm# MACmaxg E3%
T AN H2F 2 MACmax?g o] &3 AA AT 18TAA 84 A

(‘l(‘
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717k Wl Lte]l 72 $£Fol4e g vetldy. 53], lysozyme 100ppm
MACmaxE %38 Ax A HgFo A= 18T AZoA 547HA Lakel 76
+28 dASA FAsE 232 L9 d(Fig. 70).

a:).m .....
75.00
[<}]
=
g 70.00
-1
—e—Untreated 40C MAC-max
65.00
—H-—40°C lys S0ppm —ed— 40°C lys 100ppm
40°C lys 50ppm 40T lys 100ppm
MAC-max MAC-max
60.00 - -
0 2 5 8
Time{day)

Fig. 70. Hurdle effect of MAC-mild heating-lysozyme on L value

in minimally processed peaches during storage at 18T.

1. Dipping W'l o9& d9F Ay 2 /7

ANE AGA A9 gEeatEA 20033 78 F&ol TR Sl gl
F(F5FuF, A7 3F FEAFEHUA)E 5T okl RH 90~95% =
Aol A AAsAAM ALgdHAch  FF4o] Malic acdd 0.75%, Ascorbic acid 1.0%,
Calcium chloride 0.75%(MACmax)g s0]7y 52 o7]¢ lysozyme 50ppm-a
3t =2 A 3L lysozyme 50~100ppmiHe FHT %A RS 40C=E
7td 3t dipping solution© 2 Abgatrh AAFEN FMFE AHEHAN FX
22 Fd AHY g FUE 2L olgsld JUUE 4585, 458 ©
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e

& glicer(Mirra 275, Sirman Co., Italy)® 3mm 712 slicing®t3L, slicing@®
AYPL 2 FEE2E AH3Y AEstgrh. Slicingd ARE 7lE Az
40C AR do) 127 AAG g, A AR(FELE 28~200)& F
0.05mm PP filmel T3t 18ColA ARstd o5 T WME SAHS
Ay, FulEE Yutoz MEgEZ AHEHE AL A, =F S
zo EW FZoz Af MAxEAHol ojEe AL Le)do] slicing®d BHZ
EZA ] AAA P8

I~

1) AZF9 a5 A3}

Fig. 71914 RE web AT 4% 18CAFZE7] 2 log cycle TE<&
A8se £054E ded 3 AR 5940 FAT Fd5 $HE 2 6
log cycle Zd| o2t} oleld AL lysozyme 50~100ppmT& o] A
AHgF AAY AT FSAAE A9 FAEHA dERRh a2y,
MACmax3tg o] 43 AX A x&+F 2 MACmaxel lysozyme 50ppme &3t
AR A Al 7ol ALolE 18CAHE 54 B FTF/F AW FWF A8 1g9
1 log cycle $%<& A3aA gr a€3q 735 A% 94 £%& 23

(Fig. 71).

2) A%F Ax A3t

L value 7139 Axglo] tZ2TFE A8 FAYTE 18CAHZ 7] 78F
zo A AR 5 E BE FAIJYLH, o8 Fd FFLE MACmaxTE °&
g A APFAE A FASHA eEbEtHFig. 72).  E#, lysozyme 5
0~100ppmTe HdA  ALgd Ax Y A7) Ao tETd vs) ds
423 APS Bo AU Wl Litel 74 AES & BRAT @A,
MACmax®] lysozyme 50ppme E&& A At AFx719 L value 78
AN A% 5474 L value?l &9 AEZ} 1 278 && <449 & 2iq
(Fig. 72).
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1.0E+08
—&— Untreated - 40C MAC-max
1.0E407 |
% —#—40C lys 50ppm —+- 40T lys 100ppm
S O1.08406
E —»— 40T lys 50ppm
8 1.0E405 | MAC-max
S 106404 |
O
[&]
© 1.0E+03 | g
e
Q
o 1.0EH2 |
=
1.0EH01 | /
1.06400 x ’ ~ :
0 2 5

Time(day)

Fig. 71. Hurdle effect of MAC-mild heating-lysozyme on
microbial count in minimally processed cabbages during storage
at 18T. ’

80.00
75.00 | I
g % —X
© ' ;
>
—
70.00 r
—&— Untreated w0 40°C MAC-max —%—40T lys 50ppm
i 40°C ly s 100ppm 40C lys 50ppm
MAC-max
65.00 .
0 2 5
Time(day)

Fig. 72. Hurdle effect of MAC-mild heating-lysozyme on L value

in minimally processed cabbages during storage at 18T.

- 118 -



t}. Dipping Wl 2l&d A A L AF

ANE AgA 249 d¥rlEdA 20039 78 FEdA FAE S A
(372A, A& F9)E 5C o|ste] RH 90~95% ZA00A A3AA A&
. %%l Malic add 075%, Ascorbic acid 10%, Calcium chloride
0.75%(MACmax)g 3olAY & o7]d lysozyme 50~100ppme &3t &
9l A E& lysozyme 50~100ppm%e ZFHol < HE H0TE 7ML sk
dipping solution.2 AM&3Hct. AZFA #AAE AHEAH FEEZ EW
AHE g uwug 22 #AE AASdD  slicerMirra 275, Sirman Co,,
Italy) & o] €3t 5mm FAE slicingdt@em, slicingd 2HE 32+F %
2 AFae] AHg3Ah Slicingd AL v AEF 40T HAA 1%
7 ARF g, AL AR(EWLEE 28~29T)% F 0.05mm PE filmel] X
st 18CTAA AFRAAM FaF 59 ¥E 383

1) AZFe Fa4 Ast

A Hxtel 18CAHA wg FHS WIE Fig. 73904 BE uieh g
T4 79 A$ 18CAFZ7] 3 log cycle 59 Fa4E B ¥, AR7T
o wg 347 7189 A 540 E 7 log cycle 9 FT4E UE
WAtk ol#d AFE MACmaxTHg o433 HX A AyFoAAE 7o #A
A Uebgth 33, lysozyme 50~100ppm3t o] &3 XA HEFE 18TAH
F 294 iz FHE T us 1~15 log cycle FF FEF FH29
A 59ake] 15~2 log cycle &% Fo5 #4E B v, MACmaxd
lysozyme 50~100ppm< EFT AN el 7o Fde AZ2718H AR5
Ax7kA] AurAog Fxg o B8] 1~2 log cycle 9 Fd5 4 &%
2 BYFig. 73). FUgdE RE lysozyme @8 AHgwtozx HAH 7R
AZE 2TTE QATE A9 T FE oe AR, od disiAe 1o 2
o] gl dF7F g Aoz Almdrh
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T T —
1.0e407 +

3

3 1.0EH6

L

o)) X

3 1.0E+05

5 1.0e404 -

O

(6]

© 1.06+038 |

-8 —e&— Untreated @ 40°C MAC—-max

S 1.0EHR2 |

S —%—407C lys 50ppm  —+—40T lys 100ppm
1.0e401 1 40 lys 50ppm 40 lys 100ppm

MAC-max MAC-max
1.0E+00 -
0 2 5
Time(day)

Fig. 73. Hurdle effect of MAC-mild heating-lysozyme on
microbial count in minimally processed potatoes during storage at

18T.

2) A%Fd Ax wsg

d2TE AMEE FAYFE L value 7159 MEgho] 18CAHF %71
A 292 A7AA 9FEoR FAHAoY, AF 5L E 63FFLE FAH
RAchFig. 74). FH, TLH AAVIESH Aoz AR A ME7t 5
3 A FE MACmaxTHE o &3 x| Hefolw, A% 2dX7A 73+E
& #FAFG7E AF 5¥RelE 68FFoz HasdAr. @, Eold HE
lysozyme 50~100ppm®%t ©]-&% A A2, o5 A7 A% 54 W
Mol M3lZo] A QAT Holth F, lysozyme 5S0ppm%t o] &3 XA
AT L value 7159 MEgto] 724 & A, lysozyme 100ppm3 o] 83
AH A FE TIEdA §FA"SE 4 BAdFig. 74). ol#g ApEe

A
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lysozyme @& Aoz x HA 2ol M
il BopA|n, o] tid Wk zeo] gl AT
=3

80.00
—&— Untreated 40C MAC-max  —%— 40T lys S50ppm
—4+—A0C lys 100ppm ¢ 40T lys 50ppm 40°C lys 100ppm
MAC-max MAC-max
7500 1
® ¥
2 oA
g 70.00 N
-
65.00 +
60.00 - -
0 2 5
Time(day)

Fig. 74. Hurdle effect of MAC-mild heating-lysozyme on L value

in minimally processed potatoes during storage at 18T.
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ohoolshgol HEALWY 8, ¥HH g U YARFY dolge
AYH oz Faelol AT oldF AZ Holgi A g Aot

¥ ATdNE S5 R 3AH oo 4F dolHe] TAs B 2L
3% FAYAANE AR

Y=C,+C X, +C,X+ C, X3
A71A Co, Ci, C2 B Co= A 93] 78 & e Ago|th

uEhA, A Fo] WG R AW oA
acidg& A "dlo] Fxatold W FAFHE AW AFAE Fig 7B Zvh 2
i g4 wE x7) WAA Fste AF dolgo| ZAsY Fig. 769 #
< 33 SAYAAE ZANAT o8 VX2 XF7A PAAEARA o]
€ 7ted B, ¢2F, 4F % vENF §& ddes 4¥d 248 Ay
Ste] Table 139 YetUigith Table 13914 B ule} o] A3 IA Y F&
4 MAANEEE TY BEEANA AFe) M EE AR YERe

#}E A ascorbic acid ¥ malic

“p{r

£ 2 2% polypropyrene glycol (76.09), glycerin 2 glycine & o}l o
F FNA < glucosest fructose?} ascorbic acid, sorbitol® $-A3F WA 78}
HE Ve W) o] FH{ < maltose®} sucrose: 7HE w& WAREE

FAT olet e WHASAY TR WEAINER Aol dFF
ol Fotgle &2 molary o] wids™ 29 FH TAQTHE Raoult
of {H & UL ¢ F UMY ¢, dd WFASA ) HE3 R
AE TAFE AZsY] Astd B Az BAHY HE A% AE
ae g, A 59 7154 FANSE AdAS A B WAAEAE FrER
A g YEAFE ST A, WHAEHE glucose?} alcohold] FF
EE 3 sorbitol# alcohol®] FF EFEAA -30Ce 71 2 JA3HE Y
BRIl ou A AFEFFAA alcchold #H7be A3% F97F a7da Jdon,
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E3 sorbitol¥} glycerin® 5% E£¢ES Ad Vg &g EFEAAME 74
B AA e 23 % #A71E AT AR 22U sorbitol ¥ glycerin
T3 EFEANAE sorbitold] @t glycerin®] EHVE o= HAE AHsid
A Foee gute g gty WA A e Bists A =72 + & AEMA, E

& T YRGS YA EY g% sdATE AadE dE 7 U

ol

Hide] 2 gy e Aoz ¥R rysozyme, malic acid, ascorbic
acid, CaCl, 5& E3t A3t ZA$de F= 5%71A HAZsasdE A9 gl

T AR YERTh
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Fig. 75. Freezing curve of ascorbic and malic acid by concentration
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Fig. 76. Changes of initial freezing point of cryoprotectants by
concentration.
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Table 13. Multi regression analysis of cryoprotectants by concentration

Concentration (w/w%)

Cryoprotectants 3 5 8 1015 20 % 30 4 5
Citric acid(192.12) s 0F 205 3% 5D 66
Malic acid(13409) 01 080 160 340 55
Galactose(180.16) 015 0% 26 3% 606 -9%
Sorbital(182.17) 0 0B 17 2B 400 60 10D
Maltose(342.31) 0% 0F 115 1% 3% 415
Erythritol(122.12) 067 10 297 4D 5H 6D I
Glucose(180.16) 047 A6 215 27 36 610 95
Fructose(180.16) 080 4D 20 2683 3% 68 980
Propylene glycol(76.09) 137 28 4% 6D 134 BN RS
Glycerin(92.09) a4 22 56 o 1260 -28
Sucrose(342.30) 02 0B 1D 1D 20 30 63
Sodium chloride(5845) 27 55 8D -UD A5 2D

Calcium chloride(11099)  -04x 250 530 153

Mermitol(120.17) 05 -AB 0B -0 10 25

Ascorbic add(17613) 0D 04 0D -100 -1D 215 3%
Glycine(75.07) 0B L0 -6 26 3D 4B

Sodium citrate(25307) 0% 160 3% 5% 8D -135
Lactose(342.30) 015 06 0F 16 16 25
Polypropylene glycol(6000) Qo 010 0 2% 5B /E
Polypropylene glycol(200) 1% 1% 315 680 125 28

* 1 1(w/w%)

( ) effective molecular weight
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Table 13. (Continued)

Cryoprotectants

Regression

RZ

Citric acid(192.12)
Malic acid(134.09)
Galactose(180.16)

Sorbitol(182.17)
Maltose(342.31)
Erythritol(122.12)
Glucose(180.16)
Fructose(180.16)
Propylene glycol(76.09)
Glycerin(92.09)
Sucrose(342.30)

Sodium chloride(58.45)
Calcium chloride(110.99)
Mannitol(182.17)
Ascorbic acid(176.13)
Glycine(75.07)

Sodium citrate(258.07)
Lactose(342.30)
Polypropylene glycol(6000)
Polypropylene glycol(200)

y=-0.0945-0.0378x-0.0039x°+0.00004x"
y=-0.7657+0.0214x-0.0113x°+1.76733%x"
y=0.1611-0.1157x-0.0012x°+0.00005x"

y=0.0891-0.1220x-0.0014x°+0.00006x"
y=-0.0581-0.0205x-0.0021x*+0.00002x>
y=0.0245-0.1041x-0.0090x°+0.00018x"
y=0.1286-0.1667x-0.0032x°+0.00007x"
y=0.0172-0.1372x~0.0015x°+0.00005x"
y=-0.4923+0.0260x~0.2275x*+0.00022x>
v=0.2530-0.3978x+0.0109x*-0.00024x"
y=0.0547-0.0756x+0.0020x°-0.00040x"

y=-0.2262-0.3335x+0.0186x°-0.00003x>
y=-0.1829-0.3014x-0.0227x"
y=-0.0053-0.0073x-0.0139x°-0.00043x"

y=0.0354-0.0945x+0.0011x*-0.00002x>
y=-0.0237-0.1933x+0.0083x*~0.00038x">
y=0.0764-0.2184x+0.0050x°-0.00012x"
y=0.0202-0.0240x+0.0033%°~0.00006x"
y=-0.1358+0.0975x~0.0073%*~0.00004x"
y=-0.1687-0.1530x+0.0037x*~0.00019x

0.9945
0.9584
(0.9968

0.9994
0.9547
0.9997
0.9956
0.9986
(.9958
0.9948
0.9931

0.9971
0.9992
0.999%

0.9968
0.9989
0.9994
0.9906
0.9934
0.9984

* 1 1(w/w%)

( ). effective molecular weight
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Fgdo] 182 AXNG A, Fig. 779 o] Agzge -11TC, AAe -197T,
do4E -22 T, ®¥lFE -21C, AAHE -20C2 s ew, fructose:
glucoseisucroserethyl alcohol=2:1:1:19] 10 w/w% F&Hel 187 AR g A5
o delXE AYydE -19C, AAE -20T, dd4e 28T, FF= -237C,
AAYE -23Coltt. adx FAHEL @7 #Heo2EE -065C, fructose:

glucose:sucrose:ascorbic acid=2:1:1:059 10 w/w% 2 FH7Fg A5 AAAA&

Fl

-1.85C, fructose:glucose:sucroseiethyl alcohol=2:1:1:19] 10 w/w%& H7I$ 7
& -285C2 Uehon, Fig. 780 Jeldd uiepge] AT Ad ©7]9
x7] HAAL -13 TolH, 414 EJE fructoseglucosesucroseiascorbic
acid= 2:1:1:059] 10 w/w% F&dd] 187 AT FfoE -12~-15T FF,
fructose:glucose:sucroseethyl alcohol=2:1:1:19] 10 w/w% &Aoo 1E7F HA
B ASo)= 747 -13~-20C #7202 Yeygh
o, A9 Fdo] gel FAEE HEL -12T, e -12C, 92 -10
T, A E -14C2 Z7 JeErgten, 0.75% Malic acid, 1.0% Ascorbic acid
2 0.75% CaClel 8% X A& A5 0.1% Lysozyme, 0.75% Malic
acid, 1.0% Ascorbic acid 2 0.75% CaClLZ A g AlF dJx= HA
Zaafne A9 g Ao veEt.
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Fig. 77. Initial freezing point of vegetables
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Fig. 78. Freezing curve of fresh strawberry.
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Fig. 79. Weighting loss rate of fresh fruit and vegetables by

freezing methods.
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Fig. 80. Changes of pressure and Temperature during freezing

and thawing on distilled water.

- 134 -



30 3.0

——— Temperature
2 - O Pressure - 25
- 20
10 -
e - 15 B
=2 [}
% M-
o -10 4 @
5 ~ 05 &
'_-
-20
g , ~ 0.0
lﬁ;ﬂ_{;‘:’é{.{({\(,v
-30 ~ L .05
~40 T T T T T -1.0
0 2000 4000 6000 8000 10000
Time(sec)

Fig. 81. Changes of internal pressure and Temperature during
freezing and thawing on potato(¥5.5x4.9cm, 95.5g).
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oo ypege AE 16lpsige® AN BN e AL g
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Fol A mFo] B W, FASE e Wy w4 2 dAZ $2Wd
uthe ¥A&E0 o8 ARBF] we WRgHel w4Hu, 4Fre 3
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Fig. 82. Changes of internal pressure and temperature on potato
during still-air freezing at -50T(¥7.5x6.7cm, 182.8g).
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Fig. 83. Changes of internal pressure and temperature on potato
during immersion freezing at -30T (¥7.8x6.8cm, 196.8¢g).

- 138 -



Table 14. Changes of internal pressure and temperature during freezing and
thawing by various freezing methods

Freezing
Materials Freezing 5 Max. Min. Difference
method 1 P. Temp. I P. Temp. (psig)
(psig) (C) (psig) ()

Pear A? 2.18 -12.3 0.17 4.0 2.01
B® 3.00 -276 0.38 46 262

c? 1.40 -19.7 0.04 -0.8 1.36

Apple A? 1.97 -117 0.28 8.4 1.69
B? 2.44 -41.4 0.83 -2.1 161

c? 1.84 -30.5 0.29 26 1.55

Melon A? 1.09 9.1 -0.53 -17.2 1.62
B® 3.42 —42.4 0.31 -15 3.11

c? 0.70 6.0 -1.24 -18.6 0.54

Strawberry A? 1.47 6.5 -0.11 -0.3 1.58
BY 1.78 -35 0.26 3.1 152

c? 1.03 -17.4 -0.85 -35.8 1.88

Watermelon A? 2.05 -16.6 0.01 75 2.04
B® 1.66 -30.4 -0.53 56 2.19

c? 1.64 -24.9 -0.43 3.1 2.07

Y Internal pressure
? Still-air freezing of 0.13~0.28 cn/h
¥ Air-blast freezing of 0.57~0.76 cn/h

¥ Immersion freezing of 1.07~1.35 cm/h
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Table 14. (Continued)

Thawing

Materials Freezing Max. Min. Difference

method L P Temp. L P Temp. (psig)
{psig) (C) (psig) (C)

Pear A? 2.36 -5.3 1.23 1.0 1.13
BY 5.65 -234 0.61 1.1 5.04
c? 2.37 -14.9 1.00 1.0 1.37

Apple A? 2.9 -87 1.26 1.0 1.70
BY 3.88 -32.8 0.94 1.0 2.94
c? 3.25 -12.8 161 1.0 1.64

Melon A? 2.08 -15.3 0.10 -80 1.98
BY 425 ~25.0 1.39 1.0 2.86
c? 1.81 -37 1.45 1.0 0.36

Strawberry A? 0.70 -5.6 0.38 1.0 0.32
B® 3.24 -186 1.69 1.0 155
c? 1.30 -215 -4.35 -37 5.65

Watermelon  A? 2.79 -13.0 0.75 1.0 2.04
BY 3.70 -14.1 0.83 1.0 2.87
c? 2.83 -18.0 0.94 1.0 1.89

Y Internal pressure

2 Still-air freezing of 0.13~0.28 cm/h

¥ Air-blast freezing of 0.57~0.76 cn/h
Y Immersion freezing of 1.07~1.35 cm/h
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Fig. 84. Changes of internal pressure and temperature on apple

during freezing(still-air freezing method) and thawing.
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Fig. 85. Changes of internal pressure and temperature on apple

during freezing(air-blast freezing method) and thawing
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Fig. 86. Changes of internal pressure and temperature on apple

during freezing(immersion freezing method) and thawing
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o] 79 0.75% Malic acid, 1.0% Ascorbic acid ¥ 0.75% CaCl®] & <43
0.1% Lysozyme, 0.75% Malic acid, 1.0% Ascorbic acid E 0.75% CaCl¥ +
£9& 40T 7tgeted X A wizk LA @L ABRD WRAH
77 EA AA Jdehgew, FAeE vzt $44 WEREH W@t HE
AA dewth uRtE Ay, HE 2 oAz 548 2HE B F
o} o)g ARz vFo] ¥ #, 0.75% Malic acid, 1.0% Ascorbic acid %
0.75% CaCle] #8987 0.1% Lysozyme, 0.75% Malic acid, 1.0% Ascorbic
acid 2 0.75% CaChe & 1dl2 =& 40T 7tEstd AA A2 59
hurdle technology7] & Z¥ ¢ 334 wrgo= aH7t dov WA 23t
g WEeHE dAEAE A¥ U A2 YEHRY.
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Fig. 87. Changes of internal pressure and temperature on watermelon

during freezing and thawing.
Upper : without thermal equalizing
Lower: with thermal equalizing
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Table 15. Changes of internal pressure and temperature during freezing and

thawing by thermal equalizing process.

Freezing
Materials Max. Min. Difference
0C -5C -10C -15C L P. Temp. L P. Temp. (pdg
(psig) () (psig) (T)
Pear 0349 01HF 0542 0510 179 27 -O68 -131 2397
Apple 0071 -0032 0141 0213 1714 73 0331 21 2045
Melon 0666 076 0445 025 306 56 025 -151 2791
Watermelon -0541 0423 0072 024 0431 73 032 15 1.273
Thawing
Materials Max. Min. Difference
L P. Temp. 1. P. Temp. (psig)
(psig) (C) (psig) (T)
Pear 2018 40 1580 1.0 0.438
Apple 1.054 -112 0541 1.0 0.513
Melon 2402 -60 089 1.0 1.543
Watermelon 0922 -195 0442 10 0.480

1
) Internal pressure
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Table 16. Changes of internal pressure and temperature of sample by treated
hurdle technology during freezing and thawing

Freezingl)
Materials Treat- ” Max. Min. Difference
ments I P. Temp. I P. Temp. (psig)
(psig) (C) {psig) ()
Pear AY 2.41 -24 0.06 9.7 2.35
(e #&) B? 1.25 -28 -3.85 -15.0 5.10
c® 0.35 15.8 -158 -15.6 193
D® 2.823 -3.1 0.099 27 2.729
E” 0.521 15.9 -0.778 17.0 1.299
Apple A 2.66 -235 -0.47 29 3.13
(F£%4) B 0.63 15.6 -9.70 -282 10.33
C 0.11 15.1 -3.52 -29.2 3.63
D 4967 -25 -0.188 -0.2 5.155
E 0.123 15.1 -2.048 -30.2 2.171
Melon A 2.00 -1.8 -0.28 0 2.28
Gg #e) B 1.04 116 -0.87 -838 1.91
C 0.46 114 -1.24 -29 1.70
D 4.205 -1.1 0.486 0 3.719
E 0.467 8.7 -0.655 -1 1.122
Watermelon A 2.08 -2.8 -0.27 77 2.35
(e ) B 1.03 -13 -5.19 -182 6.22
C 0.33 119 -2.04 -20.3 2.37
D 2557 1.0 -1.726 -180 4283
E 0.341 6.3 -0.907 -20.4 1.248

Y Immersion freezing, ? Internal pressure

» Dipping by solution(0.75% Malic acid+1.0% Ascorbic acid+0.75% CaCls)

? Heating at 40C after dipping by solution(0.75% Malic acid+1.0% Ascorbic
acid+0.75% CaClg)

2 Dipping by solution(0.19% Lysozyme+0.75% Malic acid+1.0% Ascorbic
acid+0.75% CaClz)

6 Heating at 40C after dipping by solution(0.19% Lysozyme+(.75% Malic
acid+1.0% Ascorbic acid+0.75% CaCly)

? Control(untreated)
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Table 16. (Continued)

Thawing

Materials Treat- Max. Min. Difference

ments L P Temp. I P Temp. (psig)
{psig) (C) (psig) ()

Pear A 2.15 -8.1 0.48 1.0 167
(g #&) BY 2.67 -12.1 1.17 1.0 1.50
c® 0.35 10 -0.77 -14.7 1.12
D? 1.414 -159 0.864 10 0.550
E” 1.186 -5.0 0.566 1.0 0.620
Apple A 412 -232 0.69 10 3.43
(F&E4) B 3.72 -183 0.04 1.0 3.68
C 0.46 -21.0 -0.23 1.0 0.69
D 4785 -155 0.636 1.0 4.149
E 0.494 -37 0.488 1.0 0.006
Melon A 2.46 -84 0.64 1.0 1.82
(38 &) B 1.99 -103 056 1.0 1.43
C 0.00 1.0 -0.42 -147 0.42
D 2.115 -147 0.800 1.0 1315
E 1.712 2.4 0.386 1.1 1.326
Watermelon A 274 -153 0.49 1.0 2.25
(chet #2) B 4.03 -16.4 093 1.0 3.10
C 0.26 1.0 -0.35 -187 0.61
D 2.109 162 0612 1.0 1.497
E 1.489 -36 0.365 1.0 1.124

Y Immersion freezing, ? Internal pressure

¥ Dipping by solution{0.75% Malic acid+1.0% Ascorbic acid+0.75% CaCl2)

o Heating at 40C after dipping by sclution(0.75% Malic acid+1.0% Ascorbic
acid+0.75% CaCly)

¥ Dipping by solution(0.196 Lysozyme+0.75% Malic acid+1.09% Ascorbic
acid+0.75% CaCla)

& Heating at 40C after dipping by solution(0.19 Lysozyme+0.75% Malic
acid+1.0% Ascorbic acid+0.75% CaCls)

? Control(untreated)
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Fig. 88. Changes of internal pressure and temperature on melon
treated by hurdle technology during freezing and thawing
Upper : with 3 step thermal equalizing
Lower . with multi-step thermal equalizing
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MACmax® "AE A3 &7 2 lysozymed HE&H 7o 93
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Fig. Al. Inhibitory effects of citric acid against Lactobacillus
plantarum KEFRI 00163 for 6 hr at 35T.
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Fig. A2. Inhibitory effects of malic acid against Lactobacillus
plantarum KFRI 00163 for 6 hr at 35T.
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Fig. A3. Inhibitory effects of lysozyme against Lactobacillus
plantarum KFRI 00163 for 6 hr at 35T.
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Fig. AA4. Inhibitory effects of lysozyme + MACmax against
Lactobacillus plantarum KFRI 00163 for 6 hr at 35TC.
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Fig. A5. Inhibitory effects of citric acid against Lactobacillus
plantarum KFRI 00812 for 6 hr at 35T.
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Fig. A6. Inhibitory effects of malic acid against Lactobacillus
plantarum KFRI 00812 for 6 hr at 35T.
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Fig. A7. Inhibitory effects of lysozyme against Lactobacillus
plantarum KFRI 00812 for 6 hr at 35TC.
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Fig. AS8. Inhibitory effects of lysozyme + MACmax against
Lactobacillus plantarum KFRI 00812 for 6 hr at 35T.
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Fig. A9. Inhibitory effects of citric acid against Lactobacillus

acidophilus KFRI 00162 for 8 hr at 35T.
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Fig. A10. Inhibitory effects of malic acid against Lactobacillus
acidophilus KFRI 00162 for 8 hr at 35T.
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Fig. All. Inhibitory effects of lysozyme against Lactobacillus
acidophilus KFRI 00162 for 8 hr at 35T.
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Fig. Al2. Inhibitory effects of lysozyme + MACmax against
Lactobacillus acidophilus KFRI 00162 for 8 hr at 35T.
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Fig. Al3. Inhibitory effects of citric acid against Lactobacillus
brevis KFRI 00353 for 8 hr at 35TC.
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Fig. Al4. Inhibitory effects of malic acid against Lactobacillus
brevis KFRI 00353 for 8 hr at 35T.
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Fig. Al5. Inhibitory effects of lysozyme against Lactobacillus
brevis KFRI 00353 for 8 hr at 35TC.
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Fig. Al6. Inhibitory effects of lysozyme + MACmax against
Lactobacillus brevis KFRI 00353 for 8 hr at 35T.
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Fig. Al7. Inhibitory effects of citric acid against Bacillus subtilis
KFRI 00120 for 8 hr at 35T.
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Fig. A18. Inhibitory effects of malic acid against Bacillus subtilis
KFRI 00120 for 8 hr at 35T.
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Fig. Al19. Inhibitory effects of lysozyme against Bacillus subtilis

KFRI 00120

for 8 hr at 35TC.

0.3

OD{at 660nm
=)
n

=]
=

—&—control

—~—#-—lys 0001% + MAC-max
Lys 0005% + MAC-max
Lys 001% + MAC-max

—X¥—Lys 005% + MAC—-max

—&—MAC-max

0.0

Fig. A20.

1 2 3 4 5 6 7 8
Incubation time(hr)

Inhibitory effects of lysozyme + MACmax against

Bacillus subtilis KFRI 00120 for 8 hr at 35T.
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Fig. A21. Inhibitory effects of citric acid against Escherichia coli
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Fig. A22. Inhibitory effects of malic acid against Escherichia coli
KFRI 00242 for 8 hr at 35T.
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Fig. A23. Inhibitory effects of lysozyme against Escherichia coli

KFRI 00242 for 8 hr at 35T.
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Fig. A24. Inhibitory effects of lysozyme + MACmax against

Escherichia coli KFRI 00242 for 8 hr at 35T.
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Fig. A25. Inhibitory effects of citric acid against Pseudomonas
aeruginosa KFRI 00190 for 8 hr at 30T.
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Fig. A26. Inhibitory effects of malic acid against Pseudomonas
aeruginosa KFRI 00190 for 8 hr at 30T.
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A27. Inhibitory effects of lysozyme against Pseudomonas

aeruginosa KFRI 00190 for 8 hr at 30T.
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A28. Inhibitory effects of lysozyme + MACmax against

Pseudomonas aeruginosa KFRI 00190 for 8 hr at 30TC.
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Fig. A29. Inhibitory effects of citric acid against Pseudomonas

fluorescens KFRI 00194 for 8 hr at 25T.
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Fig. A30. Inhibitory effects of malic acid against Pseudomonas
fluorescens KFRI 00194 for 8 hr at 25T.
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Fig. A31. Inhibitory effects of lysozyme against Pseudomonas
fluorescens KFRI 00194 for 8 hr at 25T.

0.5
—&—control
~—¥-~—Lys 0001% + MAC-max
04 + Lys 0005% + MAC-max
s lys 001% + MAC-max
~X¥—Lys 005% + MAC—max
g —8— MAC-max
S 03 |
©
©
=
)
0 02
O
01 +
0.0 1 1 . i Il

0 1 2 3 4 5 6 7 8
incubation time(hr)

Fig. A32. Inhibitory effects of lysozyme + MACmax against
Pseudomonas fluorescens KFRI 00194 for 8 hr at 25T.
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Fig. A33. Inhibitory effects of citric acid against Salmonella
typhimurium KFRI 00191 for 8 hr at 35T.
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Fig. A34. Inhibitory effects of malic acid against Salmonella
typhimurium KFRI 00191 for 8 hr at 35T.
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Fig. A35. Inhibitory effects of lysozyme
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typhimurium KFRI 00191 for 8 hr at 35TC.
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Fig. A36. Inhibitory effects of lysozyme +
Salmonella typhimurium KFRI 00191 for 8 hr at 35T.
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A 5)8 whrddrst FUA wRo]l AsE sta AW fFE Abd Ragt
E 5 A AA#IE ZAAF s FAd AEHA wKE HEFoEA
AFs g 4 ATHICMSF, 1988, Scandella & Leteinturier, 1989). % &
A YRE A egoy F4& FXy] AF 2= Aoje €8 A4 I
¥l 2 ANHEBY FE F usted gl @k AFH Yol aRHo=R
15074 HE 7bF FsBeo] BF AAH nAEe] AF & fla 1=
& AFol LFHA Fon, ol 2% AHFE T FHA TR oW
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Ao 2@7] A Axde & metste stEgozA AEFY UIAE 29E
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A Fz7F Bt A Fol folatA ¢z ol& laf Aol WUAY A7
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Ay FEzb wrAetA] A ME. ool ¥r1H xAAME Clostridium
botulinum & {714 #dTo F2E A E S48 (Day, 1992). 7€
LEFAG AR g AHE FE g8t stx BAoly Kk HAE F
3 XAA] BF A A5 E FAstool s, ¥ EF Aol U= A
Fol wAEH wRo] AAz ol dr}(Scandella®t Leteinturier, 1989). 3 &
At oz AHH AzFTAH disixe dA FAFES Hsto HHT Ao
7} o]FolA ok Frp(A] 9TA). o]E FAHAIYAIY S AF FAsd T Ao
b ARAE Flsof (A 109A4), FHAEAFo] AEZ AHA &
e Aoz #AAE "o B2 £4 A7} o)FoF & J=F HACCP A%
& AA ok oA 119A).

9. TR A=A TFAVIFE AR (AF 3I)

@A FolB e BE B82S FRE 54 oz, 244y FHBYANT
At gerE HeHA sEsE AA, wa, $As] st HAH A
Aaokg B7hA E: 1 o4 2PAX TPAT YRHoE 3 A

HE 2FAARE 2E, AF N2, %, 52 ¥F Ex FREYE, pH 7
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e Folth ojig AT digdy] AsME ¥A 71E, A, £ A, 4
Y A, AR 2949 2L FAAY ZA 7123 AV
g FRgel v @R F5I M A HAAFY B, AAY TFoE
A3 Fol HA7] Eo} AMFS FAF 22E 2k 24X VIEFeE F
dl, dutd oz 4TE dA7IEez A3 Urh(Anon, 1988). 53] CCP 11
gAY AE 25 AF A7) e FAVES CCP 20049 LS HA
& dart gt B8 g@gae 28 FE3QA A8 2ATY FAVEE
AR de AL B89 Ado] BE3 sIFe AAFF A, ol& A
E ¥%o] FdAo] gas.
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10. A=A AAAA(LH 4)

27 AAZ FARCRE BE FABYAIF o AATA wek IHT
T HAAGAA ALY BAor FIAGS A 7IFae dHe] #eY
PHe Feh o)d HAP AAAAM FHBANGE HEY Ao AFE
A 4= glojof sted 7Hg ol dAHd R, A AAE T AoIBYE HRE
Aol dFo2Aa £ xXE F4 FHsto AFS FAMAY 84 HFYst
7] Aol AzERPe FAHer 2HE 5 JojoF dr. ol FHdA wA
B AAE 4R AE ARGoRtE 54 dEd AL YW=
A oA &3 olx] Rt AA AAE FHs EAFHoR o|FYstr] {4
M ZAEE Aol FAJA, AGA, ofdA, AAl, w7 AYE A
P& AA7tE BAF] nHst AYE AfoF g
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2 HEFH L 3,

13. HACCP A Zete AF(4H 6)
HACCPAI 290l EQ2A Y} F3shA, AFAFeY T34 4851

EHAAA Sedshe FFAA Fagol Atk
14. HACCP A 8¢t H=(A4H 6)

W3l olo] wAslE AE2 o2 HACCP Agge AEIFES st AAE
TFEFstofof gk

_32_



Table Al. Summary chart of the seven HACCP principles (FLAIR, 1994)

1. Identify the potential hazard(s), associated with food production at all
stages from growth, processing manufacture and distribution until the
point of consumption. Assess the likelihood of occurrence of the
hazard(s) and identify the preventive measures for their control:

Hazard Analysis.

2. Determine the points/procedures/operational steps to be controlled to
eliminate the hazard or minimize its likelihood of occurrence:
identification of Critical Control Points(CCP).

3. Establish critical limits which must be met to ensure each CCP is

under control.

4. Establish a monitoring system to ensure control of the CCP by
scheduled testing or observation.

5. Establish the corrective action to be taken when monitoring indicates
that a
particular CCP is not under control.

6. Establish procedures for verification to confirm (by supplementary
procedures and tests) that the HACCP system is working effectively.

7. Establish a documentation system including all procedures and

records appropriate to all the principles and their application.
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Table A2.

Identified hazard, preventive measures and determined CCPs in

each step of the production of minimally processed vegetables

Process step Hazard Preventive measure CCp
1 Chilling pathogene vacuum or cold water cooling, ceP 1
growth moisturing
temperature control, stock rotation
2 St growth 1 i d disinfection of storage o
orage L cleaning an isinfection of storage
contamination € CCP 3
room
time/temperature control
. growth regular waste removal CCP 4
3 Preparation Lo . .
contamination hygiene preparation area CCP 5
good personal hygiene and training
4 Cutting contamination  cleaning in-place and disinfection CCP 6
. temperature control of wash water CCP 7
5 Washing growth pe )
chlorination of wash water, no reuse
6 Rinsing growth drinking water, no reuse CCP 8
cleaning in-place and disinfection
7 Centrifugation  contamination control of centrifugation speed and CCP 9
time
. L. hygiene of packagin machine
8 Packaging contamination .yg . p emg CCP 10
integrity test
9 Labelling
10 Packaging
11 Staorage growth temperature control, stock rotation CCP 11
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Fresh-cut I} A5F A Z9 AAA 4

Fresh-cut @ - AF9 AANEE 53 SAF Yol 2857€ v &L A
& B3z @oh(aziul, AAH, g7z, R4, 274 52 AY, EAF
o o]€HE £4ueute AA) WA, dipping WEI sprayPFHOE FE 3
10,0007 9] slice AEL AArA] Ao o] &5 solution®] H]E&-& A
oH(Table A3, A4).

Table A3. Fresh—cut 3 - A7 Ax o] o] &5+ solution H]-E-29] AU

A2y A w3 A28 %F(kg) 97HD/kg) L229(4)
Malic acid 10 2,400 24,000
Ascorbic acid 75 12,000 90,000
Dipping Method
CaCl» 75 5,000 37,500
Lysozyme 0.05 95,200 4,760
Al 156,260
Malic acid 0.27 2,400 648
Ascorbic acid 0.21 12,000 2,520
Spray Method
CaClz 0.21 5,000 1,050
Lysozyme 0.0014 95,200 133
Al 4,351
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Table A3%A vebdl A3} ko] dipping ol spray WHET o 3689
Bl go] o &wlEY, dippingol ©l€HE APYL 5~108 A= ALHIGA
o 4~7uje] M go) o 2m¥E Aoz FHY 4 Ak ol& MAE A&
of W& fresh-cut FAFE BV FARA FdH4 P n2@Dd dipping
el o £8XY + o ArEn,

ol FE3 A 1719 &EolAE AAFES & do L8FHE HE&S
Table A4¢9} ZTHEZAE 150mmx*200mme] 0.0omm P - P filmE ©o]-&).

Table A4. 17§19 &efol2 AAF 285 E 89 44 U9

A e Times of Solution ¥734] Asw 7|ev]$ A

recycle H&) &) ) «) )

5 times 39 25 a B 289 +a+p
Dipping Method

10 times 2.2 25 a B 2712 +a+p
Spray Method 04 25 a 4 254 +a+P
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