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1. 979 w7

FAOo! =™ 205098 X7+ake] Q177F 90 8 oldez sold 2SR dleldol wet
QIZto] HFske SEE AEE XKUY} 1.59] olde] Ago] QT ZIeg dIEHth
8 XTSRSt 7hE 4 59 old7|= 7 Lojuial o] AEdihol 2t
it o€ Fal At 7|2Hshk= 55 AUEe] Wl 7KL, oju] ofzg] 7ol A

Aol B BEOE ISR U0 Beh mebd ® A YO thie AY

T— AL—

20808 AMA| AlEFdLtEE oAlE A5t ‘Tubiello and Fischer' @] =20l WEH AlA]
Alg Aike ACRL JA BVIER e ALE FHYIULh Bukgtl] XIS 2iAlotet
ALt} 22 AX=E9] A" At AF2UsiE thA(2.7-9.0%) S7FsBIRIE,
R e tIREE IS A=S9] A2 AT R ofESHTE 53] Holkloe]
AlE A2 18.2-22.1% AT HACE AFE O AA AE MAES 0.6~0.9% 471

AEIT) A AIA Q1T wo] Hol

ow

ol & He AeE Holu, AY Q&= X|gKET} 28] o]y
o7 fSHEE 1)) o]PE AYoHR7} YHS W= AElAN QA HEEE e
vzl njEiel AlgERtE el EXF FAS HSE ¢ e 7 Is AR A QIFTL
ZHoE 2HE, B, Y, AR 89 ZAIE sigdl & 4 e [T UeE QXE
ct,
(B 1) 71280 st MA| 2= MMkl Ha} oS
1990-2080 Hs}0= (% change)
World -0.6 ~ -0.9
Developed countries 2.7 ~ 9.0
Developing countries -3.3 ~ -7.2
Southeast Asia -2.5 ~ -7.8
South Asia -18.2 ~ -22.1
Sub-Saharan Africa -39 ~ -75
Latin America 52 ~ 125

*Xt& : Adapted from Tubiello and Fischer 2007
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(TT4%) KTk 22 W1 E2(64.2)R0H k(I 1) ol 94 = Argos REs
AZS TR Ul 98 4 Q7] mEolt) JeiM SelUR) 2R AIUsh] ol
1980TH 50%QH $H=2o] BRAIZES 2735] slEslol MARAYIHWIO0)7H ZHaH
199590ll= 30%=2 ol o]Ae ARMFgor 2o EEH AE 497} ZZ55}
QI ol Zrh= E2t A A FZSHHA AlR2E 490l 5] o] WE
Ot} WIO 0|5 ZEAZES ASEORE As1] 2014900 24%E 7S], AlS2

A3t U BAHE ARl Bls] U ARAZES 45% $FEOE FHACLIY 2)

o|= AlTtZE= ofuaE @A=zlof YHHEHZE f=1p=-1 st= ==
(1) 2(5) 37 4(2) 5(3) 9(15) 15(16) 21(21) 26(25) 42(42)

*A2 : 0|ZLO[AE QIEZIMA QU (EV)

ﬂi

(J% 2) 312 22 U MEREE

c (Tt - 96)
2L 56.2
54.1
49.8
50 B ———
452 45.7

40

29.6
30 27.6

24.3 23.7 223 =

20

20094 2010 2011 20124 zo1z 20144
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1. 71e9 283}
1.1 GM7|&2| of2let HAMY X
1) GMO 7Z]&ol& 7917t

GMO(Genetically Modified Organism)= HEANS] FTA} &

(@)
o
ol, & A, A=A Soll et d2)tts BElsto] AfFe s thE d=3Fol

!
1A

go Wr wm oo

15
BN JNIEAE BQE ke 5488 Z4E5 DNAS dBEE HIAR NER &

®
3
=L
Jo
N
S~
M1 0B

UHE= SOOILh(SETIEE 2005) 2= ohEt S, vdE

Z3I5IT} 0] 7]2S EE S22 gl ARREEZ GMO: SAF Ajxst 1A

@© =L F<

Ut GMO ool thigh 8 s oA thE2A] Uehtal It AE0ekE
¢FPAE(KFDA : Korea Food & Drug Administration)oll A= GMOE ‘{ R AP ZEHA’ 2kl
St ol A& AE Wil 52]0] 7FsT DNAL} 015 2] DNA(SHE A4
SYTE Boll &5IX] = MEA FEick= DNAE Lith)oke] AE T DNA 2418
sS4 52 ol&sty sid AE Ul FYsHo] o]FL] DNAE S2A7I= 7le |TA
Zg 71ed ool AT DNARAPE FUE MAZ(XAA O EMsh=s S8 &
T2 dv dMEEs AQ) B+ old fHlshke HE2 HoIth sHEE= A=A &
AX & HQT 8K QFE e 2| Aol /APt 585 E8(RI=EA 2
WS AT, AE SR TN AR B9 5)S ZHEE 5 BAKE - AlES Whik),

[T} 270] W AL S, F 59 sEE HallR|T

S A el(European Union)2] B GMOE “AFA wriLt AFAA e &2 JAZ do]
ofd MEH KAL) DNAS 7K1l Y= MEA2tl Fojsta k) nj=o] 2]
%

AE
FZ 3 (FDA: Food and Drug Administration)2 “H22 & 7H&s5t7] {6 AFSE =
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Food and Agricultural Organization) 4t5t =S| (Committee o
GMOE “DNA M= 71&g ol&sty HIEH ZA"e s FoJstal Utk ol g2 A
g olZuniet A2 7IeE AYE MEA= GMOE #&sHA] &ial Atk GMOol g
Fojut ohlgt ol ofF thYokl AREEA Atk FHEY B Genetically
Engineered FoodE F2 AFSSHA DNA AT 7|aS ol8% A& A ER Yol
AFEsEal len] nj=e] AL Genetic Engineering, Genetically Modified Foods& FZ Al
&5 SA R AZ3 AE JU7HA e84 SE7HK] 286k ARE Sl RIth nl=e]
o= Genetically Modified Crops, Genetically Modified Plant,
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@ M| 3MITH (Genetically Improved Foods Through Technology and Science)

HIEITIAS Z3ISt Golden Rice@t o] SL77F SFUER[ALE A8 2], SRPEE, &¢f
B5H S Fe8dRo] d3ld 71sd AdBAIBoItE FuiE0] A= AHIASAA F5H
R ZEE 222 dEojzinh A g S
g B0l AP HE AAdEal 7I=E gFo] SrlE EnkE, 7HH|Qlo] AlAd FHulel
= & &) Lz Eo] AAE g, =3 §&9]
AAE AEE g ASRE FEL & A SN, U, ojdo] HEg ¥ 713X

Hpolg 2o tigt WAl EntE, AUIE ©EAIA Z7|¢20] 7HEsT QUXLEE, XS
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7 oF 108 oY W miFET} Qlom, A&Feg &
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1) GMO 7]& 9] 483 |at
GMO ZH=20] AJA] AlZA Ao A0 5keda) A1AA ke A1835)e] x|Fo|t), ol2

Lot 7] A FAOAA ZdE 2016'd 71&E STAPHI M EA e ZHE Aol =&
(ISAAA Brief No.52)2 ZASIITH

(% 3) =% LMO AMu{HA HIS(2016F & 71F)
(ErS] : ot ha)

A8 MA| THEHHZE (A) | LMO X{u{HH (B) HIS (B/A)
3 117 91.4 78%
23} 35 22.3 64%
S 185 60.6 33%
A (Fr=eh 36 8.6 24%
7|Ef - 1.7 -
A 373 185.1 49.6%

Xtz 0 2016 FAO EA (2014 ZHHHHX C|O|E]) ISAAA Brief No 52

20164 71 22 LMO el HIES 78%, B3h= 64% 44 3%0 GM714S 59
Al 7Hs ZHE E 49.6%7F LMO AHEUS & 4 ULITH 3 19l T Ay Mol
LMO AHj#= v]EE Qolny njRo] S S44, 2

Arfoll Al LMO AfHl A 0] 90%0lE AHXIskL JATh(E 3) Bl S3E AlLle




2, 2440 AUHEE F 90%7t LMO AHRAS & 4 AATE AA A AIFA
olul GMO 7148 S8 A A2 AAl Fa AGNAZA ol 485} Bl

Holgl aejoltt (& 4)

(B 4) 5= =2 LMO AMHiHA HIS (2016 T 7|E)

(Th9| : HH2F ha)

27} x2 A THHHHZ(A) | LMO XHHHZX(B) | HIS (B/A)
S 38.1 35.05 92
2 33.87 31.84 94
o= =23} 3.98 3.7 93
AR 0.47 0.47 100
7hsat 0.69 0.62 90
= 33.87 32.69 96.5
=F eS| S 17.73 15.67 88.4
=23} 1.01 0.79 78.3
= 18.7 18.7 100
Of=3lE|L} S 4.9 4.74 97
=23} 0.4 0.38 95
Ihesat 8.1 7.53 93
FHLfCH Lo 1.62 1.49 92
= 2.21 2.08 94
ole =23} 8.1 10.80 96

* Xt= 1 ISAAA Brief No 52
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200%2F E(21%)0] o] SAULRITE ZHEEEE SS9 8580 E(TA SUES] 88%)=
HBE o

RS AT, HE olo] ThE 982t E(10%), W3} 179 E(1.7%) S0 %:¢lo] &9l
Flh(2d 3)

(18 3) GMO =i +¢ =¥

(el - 2k =)
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200 155

@ RUMHIY=EH =W AHE S
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ATNUS B MZS GMAR E3t A85I0] 3 AIFOITE olol] NHEE Dok,
2w

2016A Al - A7 FECE Ul AT RTUAPHEEEANIE & 357302 R 1y

(B 5) Al - G118 R4 Y 4=+ A

A
T d |._Jl T

S S

&= | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | A
3= 98 162 158 189 196 | 883 963 | 1,407 | 1,847 | 5,903
A= 2 17 41 38 29 44 79 99 181 530
Old= 10 6 2 45 9| 322 397 660 | 1,545| 2,963
A 110 185 201 239 234 | 1,249| 1,439 | 2,166 | 3,573 | 9,396




2 Eoz 7RI YUt 49 BB QAR TS SB| 1,473(F NWOR THa

‘E’—;—T%TQ‘]%, ot (Tt %)% ETSE nldE0] 1,5457(9F 43%)E AFRISHL Tt AlEe
Sl

20164 A13E AFALE F 1497015 2008 0]F 2016W7Hx] ATE ATA
& S4NUOE A& Z7RAE HolL ATk AIH R ATALLS 20164 7]

theh(3,45271, 64%)01R2m A7 H(SF 18%), TIRIZIF(SF 15%)0] AL Alal A2,
el 159 ATAIES 3,13471(58%)01aL tElde] 265 ATAIKEE 2,28871(42%)
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ATH(E 6) 20161 7IEORE TiE GMO AT AlM 413 5171 $71 EThINeS
g 4 ek

(B 6) RUAHIYEA AAIE 2o

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | &tA
se | 158 7 1 2 1 0 3 5| 14| 52| 85
2s2 | 20/ 24 1 2 9| 35| 14| 73 98] 276
qarm | 1S5 | 638] 79| 105| 80 209 141) 223 277) 01| 2173
o=z | 272| 83| 76| 41| 14| 83| 114] 163] 333] 1,279
o9 (13| 113] 14| 10| 33 49| 60| 51| 80| 99| 509
I PN Y o] 10| 1| 30| 45| 85 98] 108] 463
oy (152 | 111 14 6| 10| 14 32| 20| 71| 80| 367
et |2s2 | 34 5 6| 10| 18] 22| 31| 64| 80| 270
A 1226|229 216 228 463 421| 552 838| 1,249| 5422
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28 4L BE AJAEACE BAA NE FL HELEE

O "HSHEEI 1292 22 & FEMRIF HMR'2 Y
(REXIHY DNAZL ot A= MEE 0I&HH HAIGHOFEY)
@ SYdz SO| Xl Ao|L= FHAHASHUZ BEAl Al 3 M HA|
7|E Al
T= FRUNHSAE BAl YE H A=0E = HA6H

APLE BAIE Ao JRT vl=2 2016 78 29¢, 2uluF tHEHo] GM o F
FAIA el FE AMESIHA SRIBAIAZE ZUEUTE SR IZAIA Heto] mEH
EAI= BAE 7|5, QRAE £ MEsio] AEo)] BAGHES 513 $1Om, USDA(United
States Department of Agriculture)= ¥ Al&S 1ot ME 7lo]=eielE 21 uiol] nfEshof
STt JHQh ol Fnitt EUSHIE GM YR EAIA B¢ =¥ SUEal, off]

NEERE WEEN] BEAAY ABe REst FHTh

20169 78 <, SEHERHARRE o= E|LIA RLEIR Soe ARE Y
o

MEZol 1521 GMUMONTIS)S LAsI 7] - YIS ES Weskion], AE0)okE
QHEIA = OlZAEILKE Al Wil WrIR AlEol thet £ W SETA e T3
ST SUBAEARELE A AAEOR /el AYEoR SEEAL $E TRsHo]
Q= 2374 B2 BE 49] ol thsh LMO ZANE A5 9Lom, ol @7 LMO
aae
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20169 ul= USDA7} STAPIA 7l& & skl 32| AT (CRIPR-Cas9)E 015}
RS ZWEX] de miAE 1Al Al thae 2 AFESHHA, STRPIR 71 thét
TtAl 71% 1kEo] Algsithz Fgo] A7|Eal Atk AlAl 2ol STAAPI 71ee
15t A17]1sE ol&% MEIS AZ 9] 7ido] sk ZI™dE N s FAIE, old
St Al Ztol =il uhEol tiet =97} TlE Al Tt o= GMO7ZE £8 Al A
&< NI (Process)oll X1 ZE4HE(Product)oll &A1 sl SE0] JAY=dl FEAE
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4) GMH A[dAHE A= GMO A7 HFHE ol T

2015¢ 98, GMAIR ASSIgTolA ‘Blamele A8 B8 GMH AsPe
Zul5h Qths gl S & NGOZ FHOE GMe] A&7} ol43i= itk

ZU AEBAAME G olHE EFFCE RESIROH, FELAL 7IX0= ool thsh

Zojo} B Ul8o] 918 HER ofjal, SNSSF 22 7Hel TAIS Bl BT
ATRL, FHE 7|H, BT, ARER] S 21219] ols|PARKE0] GMARE AlgAulol tieh
(]

OES FABIAAINL T Al Aol FHAA 21 YLk SEISHS Yt FWEY

Sh= S0l eh=EBlol A ddR ﬂ_Ei(KBCH)Oﬂ/\ q adct 20161 ti=R1 QA2 EAL

ATjel WEW, GMAE AT BRHS A5l YA, ARl W BH el

Mol tist Sui7t BESH= ZOR LERbal ATk £AF 23}, SERI] 26.5%7F GMHHo]
S QU QIO oSS TIRE TVE B8 T IRE FEI 2O AAEOH

432%= GM¥IS] GIT7iLo] BRBIHEA X oo
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2) ¥t & AYAR] d9A ALy FPAdsSty w9 AT W8
i Eh
GMO, 2210| S2H2tD Mzt sH=7} * GMO Qrdg2 Ot 2A%obX| 42 HAY
o AHXI| B & HIE EFYA Xok= A
o JoIg HAZE GMO 7|&2 &MY 2Es XY
o D|ME RMAL FUE GMO AEES YL QA W
FHE 20 M2 Al7F EXe
GMOS} 2Z9| x0|= 2oiol7} e GMO= &&0| ot RHXA HHY
e T2 MZ9| HES 2= GMO 7|2 RTA L3H0|
dSEHAl ¥z
e e B9 RUXNE Yot 2E2 THEH XAH
KEUAYS =Y
5158 GMO QYA T7p7p AMtiEde) x| AMHEiES] BA2 Ooff YXIS e EAet At
LIEi2l Olg= 2SIt tSot= A
* GMO2| 3% FMH gl 2247t U ARHHH2]
HAME EQd
o 2} L2t A= EXotL, 2lAT It R0 AR
Hi2fol B2 2t Orat
GMO SFHEAIKOl CHSH A4zt o5yt (o £HIAL] & He7t S261E2 GMO 2HEAIR|S)
B HE0] EQ¢
o MEZ AHIA T2 MLEO0F St GMO 0
ARt AE 7|™E2 AKX @Y
GMO =74 #9H Thy, it JFo] AfAILe] QIERE 24N THE & 89
HEZRI IARE AEARFEC] W2 AAIEQ] A8 =] feuRke] AlERE
ol AEA Aull= ol tEl: niEfol] JAS A1 7=l tix7F Qs wZa
GMO 71s 7Idat dds¢el WHo] HQolth= Zolth ¥hH vith & FEe] 2HEE
SR g2 Heolgk=s E71ER1 71e i B &AE3k= 3090] TR 2 B GAlollA
L EAIQE HEEAQZ ZAE 7I2E AR FEeeS & 5 ATk
2.3 GM %29 Q14 A83E #let =A
GMO 21219l 23l sl XIF7HX] GM71&0] AlgetEl AEH 7|0kl thet
o7 A1=7F Eeolth IHERE B AFEHE AlERE GMZREO] ofEA] 7|H5I=A]
=& 2A AAE Al HE ASE ZARIEUTE




1) GM#ES F4Y3 a3t

‘Development Status and Prospects of GM Crops’oll =2 MH IS 2-=20] E¢jd e
Sik= F53 Al HJErIso wEl dolshe, GM 2H=E0] 2t A, &4, 5
At BlEl ek ARl wet trEA 2496k el fEe] IR TAI7F 20197
(1995-2014) MBI z2HE0] A 1471 ATF=E2 d4oH 245t GM 2=
SO EAN A H= dl"s 2248 8y 22 22% 7 SRS 37% HA, STt
Fo12 68% S7FoH }(E 7) 7t} soiikg USSP
A=A e ZHERT 2

Tha 13 tHKliimper W. & Qaim M., 2014). AEZ 8 22 Auist 1996WE 20134

T BTIAES oF 13309 BEl 7RI, B74AS0)
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Htoll o8t ol 0% Aakeko] S7151%7] wj2o
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AR B2 ZAH Agricultural Resource ManagementSurvey: ARMS)oll WEH, =

=
ol GM ZES AuIsHs 7HY 2 B71= Bakgol E7ksk7] wizoll Liekgith the

vs
ZQ 571 =EAZIO T4, 8ol 320 8018 5 Maukgo) MHEY] HEoR
LERtom, soptgo] Eoi57] giolels olRE AT

(B 7) GMO9| =22 57t 7018

AHALS il 7 =0f 2
oMBR | SN | aame) | mesey | THH | 520
HT 2 60 15 20 5 100
HT S 71 13 9 7 100
BT S+ 77 10 7 6 100
HT S35} 77 12 6 5 100
BT ™3t 79 12 5 4 100

A= 0 USDA(2014)




2) GMZEC] ot A= ALY S

1996AFE] 201497HK] GMZARE AMIE 22 W AAIRCSE 15849t &
321.8WwE &, Wal 24790t E) ksl 0.29eE Eo] Mito] 7 ST, |fTAPHY
Zler Aty gt a8y S7PE olRoIH2 =N 2014 S o SF GMEES] F
Rl AIAl 571 A52 1779 oIt o)A E, S+, B3 7hstt S 44 2=
AIA drbEol 7.2% SUE ZS Uit 19963 ol s7F A5L2 1,503 €8] &7
Silsdl L sE e Arl=e] SR o IR ES=Y s A E SsTOAIE

78] #SSHA slElo] FoORITE S44F Halo) AFESH=E olE A Va2 diE

AR XSFor £ F7FE 7FsotAl st 1996~20141 =S¢t o] 7|9 &

gzl st B 28 7182 s1E A £44Bt 244)2 d$ 13.1%01901
712 Mk Al2do] vls) & A WaBt Wahel AL 173%0INATh S A e
ZBER)S oA g oR AMEHON SUNSS Bt 04%) S sRs Bt

3) GMAE A Sdol e XA aasiet AeuFd S

GMzE2 sE7F EXIE F7ISHA fUizle o B #=2 7iaig & A Stk
20144 St ol St GMZE=ES AHlSHA] Ut ST AAEE 571 fis 1,800% &
SUAA 20.7999F had] sX17F ©] BRsI{E Zo|th ol= olo]eket njFe]l| FA|
(UE.‘ BER|Q] 12%), Betale] A 33% = 552 82 BHE 14% sXof sigeitt
ZIEdEE Z 7509 ha, S5 8907t ha, ¥13}F 3709t ha, 7hR=2t 6002t haoll O1ETE 2=

1
ﬂH

Arrde] ool wet 2kEAlHlol ARSSHALAL Sk BEX] WiE o] E7] FEE X1 AEio
A BEXAZE REEleE 20 FA Fuh oz Aol AMaske de S EEsH
TFEE GMEES B2 7Ite] Eede dAarlPle S er dEtPd BT 7|9

o 4 Qick

4) GMZE Aol we TR BFITF A2

S AETIY] SR E 1996~2014E SQF 5819 Rtkg EQ=l o=
8.

2%0l ot 13 ol 8= a0 AREEHe sof 88 &89
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1. ‘Microbiome research using the high- throughput next generation

sequencing and bioinformatics tools for ensuring food safety’
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Microbiota (23, 0|4 &%)

icroorganisms in @ specific niche

Why microbiome?

= Entire collection of mi
With microbiome

Previously

Microbiome (04 227342
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« Al of the genetic material within a microbiota
s Focused on only Bioinformatics

me of the microblota
mprehensive information
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« Overall bacterial populations, coi

specific bactera
= High-throughput tech., culture free method

sequencing technology (27| #5712 « Limited information
» The process of determini
process of ining the precise order of nucleotides = Only culturable bacteria « The White House: National Microbiome Initiative, $0.5 billion

« Next generation sequencing (NGS, tAIC 2471412 sl 5718)
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Bioinformatics ({4273 23} \

= The filed of study that uses computation to extract knowledge

from biological data
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Microbiome results from pooled colonies on campy-Cefex media
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(B) Genus level (Kim et al. 2017)

(A) Phylum level
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2. Recent analytical techniques in food industry based on food safety’
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2) FAO : Global food losses and food waste-Extent ,causes and prevention, Rome(2011)
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Food losses - Meat
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Tl AR VeI, A2 AEe] B2, 1E & 46600 USDE] H|E0] AQE= 2SR
UFERTE(E 5) 2ol Hls FAKD ZARME|S] 2, 1§ & 25~55 USDSY] HIE0] &

= 2108 LERGTE teha A AT vlet Zo] ZAKET e oISt A miEE0]

U2 A2 EE BAFRI Sk e =2 AeTIeE] Ae I 5 Atk

Je=la AL ZAMNE7|Ed WE ARRARE FX S9E A9 =2 FHeE
BI5{A RATh 2008'd =Ul AlES &AL 8 7RI R T ARIFE AEE A fE F
Aot A7l Q)P 2008 U] AlE= AL = oF 11228 B R LIERGL, o|E Q1T
BAE £A2 12 289 Yol FEET BRUEQTh IUolA W= A1E5E S1FS
Al 2 BloJHARE, Algd AE52 A 559 61%E A5kl il 3] E
coli 0157, Campylobacter jejuni, Salmonella spp. & 3&9] A&E= o] FA 21552 31
%E AMXISh= AR UEISTE ol3st AIdE2 ZAKREZIEE AFEET 2 Al

2
4
N
-

TS0l ZAE)ZIES olEsH Altd AE=9] 239 %E Jlde & Athk=

RAEAT AFZ2APIES] olgd WE ARRAE 8 gik= v= 2EARER

(CDC)ollA HETE AEFZAP IS QT A&= didayt A+ B RiXEoASFgHi
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13 ABFY AE] BAA LANISS FFT ATANE kg
o =
o

o Q1FE 3F N8R AT ABE WY &4
1SS 917 3680019, WAl AT ABE WA SANSS 74909 FOZ LR,
o2 HIFOR ZAMEIES ol8E U MBS A4S 23.9%S HSTITH 671 1,790
Q0] g Y BVE I 4 Utk BIsIC

(8 5) AMzaad8l e Z41d 24

S
Treatment (X{2]) US($/Ton) Rel. (%)
Hot water (84Xx2]) 250 41.7
Steam treatment (57|&d) 200~250 33.3~41.7
Refrigeration (K2X%) 46~600 7.7~100
Controlled atmosphere (CA) 50~600 8.3~100
Irradiation (ZAFM2]) 25~55 4.2~9.2
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Dose range
Country Food (kGy)
European Union Dried aromatic herbs, spices and vegetable seasonings 10
Canada’ Onions 0.15
Potatoes 0.15
Wheat, flour, whole wheat flour 0.75
Whole or ground spices and dehydrated seasonings 10
Fresh Beef to control microbial decontamination 15t04.5
Frozen ground beef to control microbial decontamination 20to7
Poultry to control microbial decontamination 15t03
Shrimp and Prawns to control microbial decontamination 15t05
Mangoes (Disinfestation) 0.15t0 1
USA Fruit and vegetables (to control insects and other arthropods and to | 1
inhibit maturation (e.g., ripening or sprouting)
Poultry to control foodborne pathogens 45
Beef (Refrigerated) to control microbial decontamination 4.5
Beef and poultry (Frozen) to control microbial decontamination 7
Dry or dehydrated aromatic substances (e.g., spices and 30
sseasonings) to control microorganisms
Fresh foods to control microorganisms 1
Eggs for control of salmonella 3.0
Australia/New Herbs, spices and herbal infusions (Disinfestation or 2t0 30
Zealand decontamination)
Tropical fruits (mango, breadfruit, carambola, custard apple, litchi, 0.15t0 1
longan, mangosteen, papaya and rambutan) to control pests of
quarantine concern
Persimmons to control pests of quarantine concern 0.15t0 1
Thailand Selected tropical fruits (mango, mangosteen, lychee, longan, 0.4
rambutan and pineapple) for disinfestation
Philippi for disi i 1
Onions for sprout inhibition 03to1
Garlic for disinfestation 0.3to01
Vietnam Seafood for decontamination 2t075
Frozen Fruits for decontamination 2t03
Dragon fruits to control pests 1
Indonesia Mango to control insects 0.75
Papaya, mushroom, tomatoes, bananas and broccoli for shelf-life 1-2
extension
Fresh meat and chicken for decontamination of pathogens 57
India Mangoes to control insects 0.25t0 0.75
Fresh meat and chicken for decontamination of pathogens 25t04
Spices for decontamination 6.0to 14
Raisins, figs and dried dates to control insects 0.25t0 0.75
Fresh seafoods for shelf-life extension 1t03
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food allergy Yook H.-S., Jo C., Kim H.-Y.
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RNBIICL AL Bl WE JHsS VleRE MAP £, AF WX, S T,
23 71& 5 TS Z150] o, B AToAE MAP EaThe] S8l the B3
HoF Loha 1A} BITE WAKY ZAMEIO] O8] Yold 4 Y= Fo BA Wil F o
TVRIZE A1 ARE Q18 o3 WAIH, B1EH B Ah 558 EY 42 olg) 22
2 A0 WS B 4 A7) W] ZApEIole g0l SFH e By 4

A
T
o} e AFS skt

Renato (2014)= =2 Z A5 tish oddE 2
MAPE ©5 E+= Xgste] FEH E coli O157:H7 2 Salmonella Typhimuriumoll THH

H7F5I9IC,

2 =3 BRIy
u )

™A nanoemulsion®] E. coli O157:H7 ¥ Salmonella Typhimuriumoll thst F4AGAsE
(MIC)E B|1L5H carvacrolo] 71 SIMEIQIS ERIGIQINL WA o]8 SHIHLE ALE
SHA T

MAP ZE 60% O,, 30% CO,, 10% N,0l3l ZAFEE 0.25 kGyollal, I Y AR
ZAF 712131 MAP(60% Os, 30% CO,, 10% Np)2 8Hatsl EIR= 132 S04 A& 2%
ofl Al SQISUTY.

MAP ©t52=2= 2 & =
oA BFof| thaFe] AT Pz (44 1.3280, MAP= 1.8081 E7hat AR deto]
AARS Tdd(dtas 13081, MAPE 1.8981 E7he =oIFAch BAKL 025 kGyxt
MAP= AR ©= Azlol vls 2 Xfo|7F LBR] @Fal &o]
I+ E. coli OI5THT0l HEEA] AATE BAKIY} SHEES] £ T 78 Xfol S
Typhimurium@} E. coli O157:H70] BEEX] Fton

AT 2 ot Gt AR A2 WARL, MAP, BRIHY| ZF 7K G

)
0
:

)
M2
ko
s,
u
ko
|
2
o
4
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olFem oA 13X SEO] S Typhimuriumd}t E. coli O157:H7 BAHEIUTE S
Typhimurium®] Z< WARI, MAP, @738 2S 282 78 AHRE EHEo|oA 71

Fapsoletil B 4 ok

# 10. 2% 4°C 250]| Skt T8, Z0pM ZAL L MAP 7} E. coli O157:H72| A420]| Ojaf= &3t

12X} 32Xt 52X} 7KL 92X} 11X | 13Xt
e 208 + | 303+ | 310 + | 314 + | 318 + | 3.41 + | 3.95 +
=% 0.08 0.11 0.07 0.09 0.21 0.19 0.10
AP 302 + | 319 + | 305 + | 3.01 = | 280 = | 2.98 + | 3.01 +
0.31 0.07 0.10 0.15 0.15 0.11 0.19
| 245 + | 215 = | 257 + | 140 + | 1.25 +
HE|
d f(ain) 0.10 0.08 0.22 0.29 0.12 ND ND
264 + | 250 = | 230 + | 166 + | 1.19 +
HE]
S*tMAP | 414 0.12 0.15 0.12 0.10 ND ND
| 171 = | 126 + | 1.18 =
7 (ain) 0.26 0.16 0.26 ND ND ND ND
162 = | 145 + | 1.19 =
¥+ MAP o . Ao ND ND ND ND
1130 = | 135 = | 1.25 +
g
7+ 3@ | 0 0.15 0.43 ND ND ND ND
7+AS ND ND ND ND ND ND ND
MAP

H 11, 2 4°C S2U5{0]| Skt T8, ZopM AL L MAP 7t S Typhimuriume| A420f| 0jxj= 3t

12t 3t 5} 792t ozt | 11€at | 13¥at
ez | 312% | 318 % [ 325 % | 345 % | 387 + | 410 = | 443 =
C== 0.12 0.03 0.05 0.07 0.09 0.04 0.13
VAP 300+ | 297 + | 299 + | 313 + | 359 + | 378 + | 3.95 +
0.10 0.14 0.2 0.06 0.05 0.03 0.08
ag) i | 270 | 286+ [ 250 x [ 253 x [ 2.35 x | 2.40 * | 2.65
0.09 0.10 0.10 0.06 0.09 0.04 0.20
agy 4 yap| 265 % | 280 = [ 272 % [ 245 % | 260 + | 278 + [ 2.80 *
0.19 0.08 0.08 0.32 0.12 0.13 0.07
| 240 + | 265 + | 234 + | 212 + | 230 + | 248 + | 2.75 +
7 (ain 0.06 0.05 0.12 0.31 0.04 0.12 0.05
Cemap | 178 % | 230+ 240+ [ 225+ [ 218 % 238 252 ¢
0.07 0.16 0.10 0.11 0.16 0.11 0.09
y+38 | 175+ | 202 + | 179 = | 200 = | 204 = | 235 « | 2.38 =
(air) 0.07 0.17 0.21 0.24 0.06 0.10 0.18
y+TE+ | 168 + | 176 + | 1.44 +

MAP 0.08 0.06 0.17 ND ND ND ND
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N&EHIF AR A2 2 E carvacrol St Y O] B S 9]
0y, 30% CO,, 10% N2 8= MAPRICE = 17} £X] fLton] o
AR O] Zgto] 71 gFlo g HAY njdEs 23 9 A 4+ AUJTE (Severino

et al., 2015).
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21207 7RIS BQE 51710 AlE MAR|OIA ZAF Z7IR7HR|Q] o]F0] BQFH, o]

L

Sliced Roma tomatoE &EHI8F Ttha Salmonella spp.& T&Eotil TZ = MAP &5

Salmonella spp. =

S 3HaIAL ST ojuf ARSE MAP =2 10% 0,190% N, 5%

0,t90% Ny, 100% N, 3l control 2= airg ARSIATE ZARAE] AIFE 22 = 0, 24, 48
AlZIe g2 AFEsIa 2ARIEE2 0, 0.25, 0.5, 0.75,1.0, 1.5 kGy=E F3IJTh

%, ST WBUIH AR B4 HE AF B ZARZS D S
Z

H 12. MAP 887|240 E AU Mk,

- X% Plate counts, nonirradiated
871 =8 7|?_*1f|?_*) control (log cfu/g) D10 (kGy) | R. &
0 7.559 0.17 0.96
Air 24 7.741 0.22 0.90
48 7.984 0.24 0.81
0 7.464 0.30 0.95
10% 02, 90% N2 24 7.717 0.28 0.98
48 8.080 0.32 0.95
0 8.844 0.21 0.94
5% 02, 95% N2 24 8.159 0.21 0.99
48 8.780 0.30 0.95
0 7.543 0.34 0.99
100% N2 24 8.028 0.26 0.99
48 8.222 0.29 0.98

EE= XMl ZA0NA Salmonella spp. A=t G=7F AR HIFEISHAl UER 21,

ZAF XE] & 48A1ZF B A] MAPO 2291 b4 SE7F SFS4E Salmonella spp. AES7T

LK)



i
0%
3
0%
(i

O 2ok LIERSTE o]& Sdll IR & MAP 'HEX 217} Salmonella spp. 2=
Aol 58o] AFS & & UTh
Ho 2 RS ©= A2|et Zof Hlsl MAPE H& A
B2 ndE Ao 5ol o 4o LAY ¥R YThal stoi: M 5 &
A doldEE & & ALt WEts 8gd olsl ZAIss AlEL AE
(]

=1 9 AE B2 g6 5UES HOY 4 Atk

©
% g

0z

Baskaran (2007)2 TAKE MAP 225t & A0 ZAF A] A1E55+70] Guint ZHAGH=A]
TS HsEQl Holl oust Jeks viXl=Xlo] tisl FobEalAl SHITH
BRIEZFE citric acid(0.0-1.0%)2}F KMS(potassium metabisulfite, 0.0-1.0%)7} E-RE S0
Y13 E2E 8 AAE 60 filter paper ol 3027F BX]1l TESIF o, X2|EH
ZZ+22 100 g2 polypropylene bagoll EZstal AN ZARE AAIGIQITE o]=
Hunter color measuring system2 2 A HSE ZH5IQUTH
1.0 kGy A&olA citric acid?} KMSel 5571 1.0%Y = 7F =2 L-valueQt 7+e &
2 b-value7}t 71FEIR 2™, citric acidet KMSS] =71 0% ™ L-value?} b-valuel] ™
§—]’CZ I:V\M]:]'.

0 kGy H&ollA] a-value@t A% EF citric acid®] =2 #AIgIo] M3} IRIem,
1.5 kGyoll A= citric acid®] s=7F S7Fetol] Wt a-valuew 5715kl = S01SAT:
0 kGy, 1.5 kGy A&ollA Y SE+ citric acid’7} E7F5HHA ZAsidEd], ole
w9 7hrEolel el Aos FEHETL
Citric acid®] s=7F ZA L wlf, Aupd dge] 7ol uet 88 sE7F S71sIen
z

citric acid®] SE7} 2110 o, TR Ao 710 wet 48 sE7F AARTE
=59 A= metabolic activity?] A WE22E FFET

o HVISAS] MAP =Z 2 Anpd Z=A

Kudra (2012)= S7&4s ARISIEAE 8T MAP 272 & 0k ZAF Al B71S
20l Campylobacter jejuni =20l O Feks HIX|=X]ol tholl &otR 1A} ST
00g® X0l €2 = C jguni HE & TF

1
Z7 3 MAP TS sRItE TFE MBS 025, 0.50, 0.75 kGyoll ARl o &
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# 13. I18% 0; + CO MAP ZZ3t WARI 2| & Campylobacter jejuni®| ¥E &

X 712HZF):
1 2 3 4 5 6
M2HkGy) | M* |SE°| M | SE| M | SE| M | SE| M | SE| M | SE
0 590 |0.05|6.78|1.08|5.26 |0.06 | 5.67 |0.23 4.97|0.25|5.55]0.10
0.25 504 1004|472 0.16 14.96 |0.04 |4.70 10.1013.7310.09 |4.81]0.16
0.50 3.90(0.1213.700.17 | 3.44 {0.12 | 3.63 | 0.07 | 3.27 | 0.10 | 3.29 | 0.22
0.75 2.83]0.27 |2.2910.22 [2.39 | 0.10 | 2.09 | 0.30 | 1.84 | 0.20 | 1.87 | 0.09

Moz RARS AXSH SRS C jeguniE Zarl7lsEl S0l 075
kGy Aol Al SRkl C jejuni7} 2.5-3.0 log CFU/g Zr45H 2mEFgolL} 28] %K)

7FollA ALY 7FsdEe €Y 4 Utk AHEZ AR ZARE 718 ZE 210

l

=

dotes 4 e BEds Y &+ Ak ndESskE Ui Ayl mEd, sk
24 MAP= 7RSS C jeuni AAI0l= T3 EEI X1o|7F gIATE o] AA+tol A
7t &9 BAKd At dHglo] A =7 Yol =2 RTE food S2
250 95t g Qg 117] S9 At Yol oFs] BAZ HolRltt

« NEEQS MAP 27 Y Znpd =A}

Gunes (2011)= © S MAP &5t & AR ZAF Al AES0] it dAshkeE

1€ =St MAP &3} ke ARl 4217 nEES] Qirl g oftsh gek=

DR =X] Lot 1AL SHATE

MBS
R 7|7 5o njyE fg_, E U8B 4, A A5, WY

AP OME BE oAl 2 o8
O} L

(o
4
02
ol
o
4%
A
S es
S
rr

= . monocytogenes®} S. Enteritidiss=
Aol QUL Tk dvt =& MES] njdE A0 Qe ME2 MAP 284

=

e |

 MAP ®2S ST A4S dulwanc HHZOR N4E XS




>

12 4 Utk o128t ZAP} TBARS ghg A1gol] wet Z7pizon dAses Bu

Z
A 27 AAIEIRAL o] Qs f&71TH0] T E7ISHAT

B 14, SAM ZAIRE MAPZL D|EFQ| #5421 240 O|2|= FeF
ZAL = 05 A=Al =
X
7@‘;;,) X |0 kGy k1éy 3 kGy |0 kGy I:Gi 3 kGy |0 kGy I:G?/ 3 kGy
VAP 1.25+|3.08+| 3.67+ |4.30+ | 230+ | 2.20+ | 11.58 | 9.50+ | 9.50+
) 0.39 10.65 0.53 1.46 0.51 0.85 |+ 0.67| 054 0.74
Aerobic 0.75%x |3.25x | 467+ |9.10x | 210+ | 1.70%x | 14.00 | 7.67*x | 8.08+
0.35 0.77 0.53 1.38 0.77 0.71 + 0.41| 0.66 0.60
VAP 2.00+ |5.88+ | 4.88+ [8.25+|4.13+ | 3.75+x | 12.63 | 12.13 | 10.50=+
g 0.66 1.05 0.87 1.80 1.03 110 |+ 0.32]+ 0.52] 0.50
Aerobic 0.63+ |8.25+ | 8.26+ |7.63+ | 3.00+ | 2.256+ | 14.75 | 9.25+ | 8.63+*
0.35 1.79 1.72 1.86 1.24 0.82 |+ 0.16| 0.37 0.65
VAP 0.80%+ |3.40+x | 3.10 |8.38+|2.38+ | 450+ | 13.33 | 9.42+ | 8.83+
15 0.61 0.91 0.98 2.20 0.94 1.55 |+ 0.53| 0.70 0.80
Aerobic 0.50+ |4.60x | 6.70+ |9.88x | 1.00+ | 1.00x | 12.83 | 858+ | 7.00+
0.22 1.18 1.42 1.55 0.50 0.27 |+ 0.47| 0.91 1.01

WA EARS B0 EFolA Mk % BSHQ Wl AP S48 Zesitt

SR MAP7} WhARS ZAl] o5t =2 A5lE gF oz AR5

R 7R FHAEQ] AR E5E Alolctal HIEES FEES RAYLEN HE

OlF AT F, IR¥I MAPE Al AEI5to] SFolXQ] Listeria monocytogenes MAE
8t A7} Itk ola) MAP £ high CO, (100% CO)S MRS Zo=, o2 nt
o7 A¥e MASK Kudr 2012/ 58 579 27l0) Rk MAP 88 &8 Al 1
= FERIXIE YolR A} ST

=

RTE frankfurter@}t cooked pork chops = S57F&] 117101 L. monocytogenes /E =

Tl MAP EFE SHITE O B ZulE @A 7KVIR WARd ZARIYS 212 o
L=l

)
0
K

|t

Al

HSE T A17190 L. monocytogenes?t QUL HOFRI=X]
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# 15. high-CO; MAP & HIAMT RAF AEHS| L. monocytogenesQ| &2

EIN L X712t & L.monocytogenes® A%t (log CF/cm’)
(kGy) Zx} =Xt Fxt FXt Xt X}
0 b4 + 17 * 470 + 469 + 477 + 454 +
0.30 0.10 0.10 0.03 0.03 0.22
10 2.98 + 3.37 295 2.79 + 2.63 + 252 +
' 0.05 0.06 0.13 0.14 0.07 0.14
15 219 = 2.08 1.83 %= 1.91 = 1.84 + 0.82 +
' 0.54 0.09 0.07 0.07 0.03 0.43
20 1.22 + 1.13 + 0.83 + 0.57 =+ 0.66 + 0.93 +
' 0.05 0.16 0.44 0.13 0.12 0.33
ZA M = . _ - . _
Fxt Fxt Xt 10X} 113X} 12X}
(kGy)
0 548 + b48 + h78 * 547 + 579 * .76 +
0.19 0.06 0.05 0.29 0.19 0.06
10 429 + 4.43 + 451 = .87 + .78 + 6.39 +
' 0.53 0.1 0.01 0.47 0.12 0.04
15 245 * 4.29 = h.b9 =+ 592 £ 6.01 + b.45 +
' 0.22 0.07 0.12 0.38 0.41 0.28
20 1.04 + 2.08 + 3.87 2.84 + 3.95 + .69 =+
' 0.65 1.04 0.89 0.12 0.31 0.94
2 AEollA high - CO2 MAP & AR ZAF HEXE|E 12F o]4k9] 27| daREo)

—

=
B L. monocytogenesth= 54 tldES Aolgd &+ JSS & & Utk
=

HEISH A9 D8R Ao} SHo| B 2451 LERbAL, TEA] Ytk Slols A

4.3. SEY YA ZAPIE9] dHd =24

AERIRE SRS fsixe A1Ee] it St ERstIel ZBAIFQ o8y} YHIE
ol Y 5 Q5 WA RAPIES GREHolu slekE Aol Hls] SFo]
reksh % Fial BAREO] Qi FIEHEE 7|gol7] w2 A A1g gu] ZA|d

o =l

(=)
==

i)
ol
%

g

o

k3

2

.ﬂ

%

=

s
iy
-

>~
=

2

P

A1E0] BAEE TBABMY &l

o
B o

1=
NES W] oJ5t AAA £A00S ulw RAI510] Lok A} 0, WA FAPIE
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ATt X2 vlE&y} Al BAs RalA S

B, AMAED TFZAES) 48 3 &4 U QE 3 A0S The Yok wAl ok,
Uu}, ANFE 5 AMAEC] A7 AN £ 12519 9, THEAEY TR, Bug
B VRRAEC] 9 B £A0) 8999 ¥, B W £ IRE SE F 249 1,319
9 = ultist AlgF &4lo] ERIFITHo] 5, 2013). AL URs, Qo] AL 0.05~1 kGyol
ySES!

=4, vl FEHAREREE AE 5] &7 7laRe A ZAtll Qs E. coli
O157:H7, Campylobacter jejuni, Salmonella spp., Listeria monocytogenes ‘s THERES] &0

It AlE= ARLE Ade & JATial BASKATE AT RALR Qldl 8= 2EHES

_

TASITIA AFE WO Qs AnlEs Xwulg 2 B AlEuIgo] FHn:

OO 2 7| E= H[EE ZRARSE vF Qth X150 mWEH WA ZAR=
25~55 US$/ton©]
ol mel Attt

2
T2 Helol nis) AMYSIE ThE Aol WAk ZAel S g2

=

9

B 16 . Cost of sterilization method

Treatment US$/Ton
Hot water 250
Steam treatment 200-250
Refrigeration 46-600
Controlled atmosphere 50-600
Irradiation 25-b5
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12]7]1&=0l visl AH3ict

SHRIZE ObEI7R] Al FRESHS WARMO] thet Q19 Felg mRo o] 7]&9] ARgol
AT Tk Wb WARY ZAL ASE W RESE A e ZH A 1R

oM THEZAIEE ZARIEE Wk 2T Wijo] B 4 oW Wkl AR Q18 £
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ZHA H 4ABXkz o]F FFEHE FEE FT To® oln] Ale] Feiuld ¢l4]o] v A]
2271 wWZoJt}. Fox, Hayes, Shogren (2002)0l W=, ABHIAES UA2E WAMD BAL
X

719 e &R Vs ' 7S Al o]F

RASES BBHQl 27} gl HSIARIBOIIE o)F, Bkl thet HREC] F9)
ASS WP F Th] TUAIE B2 AT IR TS 5] QAT SYsH oY
o

ATt Plan for the worst, hope for the best, & ABIARES Z|31E S5t Z]to] A&l
et the|E et 21524l St} o|= Qo ThElo] AAlolal ATl ARlolgtal o7&
FolE whElo] Ak wiE tidlsle Ful EFe WelAl == Aoltt olgiet He
EUE B o, ZAK ZARES BHSLE fsiAe 4HIAES M3 EEERE BS
Sjof 5hH, o] T R x|AHo] QT ZOR HOIth uletx QEYld BR NI

=xoR o A= AA Al AR} VEA] Y FRo) thet X8 WEE 5

L T = )
A7 R [ tiet MES Zd3lsto] AZ SERRE 4AnAe Alds Bed A
Al ettt

i
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i
o 1
e

At o] IHgollA &7 BASHA Fl=dl, ol= AlE At

_‘_,5;
A7] w2l ZAEIS] HESE foire 257 e S 719 A" BEs €9

ZANE AldE WEl 8
USDA(1989)0ll 2l thitE ZARKE] A2 SHHol B o] AlES ZARXIEI5H]
S

2ol 25HIE ATt 3F 7IsHlE0] AR A7 AlARETE FX|el 2EH]E 11

AU} AFEE GASEC 25018 BUT & AUtk

SV B 49 A7EAE ALETHZE 7KEHYL O FA B0k B7) ofgtt ol: of
FE A MR Al HISO] B Bo] 5o B 40] A4S 23| XI5 o7 of
Zolt}h Tk EE WAKI ZAE] A1 R mE 7] gl

(USDA, 1989). A& TEE ZAE] 7Fs8 017t Bhaly] QFog e} BRI,
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H 17, AR ZMAE] AlE A20f| E 27| 2] BIE.

HZb 2| S Z7| 4%| HIE ZAMAE| HIE
(million pounds) (million dollars) (cents per pound)
52 2.3 1.3
104 3.8 1.1
208 6.5 0.89
416 12.6 0.86

FAIRE titE X2 A2 B2 280171 EQ5HEE AR AldRET ¥ Aget O
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ES SIHLE AASHR] Eoith FRAA HAMD £AF 6l8E5E sHEH
0] A1E Zolol] WAR] ZAIE ARZSI0] A2 ANo] EX) 715t BE slES AREAIL
T g ZAolal ol fEUEE od QHECERY Rsd 4 AE Aotk A
SRV SRE £9] AR Folo] WA ZAIE AMZShL Yo, SejURIE o
S S710] 291 AIT} 22 Yol Tk iEEx] IS eSS SE B8 1o
oMol WARd ZAL AF9] &S Edliof & HRIF AUt
2 S= 02 =
5. A 2A7Ie 2 87 YA 2APIe E9 AE
MK ZAPIE B SHE EAM ZAPIS BEE Il Belep) Ysl Zheket
Aps AT ABS B AR ATs B8 B sl A0 HBskOn]

ZAPE] FI} $0] A1F0] BANSE 0I5P] Sl BSHIS AAIskICE BEE7

ollx= H(color), S order), S1(flavor), =2 texture), SEZE 71S X (Overall preferance)ol]

st s % HALRF £18Kacidity), THBHsweetness), THt8(intensity) 2= 58S S8 &%
4 AAE Zdolth AR E©7], AXE AF5IeM Al 8 Mot DA

olefi e} &t

A& 1. B7] (control / 0.5 kGy / 1 kGy / 2 kGy / 3 kGy)
A= 2. AR} (control / 0.5 kGy / 1 kGy / 2 kGy / 3 kGy)

I3 4. 97| Az, 13 5. g4 Al
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& 20, Wlo| HEE 2

=27 Control 0.5 kGy 1.0 kGy 2.0 kGy 3.0 kGy
M(color) 47+1.0 47+05 4.8+0.4 4.8+0.4 4.6+0.5
&K odor) 5+1.0 5+0.0 4.4+05 4.3+0.7 4.2+0.7
Z0|(flavor) 3.8+1.0 3.9+13 36+15 4.0+1.0 3.2+0.7
X ZX1ZKtexture) 42+1.0 43+1.0 3.8+1.2 4.1+0.9 3.7+0.9
S Jl=x 38+14 | 42+08 | 39+14 | 4.0+09 | 3.1+0.8
(overall texture)

H 21. 87I0| 24 EN At

=27 Control 0.5 kGy 1.0 kGy 2.0 kGy 3.0 kGy
ABk(acidity) 4.0+1.0 2.4+1.1 2.6+1.1 2.8+0.7 3.6+1.1
Ctol(sweetness) 22+1.4 3.7+1.0 3.6+0.7 3.1+0.9 2.8+0.8
CteksHfirmness) 4.0+009 3.6+0.9 3.6+0.7 3.3+0.7 3.1+0.8
B 22. ZAo| MS T ZA}

2 Control | 0.5 kGy | 1.0 kGy | 2.0 kGy | 3.0 kGy
M(color) 4.6+0.5 4.6+0.5 4.6+0.5 46+05 4.6+0.5
&Hodor) 4.6+0.5 4.6+0.5 4.6+0.5 46+05 3.8+16
Z0|(flavor) 4.4+0.9 4.4+0.9 4.4+0.9 4.6+0.5 4.4+0.9
XX Zk(texture) 4.6+0.9 4.6+0.9 4.6+0.9 4.4+0.9 4.4+0.9
=35IM 7
S8R 712k 4.6+0.5 4.6+0.5 4.6+0.5 4.4+0.5 4.4+05
(overall texture)

H 23. 4| 22 EM A
FA)N; Control 0.5 kGy 1.0 kGy 2.0 kGy 3.0 kGy
Algk(acidity) 1.0+0.0 1.0+0.0 1.0+0.0 1.0+0.0 1.0+0.0
Ciol(sweetness) 1.6+0.9 1.6+0.9 1.6+0.9 1.8+1.3 2.0+1.2
ctetsk(firmness) 46+0.5 4.6+0.5 4.6+0.5 4.4+0.9 4.4+0.9
7)ol it MS = HARE ERAAE Fldsi=UH, ASE HIA= M, & Z0],
2R SEEQ] 7o thst RS FIdctal EZHAA] b Tl ZE 7o)
Uist AR 7 oItk As: Hr7F 2yt A 8§ Zn| S§EQl 7|sE BT HIRAL
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ANEZ (Controh) T BE A} M21(0.5kGy, 1.0kGy, 2.0kGy, 3.0kGy)o] AZ 6l $lo]
FYHQI Xlolg HOJX] Lfon], o] Sl BI| ZAF X2 Al SUSE T 39
A Mgl 7108 XY &0 & Wl fgisgs & & JUTh

=2
EEF control RTH= W £EOF, ZAKIY 19 {9ZFQ1 Xlole it ©uk2
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AZS L 5 ATk WP WINY ZANEIE BESH: HlolL, B iR Tho) A, Ty,
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AFEjOITE WA & ARSI B o AFANE Ea ¢A H UAF BA} X2 015 2

SEQ xol7t glae BEUE A A MElE #Eshkes Hiolth

ANE 1. 371 & 213171 (control / 1 kGy / 3 kGy)
A& 1. MAP =7 23171 (control / 1 kGy / 3 kGy)
TS Dansensor Check Point [1E ol &dH S&ct MAP o] 37] 2482 02 71.4%,

CO, 19.7% N, 8.9% oltt.

J= 6. 17| A&, a2 7. Dansensor Check
Point 1.

37| BX A7 Control 1.0 kGy 3.0 kGy
M(color) 5.0+0.0 2.8+0.08 2.3+0.8
2k(odor) 25+1.4 2.7%1.2 25+15
Z0|(flavor) 3.8+1.3 3.8x1.6 3.5+1.2
Z X[ Zi(texture) 4.0+0.6 45+0.6 45+0.6
S8 7Sk (overall texture) 4.2+1.2 4.0+0.6 3.7+1.2
Ctokst(firmness) 3.7+05 3.5+0.6 3.2+0.8
A1} Sl A= ZAKEIE e Wi, 7] 2ZETE MAP 27 tish ASE7 4 =

ATt 2t 2210 2 3.0 kGy MAPS] #Hs 47 7He =2em, ZANRIE §

=
Al 2 control e F7F Ztth SEE VIske Al 92 2 XPoI7F e A

Il
=
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MAP EZX AT7| Control 1.0 kGy 3.0 kGy
M(color) 5.0+0.0 3.7+1.0 2.5+0.84
gHodor) 23+15 3.0+1.1 3.0+1.1
Z0|(flavor) 3.5+1.4 3.2+15 45+1.8
X X1Zt(texture) 4.0+1.3 4.3+0.5 45+0.8
E&H 7|5k (overall texture) 40+1.3 3.7+1.4 40+1.3
Ctetsk(firmness) 3.8+0.8 3.7+0.8 3.5+1.1
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FROM ACADEMY AWARD® NOMINEE SCOTT HAMILTON KENNEDY

FOODIEVS&LUTION

NARRATED BY NEIL DEGRASSE TYSON

“A polished and provocative call for activists to be as scientifically minded as they believe they are.”
- John deFore, The Hollywood Reporter

Amidst a brutally polarizing debate marked by passion, suspicion and confusion, FOOD EVOLUTION, from
Academy Award®-nominated director Scott Hamilton Kennedy (The Garden, Fame High, OT: Our Town), explores
the controversy surrounding GMOs and food. Traveling from Hawaiian papaya groves to banana farms in
Uganda to the cornfields of lowa, the film, narrated by esteemed science communicator Neil deGrasse Tyson,
wrestles with the emotions and the science driving one of the most heated arguments of our time.

In the GMO debate, both pro- and anti- camps claim science is on their side. Who's right?
Have a first look at FOOD EVOLUTION trailer

FOOD EVOLUTION Opens in New York on June 23™ we would love your involvement!
e E-blasts to your networks and members — Spread the word!
Social posts that bring awareness to the film in your area — Remember to #foodevolution
Group tickets - we can offer a special group rate. Bring your community!
Organize an event around the film release in your city
Include the release in your calendar and newsletters

Additional details:
Opens in New York on June 23" at Village East
Opens in Los Angeles on June 30™ at — then in select cities!

If you’re interested in getting involved with FOOD EVOLUTION,
please contact Trish: Trish@abramorama.com or (914) 741-1818.

For more information please visit: www.foodevolutionmovie.com
¥ @FoodEvoMovie i /FoodEvoMovie
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