CONE

. Ho wor
w s X m____mw o+
o o X3 ™
Sz 2 n = M = 30 N Hi 0
R I =r ol
mm H 3 _._._._ _"__.___ H_._ <r =
s K& == =
e 1A = KO ~ - -
_ L — N
28 " opgn M L LT
- K e m H ml <l
Ol - m_,. - Ho il
- w.Nn_l__ — (1| _.ﬂ_o ._._O
oL K= K- &1
DN -
2 R Mu
2 X
" KIr
Gl

m__oanuju_aﬂg_ﬂﬂmoﬂ.%
~ Ho ml K <1 T Ho Ik

KFXr 0 F T 0T W nl W RET o1 WKHHMAT

118002-1




H & g
FESLAER AT A5t
E HuME “$443 JE HEZE AF A3 - 2018.04, ~ 2019.04.) T} A &

HFTADAMZ A&

2me,. 6. 10

FAATIEE : (W) 4EFH A AHAA
HEdT7I9E . ZuUdiaL & 4

2RA7HYA; B 4 W
YFSTHYA: & U

FAAFNEAIG Y el Fol B T8 ABRo| WG BIA AP Fe
gy




BTN 8O

- #AF WA =
o - 3 & o A a HZ ]1:]_'74]/
HALFHE 118002-1 2018.04~ g4 A T2
i s (F1 @A)
2019.04
9] A TAF7IENEAY
AT A
A H ARTIEA A F 7 2N EA
o 3 A v (12 8l%)
AT A
A - A7 SH4H U= dERE AF L
e % 81 g Kl
‘oﬂ 37 & 89 e g 94,000-
oAy R 8" ) F17E 32,0009 9
AT )
5 9% b #:126,000% 2
AR AAA
T ATzt %: 81 4 94,0007
Fogdad | WR 8% F AR RIZE 32,0003 ¢
T ejF -4 7:126,000%1
7147
A771#8 B2 (FesdT7IHw)
a&E A (dddsn AFAE e
= - o= A77189: -
AT EAT
AT - ATHAAE -
a8 dT
e ele] e dgL AFNEAGA AT WEoer A
AT e
HebeH 9 B8 =

AHF




o A3t FF-7IHHE

_ A A NEZE
BuA A 7]e8F | AZE )
78 w2 =3 ;1 ;]] ]Z}j go | BEE AR AE T
Eubin L] s 7@1 Z]—% <} 2=
Z=.7)8 10-2019-
Lake 0048423
715487 EF A BA 2 553 AFAAE- Y] 3
LA A A o171 A o] % -
ranm T TR g pqage TR THH O M o NS
gult (=24) () (Hsh) | (2AE2) SEHE
1. AAZ(EAA 2 F3hH)-&47 ¥ BEFFAH M RuA W
w239 A & UE A7 ASE HAslele EWA 2 S 93
SIAI T &8
» ALY, =Y UEe ¥ 150g v WE HAH Ay =&
» BUlA 9 FslA el mpe WElelE A (UrE)E A AEE a1E
St AAP-A HA BT &

2. 4344 AEZE Y4B AF A%
- AAYEAR D FH)-AE AY 2EIAL FE A

4 B33 &
5t 221 7ko] Aty A3 HEEZE AE gt
( Holslo A Aol fumAd tzakel F=
500kPa ©]st f-A)
Sty AS B3 A AV FE6GNE)o] s
=397 2 F&71% A=
AW3E HArste EAE7(F-A]) BF
s 247 =4 Wy =& 2 =4
13t JES 7202 74 HEHS ol &
AES ALY 2 F)
EZE U&E AFY FE5713 A=(F)




A
al

7155 60E)0] ek A

Ho

AnabE et Arseel

<

7

JJo
—_

tjxkel FEUDE)e]

FumA

=

N

AEGF oA it
ol wet AstE 4%s} UDF 7]

SER

z

IR

7

el
sl

w)
ml

=

1 71

o

ol
=

A A At

B
o

fviel

)

S

13

2]:

=1

s} 24

3
7] 271(5,000,000
=

E
=

A

o

o

Ay

==

o

]

]

&7 @

39

22|

FE3 ¥ o

A

il

4

oj¢]e] o] &l

[7] o &3]

)

Az AA A ol FHol oEdd A

=]

o %

F

kel
pl

e 2 fE7

Eo] 7]

S|

7t

Ho
Br

H
2]
T
‘ao
ﬂ

n

<QoFE>

A9

"K

-

(71 &3

AN A 7o
587 3

.AE
-
it

(570 °] W)

elderly—friedly
food

room
shelf-stable

temperature

thermal

Ready-to-coo .
sterilization

process

Ready-to-eat

57 olu)




)

Xt

Hr

oM o8 o8 Mo

N O DN oo

Ne)

1. dF7NEgA e s

(q\]
i

O

#d ZoF Vo=

4. 7423 &8 A

D~

o

D~

—_

;OL
il g

H

R

Th

e0]



S I IS SRS el = L /0 (R R R4

Al

Al

—_

2 A daiee 284

A-FRRE e

FexHdHEd AEEde FH FEHE *ﬂg(dé} A, THARE)S 3 FEste e XA
A s YEF 5 Ak, A7), 2 8727 & YEFel vlE dddes =
& WS AA o] EFAS Ak, 2rdE AAste] AE NS st g

T3k UE &8 BeS 27)= 1729 7FE A8jRbEe] 2 A (consumer needs)©] F718kal
Qom ol wE U&Eo vt Fbslal dE FAY. B A oME ug I AEow
A ZAgFo] Akl o] vpE o] AR Aste ‘A S sidetaat g ‘AstAe 1wt
2 oty AAs7]el &olgt

AA B e UEAES W, 3, 42 AEe] don, W 9 g2 AEe T8
7I1AY A oF “6}% ﬂﬂi%"] UAIRE, FE7|ge] A2 AFEY Aoe AHo] A ¥F
AFS T3 2 7FdA e HA glo] vtz HH7) 7P:OPJr frg7lste] FHLEFYH 59 ol
2 Ao o] A&

<+ A7 Ed=® Qlste] 2030 AMdEe] vEdd g dilel Frtsta lom, 7h A A
2] 3% (Home meal replacement, HMR)2] A& =2A YEo] wo] Alggo wel =27} F7}shal
o] o



Iz Az B

R AR e MNEC R oy i
[H*‘:Iﬂ‘." 3040_021
0

1X
2 1F e
1Z 51 gy 00
o o S0
10670 : =

o

blb/go %7

2am 202 2013 014 213 Wwe 2007

=4 [AUEY] AZANO] =wr) §

=3]. g =) AZ
b gend mactmy, SEcAql 4 FUSLAE

e NEER
(2016.06.21.) @

FTHFAAEF = 20189 11 7h S7F 5 AlREtel sk ZpARbE Y,
< #18te] R&D Abglell 169S Adstez 2 AgrollA 7igdstasl sh=
& Fl AFIPEA b emA Feme) S dys AEatd 2

2128 Wellness AI1E

kL 71y 'T'I"E'é'(g”xf-?) Hops sigt

s o AEwm

o ) AWis

#2510 0 DEINE SHls

Yns

e AE yEEE €z/88
4 REp/ey

soan \\ 88/ G | s/ ama )\ 2
sigolR | - + || (MM 85, ) y2zy ) 102 1091 5081
Q‘%’ ' Olgt ~a90iet 04}

O%Eé\
[

AR e
‘

SuEd
7121 R&D Sz o
EnEs A MY Nzaiz Azse | gEgAEseAnEaE) o
e pad

Uyus

1>
5
2 |m

o

BHX|
% wa/sz
(emasoeen )( zzsamuz  )( anezcamay ) M
ATHANOIMENY AN DEIOMHONE  ADIE B ALY EY oy e

A7 nYAZ A ARIIERA AF aaAL, FHE, AYY, =
£ HBAA 4F] BAL A AT BuE Ag¥n oy
AEe nP A F] A ok A% e

Y | bblgo g
H|H|2 H|H|2



bA) o

°

A

=
| .

[e)

T

PN
=

7]

1
T

Al 7]

=
==

Eyl_

[e)

=

HEAA &2 Z7wE671E)

[e)

=

A vzl d3rle

(2) ANEd

T
irl

i

(A3}7]

ol
il

,_Iﬂ_/!
[

ar

o9l S, B4 AshrlE MY AWFE AN A vy Fd0](2017.11.06.)

A

A

=

=
A = AlS

(

oH

0
<
o

A

A 250l

o] 54 °JU= &v

1
bol 4113l oF

Fel Btz A7 7hsst fE 7

H71s

XV EE

KN
T

el

~o

30

)

=0
7l

-
R

B

S

1

2 (200g, 2

14,900(200g)

ol /1A (51)
27,960(150g, 42)
8,900

S

B2 5o %g
A (Y5
A Edg(YE)

A A (EEE)

ol

bol whz 4AT

[<]

BN
®% A F&B

-

e P9

(3) 247

(e
.Zrl

e
Al

~

s e

=
=

(7

!

23!

el



1007103Cell A4 20730

TR

2

j
=1l

s

ko)
pad

e Al

ju—

}7] s 671d)el 7hs

o, 7Hgel A 4

[e)

I U= (azArke], Alg7], 2Ed)AES
A

B

1

o
pal

s e

ol

e 670E)o] 7}

=

w3 100CoA A A

_(I_Dr_
(71

T
K

W

T

0.1750mm¢e] 7] =

=
=

Al 2} 7]

0]
yul

50770Ce] 7| A =

=

=

Al 2} 7]

A

=
-

Eis

&3

el
=

oV

o

() 2]

B
NF
7o
o
N

op

)

L
a

SEERER
=

}

o] Bd5A

ste] 1157121°C 9]

S

A}

-
X

whE 49 7

o)
T

A JEEEL7]

=

3h
HE o] b= 4 glo] x=¢

7}

o] 7%

=

=
A, ]

s

AR
T 3Abe

k)

AYA
n I

=

PIREY

] ol A

5

=

Az A FFe] 671589

ke
T

1

%=

s e

ey
T

3}

=
=

]

L
A g
T3 9

71
@)

5')4



TR

o
K

0
ld

Fatatel &

Ho
L,

N

ahH,

ol 7bs

ol

<o A

olo|w
A
R TS
AEIENE
| S| =S8
TIes|lols
i RSN RS RS
ol NN NN
F b
o | ol | o
o
o
AR
1_10 _— | B
R A ¥
' ol BN
53 KE
T
X
0| E0
m_u.o m_u.o T
Mo o
o EES
||
Ao | & o
= | H W oy
T =
RN, S
K| 8| =0 |
;Ot ‘HOIL @
SIS

[0

s

N
BA

oH

fvzel
2
o]
5

%

Hr

e

o

[0

B
i

(1) 7]

N

ofp

2002 7H

2!
!

A Fo] UDF(ry®A yakel F=) =31

s

tol A &3 a0 Alx

(M=)

Ay
™

1
T

o] gJom ‘US Dairy Export Council o] 4]

==
[}

10



o}

-
T

atH, o]

S

A

=
T

A4 4 AAZ bsEe 4e 37 FE67R)0] 7

St A, 5 o]

o AUz AEAOR

1

il

—

0
K

B

]

A Azt R

o
Nin

7] WA v

=

A a2k ThE A =

KeN
=

)

3}

=1
P2

L (aLAke, =e)ebe ek ko] 2, 52314

7 W%
SRR

43 554

ki3

oV

N
P

7=

N
<V
B

)

(h 7+

13
=

F71el 8]

<]

b7k A4

3

=1
=

s At

A&
11

Al
2]

es AET dEEE e A3}

i3
=]

2
13}

al
il

O

(th A=



=13
=

12

S
i — (i
63 ! ! m
u =1k
ml o lal | & |2
B2 “ﬁ_m m “ﬂ
" ® B | & m -
w2 il I [ -
b g o flol g LD 8 a=
=3 ® LRI e B
—~ o bt — L — & iz I n I :
T N ogm K i [ (Ed| B[l @l 1F o & || &
= w e M ¥ A E 3 g & [
Py T W kI EX s
iy g G : b | e | B
- o (" “
o K LE 4 I _ |
7 n - =t  |lkeseees - "y TP
o= - 3
N o 2 3l
_ = ) 3l 3 S |
oK o o i 0 50 | z |
&2 e : . R~ I [ ey ey
olo = 5 = | [ ] -
- _&l ~ N I““lﬂ M R Ll dop m m m m # B
= © o wl ¥ o [ |8 L) (5g (w2
W7 oz osr : i IR EHIONEE
< gl E % 1 1 N e I S ARAE S
— e W = = 2 __1 R R
_I_| ™~ 0 NJ = M |o= W | [0 i | B om
i~ = I~3 Y [P N i i
B Iy L | o W NFg | E
3 < ogr ¥ X L 14| °
_ZT ‘Mﬂdl _ZT % _M._ﬁm“" |||||||| |" “ ||||||||
KO w B orwm B R w2
ol 171 B! oF ;71 | — I
_ - T LR R 7
I_TAI JvAl — n [N



& - Tl W Sl A o =m0 =m0 e oo L v o =
Xﬁ_v\/mo.l_.ﬂ,mo.l_._N_U.._lrl\_.l/mOl_.EULIrI\rl/mJﬂmlﬂﬂm.J.EU1r1\_.l/U1r\l/,mJ.E
s (P lriisleritaliriipiipioriiriirsi sls
o= N i =7 g =5k & Plh =5l & Pla —Fld = Fld - gk L Pl 7 4 —5
£ = 9 = o o0 = o o o = o o
P33 8| 2 | 8|8 | 3| 8|&g|g|g] | g
= LK <f = 9 S S ) o oo S o o
™
o~
—
o
—
w =
o
=
X —
N
w7
o
©
N
O
Lo
<
s N o | RO o - K
do T | do f | Ho S R > = |y Z %
K 1S =1 = oty < O m A ati] - N —_
= o < KY ~ | P Ho w . =0 N % e iofo A 0
T < | oz W IO - T He o NOX o = JJo Y o
B ) v G A Rl I B~ T N
o) ) T E | n T | E N T <
dv ‘_-IA%( ‘;IA% [=
W E — o~ %) S 1) o D~ 0 o S =

13



BEEER

ST
h=y

A

2E

JE=Z

=

Aol HF AlEol o

3T
™

Al

4l
=]
=

g]

o

A=y
=

=

Az}
719

o JEZE Y
stel aAbg9F 2= Y

[}

wl
ey
Al
2]
‘H bz|

0

3t

i
el el

0
yul

-

o

[}

|

ATAE A
2

To HAL AYE
(6714)°] 7+
able 1.9
Table 2., Table 3. 3}

==

A 2 A,

171l e =

3

-0

N
IH

e

A =

= A
ZS|

1.

G154 UE fEZE A E9

Table 1.

gt
0

ﬁo

s
o
o

N

TA7

T
-

-
Nfo

il
-

—_
file)

Nfo
,Ao

o)
<0
O

all

ol

o
o

il

sel’e

7hol=
=)

o Ay 44
s

&7

o)

0

L

2,

—_
YA
2|

B
TAFE,
Z=49

e ! !
M Tor or Tor
NOE T T
N o oF  |9F);
o o |Re
<o
R
— LO) (e} LO | LO (] Lo (]
X N — — | — — — —
Njo
—_
-
~
= o
o M w BT "
o) N = \;b A 3
_— 0
M~ = X © B . 1|
M| Mo W :\LL/ 5 M po BB i)
m| oF o S|t M i
T ow ™ |pr PRT N T
N EK|=T| O] T T
ol = 5 P2 VL e ¥R T
| o ¥ N = N T
w® |w B LT A
JJo e El N s o
S A ) )
~ ~
ol W NS =
T oo T | o X |
O X
m&rﬁ. ) M_L_ i~ = K
el i e | N
=~ B M = | %
[N o)

all
.60
Bo

o
N

N

—

N

o], x ), EMB(tH &+t <)

o

PCA(LREA ), PDA(>

=
=

A
o] §% 7

=
=

Hj <]

aLALE,
Ze9
14

AL,
AR

4. A=




ojn
N

op

)
B

o

vzl

A

ERE

=

N W W E R d
ﬂﬁ _Eo _lo HL ﬂAIL \M ]771_
ﬂo&oﬂ._
(=i " R WP do b
2 o) W o T o
X
= —
= Hoor XM
i+
B or A oan P e
£) B B R
70
<y —
ﬂwwﬁ uT H%I *
N A o) N e
W} oF K|E B o
M do & A o — — ™ ™
_WM (o 3T -] = ) - R o|F o o o
—_
)A
= p = = = | K[wfn o | & NI [N
" HE R R ] I N o
. N w 2w [ufvlv o Lo
%Mm ~ Ao =r oF
N e AR S| ™ N
B Mo o mr Y
o T
A T — I
—_
X
wr o N op e — —
i g el e A Ay ) ETCY NTCY NNNTE| ERT1| QNS
oy F |l sl e e e g g < | T
23 W oMol e i R IR <o A Mo ac (Mo meMe aeMo |« | e
o 7&12345 — [aN] (98] < Lo

15




Table 2. A3}2 wAlE] UE Y EZE AZL A% 4 F2A%(Lab scale)

Hxz 3% Fo e
g 97 HOAE (F3Y)
A HOAE 100 ~ 110 g 2 & % CIER HHE 9I%° ZTEE 29 NA
o 2.5 19 87 2 L9 22 81, 100 TY BE= 29 NHP HIANEE
==0 15 2t "I""
23} ¥29 #%2 (10 ~ 13 C) 5 L9 SdF INSE T4 Y298 3A
= i 5o -’u‘-ﬁt
L} 48 & INSE IO 4 5em E BHE
0| 2318t IAE 150 g & TIERE FE 15g, AN 6 g, HlOlE 15
= g, 8% 2g,£:.:.‘2g, A 2 g E g1 X0
- ZOE INEIE EEY YJESE ABY MOA(TIE x MZT 16 x 18

cm, PET + LLDPE MZ) g1 TsEW
121 ¢ 2 g3t AQ #37 (8T 21 DE ©18% 572 &2 ¥ 10

= P
do
MHo

& Y20 HZ

Table 3. A3} =8 UE dEZE AFY Ax 34 14 %(Lab scale)

H=z 34 Fa Ljg
ag e H259 (34
e HZEF 100 ~ 110 g € & ¥ 922 MHE fo5t9 2= B9 NHE
g 8 L9 879 7 L9 22 ¥4, 100 CY B= B9 MMt HZCHE
=CA 60 21t g
4% 3% A BN 6021 YN 43t
MO} +% & ZCHE 2 % 5em £ BRE
70| 230 2C3 150 g & ZECE OfIOE 15 g, A% 29, 22 2 g, B
= W 2g & YD X0
55 Z0E ZCYE EEF fEZE AHY NA(hE x MET 16 x 18
= cm, PET + LLDPE MZ&)% g1 MFE%d
TR RE 121 € 2 A%pt AE M43 (8F 21 L)E ©18%% 478 30X &z
= A o T 10 B Y442 ¥y
HE $A HB FNE H2OUM HE

16



Ny

7h AW

o

o

I

AR olm Amede] 53 A7

Aaabele] 43 A7)

—_
o

N
e

el

of Aut

R

= HAZSE

5|
pul

1o}

3 oF

2

H A7} A

it

N

ol
oy

2 Hoes 9F

Abe] Al

al

A7

5 ol (A

9|

@A

u}
R

of LAl (Fig. 3)¢F 2o

=
il

tol =7 o

F Azs

2

old Fig 6.3 o] ilF

‘?4

bol sl

5|

o e 2Ae A 5ty 9

L 7ke 2743 + 323 ol9lon %

e =

- R, kA AaAbe S

H90% wel AnAte

2.14

-
T

2 1098 £ 0.70% o™, AaLAte]e] =7

= s
ke

o

il

MJ
o)

N
o)

olp

)

b
.
N

ojp
B

—~
fite)

e

N

—

W
Hn

17



& H7] wEel Arede] Mol Azl weh Mgk wek 27 e e g st

sh7195te] MRS Zgstgon, ¥ ATl AR Ansee] 2RoRA ML L (FE)

fkol 2873 £ 4.84, M= (a) kol 1.73 £ 031, &M =(b) ko] 503 £ 060 2 A& =7 =

(1)

E A F3AIzE B 23 ARHE =ESA S
LT st A AuEe] ZFAA bl whet Vs A 3ol AstE 7] wiiel] ZFE A7l w
B A HstE S F dx=s EWA 2% 9 AXFS Lab scale® =& A&
A U
Ao A7 Wy
A AES Uit At el A2edE Tdske] MAE S
Aaare]el AZ=ds 25 LIYA d8 &7)ol 2L &5 93, 100 T o 8= & ZH
d w PJUES Y3 A9 (PMO2069, Oranier, Dillenburg, Germany)2 ©]-&3ko] 7143}

o
Aartgl o] Ag- #e EolM 714 AZH0, 3, 5, 7, 10 Bl wel 2473e =459

AL Iy T2 H(TA 7)E ©]83}9] compression test® deformation 60%, test speed 0.

5 mm/s, trigger load 7 g= F &3} 2

18



of

wARE s e AL o

-
.

9

AR
— —

ojn
B

—~
o

el

A
ol

A

‘oM

9 21 tension test® tes

AR

=
=

7171

t speed= 0.5 mm/s= %3}

B5 stress (kPa)® =3}

171 15}

)

DFYol we 9158 4ws v

19



(2)

W) s 9

O~ AT =
TSRS

olp
BR

fite)

i+

—

A ] A9 25 Lo &7l 2 L9

N

olp

i

_El

At el e el

|

T
]

o] B = AXT A=

S i 100 T

h=
=

L &7]d 7 LY

ojn

file)

¢

o

or
o

o

ojn
B
—~
1o

p—

0
o

(D Ay=9o a5 23

A2 B)e] oA

<
T

Fig 3. AaAkE] (A<

20



Q]
BT e
< oy N g
B 2
K g T i
.m Hﬂ_” 4_0l \ml +I
) o0
ol £ 20w T O
o Tk %
— o ™S
M oy S <
= £y m:ﬁ N s
) 0P - < =
£ Ed e~ ToR
~ 2N i R N
N ) Ho - N
o B < 5
T T of W -
e W o WogE W X8
= = N | < ®
T =0 G og = = 4
53 ;OT LvU ;OE ~ ‘ml
n ! - ﬁ & 9 W
=3 %O ° ° T ©
s = 2 N =
e N Nd Ho I S =
< iy = S B
O = o ® e
W‘_ o T oo - Hooo ook
Y _ a0 [op] [l @M
. ) . = o
£ - < =M o o
I E ¢ D 5~ i
- o K B 5 @
o = ~ W He et
& oy = %
= m TR ~NoH m_ﬁ.e
o B ol du T I
YETEERE.
o S T - I wh @_. S CRR=
o -
(edy) ssa13s = o Txow
= o) I AT X
x W R
o T T W SN

o

==
RLIS

#1el 7l

12 GuUm A el F=(UDF) e <13}
21

‘o
=

Eis

A EEERINEE!

A)
&l

<

RIR



Azedg el A Azt mE 2237 wste Fig 5.0 YEA S

C
C
b
I i a

0 min 3 min 5 min 7 min 10 min

Stress (kPa)
g 8 88 &

o

m Blanching time {min)

Fig 5. &d% A7kl me}h Ao 223 ws}

Aaege] A4S 26529 + 2516 kPa & & UDFolA 1233 A2 7152 500 kP

Ao 49 Aurtget v AR Bl Algke] F7tE s A gto] adty

EdA Algto] 3,5, 7, 10 &4 Zbzy 258778 + 22.84 kPa. 189.21 + 39.07 kPa, 151.80
+ 30.09 kPa, 143.05 + 2584 kPa ¢

>

AIZEHE ol &ste] A3ty HEEE 2= UE AF AE A o] £ At wE

247 AE nestel AFL YNT F AL

22



(2) Avkgel AT A

4 ¥

Aarre} o] Gl A

AL

-
R

—~
fi%e)

3}

<
T

—

AuAbEE 100 T B+

—

°
S
o)
oF
ojy

-

B
o
T

)

dle) wabel el

olp
o

2ol U

2]

B

gl

gl

(Fig 6.)

23



Fig 6014 A% zaabele] daboln], B a3y b4 glo] A2oA 90 ¥ 3} a3
el gaow Heleo] Weg HAdS

Fig 7914 AE Axable] &4oln), BE 100 T #E oA 1587 Ba3y F 382
AZF ol F e Fdelm, C= Be 3 o F o] BoA 1 A7k FA3

= Bel 4 ol F Fed BM 347 IAHAL o] P

Moisture content (%)

Raw Boiling H1 H2 H3

Average+SD 10.98+0.70? 84.89+0.36" 89.91+0.53“ 92.13+0.38¢ 92.57+0.65%

H4 H5 H8
Average 93.00+0.84% 92.73+0.71% 92.59+1.42%

100
90 » @ = @ =
80
70
60
30
40
30
20
10 #

Moisture content (%)

0 2 4 6 8 10
Time (hr)

Fig 8. £a% & matele] Saia7te] e SRate sl
ATAF ] 7] a2 1098 £ 0.70 % oW, E#:3 168 Fo] R3S 8489 + 0.

36 % 4

24



o)
o
TR
R

o %

8991 + 0.53 %, 92.13 + 0.38 %, 92.57 + 0.65 %, 933.00 £ 0.84 %, 92.73 + 0.71 %, 9

T o] =melM FEAIREe] 1, 2, 3, 4, 5, 8 AlRbL w azAbE]

22}

o]
=i

259 + 142 %

A7 Feol Mol 8k 3A 7O

)
—_

ojn
B
—_
o

o
M

A HEZE o] 182 A 7155 7]

A el A4 et

=]
L=

B
_,oT

NI

200.04 kPa =

o] 1282.57 +

1

Arpoz 8A7Y uw mAE o] %F

2]

ol

230.64 kPa<%}

1232.63 =

%47

_cq

S-(Table 5)

o wkok

892

]

[e)
F& A

Jar
1o

FEY wa

=
T

Table 5. AX=8] 8] 2ol Ao F3pA| Tk w

Moisuture content (%)

120 min
61.62+0.52"

300 min
67.19+0.32¢

240 min

66.95+0.33¢

180 min

0 min
8.8310.312

63.72+0.79°

M

Table 59} o] AFL=

~,
ok

| gof &0 =F b

ol
il
-

7o

ﬁo

—~
o

el

ﬁo

o
,_ﬂo
i
i

i

M.

A

AA 1 AR Y EEE

A7 AlzEl

ok

ol H77FA] tha Algbe] A8 7] Wi

AF
=

192

S

=& dFRAo R 18A7HA A%

ch]
g

o
&

o?

B

o

o
ol
N2

—

N
o

il
M

)

o=

52.25 kPa

+

25



M.

A

ZFol 71 ¢l

ki3

882.67 + 48.83 kPa ¢} reln]

olp
BR

file)

0
o

[e)
A&

T

-
o QF

WA o 2 18A| 7M7kA] A Aol 7}

30min
90.29+0.55

90 min
92.67+0.88"

=4 B)

20 min
90.04+0.91°
60 min
92.42+0.78"

Moisture content (%)

10 min
90.63+0.942
50 min

90.84+0.68°

0 min

90.33+0.89*
40 min

90.11+0.94*

Fig. 9. A<= (A)¢ E49%

Average=SD
Average=SD

Ny
Ny

71 (3-5-2])

olo

]
&
\_ﬂ

stw, HIEEETV}E 7}

[¢)

el

Hin

T 744 Al

ke
T

A

[e)

o] &
A=

SR
26

=

=

bol A1 At

°©

& Fefol i

iy

e X



it
C AT A

o

olH
v =] 3L

ojn

K

ol A
S
i RS T
AT AR 9}
2o
)

ki3

ojn
B
o
0

o

o

27



- ~
o R —
T b <
S ~ £
! 2 N
™ S
%o o Kl
o e M
W ~ o 4|
O# EE UT.z OL .i
o = T W . oo
H — — I
i % S5 2 oo T ok H
- Zo _ = KO g =
% Wy 20 p | b R e v
70 wF < <X e T ; I+ ~ ol
b Y ORI T =) W
3 Eemi.ﬂ_ ‘LITA ‘Mﬂ - ﬂ_wﬂ ‘E% um..ﬂ ‘Llf
o oo oy N o ©
IR B % |
) W to
oo do  dp oF
B oaoE ok = i
WS o mo° iy
_ B o~ T = °
T e X R Y w
% < oA R B Ay ond .
2 5 o o 3 ~+ 5T a3
i ki o W & \‘ - Ul .
Mo — oK o o ~xo | Q m.._o o
® o o M oon M oF M K0 K0
B X a by o
&3 B = o= . H Mg
ey M = T 7T S o
o o B o~ oW B vl
oE 7l = To
oy N o
N ~n o
0 S
ROy M o
ofF o) e
w X <X W<
Z & H N H o

28



Abglel geFe] 140 g o2 WAR (0710

Fig 123 #o]

(3 mL), ¥

5718

UE Be 22035 g),

FAL AR 7] wio

of ¥ L Fejsk A4

|
=

oF

o] Al

LA E

E
773

LLDPE=

R84

3t A2l PET +

=
¢}

dEZE Algo] 7}

R R

+(Fig 13).

239

4

o

o
oF
il

==
=
L

K

]¢] 7t& X Al&9

Z

sl 315

b1 9

3|

Pl

16 X 18 cmZ 4%

=
=

A7)

29



il
e
!
=

—

()
B

QAE TR

i
o

=

9]

Aol A= Al

O
R

=

ol
o
el

= A4) Falo]

A ewst g A Seb)

o

—_
10
ﬂ
el

o
el

Ho

el

Mo

ojn

%

¢
ol
Ny
i

-

o
o

O

0

N
G
B

A
H

&H
=0

A

A& o]

A

3
T

et

=0

:[L

B/

(71

al

COMSOL version b.2a Multiphysics sofgware

(COMSOL, Inc., Burlington, MA, USA)& A&

ki3

BT S

Geometry &4 — Material 2% — Heat transfer in solids 474 —

e
3

A

dde Al g el

Kol
Y=

ol
A

5

R

H Az 2

Mesh 24 —

’

’

el

g 7= =4

=

ol i} wAbelel =l o] $37) o}F o} needle

F thermal properties

5
pul

Lol A B

g o] probe:

1

o3

~

[e)
ARl

el

23 9] probeE

30



CE Aysha+

D1 Abhayawick, L., Laguerre, J. C., Tauzin, V., & Duquenoy, A. (2002). Physical properties of three onion varieties as affected
by the moisture content. Journal of Food Engineering, 55(3), 253-262.
?: Quirion, S. B., Villeneuve, S., LeBlanc, D. I, & Delaquis, P. (2012). Thermophysical properties and thermal behavior of leafy
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Table 7. Fd= dkA &2 AtEe} 2= Al 2HEIEEE )

log CFU/g AR 27
A WA o (PCA) 9.16 £ 0.04 6.75 £ 0.03
213t 5 (PDA) 893 + 0.03 6.6 £ 0.02
)+ - (EMB) N.D. N.D.

Table 8. ¥32< 3 wAg 9 =g MAE AIN(HYEEZE A)

log CFU/g AL 27
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23t F(PDA) 929 + 0.03 770 £ 001
&+ - (EMB) N.D. N.D.
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Table 18. 91812 dE2E 2=y AF9 FsPA WHeEHE A5
Hk-g- 2= 25 (7) Slope(K) Intercept(AO) R?
15 -0.0106 9.1119 0.9600
0 25 -0.0179 9.1940 0.9519
35 -0.0221 9.2155 0.9647
15 -0.0012 2.2107 0.9552
1 25 -0.0021 2.2217 0.9474
35 -0.0027 2.2255 0.9611
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Storage-Con.(%) regression 1/T-In(l regression
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Fig 33. #54A A5 A&

» 7H AE He AxE 14 ‘tids] ofs(Asta FEE/FE) )Ty, 23 ‘ofsh(detal B e/
2Z)of, 34 93k ofsH(Astar FERH/F )Y, 44 FsH A/ FE)A AsHAH/ANDHA =

Gk, 53 OBzt ASHAR/AINY, 64 A L/AINTE, TR oes] B (A 2/A 7))

28 PASWstatistics 18 T2 1S o] &3lo] Addujx] EAHEA 3 Duncand

AFARE AASGOM, AEFE 95%2 e &(p<0.05)

o AF+AT
A =Y AFe AFY, ANAE Aol Ayl= ZFZ; Table 21, Table 229+
2
Table 21. 138}2 dEZE 3Abg]9] #eH 7 23
AMEZHS
£4
825 706 316

o\ 4.27+1.05° 4.07+0.912 2.63+1.59"

A= AN = 4.40+1.00° 3.93+0.78° 2.77+1.33"

AN 4.53+0.90? 4.00+0.87° 2.53+1.46"
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Zad F3F 229k AR 212 e Z=

(1) A< 53k 229 A8 ¢lo]l water bathe] &%Z 25 CTZ 3ol 33 A

(2) 22+%8 3 Ultrasonic bath?] 255 25 T/} §AH TS slo] 4315 2133 A
(3) A& Water bath®] %% 55 C7} HE% FX3te] F3s 7

(4) 12+%S-3}: Ultrasonic bath®] &%= 55 CT7F H =& FA3Fe] 313 A
FEIFS 106 T AxHoE AYPsAS

T3t 24 mE AgE FH2 =47 7] 7](CT3, Brookfield, Stoughton, MA, USA))E
o] g3te] FAstdlod UL i d 2

(1) Type: Compression test
(2) Probe: TA 7

(3) Deformation: 60 %

(4) Test speed: 0.5 mm/s
(5) Trigger load: 7 g

IS

IALE e At

T3} AT/

Ti _] 0 min 60 min 120 min 180 min 240 min
TR

AL 3l 18489 + 036 #8991 + 053 P|92.07 + 037 ©]93.05 + 0.39 ¢4]9320 + 0.68 ¢
O~ = }\ Z_}:

Ti}t _] / 0 min 20 min 60 min 120 min 180 min
TR

Ae+xLe9 8489 + 036 19059 + 0.74 P 9268 + 0.81 ©|92.75 + 1.13 €| 94.03 + 0.46 ¢
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2. oz

Abhayawick, L., Laguerre, J. C., Tauzin, V., & Duquenoy, A. (2002). Physical prope

rties of three onion varieties as affected by the moisture content. Journal of Food E

ngineering, 55(3), 253-262.

JOURMAL OF
’ FOOy
L aall ENGINEERING
ELSEVIER Joumal of Food Engineerng 55 {2002y 353352
www elaeveer comlloca el fodeng
Physical properties of three onion varieties
as affected by the moisture content
L. Abhayawick *™*, J.C. Laguerre **, V. Tauzn * A. Duguenoy "
* Beparirent of Sciences of Technigres Agro- obotriclles, Faveing Superier Agricole de Beauaais,
e Pierre Weasnes, SN Beoarvais Cridex. Frunee
T LM R-Cenidl Ecole Neo fvirie Sugrerieary a Foeluistr ey .-ngn.n'v.'r ei Aliraeniarnes, §,
Av aew Dbrmpigaes, BITH Moo Cedex. Fronce
Recsvend 19 Fanuary 2001; aceepled 4 March XHE2
Abstract

Three onton varietics {Sweet Vidalia, Spirit and MNiz) were selected for this study based on their dry matter amounts ranging from
Te to 1EYe, The contents of their major components (protein, fat, ash and sugar) were amalyzed. Thee types of physical properties,
thermal {conductvity, specfic heat capaaty, diffusivity), structural (density and porosity) and diclectne (relative permittivity and

loss factor) properties were measurad and calculated.

The conductvity and spectic heat capacity were measured using an annular heat source probe. Density was measured by lguid
displacement method while a coaxial line probe was wsed to measure the diclectric properties,

The thermal conductivity ranged from 0.12 to 0.5 Wim K for completely dricd and fresh onion, whereas the specitic heat ca-
pacity varied from O.E7 to 4.01 kIfke K. These properties varied linearly with varying mosture contents. A second order polynomial
squaton was fitted to the denaty variabon with varying moisture contents; The densitics increased from 970 for fresh onion to 1230
ke'm® for dned Dickctric permittivity decreased from 66 to 1.6 as onion dries. Loss factor also decreased from 15,5 1o 0 20,

@ 2002 Elsevier Science Lid. All nghts reserved.

Bepworde Oniongg Physical propertisy DNelectnic propertes; Thennal proper tes; Bulk density; Thennal conductivity, Heal capacity

1. Iniroduction

Physical properties of food stulls play o signifi-
cant role in modeling and computation of heat and
mmarss ronsfer in basic food processing operatons, such
ws dryving, thermal processing and lreezing,. Fouods are
highly complex svstems (hatl measurement of phiysical
properiss demands much ingenwty which could be the
cause of the paucity of data in the scientific litermture,

Some aupthors (abulsted thermal condactvities
(Sweat, 1974), and dielectric propertes (Kent, 1987,
Tinga & Welson, 1973} of food materials. Physical
propertes of diferent onion vareties vary with their
proximate composition, with the influence of moisturs
content being the most obviows, Generalized composi-
bon based equations, predicting thermal conductivity,
specific heat and density pre reported in the literature,
The predicted values using these equations are nol suf-

'(_'wmo:g-pmum_n antheor . Present addiess: BAB-dept STAI 32 BD
L] PORT 95084 Cergy-Pontmse Codex: Franoe,
E-ma] audrevye jelawde amrrem@iiab, i {10, Laguerre).

ficiently accurate for certain types of foods, such as the
porous foods, where the porosity influences all proper-
ties. Rapusas and Driscoll (1995) have developed several
muathenatical models 1o descrbe the changes in ther-
mophysical properties of white onion slices as a function
of moisure content,

The ohjective of the present stuwdy is to obtain o
completz set of data of physical properties for three
omion virieties conlaining dry matters in the range of
% o 17% (wiw} amd to rlate these data to water
content for further use. These data will be helpful in
better comprehension of combined microwave-convec-
tive drving of omons, the study at which our current
research activilies was focused.

2, Materials and mcthods

2.1 Onions

Three onion vanstes, namely Sweet Fidafio, Spirit
amd Niz cultivated at the institute’s farm were wsed

(2R TIANEME - soe Trodil dro tler € X2 Elevier Sciemce Ll All tighis mesermved,

FIL S0260-8774{02 000997
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Thermophysical properties and thermal behavior of leafy vegetables packaged
in clamshells

Sabrina Bergeron Quirion®, Sébastien Villeneuve **, Denyse I, LeBlanc ", Pascal Delaguis®

‘.'!;!xnlh.n'emud Azri-Food Uanade, Jood Ressarch and Development Gontre, 3600 (asnvant Dhd West, Saint-Hyecinthe, (ueshes, Conada (2§ 863

='.'lg'.|.:ul.|'.|.:l1.- and Agri-Fosd Canada. Adlariic Food and Hortioutture Rexmarch Centre, oo Food Resmach Oentre, Pevillon feog uslime- Bouchard, Liniversii de Mancton, Mandhon,
Moy Brummanck Canseds 1A 2P0

Agriculre and Agi-Food Canads, Fadfic Agni-Food Keanch Cenive, Higinway 97 Summesthand, #ridich Colombie, Canaeda WIH 1250

ARTICLE I'N.FO ABRSTRACT
Article histane Little i ki abeut te thermophysical properties of fresh-cut lettuce other than beat of regiration
Receivsd 13 Petmuary 2012 Empirical cormlations based on food composition emain the only way to estimara the thermophysical

Fecemved M orevised form 16 May 2012
Accepied 19 May 2012
Avaiahle online 27 May 212

propemies of fresh-cut lethsce. The objectives of this snedy were (1) to determine the Thermophysical
properes of several baby-Jeal lettuce and brassica groens and (i} to verify the measored thermophysical
propertes by wsiog them in a beat tansker model and companng the predicted prodect tempe Etires
with measired prodiec tempe ratwes in  sinelated (nterneption of acold chain. Dengty, leaf thickness,

:Tr;m' bles v | consdiscrivity, specific baar and water activity from mine vanetiesof baly-leal letruce and brassdca
h ﬂs amical g greens wene measured. A broken cold chain was dnulated ina low tlemperatire (cubaton sef at 10 5C
Vit tranader a kengrh of time before readjustment at 2 °C Resulrs showed that density {1078-1112 kg m™" L leaf thick-
Denisity e (DU1E-054 mm), thermal condwectivity (055-070W (m3C)7) amd specific beat (3.1-43 k)
Thermal conductivaty (kg =CT") vared significantly (P<D45) berween vareties However, i significant differences were
Specific heat observed for water activity (0955 + 00006 ). Usng themmophydeal progperties as inpet in the heat transfer

modl, experimental and calewlated temperitures were well correlated (B = 098] with 4 root mean
square ernor of 057 °C over the 10-40 mg OO (kg b range of regpiation rae. The measuned thanmma-
physical propertes adequarely predicted the temparanere of the balw-leal greens during simulated bo-
ken cold chains. A sensitivity analysis peformed with the heat transfer model showed that the thermal
conductivity, the specific eat and the density were relatively more Important on tee thermal behavieu
of the baby-leaf greens than the heat of resplration

Crown Copyright & 2002 Published by Elsevier Lad All rights resenved.

1. Introdudtion stand the micmbiclogical dynamics during fresh-out lettuce-asso-
ciated outhreaks and tocharacterize risks along the production-to-
Demand for ready-to-eat Imuits and vegetables, such as fresh- consumption chain have involved the development of models for

ot lettuce, is growing in mamny markets around the world These E. coli D157:H7 cross-contamination durng lettuce processing
products are popular because they offer freshness, high nutritonal {Perez-Rodriguez of al., 2011} and growth-death behavior associ-
value and convenience to consumers. Unfortunately, several out- ated with temperature vanation along the chain { McKellar and
breaks of food borne illness have been assodated with fresh-out Delaguis, 201 1). The latter model was tested using temperature
lettuce in recent years (Carrasco et al, 2010; Delaguis o al., profiles measured in a typical commercial distribution sy stem for
2007; Luo etal., 2010; Harris etal. 2003). Cutbreaks caused by con- fresh-cut lettuce (McEellar et al, 2012).

tamination with the werotmdgenic bacterdum Eschenchio colf One of the main challenges in the development and validation
O157:H7 are a significant concern given the severity of illness of risk models remains the lack of accurate fresh-mt vegetahle
and potential long term sequela that may mesult from infection. temperature profiles, particularly for pmdoct moving through
Consequently, the problem has been given mnsidemble attention complex distribution systems. An example of such complexity is
by the scientific community {Delaquis et al, 2007; Luo et al, described by Hashemi Beni et al. {(2011] who showed that the
2010; McHellar and Delaquis, 2011; McKellar et al. 2012; Pérez- Canadian metail distribution system for fresh-cut lettuoe consists

Rodriguez et al, 2011; Shama et al, 2011), Attempts to under- of several lettuce processors, six major retail chains, mome than
25 produce distribution centres and dose to 3000 supermarkets

" Comemanding author. Tel: +1 450 768 T335; T =1 450 793 2861, that handle products packaged in a variety of formats. The devel-
Eommil addres: sehastio villneuve@ag rgora (£ Villeneuve opment of impmved risk modelsfor E coli 0157 :H7 in distribution

UMD 7ME - see ont mater Crown Copyright & 3012 Published by Elevier Lid All nighis reserved
bt | e den_org/ 1L 1016 f jfoo deng 200 204 032
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Jung, H.,, & Yoon, W. B. (2017). Multifractal Approaches of the Ring Tensile Ru

4) pture Patterns of Dried Laver (Porphyra) as Affected by the Relative Humidity.
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Multifractal Approaches of the Ring Tensile
Rupture Patterns of Dried Laver (Porphyra)
as Affected by the Relative Humidity

Hwabin Jung and Won Byong ‘foon@}

Abstract: The effect of water actoviry (a,) or the relaove humdity (RH) on the tensile rupture properties of dried
laver (DL} associated with structures formed with phycocollods was invesogated. The morphological chamctenstics
of tensile ruptured DL samples at variows relative humidities were evaluated by multifractal analysis. The RH of the
microclimate was conmolled from 10% to 90% at 25 *C osing supersamrated sale solotions. The sorption isotherm of DL
was experimentally obtained and quantitatively analyzed wsng mathematical models. The monolayer moisture contents
from the Guggenheim—Anderson—de Boer {GAB) model was 5.92% (wb.). An increase in the BH resulted in increasing
ring tensile stress and mantimng constant ring tensile stram wp o 38% w 75% RH, whereas the ring tensile stress and
the ring tensile strun rapadly decreased and increased, respectively, when the BH was higher than 75%. The general
fractal dimensions and the mulofractal spectrma flo) mamfested that the patterns of the lowest and the highest mosture
content of dried laver showed high irregularity. The different multifractal parameters obtained from the DL at various
B.Hs well-represented the transient moment of the structures from the monolayer momsture to texture changes associated
with RH. Owerall, the ring tensile test and the multfractal analysis were useful tools to analyze the change of crispness of
DL from 1ts stroctural characteristics. In addition, the results of this study revealed that the integrabon and disintegration
properties of DL ocourred through the networks of phycocolloids at vanous moisture contents.

Keywords: dried lwver, multifractal anabysis, phycocollonds, phycobihiproteins, ring tensile test, rupture pattern

Practical Application:  Texture properties are the most important gquabity attributes for commercial dred Laver (DL)
products. The relative bunadity influences the texture propertics of DL during production, storage, shopping, and
consuming. This study well characterized the effect of the relative humidity on the texture properties of DL using the
tensile tests nnder micmoclimate condinions. This information s very practical and can be immediately apphed to control
the relative humidity of the packaging and the storage room for DML

Aliopujoeouey 5 “Eleog
sEaey fupesubug pooy

Introduction used as gelling and stabiliving agents industrially. Porphyra is also

Marine algae have been consumed in Asiz as 2 source of food,
and recently they have been increasingly noticed by consumers
in western countries. In particular, dried laver (IDL) has become
popular 2 3 healthy sack or condiment (Turner 2003). The tradi-
ticnal purplish-black DL, nori {Japan), gim (Republic of Korea),
and zicai {China), & produced from the Porplys species, particu-
larly Porphyra teners and Porplyrr pezvensis. These species contain a
large amount of carbobydrates (44.3% to 44.4%), protein: (28% to
47%), dietary fiber (12% to 5399%), minerals, and vitamins {Pereira
2011).

Commercizl DL is produced by chopping up the harvested laver
and drying it with hot air (Kim and others 1987). DL is mostly
processed as a thin sheet Thuring processing of commercial L,
the polysaccharides that are eluted from the chopped laver lead to
integration of the leaf fragments and contribute to the glossy sur-
face of the sheet (Abowei and Ezekiel 2013). These major cell wall
and intercellular polysaccharides of Porplyrr, the so-called phyoo-

colloids, are alginate, carrageenan, and agar, which are commonly

JEIE.200 6. 2082 Submsivted 1371352006, Accepted 9767301 7. Authors are with
Ihept. of Food Soemce and Miotechnoloagy, Collepe of Agrimaltumal snd Life Science,
Kangwon MNail Ui, Chuncheon, Cangwon, 200707, Bepublic of Kores. Dired
inquiries fo mathor Yeow (E-mails whyoon{Glkanpuorn.ac br).

2804 Journal of Food Science » Vol B2, Nr. 12,2017

composed of 2 high amount of waterscluble proteins, that i,
phycobiliproteins, which mainly contribute to the unique color
of DL and absorption properties (Cian and others 2014).

The physical, chemical, and microbiological stability of dried
food & severely redeced when the moisture of the prodocts in-
creases after absorbing the moisture in the air (Argan and Togrul
2005). Therefore, the equilibrium relationship between the mois-
ture content of DL and the relative humidity {RH]} needs to be
determined to avoid quality deterioration. This relationship at
constant temparatare i often described by 2 moisture sorption
izotherm. Mathematical models for the sorption otherms such
as the Brunaver-Emmeti—Teller {BET) model and Guggenheim—
Anderson—de Boer (GAB) model are widely applied to describe
the equilibrinm stahm of moismne in many agricolnral prodocte
such 2 mushroom {Shivhare and others 2004). kiwifrit (Moraga
and others 2006}, and crushed chilies {Arslan and Togrol 2005).

The unigque crispy texture of DL is one of the most important
characteristics according to customer preference (Miwa and others
2003). However, the unigne mechanical property of DL, thar &,
the crispy texture or the brittleness, is easily disgualified at high
moistness beczuse the strain resistance of dried food & highly de-
pendent on the moisture content {Suwonsichon and Peleg 1998).
In general, the mechanical behavior of thin sheet samples & imvesti-
gated with a tensile test {Holmberg and others 2004; Laterreur and
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