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2. WA R EE

2.1 3 A

211 35 A HF

O % A9 Fms}
A0 AY AAELGL: 25 AU ALY, FTA A9 2349 53
AFE 33 B/t AY SO @9 T gaol ws Fskel i
go] U53 ol Y WF AFFELE ALHOE Frbstel 20184 1F
59 BE ARTFRL 30302 Uehs. ol Fi @9 Aslel TR
WA AARD AZPOE Age] AAHT Yok S & & UL
AER &5 A5
(&9 - SFIE)
bess | AgFS Qg B
s |
55 T o =
3 113,713 2,711,232 1,137,631 23.8
6 109,578 2,786,607 1,188,525 25.4
2014
9 105,314 2,731,646 1,161,979 25.9
12 99,285 2,670,031 1,120,200 26.9
3 97,111 2,562,030 1,099,292 26.4
6 94,025 2,652,521 1,144,595 28.2
2015
9 91,659 2,646,484 1,130,931 28.9
12 89,403 2,561,179 1,093,663 28.6
3 87,573 2,477,589 1,066,986 28.3
6 87,089 2,618,859 1,124,278 30.1
2016
9 86,203 2,639,730 1,122,005 30.6
12 85,040 2,585,211 1,100,971 30.4
3 84,262 2,510,519 1,082,835 29.8
6 95,823 2,882,255 1,329,000 30.1
2017
9 94,944 2,939,025 1,390,000 31.0
12 94,107 2,871,400 1,372,000 30.3

25 KOSIS =745 A =4 (2017)
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./_":
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O 7H49 S/HTdNA Har] HlFS 37.2%FF°l™ Har] FAHoAA =

AF 60.6%, U4t 26.3%,

7hE2Fo] 13.1%Y

O #a7] Azr Avde (20100 257,415¢€A4 (2016) 326,125¢ o2 AP+
4.0%% ZF 26.7% <7+%
O 74 W9 SFaveAM a7l fiAaziet garle a2 42 30%
gk, 40% 9, 15% WA S43%
<EF 2y Fold
(T - 9, %)
TE 2010 2011 2012 2013 2014 2015 2016
2317 257,415 | 262,025 | 277,627 | 295521 | 314,769 | 334,809 | 326,125
A
A7) | 366,743 | 357,650 | 368,328 | 368,647 | 422,555 | 440,749 | 419,706
H]
o 217 111,341 | 103,331 | 103,044 | 101,301 | 116,893 | 124,164 | 131,485
A 735499 | 723,006 | 748,998 | 765469 | 854,217 | 899,722 | 900,377
317 35.0 36.2 37.1 38.6 36.8 37.2 37.2
n) | A7) 49.9 49.5 49.2 48.2 49.5 49.0 47.8
| 1] 15.1 14.3 13.8 13.2 13.7 13.8 15.0
A 100.0 100.0 100.0 100.0 100.0 100.0 100.0
A5 0 TAA
2.2.2. H37] FYA
O =it Ha7] vl AT BAFEIAT st Har)et 7tEAFY &
e S7F FAY. i) 7t FEE F2 FEEL, AEaEeE fd
7V FAIR v 10% Wl



Harl Az, #3E 74 Fob

(9 /=, %)
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TE 7hEAFE Al
=4t TY

2010 | 191,288 743 | 41181 16.0 | 24,946 9.7| 257415 100.0
2011 | 183,416 70.0 | 51,800 19.8 | 26,809 10.2 | 262,025 100.0
2012 216,517 78.0 34,924 12.6 26,185 9.4 | 277,627 100.0
2013 | 215,224 72.8| 53558 181 26,740 9.0 | 295521 100.0
2014 215,151 68.4 66,125 21.0 33,493 10.6 | 314,769 100.0
2015 | 222,431 66.4 | 74,741 22.3 | 37636 11.2 | 334,809 100.0
2016 | 197,513 60.6 | 85,613 26.3 | 43,000 131 | 326,125 100.0
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O 2018 4J317] =
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A5 (AR EFRETEEE



89,154
326,531
415,685

0
2,076
2,076

71 et

&»

ERE!
4,301
4,301

156
18,108
18,264

F TUFEHRY 7
2

=7} 4
391
3,430
3,821

Aot

A=l a7
36,772

130,682
167,454

<2018'd =718 Har] FAFRHY 7P
5}

o

51,835
167,934
219,769

F-AbY ol4eAl

ks
3E
27

9]

241 BRABZAY APOZ <

150,000
300,000
50,000
200,000

2

150,000

100,000
50,000

s

450,000

400,000

2.4.

Hip

O 2016

1

o
=

b

A
v

= A~
5T

L-
il

i 2017

O]

|

o
vl

=
=
=Ho g

o 2]

[e)

I as olm A

9

i
A

3|

8

°

o -3

AR

]

o
H

P
T

]

7

al

O 201549



24.2. 37 FAdF A . FF

O

8.0
70
6.0

5.0

40

3.0

20

1.0

0.0

A=

20019 437] AAko] AgH I 20d FH7pol
e AOUE o4 Eusi] A AT 5

N
o ol
N
i
o

AJE IUA Har)ek £ Har] &HF H3h

tkg)

—1olE LA 7] | -=- 100E =Y 07| SH|"

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
- GSnJ



dg@se] 4177k 98 439, £90] $E Frh drkast Vg
St A3r] Ay R A gobd @99 FdE 3Fe fle soE
AHE A, AL dvias YEPES Adew 49 U ge 4 2
Sol ) AR AYT A BSAUe] A we AN F ol
Aol e Qe

O A FeGe £l Fs5F vete T, oldAE, Wk, PUC
oW $E7H4& EU HERT tha %S AW 20259 o] FREE 23]
Wbk e 2del, ool Wrkel S uetel Har] FYol bssld
% Q7] MR o] hE HFA thgete]l BRI $3Y

O EF Fol Fa BYRE FY HLNE FAFORH FEAY B
B 5ol E Ao 99, oo mek TRBoIA sl hE YA
o3t BAW AF B &M 9FOTAA olojd & U Aol UL

2.44. 35 AFE 40% °l3t= 3

O 20134 50.1%% 9 5“4:117] 380l 16W 7|2 40% olstz srstH A s
Aol FUA T ke 89 Fag7 o] AR Y482 F7HA
tEo] &9 AFECl sty o uFFAR AHsE EFeT

o

3971 9 7)Ek= olokr|7F Yo Q= A3
O ¢go= O‘][\tj_ ﬁagi @'—?— X}%%% 13:*—0]_7__, HA 7 =3 14_7‘:1_1] 0 u
dhol Bag 45

GH- A4 81 &aH] Fol)

M =)
700 50.0%
600 . 45.0%
40.0%
400 . 30.0%
. 25.0%
Slss - 20.0%
200 - - 15.0%
T . 10.0%
i - 5.0%
o - 0.0%

2011 2012 2013 2014 2015 2016

A5 (2018), 2017 FHSAAF T8 54



|

= A

17 5 2 M

.
TE

1(2016)

[s}
R

<

S| =2 L9
Nlw s )
NI = N
QN
o | o 2
. = >
REN
N 0|
SIN|»
e ik
S| = S
Sl Y| w =
Sl | ™
N <
X | = o
Sl |w| &
Sl | ™
e -
H) (o2} <t ~
OF (ag) <t

S| xR eR
9 |d]lai| =
= mn | © N
= N |

S| <2 S

EE < | o s
o < (o] <t
= SEEN

x| ¥ —

M (e} — o)
= S | <
= NN

[ep] — —

e o | e S
= 0 | 1o )
= NN

| 9 N

al < | & el
= | <
= NN

~ x

= <G | o N
o 1] ~
= NN
—
3| on E\w
=o 8

AT EAADT

2.45. TAY wAyo] G

=

)

B

g AolA Ae

SERE 1493

)

+

A7 ol

+
o

o

ojm Aol &= E}

il
et

g ol HXA
olu| x| 7} HA

<
T

)} O
o

_%;(] o)

o

1

9
pal

of o

o

3

1

9
pal

FZo] ANAEAAT A

<
T

& A ol A

sfof A 22

TYNZ %

O AAl 2016d HeFZoA FAHe] LAYt
9]

=

=

F A

47}

of A o] A

FeE Ak dglor 1d
L=

=l

o)

o

o

sk M =3E

S

TH

7 et FHOE

TA

1T
.
Q 3l
=1

1.

7}

=

[}

4
2.4.6. U529 153} sl iy

o

o

o

olp

R

e

ol

o A&

A

fel Al

d aH3kel s

b
=3



AAAE TF

3.1. 37 AAANAE 5T

3.1.1 A4

O 20188 A AMA 4

W,

%

71

", Beb, of

¢
=

A
3

Z] L

d vl 2.4% S7F:F 6,303%F

o
el 250 AYuagko] a4 S7HE Aoz A

Fo=z A

O "= AA AL 20.0%%0 1,2605F &3 AL & 7] A4 E7)E 7%
2 F7told, AW tiv] 5.6% 71 Ao g Ay
O Betde a7 Aaksre 9907 E(15.7%)°.2 AW ¥ 3.7% Z7}sta,
EUS] A4k (786%F &) Ad thy] &%0.6%) 74 o= A%H
O =9 7] AiFL 7337 E(1l6woez AW oiv] 4&2320.9%) S7Fsh
a1, ol2dE Y 2927 EU.6%)oZ Hdd thiH 3.0% S/t Aoz My
<F7pE 3] A T
(F9 A E, %)
T 2000 2005 2010 2015 2016 2017 2018(F) H] Z
A 53,014 56,099 59,247 59,710 60,482 61,557 63,025 100.0
o) = 12,298 11,318 12,034 10,817 11,507 11,938 12,601 20.0
B4 6,520 8,592 9,115 9,425 9,284 9,550 9,900 15.7
EU 8,325 8,136 8,101 7,684 7,880 7,900 7,855 12.5
ot 5,131 5,681 6,531 6,700 7,000 7,260 7,325 11.6
I= 1,525 2,225 3,125 4,100 4,200 4,250 4,300 6.8
olZ 3l 2,880 3,200 2,620 2,720 2,650 2,330 2,915 4.6
IF 2,053 2,090 2,129 2,547 2,125 2,149 2,280 3.6
A Z 1,900 1,725 1,745 1,850 1,879 1,925 1,960 3.1
u}7] g 886 1,004 1,485 1,710 1,750 1,780 1,800 2.9
B 7] 625 620 870 1,423 1,484 1,382 1,450 2.3
F BAARE 018AGFAN) 71F 49 10453 AN

A& USDA FAS psdonline.



O A AA A1/ FUYFE A% Fslstw o, Yol we v

3} FFol 59
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ofN
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1t

(@9 : A E, %

A

T 2000 2005 2010 2015 2016 2017 2018F H| 5 o H]
Z0E
A 5,808 6,800 6,640 7,656 7,705 7,953 8,332 100.0 4.8
u) = 1,375 1,632 1,042 1,529 1,367 1,358 1,379 16.6 1.5
= 16 9 40 663 812 974 1,200 14.4 23.2
dE 1,045 686 721 707 719 817 832 10.0 1.8
% 71 88 154 339 453 043 580 7.0 6.8
k= 333 250 366 414 513 931 559 6.7 5.3
2] Al o} 425 1,054 1,058 621 022 509 400 4.8 -214
EU 429 715 437 363 368 338 340 4.1 0.6
ol E 228 222 260 360 340 250 320 3.8 28.0
Y 124 205 190 245 298 281 295 3.5 5.0
Nk 290 151 233 269 243 229 235 2.8 2.6

T BAAEE 20183A(FABA) 71E 49 10=T AA S
Z5: USDA FAS psdonline.

3.1.2. &Y=

O 2018 A MA 7] 2vFE 60915 Eoz2 Ayl tvy] 2.2% =71 A
o7 Awd

O &117] AuEFo] 7}A Be Zyl= nZo g AA An| o 20.7%9 1,259k
EE Avsla 9o, I g2 T@63% =, 14.0%), BZA (7947 E,
13.0%), EU(783%F &, 12.8%) S9] <<

O $Eluete] IFinae 839 E14noz Addivl 1.6% Z71d Aoz
A



{F7HE Ha7) &H T

@9 A E %)
A
T 2000 2005 2010 2015 2016 2017 | 2018F | ®IF o 1]
z0e
A 52,915| 55,613] 58,148| 57,817 58,769| 59,600 60,910 100.0 2.2
n| = 12,502 12,664 12,026 11,276 11,678| 12,046| 12,592 20.7 4.5
= 51001 5,614 6,520 7,339 7,759 8,227 8,530 14.0 3.7
B 6,105, 6,795\ 7,592 7,781 7,652 7,750 7,935 13.0 24
EU 8,157 8,605 8,202| 7,744 7,904 7,871 7,825 12.8 -0.6
o= 3l e L} 2,545 2,451 2,346 2,534 2,434 2,537| 2,565 4.2 1.1
A= 1,181 1,608 2,208 2,294 2,436 2,401 2,400 3.9 0.0
WA S 2,321 2,028 1,938 1,797| 1,809| 1,841 1,860 3.1 1.0
7] 2= g 886| 1,003| 1,451| 1,636 1,685 1,721 1,736 2.9 0.9
2 Al o} 2,013 2,563 2,488| 1,966 1,847 1,812 1,685 2.8 -7.0
Bl 7] 630 625 872| 1,457| 1,496| 1,408 1,500 2.5 6.5

T BAAEE 20183(FABXA) 71 49 104=T AA S
Z&: USDA FAS psdonline.

Alejst o H2 =i

h

v 5.1% =718 A

7 271




F7HE Har) € §F

T 2000 2005 2010 2015 2016 2017 | 2018F | HlF %ﬂ]
S2E

A 0,941 7,363 7,792| 9,583 9,420| 9,969| 10,474| 100.0 5.1
B4 488 | 1,845 1,558 1,705 1,698 1,856| 2,025 19.3 9.1
A= 344 617 917 1,806 1,764 1,849 1,900 18.1 2.8
R 1,316 | 1,388 1,368| 1,854 1,480 1486 1,610 15.4 8.3
v = 1,120 316 1,043] 1,028 1,159 1,298 1,372 13.1 5.7
FARE 473 Y 230 639 087 993 560 5.3 -5.6
7ot 963 996 023 397 441 469 480 4.6 2.3
3ol 236 417 347 373 421 435 420 4.0 -3.4
g2} 3ol 58 180 283 381 389 378 400 3.8 5.8
EU 663 248 336 303 344 367 370 3.5 0.8
oL2 3l gLt 354 754 277 186 216 293 350 3.3 19.5
A S 12 32 103 228 258 280 305 2.9 8.9

i SAARE 20183(FAA) 71+ 49 1078= A AR
Z+5.: USDA FAS psdonline.
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5.1.5. A& ¢ %
O B%E FYdd &3t Y= TF
TZF2 AA A F AAFl ALY glo] FAF 789 oF 5%E T 9
£33} Qo FYPHLe QF 2459 FHUSD)Y
(ZF FHF FEY439 5P
(&9 - W2 (USD))
TE 2013 2014 2015 2016 2017
TE= 7,185.86 7,993.59 8,713.50 10,115.18 10,885.70
T4 21,472.68 23,955.40 22,515.65 24,135.08 24,533.61
A= : Global Trade Atlias
O F8 #YFe 23
TFY FAEF T8 FUTS T G, V=289 E¥), 2
(2199 2, =F~(149 Do), 571269 2. FFo2RE §7, 7}
TAFE, AAEAE So| sl £YHT, v=H e &7, =
a9t ZFME okle F2 FYstaL 91%
(ZFF 4F 7Y 4% 5= 43D
(&% - wxt 22 (USD)
«9) FEF 29 FaEE
1 = 4,967 A, HA], oFu
2 o) =+ 4,279 A7, Ja71(d%), §171(3%5)
3 Hehd 2,191 Hu7|(@5), -5 - 2ngds)
4 Zg 1,407 oFQl, 7k, Ak <l
5 SF 1,255 okl et AN EE, X
A5 : Global Trade Atlias. 2017
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3 594 : Tastymart, Bestmart360, Foodwise

TAFH ALEF AFE FHAFet v A7 2o, 53] Tasty Marte=
B2 =F< AF st oy sx AW FIE ArboldS AA 1 3
(]

o
AA
g 48 FEURES HEFE A2 SAWIT s A9

T2 o) ZIR L FLEA
7hEAE 2 AL ET Ha
Tastymart 17 |7 E & @ 29R7E Aol dE AA
R A 7Y, AL 37 FA
7VEAE R ADET HE
gEE S35Y4s T3 T
Bestmart360 70 B 30%, YE 20%, +H 5 J|E ==
50%=2 T4
A E v 9 FEoit AAFIF 79
NS o B
- Tro
) %+ T4 Y A&
. S 20%, dE 20%, 8 5 7IEF 60%
Prize Mart 32 _
St4k A 2 AT AR FAE, AER T
HAa
A W WE, 3 7HEAE S
. St 20%, Y& 20%, 8 5 7IEF 60%
Foodwise 12 ~
4l A E AT IR FAE, 'R T
e
A5 al S5 EFF5FA
o] Qo= 2Rl 2EHZ g uwjgo] 7}s3 Jou Sun, EH2 2849l
A5l La Boucherie 5°] glod, B Z7} thn] L8k %59 AAEs
= gAY Fe F9o mHY & o] soJydA A&EHoRE FUtstal
o
“
5.2. £F & 3%
5.2.1. 3 F=H
2015 12¢ S9E TF A= FF ¢ o]F dE 3¢ EAES T
I SFAAE dEly 9 ZEu g oA E FFO Y. +£F 29 T
A 1008S Arm A&H 0w Bl Zrhstat AR, g uls) +2



T ZAEa Yu. ole EF U A=l FEsA = AR FHA
E9A FEEsHA TE I o & FFoE Bl
(T &% 75 247>
(2] : E, A2(USD)
A TEEY +E53Y
2015 1,164 87
2016 47,885 3,478
2017 57,061 3,308
2018 52,896 2,901
A 159,006 9,774

* 20182 12.6 71&
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O City Superg Aoz % d &% =

39 A I oS =Zulyd wEQl City Superd oy FHFolE Time

Square, IFC, Harbour Clty Great Good Hall, AEON, SOGO & =g H|Yg vlE
ok oYzt dut §% wjANAE FujE 91O, Mr. SteakQ‘r e 2~H)

ojZ HEZo|H ]E% 7FolE 359 CtEgY ERG 9 AR SHIO A
AREE AL A=
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DCH FOO0% DCH FOODS Delute

= DCH Food Mart
1985 Dah Chong Hong Ltd. <A 29
e RS0 wd =B
T UEAE AE ALH AR 19 AGA
E9 o] A http://www.dch.com.hk

FAE AR FEAAYTALE, £F, A% A2,
2EF

Fa £4 SLls

A

HE ¥ | 904 | w9 | 3% |Hacxs] TE2

7}4 (HK$)
1 shczgrrer?;b?ee(zfeckle) AhEel | =) WE 150 108 72
) SE:;Za?Of e;fuck Oij; G 35 150 165 90.9
Chill RLi]tii/eAI];geZi Steak | °F P kK 232 106.5 45.9
Be;SgoEZTéz? S?llci):dRib @ Hl= £ 284 133.2 46.9




O City Super %% =] &3
WAS Iy 48, 5, &5, u4t Har] dv Y. 9o A F
A FAw o]Yelr 270§, FEE, oUFTE 5 SEHEE AWt
UAw. 79 7HEL b9 vz AY o o =4 s lew, 3
43¢} st dmiE I Qs

ol & City Super
Ag 1996 A¥, F W 4719 mMAd &9
Fato], tiRtol = w7 Bf
3 °]1A http://www.citysuper.com.hk
Mega Lifestyle Specialty Store 714l
A5 w1 39 AF APl v FFUdolY g=ilo]l F+ A
F8 54 | 1¥4, 49 #94F FAY AF 74
teFst UL AFS B
HZ Yol FEFERI cooked Deli Wi &J(EF W 332)




100g3

3T H o A =
+E 4 HAEA ke 3@ | 714HKS) 1A (HKS)
Yamagata Chllle.d A.5 Wagyu Az on 3 100 230 9300
Beef Striploin
Yamagata Chilled A.S. Wagyu B on 3 100 155 155.0
Beef For Yakiniku
HADONG Pine Needles Hanwoo
(Korean Chilled Beef Striploin, A £ Sk iRy 100 200 200
Grade 1++)
Korean Hoengseong Hanwoo
Chilled Beef rib Eye, Grade A iy 33 100 235 235
1++
Australian M9+ (.}rafle Wagyu A 5= B 100 168 168
Beef striploin
USA Long Term Grain Fed
Beef Chuck Flap Set Shabu - = s 1 260 -

Shabu

O Great Food Hall 3% = @3+




ol & Great Food Hall

TFolA 7 Wi =

nea - -
HA Y EHo] 2 A3t A
¥ o] A| http://www.greatfoodhall.com
9k<=(A.Swatson) Aol Al 2
gt 2 M A4k(ParknShop)e] =
F8 EA Fo 1Me 337

e de) 4ES FUlsky ¥
grocerant FEje] wj%+

100g%
HES wA AR Ad | F%Q K| e
Japanese Chilled Beef
panese Ae | 9w | um 100 145 145
Striploin Steak A5
Korean Jeju chilled Beef
o A Elea iy 272 394.4 145
Sirloin Grade 1++
OBE Organic Beef Rib-Eye a _
A SF s 100 49 49
Steak Grass-Fed ° v 4
Australia 300day Grain Fed
Pure Black Angus Beef A ZF Wy 414 393.3 95
ribeye Grade
USA Prime Beef Boneless
A o] = s 140 91 65
short Rib Shabu Shabu anld 1= 4
USA Natural Beef rib-
atural Beef rib-eye = e WA 100 57 57
Gap 4
O F&8Ad % T : &= dEL 39 H3 7149 FA
Aol wek 12 Aolsk asl, ng wAY A AT wAsE Aol
B Q¥ 5o B9 sHE Zolrk Al o, mFSe] A 54
Aol wol o= A




712 100g%

o 3L H_o o_]/:‘\l_ o =
LRy +EFT 54 QA=A | Wit | FFHEQ ©KS) | A AMKS)

korean Beef 1

DCH sliced A}=8}o] = | ¥E 150 108 72
marble(deckle)
koreanBeef1slicedto ) _
DCH R S S I = R 150 165 110.0
pchuck

USA Angus Chill

DCH A o =¥ 232 106.5 45.9
Ribeye Beef Steak ° 1= ) e
USA Preium Sliced
DCH Beef Boneless Short ZHn] = | WA 284 133.2 46.9
Rib
chilled Beef
ParknShop o 2 & T3 | IA 13 65.9
Striploin Steak
Black Pepper Beef
ParknShop PP 4 H2epd | BA 420 43.5 10.4
Steak
. A
ParknShop | NZ Beef Rib Eye A . 7 165 24.4 14.8
wellcome US Marble beef v | WA 236 62.5 26.5




wellcome US Short Rib Zn] = | @ 195 86.8 44.5
wellcome Beef Bolar Blade Aol | FF | WA | 400g
1 Canadian Grain-Fed 2] = 454 76.9 16.9
wellcome ) .
Beef Short Ribs - e | ©°
Canadian Striploin
wellcome P A2 Ayt | ¥E | 220 63.9 29.0
Steak
Yamagata Chilled
city super | A5 Wagyu Beef For dE | Y 100 155 155.0
Yakiniku
Yamagata Chilled
city super A5 Wagyu Beef A E dE | WA 100 230 230.0
Striploin
Yamagata Chilled
city super | A5 Wagyu Beef For 948 | WA 100 150 150.0
Sukiyaki
Japan Yamagata
city super | chilled Wagyu Beef g8 | IA 160 240 150.0

Cube




City super

Japan Yamagata
chilled Wagyu Beef
Set

A
>

e

402

623.1

155.0

city super

HADONGPineNeedle
sHanwoo
(KoreanChilledBeefS
triploin,Gradel++)

100

200

200

city super

Yamagata Chilled
A5 Wagyu Beef
Ribeye

ojf
>

e

kS

100

230

230

city super

Korean Hoengseong
Hanwoo Chilled
Beef rib Eye,

Grade 1++

100

235

235

city super

Korean Hoengseong
Hanwoo Chilled
Beef Sirloin, Grade

1++

ojf
>

100

235

235

city super

Hoengseong Chilled
Grade 1++ Hanwoo
Beef Top sirloin
Cap

ol
>

120

261

217.5

city super

Australian Super

Long Term Grain

Fed Chilled Angus
Beef Striploin

foi
ol

100

82

82.0

city super

Australian M9+
Grade Wagyu Beef
striploin

fol
N

100

168

168

city super

USA Long Term

Grain Fed Beef
Chuck Flap Set
Shabu Shabu

kS

260




Korean Jeju chilled
great food o <
. Beef Sirloin Grade A St | WA 272 394.4 145
a 1++
reat food Japanese Chilled
4 L | Beef Striploin Steak | A1 9 | W@ | 100 145 145
a
A5
OBE Organic Beef
great food ] _
hall Rib-Eye Steak A e I 100 49 49
a
Grass-Fed
Australia 300day
great food Grain Fed Pure - .
hall Black Angus Beef R S G I 3953 %
ribeye Grade
t food USA Prime Beef
reat foo
& - Boneless short Rib | Zrwl& | o= | Wd | 140 91 65
a
Shabu Shabu
great food | USA Natural Beef =
hall tib-eye Gap 4 A v= | WA 100 57 57
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5.3. 3% viAH A
5.3.1. v #H nlAE A3
O B3E 83 T8

Je 9ol 2o XA BHHT AT 2
g 24 93 Avitte] 238 Agsz ke HolAE @Al fin

~rr
i)
flo
ol
N
o
AW
o
ol
™

o X POP
Qe FAF Feje] POP Buwe PRIl YRAH ge Fxe] FAR

SEE L

|

Exclusive at city'super .

~i
» city'super buyer came to Yamagata prefecture, being
participated the whole process, from the breeding
environment to the requirements of the cutting in the
4 :;:r"“‘ Hanwoo slaughterhouse and the selection of the final grade of bee!
Ewmmms with Taewoo 10 sources only the highest * Their feeds are corn, wheat and grain added with beer lees.
’ Korean Beef Gradin Syston 14+, 15,3, 2, 1) = The youngest cows will get the softest feeds to let their
= AllNatural Feeding - no antiblotic, no added hormone, GMO free stomach easy to digest and absorb. For those are over 24
3 m&:m:ﬂ‘:x:ﬂ';:ﬂ';mgmfx:“ A months old, farmers will start feeding them Yamagatarice. ~ »
— ent to the requir of the cutting in the « city'super FELLES, sMIRAS MG EEE‘?!WIS“
| slaughterhouse and the selection of the final grade of bee! - FES DA AR e, Msnren,
- R r o e AR NERRIE, fn LR,
q ol Tl LN 5 S 1 CEEEED ), A, ERERSSECIOR.
SRR - BT R, B A, RS S \ FEMEE" -Hﬂ]ﬂﬂﬁi'c BREE&SXLILMERERSE.
L citytsuper PANAEL, EUNIEASSIRIEEIE SR : 2

WEEREHIROUN, HEREN.

Pt S s @i e @ iy @t -

A5 2016 AHEHEFE A H A7), FHFAA FF&aT



53.2. X #¥ vHAHE dEH

O 2018 &3 3 #WZE2E 943 MH

2018 HONG KoNG KOREAN BEEF <X : Y )
| F & (S /

FESTIVAL =~ . >~

j 10.12-10.21 ¥

WEEK & ===
R ¥ = E; K 5 Ak i 7

25 olH L

FEAZFHYN AT E 20189 FF ANA B M2EE 93 WS
A, AAFol, mzdoluol, B3 5 20-300) deFol ol mol: M
Aol s B9 B 2E(EDS LIFAUA B9 NS AL A

2 oHIEZ HF& ¢ FHRIGH ZHEdle Mz A=

O 2017 &% F& dx=X 747}

Ega X

FoAzFrel Aol ARVIRIE T ANA A ABH 2017
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AT HRY AL = TFAMAAEHKCEOAN A  E™  ‘Restaurant
&Bar Hong Kong 2018(2018 #=E= &up)’ o 7t F F% AZE0]
L8E ARolx ‘A= urE ZFY 2(Chef Masterclass) S 53 3¢ 54
< 3 TF2 8 E BEAEA 2 TS LS. o] Yox A9} o
$oE I9u|FE A7 ‘Tea Pairing’ ZUYoA 9 2 2577}
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Kerryh, & Buckleyh, 1998)
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2018 Aol 222.2 == 2017 3 216.9 F=olA 1998 W 210.2 ==
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O A 50 9 Bk AH BE K7 avlFoln, He K79 AR AT
1o 2 FAG 0T A} AT MEATLe 2

(o)
‘J:li'
= 7F & Aolar
Fo LPEe U ¥ B2 = &HT Aow AW

O H=F4t =% EAS (American Department of Labor Statistics)el UZ}E
14 v =404 1 }Ed 3= 364 D2 Ad tiH]

O sl A wlolde] stAe § 5712 Adnc o 12 % 2/, HERE
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O %Fe Ao awide] Toj Aol JFL WAL AT Ao B
Aol PP AL &F L KF AR AuA 249

O A7) AZe 7t slice & #Harlje AL Axd H2 A3 IS5 U=
myoglobin A 24~9] Fx=2} Aejol w2} Watd 7 A
o|27|7MA BT

TE7F 5 Mol XA Hew, dE 59 Havle Ao

Aol REHo g w2 7]t °F 9

| wj&o]a(Egan, Eustace, &

Shay, 1988) &7 A& 2 718 oA Ples2Rle 4ha EA =5 74

stoll 7} " 22 oxymyoglobin T+ metmyoglobin® 2 3 zo] A}z oz

7] Aol EepKE 1D

Oxymyoglobin (bright red)

N&at (cooking) i

onmaﬁon Denatured myoglobin (grey-brown)
T 3

1 Oxidation

é"‘/_? Metmyoglobin (Brown)
Myoglobin (purple-red)

w\mitrite} 5 ot 6
ea : ;
Nitrosomyoglobin (dark red) —— > Nitrosohaemochrome (pink)

Bacterial spoilage

Oxygenation

Heat (cooking)

7
Sulphmyoglobin (green)

<Figure 1> The forms and colours of myoglobin in different types of meat and meat
products (modified from Egan, Eustace, & Shay, 1988)

1, IF 24 3], 2, A4 Har] Frlel A 3, AAds 1o17F 37] Foll A% © 1),
Ag 17 28); 5, 2EHA &L A3 &F (29); 6, 28¥ SF (g ) 7, vAEd 2

° 3} metmyoglobind} A1 Ak w P FA o
SFoNAe Fo49] A4 d(Taylor & Shaw , 1977)

©
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A4 At Fr), A, Az g Gty A Wy =4 sigEs A
AT 7hsAol o vetve 57 2 s7teEY FE AsY ® & F
2 2921<9(Gray, Gomaa, & Buckley, 1996)

A AR AF G092 AAMAUZS Fo AaEAe wshe B
Aol HarstE e WS BT 34

7 2 S7F AFe ANt AstE 55 A (o - BE E B3, AW
74, 55, ¥ 3IE ¥ 79 &9 2, b 2 AR A5 2 HH F
o] ¢a JFS w-S(Morrissey, Sheehy, Galvin, Kerryh, & Buckleyh, 1998)
I 7e SHoA 4stA A Fo] d3E WA 9% s &g o
A= AT BHekA ¥v EE, IE 4 E= Modified Atmosphere
packagingMAP)(o] Ab8l ek A @ Ao A 7S ZASAY free o)/
AL FZAAAAE 24 A5 HIF ke WEHSA

FANCT Y A Z7)ZFSANZ)E oA Aabd &, oF o 2 x|
Mg 171e 2% B Ulg 9ge] Axg =
=

= — Zﬂz
SF 2 SF AT 93] vethve A4 9 Agro=w

t

P2
al Bzt

AR 52 Aol Bl A9 gloud &7 AR, A% 8 AT
T, wAle A ATIYY, I D, AYAS £ R g
oAFAY T 4F ¥ B3 FE /U JUA} nA 09 B F AL

%5 Red Meat 4Fd(Sumner, Ross, Jenson, & Pointon, 2005 w3l v A&
std 913 dAFoA HACCPS AAsHA] 82 28|A7F AlFg Clostridium

perfringens® QG 2AJAl, Ewo]Eo| Qe Anudglyl wxQ FA7 ALY
=} 013- ]bﬂ- /é—UL-ﬂ{ﬂ__E_L = 9_%% 7]’%]/:}01]/\1 “%%“ %Q.@.é’:%ol ;5:—,]'?_]

=)
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‘S 9 AlEe 9ol Listeria monocytogenesZ L\
FAEZoIY ZAE=dA UAF (EHEC % Andgldozw odd
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Folu HF "ZUAITUIE & AR o 2H9H SF/ol
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O “FY=s} wet AFo seld AFEL Hmdz odsel YA L

monocytogenes® 2 d¥ UCFM/salami; EHECZ <o9g¥d & =z d dIHA
ol T3] =YHAY, 2HE F RTE) AF=1U=

8 AFelA 7 &3 A F=5 BYA= Campylobacterel ArRydlel + o
Rom 1 o3-S =2 Yersinia spp., Escherichia coli, L. monocytogenes”} 1
= wWENgrrung & Buncic, 2008)

O

w3l 7]19 mAE AL A AAFH TAolH, 7o Fils 4
A3 vy E A4S 28 (Tsigarida, Boziaris, Nychas, 2003)e] Z3}o]7] wj&
of A% W It HANA vy HAA AHstes =S HAFetW 17
nAE b £AE HASst AU WA7F T

[

57 2 7y AFY B A (o A, ), I FH (o -
2 A Ash " kA (o - mAYEL] Al

2 g9lo]lm(Nychas, 2006), AAZ &7 2 %7}% AE 7 2
2 BAANA FA = ok g

CoAA tiFEe mAyES HAAEL 5T HdAES Aubd Est
2571 gofd wet § EoE7]dd F5 Xﬂ% 2 Ao wet dE83
2 932 §7% AR 25 9 &% %7} Z83KEgan, Eustace, Shay,

o}
o HH B 2+ o -1TC7} HOM g

7wy

7 2 Ve A B F 257 A2E UelA 1y 2 o 54 49
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232, 7t= X &

O 57 % §71F 9 vAE AF2 T 7l AES AATo=ZHA A
2 T A

O MAP (modified atmosphere packaging) 7|&-& & 3740 7|9} & %A
o= WAE H¥ F8E AR Hal gdd A AF 2 s A F
M 2 28" (Wolfe, 1980)

O gWtx o= 7t~ 2HEL oIS HLd FE& SV D/EE A4
Yo AN EZN HYPHL, dAE BEEA 7IAEA AMSE OE T7]A
o] Hl&S 3 He)E FAEBell & Bourke, 1996)

O MAPE % ATl d Alw 24 A &39k ti7] 3 10-20 % F=9
go og =g 179 /80 §8 717 50-400 %7A ZAA L
Itz FAEM, 37 3 weleote] 4Pe EFHo=Z ARao &

O AlAXgE W7t S/FE dwbd o=z 80% 02 20% CO2(Georgala & Davidson,
197005 &-ste MAPOA ARZHW Zzgd S/ 0% N2 @ 30%
CO2(Smiddy, Papkovsky, & Kerry, 2002)ol A #ol & =
o] 4t FEE HEFOEHN S/ MAe FE MGt S/ RS A

ko] AbstE ZHAAZ (MceMillin, 2008)

O FEdA SgzAY s 24 S ZAAs Ad2 a17]e] pHE
Wy 2EYAE A dE FES TAT 2 4 Azte] A Foj, 117]9]
% pHE ¢F 5503 pHe 55 o4l AL == A 28324 1z 27

2 AZ-g(Kannan, Chawan, Kouakou, & Gelaye, 2002)

O Mach, Bach, Velarde, & Devant (2008)o] W= pH 6.0 o]49 §7F9o FH
TARE A F2 A, Fogg W3l F7), slo] £4 &2 A
AN F7te A 8 T g §le SRR uAE AR £8Y 84
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(Egan, Eustace, Shay, 1988)

et §243 vAEe] dHdS wol7] s FECA FHRA 1E
S T3l §FolA pHS.50l EEdtE Aol Fo38tH ols wRA =A%
el # =& A

AR AZE B AF, EFFAAY B Az, 7]
2o 52 54 A9 fAH I 9 ded Ay

Velarde, Devant, 2008)

1) 4 A1Ee 5% F =50 4850 2 =4 8 SR pHol M7
oGS A RomE {7 pHE HHe WAE FANES EAA
&R =Y AL vk shoky

O WHEe Bol Wastn] £ Yol Fa}W YHEO Pa FE BAE
@wE 2 25 0 48 2ol B £3UT w58 2o 3]
Fel wgolrl, SAelA A FRsEAL BT Be ¥g BAY

2
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e
b
i‘-"/
=
N
rlr
o
[de]
©
oo
&3]
oQ
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=}

t
[
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o

(@)

o
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<
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*x

walsh YA MBS WA ToeA gleF ok hE F (o - A
el =
h=n

of wet dF nA=e 4Fe Wt S/ AF (o 3, A
Z

|
Z dEA JQorn, BRAA FE FHFI s H
Kurek, & Gali¢, 2010)

<{Table 1> Minimum water activity for the growth of various microorganisms (adapted
from Egan, Eustace, Shay, 1988; Gould, Measures, Wilkie, & Meares, 1977)

Microorganisms Water activity
Xeromyces bisporus 0.60
Saccharomyces rouxii 0.65
Halobacterium 0.74
Aspergillus flavus 0.75
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Staphylococcus aureus 0.84
Yeasts 0.87
Escherichia coli, Pediococcus, Micrococcus 0.90
Lactobacillus, Streptococcus 0.93
Closteridium botulium, Escherichia, Salmonella 0.95

2.35. 35t 3l A3st & A A

O &7 7134 FAE 2L WHAAEA K7 A U/ FrE P
7] $18) Thea JEol A7t

oft

= ¢])) Pseudomonas (Egan, Eustace, & Shay, 1988)e] &S wr] {3 71+
59 EA FFdA4 FAFUHEF ()& BT Hr7bsty vAdEY A4S o
Astz] Al Ast S7/o ofd4t B ofHAE S AR

w FH o A AL A A" & Foyo d4AH EFS YAY
FaAE 2 5 AH EAY FHAY HHA dFS 5 2

A, AR B oAd o (d
e (]

> g
L), &4 (o @ YA

g arle B2 2 FF (F 15 %I FIFE FIFEO] B3 3}7]

T X9 AF9 F4 AsE fEd 2 ) 2 9

B BEsts BHE 7|E T shuoln] &% 9 Lnixbel A%
<)

kel A4S 93 HAdS AlFMarsh and Bugusu, 2007; Barlow

M 2

P~ 32 o

O AAdg =% 7]+ 1900ddh =REEH AZA F2 SAF T stz
s A 2F A (VP) & MAPL 7135A &L ox
of H3LE 7HH2 S5 B S7bE AFe #

7o AA,
= = <
2l B 7]<9] E( Cachaldora et al., 2013)
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w2 (Zhou et al., 2010)
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{Table 2> Packaging methods and symbols for Australian meat (adapted from AUS-MEAT, 2015)

B
£
S
(@]
3
o
TITR  |[RWRT P o
%%7 ___mzw._% &ﬂm
T R Ao & ~ |7
I s & T 0 B = )
b X ¥ E T oo
gn:% Mo o |
al el N . ! .Iﬂ
HE® REEzm |y
D TR R R i W o
‘NﬁlE._ ‘m_lﬁ‘hm#ﬁo_a °
zTEn_Lo‘HMﬂO#MMLO\ﬂV)H X =
R - SR TR
N T S ST
T W o < s n oo}
5 oy PEE P TR
E |y | hx® |Fo
B | & o Kol B M
B o % |l ) Wl ol [
g No = HTHY TN
QlAvvo grxzrnadd
3 =
Q [a B}
..m W L S
wn
- =
> (o] (]
g8 9% 3 =
a,m ,mm =7 W
4 = o
S8 g% S =
K= < M

- 113 -



Eol Jguth o WHe Fx¥ UF
A FE (] A AF - Fm] e
F2 Aggun
2 9 §7] mE Edolo] T4}
3 ggew guUd oL T2 &
Tray packed | TP o g gl uAE wael A28Y
=
Modified H Q2 AdAGF == A F8] EFoh)e
atmosphere MAP ZAE o] AAE AATNAY FF7] ¢
packed 3 =% sbaz Mol
2719 Atae IANA AAGY A
‘{D%‘é‘f(‘égl VP |2 RS MAPE A3t 9o 27
H nE I o A8 Ut

Q18 Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian

Meat Processor Corporation

1. € 4% ¥%

anzbe WALAA S AAl AA st §R/E AAAdSA FAsHr] A7
N ‘%‘ A @ HrAE AL

ooy BYvie AW 25T AN L FOYS Be AY S8 AB
ARG g B 5T BUA B4 A8 37 Bge) by AdwHos
A4

olf g drtad FAH nEAE ©es 4 Ads VMo EN &8t
T ASMensitieri et al., 2011)

A TRl AHEEHE dFEEY = A5 EPoir|E, ZEEHH
go|2H =22 T4 (Arvanitoyannis and Stratakos, 2012)

o =
=TT
] 3z
= =

31.1. €7 olv|l= A&

O Zgolu= (PA), & UYL EL = &4 A& ( Z FAFHANY =2 A=
9 HA, vrx 2 A | 3k A3k }E(Mullan and McDowell,
2003) PA HE& A 2oA dAoZE A FHAsY H& Ak &g
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E314  (200-400 nmol
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s-1GPa-1)& 7}A A5k 53k

2
ZZolgdll (LDPE)2 FF7]el tg F3gdo] wEXRE 7h2of it

- X‘] =i =
T34 7F-(Greengrass, 1999)

=
=0
2L 1.

= LDPE 7% 1704 oild dS AR AHgstes A adsior &

T
o

=

—t+
[\
S
o
(@]
~

- FYEY B9 ofml= - EPA BEL

@ =
al.,, 1999)c.2 <l gutd oz -4k 72 MAPo| A&

o
Wi
=
v

3.13. &8 JdxH HE

= T Argel ozHZ F&VE TS EEW FhE|agolH,
bzl o 2= Zglogdl  H 2= g o] E(Polyethylene terephthalate

= Zo Z2E4L (PLA) 2 - FdEA Hg ZeYolE (PBDS 22 B2 7
o] ] oz=H=7 A

= PET ZF2 12 Ao izt 3 W] e 7AH Z=7F w3
T AE] A AT (Fa B S+ 6-8 nmol-1 s-1 GPa-1DeolH =
2 l#jde] -(Coles et al., 2003)

3.14. 718} &

O &7 EF AL & =+ e 78 94 438 €% 4242+ EVOH, PS,
LLDPE, OPP, EVA, Zgu|dgd FZglol= (polyvinylidene chloride)
PVAOE 2&stdt =3 718 = 9dukH o
€5 875 ddte 7AA 2 A SA4E BT UrE}‘JV] %}%

O 94% WE W A F& EAE F e B 7EHd a7 ARL
F2A2 5 s 598 03 Beay B8

= of) PP/tie/PA6/tie/PA6/tie/LDP A9 (Elo]) Fo] To= UA H
=2 Y HBS =3%ete= 3 &H (MB) EVOHE {5 F4AI717] 918l

IR1g=)

eyl
o
:
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HF A5 do 77 AA @ &7 (FEsEAY F43H
= Z(Muller, 1990)

» F7]R o] A FI|E A ASFR7] wFo MAPe] HE o Z% ZF5(Rao and
Sachindra, 2002)

32.1. VP AR

=

F4 AT WAL YRHOE K7} Mele] =
9 5% delo] o] AFe mapel B AT WE B 3L

¥ Al 2"l 3l (Belcher, 2006)
O FAF A dukAel AHEEE PA, EVA, EVOH @ PET-PVACH} ¢

oAM i FA= A d7IA Y 7hx wigo] 54 4w

-

O & I 712 vigleo] EAo daes T &7] &Y Oliveira et al
(2000)2 R ¥ XA A EVOHe| A&3+

O A AFHA VP &A= 1 th7|delA 15.5 mim-2 (24h)-1 ®|¥te] O2 F34

€& zt= EVA [/ PvdC /| EVA9l 3& FtZEo]ti(enkins and Harrington,
1991)

O VP A|2="lo] Wy oF Ay YHIF7|FH3Fo] e 5 IES AHE
st A

O 9F AHZL &v) A Ao BAFTLZHE BAXA 771 542 AF
I HE=3e] HAS Ao F7l(Belcher, 2006; McMillin, 2008; Zhou et al., 2010)

322 7] A9 A VPY o] &

O & #71A 17|+ o8 ygtolA a0t AFHoE FujEo] AH, X
FeEj MY S7F BRELS dubyg o= o9 &3H(Jeremiah, 2001; Jayas and
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H

)

Jeyamkondan, 2002)°.2 VP

&4

O HI, Avilés et al. (2014)

)

=4,

(e}
A

fl oF

[

b
O & ZAANAL AT Aol tiet B 7R A7 <& 3ol A A5 o

-

T

2 A=

=

(=)

Y

& w2, VP(Rao and Sachindra, 2002)E =3tste] 2 71A] 4

L

O

q =,

=
= .

ANA K Z o]

=
=

s Z1 =] ol 7

of mh o

[

12!
2}

|

o
v

H71A He] FE=

2138k #FA o] deoxymyoglobine ®| = AH] A}
(Meischen et al., 1987, Cornforth and Hunt, 2008)

3}
g

[e)

IEo=a

or

A|7F B8

=
z
Al

: PVC Z8)S ARE3Ho

2E (9

N

/1\_]_.

ol
o0

=0

)

g

<

Al

o
e

‘O/] 73—?4 3_60C9

3} " AlFolu -1T ¢ =0l A

73

F AAol @8 A& (Balamurugan et al., 2011)

739 5-6C

o
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<{Table 3> Some examples of recent practice in vacuum meat packaging

blood
ood sausage =) 9D

Meat materials Packaging materials Storage References
drvlolE HE (& otr|=el ZEdg=l
Dry-cured o] E3tE, A4 EFE - 38 cm3 / m2 [ 24 | 4+1C, 120 | Parra et al.,
Iberian ham h / atm, Viduca, SL. CASTALLA, | days 2010
ALICANTE, Spain).
FE Ad W (B FHE 40-50 cem-2 | -15C or Bal ;
Beef and pork |24 h-1, Winpak Ltd., Winnipeg, MB, Canada | 4.0C, 6 <3 a%%‘;ga“ €
ol A AFE) weeks v
Zot2E wigle] 3E (AEE Egdgd,
Beef CRYOVAC BB3050, CRYOVAC Sealed Air | 4C, 20 Pennacchia et
S.rl., Milan, Italyoll A AF& ¥ 23Co|A 4kA | days al., 2011
3-8 : 0.83 cm3m-2 h -1
230C 1;‘! 75% RHOHA‘] /1\_].--/1\— 175‘34'% 50 2°C Gomez and
Horse meat cm3/m2/24 h/bar, 23C B 85% RHelA 5 | & - rﬁ)re Lorenzo, 2012;
7] %78 2.6g/m2/24 h, TECNOPACK , HFZ | g0 Lorenzo and
Az}, 2 9. Gomez, 2012
. S 23C 2 75% RHOlA 4F4A F34& 50 cm3/
; Ni[ge{lalclgoké da m2/24 h/ bar, 23C 2 85 % RHollA =7 | 4C, 8 Cachaldora et
yp =318 2.6 g/m2/24 h, TECNOPACK , HF=4 | weeks al., 2013

Q1&. Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian

Meat Processor Corporation

323. 171¢ SAEFS 3 VP HA L24F

O M=% ¥ =3 H59Y M

» AF EAoA ] Yo AkA 2 7] 4kskA EHIlE H4gEta 57
A s A 9A & 7 Jdoy I{ 4AeE 052 % 020 =E
o HAANR] ZAWHS dod £ Y] Wi FlIFEWNES 0475?3‘]
deoxymyoglobin®. 2 HZAF 4 9l (Zhou et al., 2010)

O VP &9 ZAL gAA7]7] 98] NEF (nitrite-embedded film)S A}-&3
g 2R3 AHgste AAdg Hur] A FA FHS dA(Claus and Du,
2013)

= T8y o] X Ve SR/ R ohEAA S JAAANE F dE TheAol
Rl & A7 2 7 A=

= 1 FFF (USDAS fAlel] wet opEArdL Aw) HuA Kol A
120~200ppme] FFo & 10~ 50ppme] XHF ofE4IEO R SF{AAS =T

<

AbgE 4

¢JS(Aberle, et al. 2012)
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O Wl%:% NEF =A% 243 d1m7)e g &7 obased (1.8ppmz &4t
& (15.4ppm) FFo] LHEA E2E 4 ar7] 2ppm mREe] HEol opA
Aol oo A Jhed i obEAtde] AEH A &ka(Claus and

Du, 2014)

- olagrele) Wil 2A W oAy RFDL @] g8 & 2AH ) T

O JF =R 348 | A s B

= 218 9 okg AE FH 9 AT HHep 22 B HA FEES &
Abel 9 R Ve e EASta ow AFE &4 F FHdsld tid &4
Aol YHo] & 4 Jd(Bagamboula et al. , 2004)

O AF xF 171 & §7 AFe v¥E 4% =4

(2013)& T}k %E_ AoA BEAsI= ot =
L. monocytogenes <] d7& &<l1st7] 93] PCR
& mdS 7iE

% »M. A 3710 A
WL AHgstel B4

- JlEe] MRS WP vt B4 o3 FoNe AesE g2 ¥
o] EAART Aoed B4 WAre] mde QY & dgon A=

= Hd
Beh A m2r) g Ay =EEe dok & 5 YA

33. ¥4 € ur] =%

O MAP (Modified Air Packaging)= &
o] % 7IgkE sty A A
2002; Sandhya , 2010)

O #71A He F7le AAHL B rAEY A4S 94 & &+ de &

ZA9 722 XEEHT 1EFHS FAF}EEH B =

o

oS/

O MAPE 53] W4 2xol4 /9 f& 7I3& 50-400%714 4% &
2(Rao and Sachindra, 2002)
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3= Aoz ®H, MAPO %7] AR I 4L B 714 =47 &
F7I2 Z22eA] a1 AR Fol SFH HAES wreoE A3 W
A

(McMillin, 1996)

o

MAP¢} thxz o & CAP (Controlled atmosphere packaging)s= 712~ tfr] %
FEE AHHOoE BYHHSA AoFoz2ZHN FH7)A] Wi FLT 37
Z7& FAMcMillin, 2008)

Ao Aol MAPL #2 S/ ZA, By Bl Fo dy SEHAAR

3.3.1. MAPAA A5 &= Z+F 7129 7%

O

MAPo| A 7} dutd o g AL&EH & 7t2ae 4FAa(02), o]4ksterAi(CO2) 2
A4-N2)Y

U A3} EFA(CO)

S7HEE, 53 2 SFAE FHASHA JE8HAT FJUHoE 2 H
& 7 739 AF L A ZA g vt EFEY BT 255
7 g8 A gHFarber, 1991)

o} 2 (Ar), ©]4k3}3HS02) W o}xks) A A (nitrous oxide)et &S 7|EF 7hA
T 7ty ERAA ZAEAA T FAHJA b FAS} =2 H]E wf o
Aoz HExx2 E3HSandhya, 2010)

o4kl EhA

A E o4ttt A E AMEstH MAP 1719 /%5713
Jeyamkondan, 2002)

ojibstetAE MEZU pH Wsle sy¥o=E s R
AANZTE ABZAH 2N 57148 HAA=Ee AFe A

R

A= (Jayas and

71A1e] A A 7] 9

R o

o) 10-20% CO2%+E & F%+ S. aureus, Salmonella spp., E. coli, Y.
enterocolitica (Rao and Sachindra, 2002)¢} Z<& §5F U tjFEo R A
T A& afxo=zZ gA
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o Y IFE MAP HEoA E2 CO2 £3% (100 kPa, 20 ColAe] 157 g
| k@& <3l &7] SH7F YT F JoERE = xFo)x BRIyt i
3} (Sandhya, 2010)

» §F7 ZAAA 02 F£3 metmyoglobin BAS =& AAMF 1179
7S oo 7l(Egan et al., 1988)
= mEbA RS & I e $e vEY IF AAE FASoF 3

= 284 oxymyoglobin @S KA faliA= 02 °F 5% HA F=7}
g 8 $HLedward, 1970)

AASAY @714 BtElgole] S A

= MAPOlA Eo thdt e &3 = (100kPa, 20T oA 0.018g/kg)Z <l F&
sk N27} (Sandhya, 2010), CO27} o2 Zoj7lal AV 37|14 mAE
of o anlgo=zH WA= ¥ FHE WA T 4 ASMcMillin, 2008)

O d4tsters

= QB RS (COE ABE2 02 MAP =E VPAA ALLEJET, AsE9
COZ} =A&HE HL 17|dA dste Fa-dls Ao 7|Hstr] w&el
(Belcher, 2006; Zhou et al., 2010) ol&= 37|48 ZEAZol|A CO F=7F 0.4%
ot FolAH FIERA ve=EN FA (HF2 Ms FEs7] W&
(Cornforth and Hunt, 2008)
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» AR A2NRe] bA EAI9} B o] sfEo] =ge] ARV AAA T
FDAE &7/ XA CO AgS <<2(US FDA, 2004), (Wilkinson et al.,
2006)

o

O 17}e 7t2E

= AE (He), o= (A, IA= Xe) @ ¥ Ne)d 37 7tA2E= ure A
$17]1 W&o MAP, MAP of Z&|Al o] ellAl ZAME

- 3§ B 3] T BopolA ALHE N2o| us 87 shxe A
=

w7 =7
2 2E Aol ojelg Ao

O

]

O MAPIA AHEHE 7129 F8 7%
= dhg ol AR (CO2)0E& AASH= A
= 3714 9A [ F714d = A A (02)
» 52 A (02 € COs A
= Ae] kst 9 9 B3 (N2)& WA|(Chouliara et al., 2007)
- o3 Thae HA o aRE 4] A8 MNEA R mE 2FE 28 &

2~ 0] 9o
T}\}]\U

332 AA 2 7HES & 7t 2AAE MAP
O &7 9 S7+FF2 MAPe
71%s gdE T kA F

O AAH AL (d : 40)2 &F 23 3F 55 dAaA 7| 7] ZTHEAA
02 &l == =747 (McMillin, 2008)

>
N
[>
B
oX,
:\_l‘
f
r
rfo
bt
rr
2
i
1o
i
)
_\-'1_1‘
Jo
of

i:o
e
ko
B>

O %L:_Q] HE (4 : 0-4C 2 4-10C)2 4Ce SolA e RA3 v ws)
o S/l o B33 dEgol ddEE 5 & F JoBE Hsjof &
(Zhang <., 2012 )

O A 02 MAP

» 374 PAEY AAS AAst & VIS AAs] Y8 179 SF
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A Z2o] MAPo| dutdo g EEA 712 (o : N2) ¢l =& oladers =&
(10-80 %)°] #8HKerry et al., 2006 )

o Aubr o7 oF 20-30% CO27F =714 Hu| HE|golE owlstr]e] FE
(Se rheim et al., 2004)

» =2 02 FE+= oxymyoglobin®] & Mo FAHS AT, &5 A A
o] 4kst QP BAAJ FTFS =1 45 A A7 D upEA s S

WA S %28 (Bingol and Ergun, 2011)

= 2d" a9 mAESHH, 294, 383 g A4E 5S4 7%8ho,
Fernandes et al. (2014)+= 100% CO2-MAP <a17] Als7}F VP ¥ 75% 02 +
25% CO2-MAP A|FET A H FrHo] Faitty AES WA A

FAHAAME HE FA &S

» I OE2 dAFE 29" AAA “morcilla“(Cachaldora et al., 2013)e] A&
=0 7)Aol 4FA7F fle 11 CO2 MAP A Z (60% CO2 + 40% N2)o] 712+
e 24 4kst ks YEhd S 3Eg

Table 4: Some examples of recent research in low O2 MAP for meat

. Low O2 gas
Meat material i Control Storage References
composition
. Vacuum; 75% 1+18C; Fernandes et
Lamb loins 100% COq
02 + 25% CO2 | 28d al., 2014
Long-term chilled lamb
loins (vacuum-packed 20% CO2 + 80% 02 + 20% |4° C, 7d Kim et al.,
and stored at -1.5° C | 80% N2 COo2 under light | 2013
for 9 wk)
Vacuum; 15%
60% CO2 + 02+ 35% N2+ Cachaldora et
Cooked blood sausage 4° C, 8wk
40% N2 50% CO2Z; 60% al., 2013
N2 + 40% CO2

= uro 02 MAP =X VPolA 027} @AY = AEE )
7VEEe A4St WSS HagsoF skt o] VHE WMo E 4bA Ay
el A A=A H A dHMcMillin, 2008)

= T3S A FleFENRIO] A HleFERIOE uHiyo] 317|7F F7] Fol
020 &% HA Ao 11771 =

rlr
b
ox
i
Ho
= 1
g,
Ho
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Ak A % Clostridium 3 < &7]4 gty gole] A S =7}
NANE Aoz & 44 d&Moorhead and Bell, 1999)

Wl =S 02 MAPE 25-90% 02+15-80% CO2¢] s|= 2w o] 27} A& E
T, 70-80% 02+20-30% CO27F 7F& A& ALEE 7bx~ A 20 AlA3
S8 xAg02 AANFH( G, 1996; Buys et al., 2000; Eilert, 2005)

Esmer et al. (201D oz 4 317]7F 50% 02+30% CO2+20% N2°o] HEH
7V~ ZA S 712 MAP SlollA 14 Lz21e] A A oA 38713 A, 4ks)
IAA W nAyE AAZE 7IHot B a(Eilert, 2005)

Blacha et al. (2014)& F& % ©& MAP =7 (80% N2+20% 02) H]3|
Az 7tE 25 AEHY AAA A, AE 43t 9 5 FZo| s
Aa AR (B0% 02, 20% CO2) 0% CO2 H 20% 02+20% CO2+60% N2).
7] F4 3t H& ArEr (02 MAP)O| &S Z8nith g2
MAPS] £& 02& &HASA mFAA Fe Mo 17]9) 719 (Djenane
et al., 2004)

olg1gt H|7)A Al2~®S myoglobin® AA A3t D hald A43lo)] o)%
myosin®] 7lu/SHo =z Qs SHo] RAAA FFS & + J=Kim et
al., 2010)

webA o] Zlee Al
Myoglobin 4+3}

=2 02 MAPE= &4 nlo]Q = 2RW1 H& MAE
I3z oz ZAQl metmyoglobing] A& T = U

Mo

=l

K

715 A R w ¥ A5 A

Wl

Lagerstedt et al. 201D &2 02 MAP (80% 02 H 20% CO27} o -E= ¥
= g 2 OA PR oilgt REgE, §F 9 1] e Z93 4
7] F4 wi \aE darA 27 24d 2 Add AR FHs 29§
S Hy

A4 4ks)

B A 4= ZE2HE 43 YA E (cholesterol  oxidation
products, COPs)¥} Z2 =4 3= AP, =2 02 MAP (80% 02 %
20% CO2)<} A A= Jur] 9 ZgH 7|4 COPe ¥H3l=
A 27 SHol A A A F4kstSo] S71E (Ferioli et al., 2008)

BRI

H >1
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Regey gbe 2R 1 A dde S8 A3 VA FxF
RS wrYgsi= AAdg 7)o Fe% 3 E5A<d(Puolanne and

Halonen, 2010)

718 R Eo] iU Zd A dHEe

Fetole Ao 2 od 7iw Aty Z& A3t #AHo) 53 mifste] 5

B BReEe 7HaA7(Xiong € ., 2000)

Delles et al. (2014)2 =2 02 MAP (80% 02 + 20% CO2) A]2~Hlo]
2 A wgles HA 171 F2 AE

A RE Tl A4St R QI3 YA & Ba4YE o3t At

O COE &3}
= oA AF I uke} o], =& 02 MAP 17|& HIELS & A& uX
qF, o] n ‘?j% S79 WHAM(Luio et al., 1998)3} 4F3} 34 (Linares et al.,

e
N}
B
)
Pl
£t
N
fd
o

A= A4 0}71 Hﬂfoﬂ ;%Pzﬂoﬂ CO 7t=& ®e
(Krause et al., 2003)

n FH 2o e 3] A J|Ee e £ (9F 0.4%)<9 CO, 20-30% CO2 %
Uz N2 (Cornforth and Hunt, 2008)2} 3+A 714 MAPE A&

kW
e
ot
flo
=

» CO MAP= Z2Hol=Z9] H2 A AL S B Fo #yk oly
vl 3 Sox #-A](Liu et al., 2014)

= CO MAP7} Wlgl o224 3 XS A3
o A& 7|7F FSF FojF o= S
gk CO MAPS] 2 71| o7} <3& 509 Y=

ot
b
b or
° =

O AMHOZ 1 % vlgte] CO (ME 04WE FH3 B714 MAPS HrlZe
Boa g5 MAE RiE AL o sl Mg §AY &
A%
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<Table 5> Some examples of CO MAP for meat and meat products

materials

Gas compositions

References

Loin steaks and
ground meat

1% CO + 20% CO> + 9% Ny +70% Oy
1% CO + 50% CO; + 25% Ny + 24%
Oq

Lufio et al., 2000; Lufio et
al.,, 1998

Beef and pork

0.4% CO + 60% CO2 + 40% N

Serheim et al.,, 1999

VP was achieved by pretreatment

Fresh beef with 5% CO MAP for 24 h or 100% Jayasingh et al., 2001
CO MAP for 1 h
Beef steak 0.4% CO + 30% CO2 + 69.6% N Mancini et al., 2009

Spanish Manchega
breed lamb meat

0.7% CO + 30% CO:z + 69.3% N

Linares and Vergara, 2012;
Linares et al., 2008;
Linares et al., 2007

Beef steaks

0.4% CO + 19.6% CO. + 80% N

Suman et al., 2009; Suman
et al., 2010

Manchega breed
suckling lamb meat

0.7% CO + 30% COq2+ 69.3% Na

Bornez et al., 2010; 2009

Merino fresh lamb
meat

0.4% CO + 30% CO:2 + 69.6% Ar

Gutiérrez et al., 2011

Bovine muscles

0.4% CO + 30% CO2 + 69.6% N

Liu et al., 2014

Ground beef

0.4% CO + 30% CO:2 + 69.6% N

Rogers et al., 2014

Beef steaks and
ground beef

0.2% CO + 60.0% CO, + 39.8% Ny
0.2% CO + 99.8% CO, + oxygen
scavengers

Venturini et al., 2014

AJ&. Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian
Meat Processor Corporation

O =2 02 MAP9 43 CO MAP= o3 e do

=

7HA ol & AlF

» 98T Z7] Aol ¢l (John et al., 2004)
= OF7FO] WA o] F=&-(Mancini et al., 2005)
» BT Z7HLund et al., 2007b)

» UIQJA A3t §49 A &5FHQA FAEIIEES= BEo 7 F& 7]%F (Grobbel
et al., 2007)

» AAr, He ¥

ES A3t (EU 95/2/CE; EU,
1995)0 A 85 ZA o ALLSIEE &

- 127 -



= o]F VAlE Eitd oz st or EgAolr, M +=XepaHEKn>o}
ZZAHENeDE FHe)el A2 029 &4 sl 43 HlgS o
A & 4 21S(Spencer, 1994)

= o] J}2E FoA Are BE3 EEAI s AAIste v
AAANZ 7hsd wEol AF9 MAPOA 71 @o] |7

)\g ;gL

ol
i
flo

=

- o)) 40% 02+30% CO2+30% Ar(Ripoll et al.,, 2011) 2 30% CO2+69.6% Ar+
0.4% CO(Gutiérrez et al., 2011) W 2= Ar MAPo] N2¢} vlwd u] <& Ak
3tE Ao g WAEA XA Far] 1719 AA A 30% CO2 +
70% Ars A3t AAE HA 7] A2AAE BBIHClaudia and
Francisco, 2010)

3.3.3. MAP Z%A)

O C02¢ EFHAMHL HREol ZgixyYy FES F3 02RY 3-6m] =+
(Ozdemir and Floros, 2004)

O Wehd %7 MAPE Am: 27 T2 AFY BEE SHY 5 JEE 4

SSHA AA = ookt
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<{Table 6> Moisture and gas permeability of packaging multilayer films and trays for meat MAP

Permeability
Multilayer films (cm3/m2 g a;t)m) (g/m2 d) References
Oxygen di%r)dgg Water vapor

PA/PE 35 158 15 Stasiewicz et al., 2012
PA/PE 30-40 2.5 Rubio et al., 2007
E?épli TE]SO/ 100), thickness of 7 150 1.5 Lauzurica et al., 2005
PA/PE, thickness of 57 xm 47 150-190 0.9 Fernandez et al., 2009
PA/PE, thickness of 90 xm 47 150-190 7.5 Fernandez et al., 2009
PA/PE, thickness of 95 xm 50.65 1.64 Mastromatteo et al., 2011
PA/PE, thickness of 90 xm 50 2.6 Speranza et al., 2009
]ivrr[?/ PVAC, thickness of 48-62 25 1 Fernandes et al., 2014
LMDIEE/PA/LDPE’ thickness of 75 | g o 191 24 | Petrou et al, 2012
PET-PVdC/PE 7 20 4 Melero et al., 2012
PET-PVAC/PE, thickness of 12 <8 $5 Arvanitoyannis et al.,
w«m/70 xm 2011
OPA—EVOH/PE 5 1 15 Aksu et al., 2005
OPP/PE-EVOH-PE, thickness of ;
50 im /50 g m 3 Bingol and Ergun, 2011

Gunes et al., 2011;
PET/PE-EVOH-PE 1.2 Dogu-Baykut and Gunes,

2014
OPA/PE/EVOH/PE/PP 5 Syyczarek-Fendor et al.
PA-EVOH-PA/LDPE-LLDPE, 05 9 4 Jakobsen and Bertelsen,
thickness of 40 xm/75 xm : 2000
PE/PE/PA/EVOH/PA/LLDPE/EVA 83 Garcia-Esteban et al.,
, thickness of 140 xm ) 2004

Multilayer Trays

Sanchez-Escalante et al.,
PE/PA 40-50 5-7 2001; Djenane et al.,

2003b
PET/EVA-PE (92.31%/7.69%) 6.48 1.85 Leygonie et al., 2011
PE/EVOH/PS 0.99 0.55 1.69 Melero et al., 2012
PE/EVOH/PS, thickness of 2 1 Hempel et al., 2013;
mm Murphy et al., 2013
PE/EVOH/PS 1 4 %ggys—\x/adiwander et al,

Q1&. Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian Meat

Processor Corporation
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= Zhubd ZARE MAPS] 238 HA 117] AAIA A UEZANS 4 Al
Z 3L (Song et al., 2003), a17]2] <+H o] &AF Ramamoorthi et al (2009)£
CO-MAP (0.4% CO+ 20% CO2+79.6% N2)7} #a17|e] =& 4 4 &
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ot X 31(Gunes et al., 2011)
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. ZAF AE YeE g2 HE UHHES MAPS} ZASste] 11 CO2 E9tolA &
A 72 FAHBIHSGS) e 2o AFE FF P AAS =
(Rosnes et al., 2003)

= SGS HEWHE 11 CO2 EF o]HAo] 1-3 AF B¢ &7 AFo fad=
83 o olxtserAYl XA BIE WAL AF FEES EAAITIA
oroma wWrE F3E FAH(Sivertsvik, 2000: Jensen, 2005; Al -Nehlawi et
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<Table 7> Some recent studies on combining natural ingredients with MAP for meat and meat

product packaging

with MAP

Natural ingredients

Advantage

References

Beef patties

packaged under
70% 02 + 20%
CO2 + 10% N2

Ascorbic acid (500 ppm),
taurine (50 mM), carnosine
(50 mM), rosemary powder
(1000 ppm) and their
combinations

Inhibited oxidation of
both lipid and
myoglobin.

Sanchez-Escala
nte et al., 2001

Beef muscles
packaged under
70% O2 + 20%
CO2 + 10% N2 at
1+1=C, 29 d

Sprayed on the surface with
vitamin C (500 ppm), taurine
(50 mM), rosemary (1000
ppm) and vitamin E (100
ppm), or in combination

Extended the shelf
life of fresh beef
steaks by about 10
days; delayed
myoglobin oxidation
and lipid oxidation.

Djenane et al.,
2002

Beef steaks
packaged under

Treated with 1.5% lactic acid
alone or antioxidants (0.1%

Extended the

Djenane et al.,

packaged under
70% 02 + 20%
CO2 + 10% N2

carnosine (50mM) and
carnitine (50mM), L-ascorbic
acid (VC, 500ppm)

protection against
lipid and color
deterioration.

60% 02 + 40% rosemary extract and 0.05% shelf-life. 2003b
CO2 ascorbic acid) ,
Fresh beef steaks | Sprayed with 2% ml/g grrl%g%gﬁt\})ee

Djenane et al.,
2004

Minced beef
patties packaged
under 100% N2
aréd 80% 02 + 20%
N

Rosemary extract and
ascorbate/citrate (1:1)

Inhibited oxidation of
both lipid and
myoglobin; no
antioxidant effect was
observed in 100% N2
packaging.

Lund et al.,
2007a

Beef patties
packaged under
70% 02 + 30%
COo2

Added 500 ppm phenol-rich
white grape extract

Inhibited oxidation of
lipid and myoglobin.

Jongberg et al.,
2011

Fresh lamb meat
packaged under

0.1% thyme essential oil and

Product shelf life was

Karabagias et

N2

and thymol, 500ppm

5 days.

80% CO2 + 20% 0.1% oregano essential oils extended by 7-8 days. | al., 2011

N2

Sausages packaged o . Extended the shelf

under 5% O2 + éﬁ?gggbflﬁérgofgﬁ%%ngikott life of thymol-MAP Mastromatteo
20% CO2 + 75% samples is more than | et al., 2011

Ql&. Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian Meat

Processor Corporation
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<{Table 8> Purpose, method, type and function of active packaging

Function of active packaging

Method Add active compounds (gas scavengers, release agents, antimicrobial and
antioxidant agents)

Purpose Retain food quality, extend shelf-life, and ensure food safety

Antimicrobial releasing, moisture absorbing, O2 scavenging, CO2

Types scavenging/releasing, ethylene scavenging/releasing
Advantage Extend shelf-life, ensure food safety
Disadvantage Potential migration of active compounds into food that may lead food

quality and safety concern

A&

. Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian Meat

Processor Corporation
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<{Table 9> Examples of commercially available antimicrobial active packaging

Product and manufacturer

Active compounds

Description

AglonTM, Agion Technologies

Silver zeolite

Films, paperboard
cartons, wraps

Bactiblock®, NanoBioMaters, Spain Silver Masterbatch
Bioka, Bioka Ltd., Finland Glucose oxydase Sachets
Biomaster®, Addmaster Ltd., UK Silver Masterbatch
%iscgnaster(@, Linpac Packaging Ltd., Silver Trays and films
%%{p@, Symphony Environmental Ltd., Silver Trays and films

EthicapTM, Freund, Japan

Ethanol vapor emitting

Sachets

Food-touch®, Microbeguard Co., USA

Liner/cover, interleavers, papers, wraps

lonPure®, Solid Spot LLC, USA Silver Masterbatch
[rgaguard®, BASF, USA Silver Masterbatch
Microban, Microban Prod., UK Tricolsan Plastic packaging

MicrogardeTM and MicrosphereTM,
Bernard Technologies, USA

Chlorine dioxide

Sachets, films, wraps

Novaron®, Toagosei, Japan

Silver

Films, paperboard
cartons, wraps

Negamold Oitech, Nippon Kayalan,
Japan

Ethanol vapor emitting

Sachets

Sanic Films, Nanopack Technology &
Packaging, Spain

Mineral components such
as essential trace

Interleavers, films

elements
Sanico®, Laboratories STANDA Natamycine Antifungal coating
Surfacine®, Surfacine Development Silver Masterbatch

Co. LLC., USA

UvasyTM, Grapetek, South Africa

Sulfur dioxide

Laminated sheets and
pads

WasaOuro, Lintec Corp., Japan

Ally lisothiocy ante

Sheets

Wasaouro®, Mitsubishi-Kagaku Foods
Co., Japan

Allyl isothiocyanate

Antibacterial and
antifungal sheets,
labels, and films

WasapowerTM, Sekisui Plastics Co.,
Ltd., Japan

Wasabi extract
encapsulated in
cyclodextrin

Coated PEF and
tablets

ZeomicTM, Sinanen Co., Ltd., Japan

Silver

Films, paperboard
cartons, wraps

Source: Modified from Coma (2008), Realini and Marcos (2014), and Sung et al. (2013).
Q8. Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian

Meat Processor Corporation
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<{Table 10> Commercially available O2-scavengers packaging materials for food applications

Product and manufacturer Description

ActiTUFTM, M&G Finanziaria s.r.l.,, Alessandria, Italy | Barrier resins

Aegis HFX Resin and OXCE Resin, Honeywell

International Inc., USA Barrier nylon resin

Ageless G, Mitsubishi Gas

Chemical, Japan Sachets
Amosorb®, Amosorb SolO2, Resin
ColorMatrix Group Inc., USA

ATCO®, Laboratories STANDA Label
Bioka Oxygen Absorber Sachets, Film Laminate, Sachets
Bioka Ltd., Kantvik, Finland

CeloxTM, Grace Darex Packaging Technologies, USA | Closure sealant, masterbatch

Cryovac®, OS Film Sealed Air Corporation, USA Film

Desi Pak®, Sorb-It®, Tri-Sorb®, Getter Pak®, Sorb, pak,

- 141 -



2-in-1 Pak®, Siid-Chemie AG, Munich, Germany

Enzyme-based, Bioka Ltd., Kantvik, Finland Film

%%liel Cryovac®, 0OS2000 Sealed Air Corporation, Film

Verifrais, SARL Codimer, France Sachets

FreshPax®, Multisorb Technolgoies, Inc., USA Sachets

025®, Bericap GmbH und Co. KG, Germany Caps, closures

](J)t—dl.B’usrl‘Egir\%anaio Sung Non-Oxygen Chemical Co., Sachets

OMAC®, Mitsubishi Gas Chemical Inc., Japan Film suitable for high temperature

Oxbar®, Constar International Inc., Plymouth, USA Resin

OxyGuard®, Clariant Ltd., Switzerland Sachets

OxyCatch®, Kyodo Printing Co., Ltd., Japan Sachets

Container suitable for high

OxyRx®, Mullinix Packages Inc., USA temperature

Shelfplus® O2, Albis Plastic GmbH Masterbatch

Tri Sorb, Tri Shield, Tri Sorb EVA, Tri Shield EVA

blue, EVA Tri-Seal, Tekni-Plex, Belgium Sorb, shield, tri-seal

ATOX, Artibal SA, Spain Film coating with antioxidant

Source: Modified from Kerry et al. (2006) and Pereira De Abreu et al. (2012).

214, Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging.
Australian Meat Processor Corporation
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T+7F 2 4 dS(Piringer, 2000)

a4t}

Azdel At

O Lee (2014)+=



413. |48 ErA HEAAE =F

oz Ml
Ay
> K
N i
l°_1>4r1r
ole
—r"lN
_‘LO
(@
“”L
o L
;éé
ﬂi
-\13
>o;
o?:
ioi
> 0%
—EE
3Hﬂ
flo
>
b
b
A
2
2

.

o

-

O &% B 7tgR BE Roko] Urie $§ HoplA ¥ FFo vyE
qAe A7) BEe] Ee CO2 #F (10-80%)°] HiaHsie A4y 592
le; ;8-

AlZ1(Vermeiren et al.,, 1999, Kerry et al., 2006)

O CO2¢| A3l &2 & mAEd & IF= "AA

» Pseudomonas¢} 22 7|4 wHHEole F5% WA 1 5o CO2 (10-20
%ol ola Al 2 4 AN, FAS

» C. perfringens, C. botulinum % L. monocytogenese} 22 HUF2 50% ©]
31 COZ sF<Fel Y3 HAToE FoFs v

= AAEO vl B HEYPE 139 C02 %
40 ¢ ¥& Aol B (Lovenklev et al., 2004)

oo Pz TdE IS5 AF AE8H oliEEs HjE7]
o *o“?ji d= ol wx=Ew =2 " (Coma, 2008, Kerry et al, 2006;

C. botulinum

i
N
N

rr

O
i
u)
o
N E]o{l
RN
é*’.:

- asEd FAE UER E: S48 2E, 48 2% 2 ey Az
THE olMBEE FFA GHDE TR Fol RdHE AL AN 9
S A% ol Bel olasigas AAGE o A8E F AL

= o) VerifraisTM (Codimer, France) ¥+ o]4ts}letA A4 7]/02 scavenger
Ageless G (Mitsubishi Gas Chemical Co., ¥¥)¢} FreshPax M (Multisorb
Technologies Inc., 7]=)2 AAg Fejo] A T8-S AAst7] A3l A&

2~
T o
St WE/AA A" 84 d e ofxFENIN FEA YEF9

- o] g
EgE o) 7]%. CO2®FreshPads (CO2 Technologies, USA)= &5, 795 2
SarE mAo] ALgH
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- T FANA FEIE £ FEd F4EHY dzo EAste AEZ4
I T YEFH Hkgste o]4ksierAr A (Kerry et al., 2006)

= Paper Pak Industries (CA, USA)&= © T3 E CO2 TA~7] Wzl UltraZap®
XtendaPak =& ZA]

S A3 FF HEg AL
% &+ &35 YeErd (Paper Pak

O Chen-and-Brody (2013)= &4 Z& Al2=®l9 AL&
HE 9SS F e S7HsEY nAdE FES BA7] s AA

» 2P E @ ANEE UIE/EVOH/ZHAdEA 44 ey gt FF (CSP
Technologies, 3 4+ Activ-Polymer® 7]<, US Pattent 7,005,459)2 =
Al 7HA @t 2 A|2"e] 238t CO2E AAsHAY ¢Eol
OlY|o]E & 4&7] 02, &eo]AH A E M7= 3+t
g ol AARE O2Z oy CO2TAY7IE o]l &3F = Fx+= M| got
A, 53] glzHEolE dAlste Ao E Yehd

<Table 11> Some commercial CO2 emitters

Product and manufacturer Description

Ageless G, Mitsubishi Gas Chemical, Japan Sachets
CO2® Fresh Pads, CO2 Technologies, USA Pads

Freshpax, Multisorb Technologies, USA Sachets

Freshlock, Multisorb Technologies, USA Sachets

Standa, France Gel into sachets in contact with the food
Superfresh, Vartdal Plastindustri AS Box system with CO2 emitter

UltraZap® Xtenda Pak pads, Paper Pak

, CO2 emitter and antimicrobial pad
Industries, Canada

I . Sachets containing sodium
Verifraise package, SARL Codimer, France

bicarbonate/ascorbate
Source: Modified from Coma (2008), Realini and Marcos (2014), and Kerry et al. (2006).

A A8, Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian

Meat Processor Corporation
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st o) 2 WUA MBS A4S Aols] AW st 2 G
Adel FHE T3 K7 L $71F F T 0@ A2 w9F F Ay

S7F 2 SF AF & 3+ 84 =
Duncan and Robert (200D)-& Ao (FEdze, HFad, f4s, HE,
NES = 712H3E) B 4-30|=EF A H

=
o3l NE A7 7|AS 2= 9AZ AL

Evans et al. (2003)+= 7] <3 FH& X357 fa SFE A5
el e XTI EE X A 2HS A

Zhou et al. (2012)+= &5 Y52 ZTH]d olAlHlo]E (PVA)S} ZZHEAF
(PLA)E Arg3sla A FFAVF 78 APE nlolmaz fPES A3
W88 g4 3 228 44

GA+= vlolaz2 AEANA A3 WEHIL, BE YA olFsta, A=
Wzte 31719 Ho Tgste] g 9 A /A4 E3E G4

Ortolani et al. (2013)& Zgogde] =
S22 AR 2 A 1 F

< 4% " AY HSske Al 2 5o 1 HA FE=
= e ed == Hox st &4 A (Rosmarinus officinalis
Citrus limon X+ Vitis vinifera HE+ Vitis vinifera2 78 42 H)E &
23 =gl 4%

of e WEEA ohile] RANA A% 9 FFE AL AR

o2 PF%

2]
A8 &F U4 AAe A=Y 53 A

Guarda et al. (2014)= =3 2 729 dd FFAE TF & ZF &
3 BA UE Al=He EH

-3 e WdE )9 7% 7IRke Sde WVIAE s et
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- mA AzEe] AE AE Fol $49 HAAT JBe F E: nE3
Megew B2 A % AUA AS ra) % )
A

=z W (myglobin blooming agent) @ A
(Siegel et al., 2014)

42. 317] AAFelde AHA =3

e} 113 = = “ 6
O #ENA "A5Y HF AE Az L BEY ¥H ok wF 4F wi

AES 2R FH 9 FHE ZUES= A2 % 7]AF(The Commission of
the European Communities, 2004)

O HzHoR A%y Qo] hF A Pl “H5E % (o : @A,
A, 7NN, 4, T4 2 H)s FI & FUe H7A Al

Takhistov, & Miltz (2005) F&A S =o]x, ¢

~
)
o B

42 golshAl 3t
7 g8t AES dAAT FAL AU FE/RS AR AR
A

=
SR ZAEsta AHEb3 AR J]jeRZ o] Jiwo] HA & FI= A3
34L& xA(Yam, Takhistov , & Miltz, 2005)
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<{Table 12> Examples of smart devices used in intelligent packaging and their principle

of

operation (Modified from Hurme, Sipildinen-Malm, Ahvenainen, & Nielsen, 2002)

Smart devices Principle/reagents Information given Application
Product identification,
Product and o
facilitating inventory control,
Barcodes Symbology manufacturer )
. _ stock reordering, and
information
checkout
. Product identification,
Radio frequency Product and )
. L ) supply chain management,
identification Radio waves manufacturer . .
. ) asset tracking, security
tags information

control

) Mechanical, chemical,
Time-temperatur

. enzymatic,
e indicators

microbiological

Storage conditions

Foods stored under
chilled and frozen
conditions

o Redox dyes, pH dyes,
Gas indicators
enzymes

Storage conditions,
package leak

Foods stored in packages
with required gas
composition

Freshness .
o pH dyes; Dyes reacting
indicators (e.g. ) i
with (non-) volatile

Microbial quality
of food (.e.

Perishable foods such

toxins

Microbial . ) as meat, fish and poultry
metabolites spoilage)
orowth)
Various chemical and Specific
Pathogen immunochemical pathogenic Perishable foods such
indicators methods reacting with | bacteria such as as meat, fish and poultry

E. coli 0157

Source: Modified from Coma (2008), Realini and Marcos (2014), and Kerry et al. (2006).
A A&, Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian Meat

Processor Corporation

O AAFE 71 A2="e 4 H AF9 7]s 2L EAo A3 HARE
A, A L AT F Ade F AHS 2 == g ) AnfE ZAAE
Z3)

O 7 ¥ S718 9 A8 A 7 gHld o2 AL EH = AutE AX
< 12

421. vl =

O vlZ=+ B3z ¥ g4y #dd 38 74 3= VM 7 E

O UPC(Universal Product Code)

» HZ AL3 H vlzeE 1970 Ao =9 ¥ UPC (Universal Product
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Code)Z @A) A3 e, A AFE L AZ oS LolsHAlsls AEF
Ao HA=E o] 2l-&(Manthou and Vlachopoulou 2001)

» UPC BIZEE A|ZXYA 21 HE 2D ZE H3S (Yam, Takhistov, & Miltz,
2005)e} #Zo] Agtd AX7F 23 H 12 A9 HolHE UE WrAg 2
o 2 39 gHor FAAH AY 739 D

O RSS (Reduced Space Symbology)

= RSS (Reduced Space Symbology), 2 2} (¢ : PDF 417, o}=H] Z &), 53
NE @ A EES AP ZD9 ge AR RS AFTES O 2

T A ¥ B dolHE AFZYGsorstt= Qo B-8-317] 93] UPCet
7Ze M3 vtz rl9le PDF 417) 9 GS1 dlol¥ v} sfjdg] (Uniform Code
Council, 2014) <19 2>

» ANFE EF AR wix] [ RE WS, T FEF, I BHE, 27 AR Z 4
Z AzPGA Y Y A)E FAE HIEZEER A3Y & 4 glon AunE E
NME 1S F IS

= Av] FA L &BAF BFAA F HYE AFSiH viEEs AEFY JEE
Rlste HdxE £ AXol S/ 9 S7hs AF 24 g AL
SFAAE A9 RE &7 2§74 AFel vtz=e} A v

Examples Name

I H‘ UCP barcode

0 22334 54545 3

‘I‘ ‘ ‘ “‘ ‘ RSS barcode

20012345678909

PDF 417 barcode

Aztec code
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——

B (R
| GS1 barcode

<Figure 2> Some examples of barcodes

422 T F34 4¥ (RFID) BlL
H

2 AR 7N Aed dA71-e] 3 FEE nmpa=g H
ol RFID e 1= Ads] & dHlole A% &% (Hilw RFID =19
o} 1IMB), HIF =4, vl & (non-line-of) &A%k H]O]Ei%— 2=z & 2=
He 3 o, A&t AFo s oz AFS AE & 5 3

A5 AE T 4 2d-&(Mennecke & Townsend, 2005)

Bl
1ot

O RFID 7|2 #Ax

of

Iy
pr

O I¥d= E3ta, RFID Bl 1+ vaEd tAFoE 5 A o

= O olfre FE GUHoE w2 ¥E&HET FEI M2 AR U EL IV
dQ3ty] W&

= RFID9} vtz E HolH gole 3ol we d5o2 =& 233t A%
AHgE Zlo g o4 (Yam, Takhistov, & Miltz, 2005)

RFID Tag AX {t‘i mmnumcatlon}% RFID L - " o
Reader B
Antenna Antenna Real time database o
Application

server

<Figure 3> basic RFID system

FxA Ald2x

i

zt

rlr
rr

O 7|82 RFID Alx"loA, RFID B2+ I HE =
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ge Eds FY P FHUE Y

Yo ARE WEste] RFID Bl 294 HolHE 4 & t= HoHE &
& ARe sl AAZ dHolgulolx AW E Fill TX2E ZFE
3 e dEYlel § dZ2T F dE dDE(Want 2004) <T1H

RFID BZ1= 5 19 55 HIIZ &7

WAL B E L B FFSE AUAR TEHE WA 9
HE s melaz Ho 2o A9e FFHT BE/0 A5 wy

71 fsl AHA WE g E B

Hoh vl dElE Bl 50 U ool &= s JHAM, @ W
s B1= o 5 vEY #= He

s HE #5719 HY 3 55 A2 24

2o @} th&(Yam, Takhistov, & Miltz, 2005)

o

ZF3} (~ 125 kHz) gl AEsty 18 AR7F Fom vZ4 49 o

o] i1+ 7/ AFH A ArEstrldd 53 A

B 27 S/ AAol sl 7t AQdel ' FFol =& EAE A 20
gl o]’¢A[Kerry, O'Grady, & Hogan, 2006)

RFID 7] ¢F 50 d &%+ o]& 7lFe AR, a7] Z4e] that FHLS
Lgo FHZooF AZHKerry, O'Grady, & Hogan, 2006)

Wal-Mart, 7-Eleven % Marks & Spencers¢} & tf7]dEolo] 71&€S A
gl gl whg} RFIDS H]-82 543 4

o] & v AAAAN FF& BT FEF Foll wek 30 ¢ollA 1 ¢ Ake] <
b4 o] AA (2] 2014a)

Z1Eo] AR AAYES 27 el e 7140] 5 ¢ == 1 ¢ |4k
ojojolgltt i FA(Want, 2004; Mennecke & Townsend, 2005)

dF HIIe 6 H A Z2390% 2 5 A7) "Wl Blart ¢l 2o
A wojthe] v g2 1 ¢ vTH ™ 2014a)

RFDD Bl 32 A, A1 B, =% ¥4 "7 Heol 2 Z7 9 opx =
2 (Mousavi, Sarhavi, Lenk, & Fawcett, 2002) 5 117] A4k §% 92 Auj
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Aol oA 74A FAZHA oS AF

& E9o, 7luth 4 a7] A4kl Atlantic Beef Products (ABP)+= 4]317]
E F4317] 98l RFID Fo] A" FAE AEst AlEXA A A g
(Swedberg, 2006)

o] A2=H"lof= Psion Teklogixe] 7035 1= &= RFID Z|H7]|¢} vlZ= 2
70, Syscan International 124 #t~7|¢} 134.2kHz RFID el & %3,
#=7] o8& ABPY HlolEHo] el F3tsl= Merit-Trax AXE| o7}

o] 71&& Ut AE HA A (Food Inspection Agency)e] &#9o ==d
29 QA " HRE AF TR olye}t oHl FEo] ES wuys
Ao gk A 7ES FAT

ZEA7] EBe ARV TThe &% &7 =< /I8 &WA 714

AA o8 ®AY AE ol¥ dwe]l AH &5 mE A&A whY)
(Singh 2000).

TTIg) 712 25 el ne dhelA 2Fe 7AH, 85, A7) set,
B2 wE WAEEE dslel] thd kA H o)1 HI7 Al HH-S(Taoukis &
Labuza 2003, Smolander, Alakomi, Ritvanen, Vainionpaa, & Ahvenainen,
2004, Kerry, O’Grady, & Hogan, 2006)

o] Rkg-o] AAIZt 2& 7|F ddetes A= AANAY 783 &E =

g 3}shA deel g8 A

- ¢]) Vitsab Checkpoint® TTI 2} A& 7|de] a4 714 Ea7t 224
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<Figure 4> Colour changes of a Vitsab CheckPoint® TTI label (http://vitsab.com/?page_id=2099,
access on 10 December 2014, with permission)

HAA 3M TM MonitorMark TM, 3M TM Freeze Watch TM, CheckPoint,
Coldmark, ColdSNAP &% 7]&7, Fresh-Check®, HeatWatch, Log-ICM,
Monitor Mark TM, OnVu TM % OnVu Ice ¢ TTIZ} 1. ShockWatch,
ThermRF ®] 71, ThermRF Logger, ThermRF Tag, Timestrip®, VarioSens®
2 WarmMark Time-Temp Bl 17} A&

ase AF dYy 2 A2 AF AxdAY 34 A AlEE S8 A

TTl= ¥lZE =& RFID 29k FdE] 2FY & AF BERSY AR

o #Hgsta AEs AL - 2% 7E5S AF & 5 Js(Anonymous 2014)

2007 W@ Chill-Oneo.2 <&z EU. Z2AE+= RFIDS} 34 2% AAE A

g3l= FFY HLS 337 98 TTIS RFID Edx Zrd d4d3st= A
o

A BExo AA (Wessel, 2007)
o] A|2Hle dutxoZ Egoly Mute] Qt&o] HXH RFID E|H7|E& X
3t
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AF HZ)A(A:4 17D RFID Bl s 4437 3t4os 25 ZRE 7|53}

I GMS 2 QlEYS E3) dHolg ¢ g9 3¢ DE EF FJEUYI A3
gt HlolEulo] 2z HEI} e AFe E2 FHe AL % 25 FR
71zt AxtE g oA TTle ds 759, e ¢ 2 F2e =Y

HEst7] f8l 57 2 §7Fe AlF EA-C AES F A=

424. 7}2 A A A

O AF 24 & AF9 84, =4 A4 2 | =5 A w8 5§, 79
o)A Eo] 93 7 WY mE= Jlxs Ay e 37 z2Ae AyzE
el 7A 240 AF WA

O

[V 2 o K
2
O]

£

Lo rr

B~ F
ol
_I>i
N
b o
_\,L
[>
N
2
1o
2t
-
K3
(T
OO
;;
it
L
oﬁ
<)

2% B AF FA, GAH 9 FARE wUEYs Aoz, o)
3T
a1

= ¢f]) Mitsubishi Gas Chemical Company+= 4t4& %7} 05 % oY o
Ageless Eye® 4FA A A oFS &7] vifel At E3M0l4 g o g
HIK T 5> AAx EAZ]Y T g2 $88 9x¢ 4a17] (Ahvenainen,
Eilamo & Hurme, 1997; Smiddy, Papkovsky, & Kerry, 2002)E >33k H3
B iyl 27 (MAP) 21F9] 7A4A3% Uy 9 F4 Asts dAst= A

<Figure 5> Ageless Eye® oxygen indicator (http://www.mgc.co.jp/eng/products/abc/ageless/eye.html,
access on 10 December 2014, with permission)

bb@‘..

Cygen free packaos

{0.1% or loss) /Omygon is present (0.5% or morg)
lm-o oxygen is
2.3 hours after oxygen lavel has reached Cwygen-tree(25°C) Presant

i El—— |

aboul 5 minutes after contact with oxygen (25°C)
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O

4.2

BT L, 57, NHE, Fra D JlE sbao] BF Stx ARE

1d

o) A7 H Fuf HAA A AF YE AEE FAS7] s 4
Zgo) st ets AT 43t &9 A A ek(redox indicator dye)o.= 43
H o|4ksterA A Al eko] 7|t (Hong & Park, 2000)

Ho
i

9 87LE Zo] MAP E£4o] &
<

-

51 £} 2

o
[
ot

R

¥+ MAP 37]A (Ahvenainen and Hurme, 1997) ol 3
3_;[_

= 59 oA E FAEH] s AFE HIAY] wiEel #x =3 H
AEFE SA AZF & 5 don gyddola =5 Fofo|m AIZF ARF
Ql 2ol " Q3skA gs(Han, Ho, & Rodrigues, 2005)

5. AXAE FA)7)

X X — =
2 WA [ 97K TS 44 e 2 J SUME F9 4 HEld
Qo] AA £
(Smolander, 2003)

AE FAZE 24 8 AF) AR A3 mE E4S A0 e
8

T
2
(2
b
1o
o
N
flo
A
A
)
rr
N
B
L
an)
L
o
X

e k1
r
b
=
>
r>~
o
{0 ﬂ.[lO
i
o
=
rlr
1
)
=2
4 o
_?itl
_l {
i)
(i, !
N
1>
filo
N
r]I’.
(o
u
o

Smolander (2003)e 2]
EA YAHE == 318 B3
d AL SIgE, A oWl (¥
g4, ATP &3l A& 2 4t
B olH T dAMEE e 35t =429 EAE s Mol vk

ghokdl AXME 2 #E7F 7)< 5ol F(Smolander 2003; Han, Ho, & Rodrigues,
2005; Kerry, O’Grady, & Hogan, 2006)

a7 24 AbgelA 7 Bol AMgEE AL FAE A% A3E AAE
o|atzlel 4o FAS RYEH3E pH PS( : bromothymol blue)(Holte,
1993)

o] 1k} gk

B>
=
ftlo

i 3}

442 pH QGRS WHgtol
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| -
sk o] &5 T3 Aadus 935S A83le] Kress-Rogers
dheglo} Foll 93] &7/
AAE AA kS Fslrirt v
241 (Smolander, Hurme,
A 3 2 Qo= 7

m[o

Latva-Kala, Luoma, Alakomi, & Ahvenainen, 2002)
dol 7]xskq

42.6. YA A ASF L Hio] AA

O 1 B &F AF BAY MYE AT ©
HE] Bl Bhgshe Aol =9 © Azd 9

O olzg BdAl A

rlr
rlr &
dg
)
2
o
Jo
i
e,
ox
ot
_L%
E
O
2
(i
o
S ool
f
il

A=, 715 32 A
Miltz, 2005)
e F&A AYstst Aiss YF3

i=ye) -
== -
7Fed 71 W o R WHEksle HET|E T4

- o] A BAVAAME £ AF 7R A ASE WA &RAH &
il FAo F4& LRl E tET A1

O A+ 0157 & Z54a9 AES 93 54 AlAE= Quan and Stevens (1998)
of <3 7

» AN E 2AFHE E Z2EY opMEH EAE FAAHY H49 AFsid X
A e Aato] mpghAlo A wzkAl o 2 ul¥(Smolander, 2000)

» Toxin Alert Glut £etg] )4 7Y 3 Toxin GuardTME Zg o g
71¥F Zgt ¥ AR (Bodenhamer 2000)¢] A7 = = A31arz AlA]
2 A" = g2 gy A%

= o] Al2Hl2 Salmonella sp., Campylobacter sp., E. coli ¥ Listeria sp.2} %
< HddEs A=
= o] AXE AFA 2 FH4A HE ulA (Pereira de Abreu, Cruz, & Paseiro
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Losada, 2012)e} 2& 33t B3 X

427. A5y TR &7

E A7 B A 2RO AR AE e TT 4% e, 5 golw
N9 zASIAe) A A, B, 1 BH, BaH EE w14
st st JhAAHQl kA W FAh oled X o Mnay: &

ol AEE = A= 7hedel 2

8
alfe

= TR ZAT AZF - 2% FAZ]= L. casei sp. (pH 7.4) o pH €%
(0.1% bromocresol green+0.2% methyl red ethanol solution)”7} ¥3sl= 71
©F Lu, Jia @ Cai (2011) Rhamnosus GGE= 2 A3 L oA wjA oA =}
2

= gIobA] whg G4k &2 TTIE TY€g 250 o8 ¥HE Ly, Cai, &
Zheng, 2011)

O De La Puerta, Gutierrez, & Sanchez (2010)= v E =219 7lA3E Y3
B A Ao 2 nid S AFESE A2 AntE J7|A4 S &y

(~

n AE ZAZAAYY Ak VA BFEES 2AEY] Y U Ti02 Bwe ZnHs)
o 2 FEo HA FAA, 43t Y 5 L 1EAE EFFLiu, Xie,
Zhou, Yang, & Li, 2013)

= MAP SAFANA B Ha Foll 4 e EYUEHPSHE Hl AHEE 3
= FAAFol A=

O RFID Al2®l3} mx7}X] 2 Georgescu, Cobianu, & Dumitru (2008)= Z A} =
E, THEAI GAW) ID, o3t 5 SAW AlA 2 13 <HEYE =383
=& 1 AXE AMgsleE AFY JH?']Z] Al 2E-& W

= o] PP Azdel e & BH B TFE Al BA 7 Y
gkt B84 2 3skA ujy) HeE RUHY & ¢ U
2~HtE E0 2907 Jhsd Y 78 Asd 7)) F HA

= A F AE (Wang, Xu, Jiang, & Liu, 2013)8] AR (AF =3, Ax A
si= @ a3, A 5 2AE 38k 2D wtEErE A
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= A8 ZREAIE AEA Fr] g EH4ES Aot A= WAE AW

- a4 8 EE FEAV F6 B A8 THAE §F 299 47
2 Aglel ArgH ol myle] Myl D WAL AAAI T MR FAE La
- WE WA Y HAL 57 Ao §F x7te] Edo] AW 4§ THAE

= o] ol Fol it A& wiAlst=H, HE EHs A=A A AolA

o dulAF o7 UHEo Al AZFe 25-65 W (Robertson, 2013; Robertson,

=S et AY FiskA g2 A8 AR 4 2R-ATE
=4 Abg5 o] 2(Kuorwel et al., 2011; Sung
2013; Lim and Wan Rosli, 2014; Muppalla et al., 2014)

et al.,

O
5

2 E8=E0] 48 IH 9 HES TV A5 9 AAA diE] =9
&l 2(Lin and Zhao, 2007; Vargas <], 2008, Khan <], 2013; Maftoonazad <,
2013, Silva-Weiss, Sanchez-Ortega et al., 2014)

gt 26 2 EF, 718 =49 94 H g SAS FdsH, A

2 8e 9 7899 A4 2 9T w3
- Ao Ade AMHOR £84, WFA ¥ &£54, =Y % RO
gol% 4, 27 54 2 w459 §xol /12T

- AEROA P I FEA, AR, JES D A 2L ERE g 28

2 BEL AxsE U AVHOE AGH|S
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» 57 9 ST Fo F4Y HHAZE AAAE e L2 dibolARE o
A 87 Agl wet 3® AxE MAdsta xFFslokste 284, H&
Ay, F5 712 A% 2 3R 24 @ AFY g4 A4 g ZAAH
H 3}

» O §7F 2 SF AFY 0 EAE s @Y A HAE RE
3}slE= Aol wl-$ o] 2(Sanchez-Ortega et al., 2014)

432 1719 & AZLS3 2L FEHY g A= A7 A

O 2% i 7[Ae §7F % S7ts AFSHAT A8 A" we dF A
st o (Duan and Zhao, 2010; Khan et al., 2013; Sanchez-Ortega et al.,
2014) o] Ao = olggt 714 A ZE 9 HE A& #3 VM HZY
ATE Qof

O AEAE ofHo] o] H uhe} go] Wfo) FF P FAE 54 WRol &
F 2 57b% AFl Ual g wel A7 8 =HA F sty

= Baranenko et al. (2013)2 Aztd, f2 Hol SgAE, 2 A, &4 Y
EF T 7o A& Y n &2 7B I”RAE /dste] Folx 17
of E7] 117] &Avwj&o® JFl AAA], TA AAA @ FA 4 HA L
7] AW FHo| A&

-421CoA B B E5v ZHEHA FS AR HE uAdEY] T A
= FE a4 AF

29 AEA 2 2% Aebel g4 1 : 19 wgR Ffs: ZEL B
3 3

subtilis, S. aureus 2 E. coliol

aureus, E. coli
A Foll A A&

<

2 P. fluorescense] <=
LhshE A4

=4
o

- 71Eqt ZRS Wi E didE &
= o

= =

Ho @

< B
H, RAsE Fo RE

- 7EA - I H AMZ A FR3 HF HI = TEEA &S

= Bonnia et al. (2014)‘:— HE = wlgsk o8 2d (05 == 1 % wh)e
HA7F 3 B4 BES 1 % H|SF 3 40C, 43% 2L 83% At A H
& 3 AR XE Xl WS 3RSk HoE AMESH

RN e FE A2ATAL GERAT a8 e g HretH
729

— 166 —



O €2+ 10CoANA B oz =% 17]9 E. coli®} L. innocuad] A
gYHoR AT 5 5 AoEZ HIuH AT qAEE S FHUtEE
St o] TAE R s

O 1 9 Hyd+AEL Q01dD= AT (CO) ZH/ixs L= yoinl HEL
obAlE|I ol E (B)E ‘3;1?3’3}04 71E4+ (Ch) :"F/]o?—r: NSkl o] E 4TColA 1 F

» Rakshit¥} Ramalingam (2013)& 3 & &<+ 5
s E=e AlYE - 3 obrkAer H Z'E U

- E. coli, P. mirabilis, S. aureus, E. faecalis 2 B. cereus)ol|l thgt HiA A3
5% (MIC)+= 0.03~0.288 mg/mL¢} 0.061~0.24 mg/mL, vl=3 Ay 27y 11
719 A% o] Z'S AFEste 5° CAlA 3 F7F V)

O
f
r |
rot
2
rx
rot
4
BN
NS
=2

- Thiols¢} 8 742 £AL2 =3 A% 7|3 S Ao 2 433 oy

= Han et al. (2014)= 4C £ 1ColA B33}

ZH4E fA3%7] Y& 3 oets FEE REBF Ay oY (CEO)
o] f H ZEzZzEgdd/Zy vd 4FE

» Zimoch-Korzycka®} Jarmoluk (2014)2 4T
hydrosols B|EEA] T2 WYy AEZQ
r ZRolE Av)E HE&

AgE ao] ATl 48
2 (HPMO), 71E4, 21449 2

SstlER Fe AR Hand % e Agl B4 3% R SolER §
& 6 @ K7 WS ol F ol W A Aztol zAzte] A

H m Ay E (B. cereus, M. flavus, E. fh, P. fluorescens)®] AlE-S o713+

- 167 —



- Slol=E Fof PadYe A/SE Fu 8o AAHA Z7

433. AEH A4 £H

i}

=N
30
1:1]0
~
,%
=
o
=~
o
5
o
=
=
o
=
)
S
S
@
—J
o
o
o)
=
=
wn
)
3
)
S
H
w
)
S
—
S
p—a

ofo] MEA TEAS F AH|
He 13% S7F & A2 o=
2017 W7kA AES A4 ZE9H

O Mohan (2010)°] wW=2™ &E#7], 5 2 of
gko 2009 JEE 20149d7+A] 5 0
A 2=A BIA SEE A BAVE
Aol 110 ¥ Eoll 2 7o 2 o5

fo rg =

O FHUL AEI A ZWME LW g 2 Ao AAAL o Wure
Z}FA]
O Mahalik®} Nambiar (2010)¢)] ©Wt=2H & 7153 AA 2824

= Z2Y9¥E A (PLA)

- PLAE ARSI, 134 2 AA ARl $stel g M £
F sz meg
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F2] e} sto] =5 A grheolol= (PHB)

£7) stol= B4 ¢ she ofo|E9] THAL Felvel AEA Ha) HaE

AL () Eo g 100% WA, () AYEs|A
8 o] 2= " (i) %7}5:*3 A =9
C]):]!

Zg Jlz8 gE (PCL)

oF 60C 9] W2 3% oF 60Ce 2] o] 25E Z= A& =4
o 2~H =

Ee) (-3to|=FA P o] E-2-3-5to| 2 AL #o]E) PHBV)

Ze] Shol=2A UrbwololE § FelvlEA AEHY, TR, AA AF
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O Kuorwel et al. 201D vy = 2

e AEs e 24T

5 4 ¢J-&(Hanani et al., 2014)
domRE AFL RIY] 98 ndd

27 AN z="HoA ZAFH ¢ AHES 98 dER 2 719 =& ol A
FE% AR LEA s Bt

O Khan et al. 2019+ A& A AF 4 7] a3t A 2 A ¢
2 AA A AAY A AFTHEAF D AFFEFEES Al U
AE 2 > (nanocellulose, NC) A 718k U EakA o] zAfzel A&l o
s =old A NC A8 71uF BEge AEs) do| gom wma sy
b el e

434 57 2 57 AF & BEMN A =3

O A &7 % &7 AFS Sl FHFoE o] & 7ted e A3 A
|717F A=

» 1 FoA%E NatureWorks LLCe] IngeoTM biopolymer. (Blair, Nebraska,
USA)+= F=2 FEHIE UEs H AR

= IngeoTM biopolymer= S4oA U A2EZ S a3 AbE (PLAZ A3
AR FHESHA FrE AR E WE T U

O &7 2L &7 AT B FYHOE ol g et AN HESH 4 T
= <3E 13>l AA|

<Table 13> Some commercially available biodegradable packaging for meat and meat products

Products and manufacturer

Description

Back 2 Earth, Ridgeland, SC,
USA

Meat trays made completely from wheat stalk and are
GMO- and gluten-free.

BASF Co., Florham Park, New
Jersey, USA

A new foaming grade of Ecovio biopolymers. Blends of
BASF’ s petrochemical-based Ecoflex biodegradable resin
with PLA.

BioMass PackagingT™, Richmond,
CA, USA

Foam trays made from Ingeo®

Bodin Industries, France

Foam trays made from PLA resin, and used to package
meat or fish at the Finiper SpA super-market chain in Italy
and organic chicken or duck.

BuyGreen, Irvine, CA, USA

Biodegradable trays made from corn polymers, starches and
complementary ingredients to create a blend that is 100%
biodegradable and microwave and freezer safe.

Clear Lam Packaging, Inc., Elk

Made from IngeoTM biopolymer to package a variety of
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Grove Village, IL, USA

meats, cheeses, pastas, egg rolls and other perishable food
items.

Coopbox SpA, Reggio Emilia,
[taly

The first foam PLA trays, called Naturalbox, in 2005 for
meat, fish, or poultry.

Cryovac® Food Packaging
Systems, SC, USA

NatureTRAYTM, foam trays made from IngeoTM and used to
package meats, fish, poultry, and produce. Fully moisture
resistant.

Dyne-A-Pak Inc., Laval, QC,
Canada

Use IngeoTM biopolymer (PLA) supplied by NatureWorks
LLC with lightweight and efficiency of a foam packaging
for meat, produce and deli.

Eco-Tech Company Lt., Hong
Kong

Foam trays made from IngeoTM

Greenus, Hanchang Paper,
Seoul,
South Korea

Foam trays made from IngeoTM

Novamont, Italy

The first commercialized non-water-soluble Mater BiTM

(starch-based) foam trays in 2004. Foamed with gas rather
than chemical blowing agent. Have the advantage of being
backyard compostable. Used for foam food trays in Europe.

Sirap Gema SpA, Verolanuova,
[taly

Foamed Ekofoam trays out of Mater-BiTM.

WeiYi Packaging Co, LLD,
Guangdong, China

Made from IngeoTM. Biodegradable food grade high barrier
cook meat vacuum packaging. Provide biodegradable strong
roasted meat packaging bag.

Winfa Packaging Co., Ltd, Hong
Gong

Meat trays made from IngeoTM.

Source: Modified from Coma (2008),

Realini and Marcos (2014), and Kerry et al. (2006).

A&, Zhongxiang Fang et al. 2015 Current Practice and Innovations in Meat Packaging. Australian

Meat Processor Corporation

435 17 @ S7+F

AF=AT BEN A 2R 2 @+ AL

O Woraprayote et al. (2013)-2 pediocin PA-1/AcH (Ped)2] A3tz & -
H 2o} &4 zt= ME& PLA /| 5% 4A (SP) AA EA 45L& 7

- ol BB F - A=

gHglo}l &Ao] HAEHJAT, Ald H HA o
g8 tx PLA Eo ta] #EHR &S
il

=]
3.07 ug protein / cm2)3 7} =& anti-listeria 42 JEY

LA [/ SP + Ped¢] =4

A sgtol2 A vl F4 HEF o xFo=
al g monocytogenes (7 ]|

ATE WG BBF A Seolx HA
g zEol Q7o 99 wel AAH AN E A
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O Amna et al. 201D+ 7] BAFE B3l HZ S2B 2 43} ofdo] H
7F AEsAE EESdeeE 74" MEE TFY I stolEgs xF
MEE 7|

» ZA3I}+= nanocomposite EZ o] S. aureusS’Jr S. typhimuriume] A&S AT
T AN PVC & 7] A4S thA & =+ Ae= YHE

= ] TAS 8 S5 =2, LLDPE ¥ 7d (CALE Alx d AR
A A= Junior o] 7)EEH2014)

- 3ol Be A= F7)

O Kanatt et al.(2014)2 71E4F (Ch¥ 4 WE F=&E (ME) /| 7% A4 F
=5 PE)E 73 2L ZPVAREE HE2 A %3

= ME / PE9 H7l= H3 ZFZo 932 FX Fowax B9 A} A==
SFA)

» PE¢} ZA%H Ch-PVA 252 7MH =2 R4 =E (41.07 0.88 MPa)=
(?:]’

» PEO 3 S aureus © B. cereusol] WiEF g A4S VY

= PE 3+ FE2 B cereus®] S €33 At S. aureus®| FE 2
2 Aol ETE A4

O Lim and Rosli (2014)= 8] A& A4 2= A€ (PE), & &
il AYE g | VAR AR AE Z82H (PES), & E3

Bal A Zg ZEA Zt2E PLA) E=E 24 AyEHA Zg2¥ (0XO)
H AEsfiAd &l vlis) AR es 24 & A9 A = 7] Hdyg
o] thRE YL FgFolu A 43t A= Abo|7F gl AN =
AAZ 234" Har] HE s AR Tl Z7|34AE A YEUA] ZoH
A TiEes AT T UM

O «-EFHEF} &Y FEES /3 Ecoflexld} Ecoflex]-polylactic acid
(PLAYE 7IRte 23 34ksl EA4S Ad AE3A EF©] Marcos et al

» Ecoflex ¥ E (98-112 %)X EZHEL =& 3|4

—

= Oleuropein®} oleuroside= & BS] FE2EANA AEd T8 4t =4
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Lin et al (013)& %3 vlAelA A% BA 1718 BES}7] 95 249
A8 B BEA WL AW

2o (%9 A 1%9] of~zmEH Ak 0.25%2] vpolal, 0.5%2] ) EAN
1%9] &4 YEEF, 1%9 84S (pH 3.5-4.00& &

AA8E H2] 37]19] §E 7]3S 5-8 oCo EF H £HulA Egold X
Aste] 1-3 Aol 7 Y o)A A% F F Ae

Su 5 (2013)& HlojA HES 93] A 28 FEAS QY

FELE 7tAAZA SEAME, 25 AAZA FIAZx o2HE 9 v
BAZAN 2294 25 7 3 YEF 71284 Hg AEZ~ 2 Ag}
Elog A

Zhou et al. (2013)2 &+, 343t 9 U FA 70 U= 71EA B3 0

A 25 == A=-AE Az

E A T2 (Stolzenhoff, 2014)= 21§ TEo] A& AMAE ZAAAZ A

17 AFS QS PR ek

7 2R Jde v Je

fu)
W

E2AE Holr 3te xkdo]l 100 nm =]yl =
S sty vEA, daw 2 AiE U EF9 3 7K F8 R
(Thostenson, Li, & Chou, 2005)

= 3719 E4017] Wi ol e
ol AH 07 nfo]gw ~AYRT FH

Y FEAC F7HE W, U 22 FEE VIAH AR, FEE 4
48 7 E A7 ARAES e U 5= €2 5S4 =
2 F3AZ2 5 da(Uskokovic 2007)

debd 4% 2 g5 TA e 2L Aests AL JAH 47, g



54 PN FE R FAs BE, AR A 2 A% s 2e A
&35k © #%3HBradley, Castle & Chaudhry,
2011)(Sinha, & Okamoto, 2003; Thostenson, Li, & Chou, 2005)

7] 2 2 317] 7F2(Cook & Fairweather, 2007)o] 3t Ux 71&9 =

FAAEe HAE xAboA AHIAY 77%7F 2 HIEE AR

TYEHE = vE AFS FuE oAE EH(Gamble et

al., 2000)¢] GM ErlE(10%)2+ GM EvlE28%)E X3

4F T4 BoolA e BEAE QuHoR FRAS B wE 7]
=49 Ed=oln, dutdor WY v Z#ol9 17 %U(Lagaron et

g4 9 Ad TEA AN g B, 2% 2 b P 2 os 24
S

44.1. & nanoparticle %

O & Ux YA (silver-nanoparticle, Ag-NP)= 11 <¢H4 A =}

o
7Hx et g A 24 1507FA] drElglol frel &aAo|gar
2(Kumar & Munstedt, 2005)

= utglglo} AZo] I ES] DNAo| 4% = & Jon IJiF
Ag + o] 2% =St A2Y B AA FoAA OFd Adstd wAAEY
AHE S T 4 l2(Morones, et al., 2005)
Ag-NP9] <dwrbAQl Az WY dA Aol & v HEH F=o|Ed2s
AAksl7] 918k FEAo A Ag+el $8HF S Wiley, Sun, Mayers, & Xia,

EH A o] & Ag-NPE dutzxog & Ag YA (An, Zhang, Wang, & Tang,
20081t 93k At a5 YehH EEolr|= 6 IR BEY & T
o] ¥e (0.06 wt %) Ux E3A+= (Damm, Munstedt, & Rosch, 2008)x.t}
A o =2 2 FEFe 7 vAl BEA (microcomposite)oll HlEl E. coli
of tigk &%50°] A=
t]=-2] Sharper Image®<} Blue Moon Goods, &=r¢] Quan Zhou Hu Zeng
Nano Technology, =] A-DO Global (Silvestre, Duraccio, v]=y)e] &2}
B AZ g7)d g Ui 9z A o]go] B3 (Cimmino, 2011)
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O T s dhitdo=z §/7 9 7 AFAA T8 U &3 HA (&
)5 FF5te A F AAT RS FAS HYA F29e HEES
37 ¢ An) A8 EAA] o] AFLH(de Azeredo, 2013)

A
Nakao, 2003)°l Ag-NPZ 3 7}3}o]

PSRN

1 U‘IT
3 & EHEE 88 o, =9 W9 rAE JAH (F S
oke(Lloret, Picouet 2 Fernandez, 2012)

<{Table 14>Some examples of synthetic and natural polymer based nanocomposites, levels of
incorporation, methods of processing and their enhanced material properties (modified from
Mihindukulasuriya & Lim, 2014).

Level of Method of Enhanced material

7t Hxrgel NF FF AFL

Polymer Nanomaterial |, . . .
incorporation| processing properties
_ Cellulose i
Poly(vinyl alcohol) 1-5% dry Solvent Increased tensile
(PVA) nanocrystals basis (wt) casting strength (TS)
(CNO)
Decreased water
Poly(e-caprolactone) . . .
PCL) CNC 0-12% (wt) | Film casting vapor permeability
(WVP)
Low-density
polyethylene Co-rotating .
] . Enhanced elastic
(LDPE)/Linear Nanoclay 0-50% (wt) | twin-screw
. , modulus (EM)
low-density extrusion
polyethylene (LLDPE)
] ] Increased
Layered Micro-extrusio L
Polyethylene (PE) I 5-15% (wt) crystallization
silicate n
temperature
Polypropylene (PP)/ | Montmorilloni
Increased O2 and
Ethylene propylene te (MMT) , ,
) 3-7% (wt) | Melt extrusion CO2 barrier
diene rubber (EPDM) based )
properties
blend organoclay
- ) Increased film
Maleated PE Silicate 15% (wt) | Melt extrusion )
stiffness
1-9 parts
) Increased TS,
Poly(ethylene-co-viny » per Two-roll
Nanosilica o hardness, and
1 acetate) (EVA) hundred mixing , ,
abrasion resistance
polymer
o . Increased TS and
Soy protein isolate MMT 5-15% Melt extrusion

decreased WVP
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5% CNC &
) ) CNC and Reduced oxygen
Poly(lactic acid) . 1% Ag Solvent o
silver (Ag) . . transmission rate
(PLA) ) nanoparticl casting
nanoparticles (OTR) and WVP
€s
Silicon Solution Decreased oxygen
Starch ) ) 0-10% ) N
carbide (SiC) technique permeability (OP)
. . Decreased OP and
Zinc oxide . .
Sago starch and Solvent increased mechanical
) . nanorods 1-5% )
bovine gelatin casting and heat seal
(ZnO) .
properties
Polyhydroxybutyrate- Enhanced barrier
co-valerate (PHBV), Mica . ) properties to UV
5% (wt) Film casting )
polycaprolactone nanoclay light, oxygen, water,
(PCL), PLA* and limonene
Enhanced
antimicrobial activity
) ) Solvent against both
Chitosan ** Ag-zeolite 2.1-2.8% . .
casting Gram-positive and
Gram-negative
bacteria
* Sanchez-Garcia, & Lagaron, 2010.
** Rhim, Hong, Park, & Ng, 2006.
442 5% 48E U AR =F
O o|xtstEl gt (TiO2), 4Fs) ofd (ZnO) H 4Atstoiavls MgO)H 22 =4 4t
3t 542 "= AMEZ DNAY| &4 = T Ae 248 44 & A4
71 W& F=E &g AL spF(Premanathan,  Karthikeyan,

Jeyasubramanian & Manivannan, 2011)
T4 AsEg

O 7] FHdARY 5 4
oA A el(de Azeredo, 2013)

AgEE A FlE od F sue we

O &% A& vx =22 AL4d A, dydl s 4L & A 24
(Llorens, Lloret, Picouet, Trbojevich ¥ Fernandez, 2012) 5 ©& E5A4& 7}
A A+

O 4F = &=+ TO2 Ux gA7F w34 Z==Zd  (OPP)
(Chawengkijwanich and Hayata, 2008) =+ Zgog#l (PE), Zgdg= <
3

2, SE HZE A HERE &3 Xing 9. &+ 25 W¥ 9 Ag-TiO2 v

- 178 —



+ A (Cheng et al, 2006), Y% -ZnO / LDPE ZE (Emamifar et al.,
2010), 4= -ZnO /| A& - 28 A ¢ €3 v PVO v EA9F &
< OE 55 4EE U YA EF AFE ZRAEs EYd9d (SCP)
(Tankhiwale and Bajpai, 2012)3 Y%= =7]¢] ZnO / SnO2 ©}e} (Talebian,
Nilforoushan, Zargar, 2011)¢] R I1¥
O &2 1% ¢4 2 54 vAEdd tid 3+ S48 \W2 2FdEHE 7}
3T ] 24

o
- j=
Am 17) A AFLE 9= = JlEHL

44.3. Nanoclay 27

rr

O HE Ux dAE =33t
% sty

» HE - 137 s 22485 47 #8 2 A gE 1 EA
E AHEE ¢ o THR ol ARREHE IEAE EY obHE, Ud
gedd, =g, ogd - v ofAHE FF ¥
g SdE, o v 9 Zodzl HH Zgd ol EYGivestre,
Duraccio, & Cimmino, 2011)

FYAE 4F T8 H2o) 184 e B2

ES
2o Zi}olE (MMT)Y (Paiva, Morales,

3 = MMTE MMTY ¥7] oleg
grod HERY 72 & BIE
T g S4e dddoz FIANoEN dofFKoh et al, 2008;
Bharadwaj , 2001)

O AEE ZgdYd, 8 Z=23491, YdE, &9 lZ= g8) 2 ZdE
A B ZEHolE (PEDS Z& &Ae] 7AA 44, 4 A8 L s
e FIAT= Ao 2 B a(Weiss, Takhistov & McClements, 2006; Park et
al. =g ZE4 (PLA), &9 slol=EF5A FHHlE - =¥ g o E(PHBY)
g Z7lz 22 EPCL)Y A 1REAE ZFsE &2 U YAkeA UV
2tk EAJo] @A = (Sanchez (2003), Silvestre, Duraccio, & Cimmino, 2011) -
Garcia & Lagaron, 2010)

O Moraru 9] (Moraru et al. (2003 d) w]=2] Lol F LYH 3Jlo]x=
(Arlington Heights)e} & Z#o] ZZHE (USA) &g 2 (Gonzales,
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TX)¢t 2 99 3= MMTE Z3sts U 23 Ag9 A43ts 98
o 7Fa A5t ¢ 2 d - 7ta 2 FEO gisk ad Alo] d4E F
gh2E, AFAALS FHAN YLE 6 £ IEE Al FHHBrody 2007)

g2 A¢de U &4 ¢ yLdE MXD 6 == Imperm ®S EE 9 PET
Heowg akate xehAl S 7FR Nanocor ¥ Mitsubishi Gas Chemical (7%,
&, vl o3 JdE A SBrody 2006; 2007)

U Z#o] - A& U 42 S7F 2 7 AFS 23 Y3 AF
27 okl A mEE 71tist

444. 718} Y= 2 *H

7B FARE B H p-(1-4) A D-=2FIZAN (ZolAds &9))
2 N-olMe-D-2FFZA (opAE3 @9)o R o] Fofxl A8 £ At
ghoj=olH, ol A% %W 7|8 AR AAE Vb Eslste &, sk
3 JEF. 71E4 Ux YA (CSNP)= €xtx oz =24 pH %7 (Zhao et
al., 2011 3tellA HstE W 7|E4AF ofFl OFH gol IF (d : EF
Zg A4k (TPP) Atole] A 7148 45 Zh&of ofaf mfAHET. 7| EARS

ksl ml A E (Wu, Zivanovic, Draughon, Conway, & Sams, 2005)o tf gk
FAE RIHPAT CSNPe} 71 Fedle FHAF At d=rt w7 o

2ol 71E4E AA Rt &+ FAo] %2(Qi, Xu, Jiang, Hu, & Zou, 2004)

Watthanaphanit et al. (2010)& 71 EAF 927 Z2o]= A FHErS
UEF 95 &3 3 b &4 & 1 71EA U Li"‘é/\}%
g O 524 AR ARE 4 st EAYClE [ 7 E4 U
AF ke % AT 9 S, aureust 1F ST AT EF
T FAHE HA3gn. 71EA-HE Y B34 "E (Rhim, Hong, Park,
and Ng, 2006) % 7]E4F-7ZnO Y= A (Ag-CSNP) (Ali, Rajendran, and
Joshi, Wang, Zhang, Zhang, and Li, 2012)2 117] XA Aol AL&=E 754
o] 2 5% IS Ho FIUTL

AEEre HA A= Axy TFAYUG. dutdo g F F/79 v
=2 - npolmE I HE (microfibrils)®} $]27] (whisker)7} A& &2 Z o A
AL 4t} volaZ 1 BEe Y vy FRe A4 Q2 ~ 20nm)F v}
olg2 wE TR Zo|Z JFA AUt} (Azizi Samir et al, 2005 Oksman,
Mathew, Bondeson, & Kvien, 2006). AEZ 2~ Ux Y2AE A X357 ¢
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&, A vlolmaZ NG == nlo]lmaw 3 BY 3 AEZ O AE Aty
& 7Jaro 2 Ayttt (Petersson, Kvien & Oksman, 2007).

%
kl
ol
b
v
b
fz
11‘.?_.[
2
Sl ¥
[‘:1_4 4
N
°
P
o
5 <
(@)
&
2
=
(@)
o}
=X

&
ot o2 At (Lagaron, Catala, & Gavara, 2004).

+ FH (CND) ¥ /| == &4 s AF (CNP)olt} o] 3

| @A AUk 8 FA S AR £E55 F9]
I 7IAR BAEE A A7H E 2 AV AREEE FUHAIIE Aotk
(Chen & Wu, 2007; Sanchez-Garcia, Lopez-Rubio, and Lagaron, 2010). L&
U ARk S FA9F CNTY A4 9l Z42 AF I AMEH7] A
of Z83}A FelxoF gt} (Sanchez-Garcia, Lagaron & Hoa, 2010).

= 3T

445. 117] ZZ QY= nanotechnologyll £

O
O

Foll Uiz 7)o gk B2 53871 &%

gt2go) 0.5-2 %9 Ux TIOE H7lsted iy 4 =3

gfrete AAE 23S & U dAE AHES AEE

T F8 /i (Yadav & Vecoven, 2005) (Yang et al. 2005) T+
ol Aed FHZl, d4k 78, &8 Bl 9 28 =2
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3 e 54 22 MAYSES 2T A=

A e Brbsk=

‘E‘o”ﬁﬂl EHL 2 °Lﬂﬂl?<4 O‘Xl B U =do] HFoer Hold rtesA=

Ui 2 w74 B4 BAE AN 2 A7) BgoN B4 $EH
[

243 45 AgaAY e

11" (Lagaron & Fendler, 2009)

37 237o] 3stx, Zgjz
stroz Hygd U 33 EdZ HIHEANE dEAA FgA
EYxo vk FHols HHE Fol BRAE AAATNA e

kst A pEAY Ux FHolE Hrwlolx~ Zgw (Kumanayaka,
Parthasarathy, Jollands, 2010) ##¥ ¥h3 &=l wls) g &= 715 4

& F= AS 594

Us 229 FAZQ PSS olsistr] A=
o, AE I AFESH] A% AlEE vk EF
(4] : EFSA, FSANZ 9 US-FDA)Y] ZA 7]¥F AR E

— 183 —



5. 4283 %

ol
il
wE
o
L

wE
o

oo

ToR
ey
O

Fol = 7]

S

X
il

=
&

3 oFgH(Han, 2005)

=72 A

23pA T A

(Duizer, Robertson, & Han, 2009)

S}
=

3l oF

TEHEE 1

=1
wpeba =

H 2|

i

Al

™
A

P
o

o
)A

ol
T
o7
Y
K

e

N

s
HO

~L

i

B

ol

o

e
™

o]

X
B

o] 7y MAP 7]

=R

o

SEEREY:

1
K

el

0

Wi
Col

K

%9 AT} o] Fop

Realini®} Marcos (2014)] u}t

el

A

By

i

ol

)

To

T

ol

11
_

ol

K

T
Hi
Ho
_

of

K

4

o] 7l&o] AlxdA <t

ol

)

—
file)

il
)A

ol
e
el
K
,mmo

—_

;OL
Tor
NI

=
Hn
off

O

il

- 184 —



o] % ol

=i
=

, HI&

aH| AN A AETd 5

me} o

=
=

, g 7 Ware

Sk

el 9

g

A

A1 B

3t

ksl

22H EA o

o
i

2
e

)

o7
)
=

i A

9

bod 2 A Fel o

A3

&l

3}
=

8

H w2 A7t

|
T

JEER

=A7) o]

s

71

=i
=

A A

The

=
[}

2149

e frkeh @A 87

=0
=

O &

wK

.&O

K

of
Hin

3k ol A& 7

L EE

SERE

=
[}

A, anAbele] FH A

(Peelman et al., 2014)

slokgt

e 99

NE B &l 2T AFE 53

2hoag] Aol Hldl w$ 2g

=
=

e 71E9]

(Maftoonazad <.,

3

H

—

5
i
A

o

7k i Ao

=i
=

5% 7]

-5

45

= ZA7, A

ol

A1 71(

mK

mK

S}
=

3 4 = of of

-
) .

dA et ddhd A

o]
=

(Han, Ho, Rodrigues, 2005)
(Yam, Takhistov, & Miltz, 2005)

)
P~

0
i

— 185 —



M SEHClE AH 249t B
o] o
=

(Smolander, & Chaudhry, 2010)

Azeredo, 2009)

Uk 7ee IR= AF AR o9, F4, 14 2 B
S VA F e AER I EFAHE A FsloF 5t S|

ZAbep &n A R A] ojeo] FHup AFoM e Y 4 oF

iz}l A7} kA 9 A v X = FHAAH G s o B AT

=

O AZ mAe] Ha JhsAd UF 2 HsAdE Brelm, 74 x4 s&dE
Mele §7 2 %24 HetAs) sldsor & Ak EAHo]

$Ee @d WE 2ol YRHA, 55 L A%y Vv 2E =47
zZ = o]

4o v}yl EA (Sorrentino, Gorrasi, & Vittoria, 2007)2.2 A = A
gt g & F A

AEAA 7 2 A="S /dsied kA, 874 =4, AvAe] 2
7] S n X = A AEF EXHS 25 aysfoF dH(Youssef, 2013)

A Vsd 2 AW AHH WYL A3 AAHH BHHow A
_]

A2 (Mihindukulasuriya, & Lim, 2014)
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