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CA/MAE o] &3 A FXR

CAY MAZ A3, &5 Zeloly, 28 4F
Z3 T FdA 71HE AAFAY FU3t2z
A AZ® #£9 0, CO, N, ¥ CHIF #215
=& 3o, A4 oF FUieks A Ao =
Al B=E AL T3} 53 MAE #7371H 9
ZA4o] BYsHA A=A &= FE, § Egry
LUE TFEL B9l AHEEE Zolxm, CAE ¢
o2 A AL A&H o FASAAN FF
A 2Ads ASE 2o

MA %2 CA packagingq&2 A2l3d Atz
4 (physiological process), J&&° &, =4,
HA & AAA7IZ, AT U A& 2
oA Ed oJF 0dL HasslnaA AELS A
o] FA=2 XA F57IE AFA A S
Ao}, ol ¥AH tEo AF9 fEIIE
FAFIB2A FFY AR A BejrbsrIzt
o] Fdigks AFAQ Y F= FAA &8A
AAE FHEe AFS ARl Foftg glo] o4
T T UEF e 98 I

olgigt CAY MA 71&€€ H|wd HA FH7|
€2 A3t Joy AL fARL 7IEEA,
I FFAME BRA EF AHez Bde

584 Foz Y2 Fold FdUE Y=
Zo| ofyzt ojg} 3 URAT} TAEL ¥ &
i, ol FI4F URd, FAO 3Fo=
AaE I ojdstdaE B2 AHTL Hol B
o] §4& AQANAS. 29 = AE YEF
Hol Boll EE A= dAHA MA7|Yez &
T A3, ¥ A F=F VE HdFH9 Fu
E3 AR £ F ATk

1. CA/MA =44y
1.1 453 ¥y (Passive modification)

EE FAFE BA o2 FHFAE ALHA
2RE FASL 3F3e FoAE F4E AvE
o olistgAE AT ZFYAdE wAE
ggo2 AT Adx 4w, Ex HFY 3L
% A& & T FH 7149 FaE 48
<, old 4Fo] ExHd FH(EFE7], A3,
T8 EHY T2 FAE0E FHEEA 7
A =Aol WA Bt 4F9 EFE7IE FI4
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€ Ze vjAeA 2R = AT, 5
A, 2, 714 o] 7Hsd AP DA
EG28gf7 € £E AT 1). oHE B3¢
= @7371AdE W37t B7IAT 1A HFE=
Adule 7] gan, 7jAe H3EE 3 24L
AFoz AF3 A A w2t dao.
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2% 1. Passive atmosphere modification by to-
matoes when packaged with permeable and im-
permeable materials.

1.2 553 ¥y (Active modification)

52 Whio 2= dske 71Al =44 doEe
g 43& Alzte] Agld, 0, CO, 2 CHIt &
H $zo2 2AHA FE BHE YA A
o 2t HAFHA $P& ol&sA HAY
E3] o1 e Ae=z2e 7|A T (gas
flushing)o] 2dedl, ole WA TR JF4
ge e old oA ERVIHE FU3e B4
o= %71%¢ =AY 7|AE AHSEY] Wi
Fg NEsr] AZAE Ao @il FAEH
(2¥ 2, 3). TAAEAN F94 LEL A8E T
< o9 494l FePHEt.

@ Snorkel Z& probes7} A (bag)HF=2

Wz A3 =4

@ ERUHRe 3718 ¢S AAsEEM T
Ze] 9yo] £5

@ FF ETYIAE A3AH o TFUYR

@ Snorkel& 353l T2l 7HE 28

Ao dis] 714 SAHE ALY B8, 2A
2 AZAHE olF7|e ul$ osmz FUE
ol FAld ERVIAE FYsh 194 34
o2 AYsi=dl, dake 71 =4 =837}
A 433 2@ AZto] 28 5AT A =2
o|Fol= 4A =A-o| 7V53}cth

oy 2. Active atmosphere modification with a
flexible package.(courtesy of RMF, Grandview,
MO)
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%Y 3. Active atmosphere modification by gas
flushing. The atmosphere is rapidly changed to
the desired composition in small packages;the
change is slower when large storage rooms are
used.
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g Yoz E 57 ZIAE ddHez A
A, A7}, 2Ass Aoz 43 LHE Ao
A B718 BAFIEA o]idsteie] FEE 2
%ttt =, monoethanol amine®} & ¥ EZ S
Yo At Ao dZ= o Qo olidsieiE
A= st FFIIE Bt HPY FELR
ZAZ (¥ 4).

I Q Blower

Reacting
Chemicals
Sealed Q Valves ———= /
Chamber —
0: M [
%) | Burning
28] Chamber 6o
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¥ 4. An active atmosphere modification
system for stationary warehouses. The atmo-
sphere is modified and maintained by removing
or adding a specific gas.

A e ‘fi Al AFE olg3e HAoZA
EFL7)e] quFte ‘?}*19‘-1 ZFAYF A
TEE B3 “‘%’J 2 AFPYF-<] Y AA
st Bata el e dx, EHAZIY
F54& ZHoYdE 43t AFE Ao o848 F
T Atk olyd AAE AL AP Al2= (hyp-
obaric storage system)©°]2} IF}(2YH 5).

FHIole TFUFANAM FA7]A (O, CO; CHy)
& =-37] Sisto 714 F2A (scavenger)} 7]
A 824 (emitter) & AMREV|E = (F 1),

ojlEL #7118 £ FIEEA EaNHEON 33

BHE-g o] 88t £ 7|HEAE FoIFAY &9
F+= 982 ). Iron oxide/Calcium hydroxide
z 2 FojUE AR a3l
& 2AY 7AEAE R %ol
T 714 23aHE £ F Ut 29dE FFE
A& TPRF LR o183 AY, &7] Az
FA o EFIVIE FH(2E 6).

UPPER Ly A
VACUUM o Py
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‘\ﬁ‘ggﬁM / LAMIPAC
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2% 5. Vacuum used to eliminate the hea-
dspace and provide an oxygen-free environ-
ment.(Courtesy of Genesis Packaging Systems,
Pittsburgh, PA)

2. MA/CA =39 #4842

MA/CA ZZA 2N IFHoz T o}
g AL HEP 71AZA, A2 dE, FF £
714, A% 2= 9 4F9 2 Fol Aok
2.1 71A1 3=

ERARF 71AE FAde PHde T4
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¥ 1. Oxygen, carbon dioxide, and ethylene (gas flushing) 3} 2 %72 (compensated vac-
scavengers/emitters and some possible applica- uum)o| ok 7]1F FAYL AR AHA F
tions*. =7t d7bA] ZIAE Al FBEYE Wz
& i

Gas  Scavenger/Emitter Application _:,_;]{::H:] A ;‘:l:& %"‘d‘i‘% _E‘_%jl%o“
Oxygen Powdered Iron Oxide Cured Meats 4 AFE AL 2 0 7IAE FAshs PEe
Ferrous Carbonate Cookies £ 71A 9] AHg-o] g E&FHo|T. oj@ Wl
Iron/Sulfur Pizza Crusts o8 71HE& FY37] st AHEse AR A =

Metal(Platinum) Catalyst ~ Rice Cakes 3FF7F Aot

Glucose Oxidase Bread

Alcohol Oxidase @ Typical form, fill and seal machine : 7]
Carbon  Powdered Iron Oxide/ Coffee TANE ol¥3h= 71AI=A one rollBEE
Dioxide  Calcium Hydroxide Fresh Meats AHERTH( Y 7). UA AFE LEHA ¥
Ferrous Carbonate/ Fresh Fish Ay "goz FF 52 ZWL "ol HF
Metal Hallde < s L88e JA4stn, T Y
Ethylene Potassium Permanganate Produce 22 714 FY4TFE T3 7IAE F4E
(Kiwis, F 7HE EE3tod AR ®nF #ZFo|
Tomatoes) BdEtn oeksts n&Agste] JHed A

* Sacharow, Stanley, “Prepared Foods”, p. 121(May 1988). o] At}.

Courtesy Gorman Pub. Co.

2% 7. Continuous forming gas packaging

equipment.

@ Thermoform machine : g ZHAYPo =2 7]
HE FAske FA=A 712 ¥ 93
718 HEL I YR 4FE ¥ H&
AFER Buo] 27| IFE A &
oM ZIAFY F @ dE§E dE¥Ey
AJAIH( Y 8, 9). TR FUE

1% 6. Active atmosphere modification by ox- A9l &R fobd F(FA BaFE 1

ygen/carbon dioxide/ethylene scavenging/emit- % °lB)7IAFUL S22 ¢ BEo] ¥

ting substances. (Courtesy of Aquanautid Corp., 3 Abaof RZE AFE UEY FE AL

Emeryville, CA) 21=3
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® Snorkel or bulk package equipment : WX%
€ T AFoly A7t A Fold EF diF 7]
Ax1gA bag WFe| FU3L bagd 22
2Jeljol| A probe &2 snorkel2 F3ted o]
£ 53 371E midozAN AFE TEL,
EY7IAE 7 o2 probeE AAZT
2R3 (aY 2). AEFQ MEEFL O
2 fASHEA 71AFE B REFAE
AFES dPEFU] 7IAFATHE AL F
25t {-F71%e] Aol 7HeE .

2y 8. Thermoforming gas packaging equip-

ment.

Package

Gas Mixture

¢ Temperature control
* Hygiene

a3 9. Example of a thermoformed gas pack-
aged meat product.

22 ¥IZYE

MA/CAXZe] A o8& ZAAY3E 7P F
8% 84 vl2 FHEE TP Meygoz=A &
AR &AE AMESIAT, AWrHoz TR
27 (multicomponent) 8] AM&¢] £ 3t} o]
OGAE 24 S AR dYgA misol &
Aqg7HA] AA, dE&E9 71 ABA FZF(leak-
age) ¢HAA, #3124 (antifog properties), F&
F3-g, 714 224, F A3y, FE A8 T
€ 2% 233 e o] drtFolt. A ol
AFRE T Qe 282} A= polyethylene(PE),
polypropylene(PP), polystyrene(PS), polyvinyli-
dene chloride(PVDC), ethylene vinyl acetate
(EVA), ethylene vinyl alcohol(EVOH), metal-
lized polyester Fo|tH(E 2).

2.3 A3 3714

718" ez N, O, COJIA(E 3)8 B3| &
Fato] ALgBTH.

® N,: E84 7]A| (inert gas)2A AtAch4l
ARgste] Arsbbz] d8g Joh 3 FE
I Aol ik &3 = (solubility) 7} o}
AEY 7IAFFE U EFS] ¥ S E
g F qlon, Fitk BFe] 4oz A
e84 238 £ F Ao

@ CO: dif-Ee AlgtEo] E8A 7|A=A
esjstn oy, AARE o ¥whgAol
Z ZlA et ATy E8S A F A
Bolollzl FHolfe e AAstn 4
Aol 2L FY & Yoz FF ¢
T AFE AN E HaT FEZ A}
S3fjoF gt AW 2o A A=t
of - Fo} TR oF FHE opIskAIT
S Ao A gAit(carbonic acid)& A&
o2 AF9o pHet #5373 JAFd At 9
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FAANAG HAFe) 15718 BF) ol
448 PAT B0z AL, 53
¥714 237 FAHCIYR} 24T Ths Aol
e Agols BEA ALgsjol Bk

g o2,
® 0:: AZolE olg& Fahs ol Yutxo]
Ag B2 A9l AMgalor & Wast 9l
o &, 889 B A7 o] AFe| Aae

¥ 2. Available polymers for plastic film formulation

Fil Permeabilities? MVTR®
e 0, co, C04/0,
Polyethylene, low 3900—13,000 7,700—77,000 2.0-—5.9
density*
Polypropylene® 1,300—6,400  7,700—21,000 3.3—59
Polystyrene© 2,600—7,700 10,000— 26,000 34-38
Cellulose acetate! 1,814—2,326 13,330—15,500 BI=171.3 1,163—1,395
Polyvinyl chloride? 620—2,248 4,263—8,138 36=5.9 140—-171
Polyvinylidene 15.5 59 3.8 3.1
chloride*
Rubber 589—50,375  4,461—209,250 4.2—17.6 7.8—10.9
Hydrochloride?
Nylon-6¢ 15.5 31 2.0 126
Polyester* 52—130 180—390 3.0—3.5
Polycarbonate! 13,950—14,725 23,250— 26,350 1.7—1.8 10.9—17.1
Ethylcellulose® 31,000 77,500 2.5 310
Methylcellulose? 1,240 6,200 5.0 3.100
Polyvinyl alcohol? near 0 near 0 = 1,240
Polyvinyl fluoride! 50 171 3.4 -
Polychlorotriflouro- 11.8 124 10.5 0.3
ethylene!
Cellulose 2,325 13,640 5.9 74—93
triacetate!
Vinyl 233 853 Bell 62

chlorideacetate®

* Gas transmission rates have been converied so that all are expressed as ml/mil/m?*/day @

1 atm. CO,/O, permeability ratios have been calculated by the authors.
® MVTR =moisture vapor transmission rate expressed as ml/day/m*/mil.

¢ Data from Hall, C. W. et al., consumer packaging with plastics, AVI pub. co.

4 Data from kirk-Othmer Encyclopedia of Chemical Technology. Vol. 9, Wiley Interscience.
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¥ 3. Summary of Gas Properties Used in MAP

Oxygen Maintains “bloom” (color)of fresh
meat

Sustains basic metabolism
Prevents anaerobic spoilage
Chemically inert

Prevents oxidation

Prevents rancidity

Nitrogen

Carbon Inhibits bacterial and mold growth

dioxide Fat and water soluble
Prevents insect attack
High concentrations can discolor
products(meat) or injure produce

(fruits, vegetables)

3. Eaby w2

MAY CAR|2E 7| 2% B3P L 83 =
92 ABstnx FES I Yst9A ok
MAW CAAI2”AA 7} 87 2714 gL
Al - o] R 2o 7]H&4k(mass transfer)®}
Aty Rk (EE, 9BEANS), 3FgH 9
(Ashekg, EANkE), 3 71EF WS- (FEHH, 2X
Ale] Zg)ell g 71 A4 R Faols, a3e
O d4oz EFAD 423 dFHo| e
+Z(leakage) & & + UA|T L¥HE oz ojRAL
w2 223le Aot

FretAF o] TN ol FAT AFo] E9 Aok
T 74REHE, TR FUS T A" A
A o]= A2 molars%E, molar flux, £, &
Al T BT F den, TR} n3F
(stationary)o]x +Zo] flow tF F o (con-
vective effect) & FA|&T djcbA EA82H(mo-
lecular diffusion) & f¥% EQHAZE A4 &+
At AzH|E 7|Fo2 T A 2= fg gyt
Alg Aed o33 2o

Mass transfer from| [Mass genera-| [Overall mass

the system to sur-|=[tion or absorp-|=| accumulation
roundings tion

. &
Rate of| |Rate of| |Rate of moles| |Rate of moles
moles [—|moles of [+ |of A generat-[= of A
of Ain| |A out ed or absorbed accumulated
Z} gof giajA FHoz BHAE
Mass transfer from| |Rate of| |Rate of
the system to sur-|=| moles | —|moles of|=— § § Fyds
roundings of Ain| [Aout

Fi=molar flux=(moles of A)/(unit area)(time)

Rate of moles of
A generated or
absorbed

=% [ §{§Gadr

G (the amount of A generated or absorbed)
A=

(unit area) (time)

Rate of moles X
of A = sss<at">dr
accumulated

Ci=molar concentration=(moles of A)/(unit
volume) o3, & Fejste] Uehiw ofelst 2
o}

5 E P e § Gede=§ ¢ s<"§t">dr

713kt A& 98 GaussF2E ZH&3ld

oC

atA ydr

=§ §§(VFOdsE | § § Gadr=7§ § §(

2o Yehd & lon $14e] Fy, Ga Ca} ol &
o] =< (derivatives)7} A<43 (continuous) 9|

e

L oy

—(VFA) dS:tGA= at_
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919 4o FAHFE (steady state) Z-2 ¥ FA
el (unsteady state) EFo| HEE & glon,
54 FF3A AT A-EE Aol ohlth

ZZAE 5 7|AE4Fo] Fick's lawd] w22

F,\:_DAVCA 0]_?’_,
ol& A Ao HE3a

";‘=DNZC¢GA 24,

ZARRAA 7148 4ot Fao] gickn B
CRE
oCa Ca 9Ca 0%Ca

& N ety T )

ojtt. o]f Dy Arrhenius®4jog =9 4
< T

D.=D, * EXP(—E./RT)

A7t nA2 2F, 25 A, #E 87, 2
gl A3} 2ol 71A F3gde] gled it <
g 7| ngo] Bl AN, 4L o2 2o

9Ca
at

=:tGA

AAFE TAYUEL BF G F5, 5, A,
Al e, 2§ T =t o2d, fer]
FLo H4E, &5, 4t4, ojitgEs, JEd F
E 5 o AxE o3 ¥FL Loz Ity
o2 7Hg AE e 5Fo] 03 ¥kgol 13}
Bhgo mEcn g% FAFe g £F
A FL Absighg, F40rg 2 te] 35k vk
& pom2 ¥gAFE A g3 2FE + AU
I o]2REH Gu& FFE + Utk dFE AFY
wgo 0z} £ 1xo]x, F&A (scavenger)yt
U ¥ A (emmiter) & AMEE ZASoE mlEA] 0]
o}

ERAL Az T FL2 FLHE T 4
T2 Q3 ERARY A FHoIY 3ol 4
714 BE® Z1AFE0] doju=dl, ol3E A
Z1A &l Gaoll A IFL FAZUEIH. A
T F2 AR A" 2NN FEo] Lo
wed EF W-IF2 FY £ FEHT V1A

&

rlo

r‘ﬂ' PlZ_PZZ
Vel 2
gl 2P,
(r=radius of pore [m], 1=length of pore [m],

r=total volume, t=time [s], P=pressure [Pa],
n=dynamic viscosity of gas [Pa - s])

o7 FAHE F 9o, FAFely 7I4sA ¥
ged] 71AFANE Fde

V=D,\r27rAl—P t o]t}

e Be AF MATR Fao] L4std 2
ol MAZA O] 25T Beg 7439 3
o= FAY= 9% Pyl 2e FEZ WaY
.

4. 71eNd ¥R

F2 P77 oigA CAY MA 74 ] ol A
Atold 4 sk Yol A% AT Bo)
olRiRT. WA LEH ofe) FARA B
A% FAze ATA G} o) 2ez o
A FAZA(E 4, 5)TL AT + e B
J8¢ =40 4o E53 B3, AMA, 4
A7) 5 Be ARl o8] Fe v

A4 A= MAY CAZIA =AY afe} =7
iRz FEE $ A=,

@ 231% (Root crops) : $E712ts] ARE 9

s ARFlE PA2 R Feslas

7t a7do.
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¥ 4. Recommended CA/MA conditions for

fresh produce and processed food products.*

Fod Prodict/Grap ~ Commodity  COx(%) Ou(%)
Fresh Produce Potatoes 0
1 Carrots 0
Beets 0
2 Tomatoes 0 3-5
Peppers 0 3-5
Cucumbers 0 3-5
Lettuce 0 2-5
Celery 0 2-4
Onions(Dry) 0 1-2
3 Pears 0-5 1-3
Lemons 0-5 5
Apples 1-5 2-3
Cauliflower 2-5 2-5
Artichokes 3-5 2-3
Peaches 5 1-2
4 Others 5-15 1-5
Fresh Meats  Beef 20-40 60-80
Pork 30 30
Fish 25-35 0
Processed Bakery Products 0-100
Foods Dried Foods 0-100 0
Low-Moisture 0-100
Foods
Cheese -
Fats and Oils -

*Percentages are volume or mole percentage;

the remaider is nitrogen.

® #MAF(Mainly vegetables) : 7] Abx
(1~5%)%& o2 Jiot.

® ¥¥t 27 (Mainly fruits and some vege-
tables) : 29| AA(1~5%)9 o]4sier
2(0~5%) ZIHMZANAM 7Fg AZA o
$43ttt.

@ 718l : 2 o] nFE o]AkslerA(5% o]
4)E 823 FAFE YHZh

T, FAF7E B o FFAE dodlA
% LT HA: OFES H1 COoFE
ozt ¥ 6, 73 Zo] 7 FEEE FEE =
s},

CAY MAE F2 Aty vje] 7|2 A7
L5 ¥ a%te o FAFoe kA7
7] @o] olgEHA Rzt HIE Aujg
MA =% 9 A3E%F9 FAF2 234 HE
HAE FUIE Stk o)A E FRAT
4 BEE o83ty FUE MNE HEEAFS=
71< (ISP, Individual Seal Packaging)©o] ©]& 5
I e, 58 g FHARold] AHitkx, 1
oldsleta & moEAY mA 7[HEA ] BA
o] AU MAEHE ¥E + At F=2
Atz AR, EvLE, & 59 Fdd HEs
o F ZAHE Ao 5E3 TFL) ¥
Hde] Z¢ 714 RS Foln Yo 7AW
o] dEd FHE LAY Y4HA dFE LE
£ AT = AT
SFc ETE MAY CA9 FHERofz A, 9
€0l AFEAs YAAA 231707 o 8
7+ F4o] fAHE= ¥, 10~15% o]itset
2 MATZAE 3¢ 10F7Hx] dF3=HAS. &
Foll gk MAETE F87I2e] AFET ofy
g A fFAdE FL 4G v, 1R
x93 HAES A& 1A s myoglobin
o] AZMe ulA 3= oxymyoglobine 2 H3
g A7 Ao ALFEIF 30%73
24 60~80%%1 237]9 vls] @Fon, BA

o I ]
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¥ 5. Examples of Gas Mixtures for Selected Food Products

Product TempC*® 02,% CO, % N2, %
Meat Products
Freah meat 0-2 70 20 10
Cured meat 1-3 0 30 70
Pork 0-2 80 20 0
Offal 0-2 40 50 10
Poultry 0-2 0 20-40 60-80
Fish
White fish 0-2 30 40 30
Oily fish 0-2 0 60 40
Salmon 0-2 20 60 20
Scampi 0-2 30 40 30
Shrimp 0-2 30 40 30
Horticultural Products
Apples 0-4 3-6 4-6 Balance
Broccoli 5-10 1-2 10 . Balance
Celery 2-5 4-6 2-6 Balance
Lettuce 5 2-3 5-6 Balance®
Tomatoes 5-10 4 4 Balance
Baked Products
Bread RT® 60 40
Cakes RT 60 40
Crumpets RT 60 40
Crepes RT 60 40
Fruit pies RT 60 40
Pitta bread RT 99 1
Pasta and Ready Meals
Pasta 4 80 20
Lasagna 2-4 70 30
Pizza 5 52 50
Quiche 5 50 50
Sausage rolls 4 80 20
Other Products
Potato chips RT 0 100
Nuts RT 0 100

* RT=room temprerature.
b Trace CO.
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& BadA 25~35%] olitsiaz TR
& W uaE A I8 571 AFE
e &+ Ut

¥ 6. Classification of fruits and vegetables ac-
cording to their tolerance to low O, concentra-
tions

¥ 7. Classification of fresh fruits and vegeta-
bles according to their tolerance to elevated CO,

concentrations

Minimum O,
concentration
tolerated (%)

Commodities

0.5 Tree nuts, dried fruits, and vege-
tables

1.0 Some cultivars of apples and
pears, broccoli, mushroom, gar-
lic, onion, most cut or sliced
fruits and vegetables

2.0 Most cultivars of apples and
pears, kiwifruit, apricot, cherry,
nectarine, peach, plum, straw-
berry, papaya, pineapple, olive,
cantaloupe, sweet corn, green
bean, celery, lettuce, cabbage,
cauliflower, Brussels sprouts

3.0 Avocado, persimmon, tomato, pep-
per, cucumber, artichoke

5.0 Citrus fruits, green pea,
asparagus, potato, sweet potato

ditH o2 tfF 2] AFL i o ¢
st AS3] 2% i oAz st
& doA FHALEZE de F domz off
T BE AFEZIY Fis 22 84 VA
€ s FHE AZAUT. dEEY A
U AR, g2e 2 357 FFAEFS A4

I % AW S A2ve FAAAG. 2
&AL o2 BAA ohe 2 FAYE 21 3
s, 4Fe) g2 B A3BAN AT 2
& 3%, 3 gad g WP AFY TEF

Maximum CO,
concentration
tolerated (% )

Commodities

2 Apple(Golden Delicious), Asian
pear, European pear, apricot,
grape, olive, tomato, pepper
sweet, lettuce, potato

o1

Apple(most cultivars), peach, nec-
tarine, plum, orange, avocado,
banana, mango, papaya,

kiwifruit.
cranberry, pea, pepper(chili),
eggplant, cauliflower, cabbage,
Bruséels sprouts, radish, carrot
10 Grapefruit, lemon, lime, persim-
mon, pineapple, cucumber, sum-
mer squash, snap bean, okra,
asparagus, broccoli, parsley,
leek, geen onion, dry onion, gar-
lic, potato

16 Strawberry, raspberry, blackber-

ry, blueberry, cherry, fig, canta-

loupe, sweet corn. mushroom.
spinach, kale, Swiss chard

(1~3mg 0,/g), 2ZE =837 (10~40mg O,/
g), Al¢ £2(35mg Oy/g), A¥ T& 4 FF
A& olgstd 2 EHE E + ok ol9 AA|
g e 271X 2A BaAAE 74 (silicate
substrate) 7}5o AFAAH TR A 7FEFo)
A7kstezA AAE AAT F JAHE oFslo
TAEE B8t Uil 1, oo 2 A
Fdee §A3 A FIA Alold] Fo| AF
9 7t3F d%F oz A2E AAse PHE 2
(2¥ 10). 299 2L 7|E2E E23FH
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o] l&dl, ol Egt2g §7] AFE 93 £&
38 (blow molding) & o £4/24 EFEL Al
f38te] £7]9 YRAL diFEe] {718 dis
HAstm A QA e Aoz A AFAHE
HE2 A2RHo g U4 PR &4 &

Q% et

SPES
EP%P%’

%Egmt L)

1% 10. Advanced applications of oxygen scav-
engers. (Courtesy of Aquanautics

Corp., Emeryville, CA)

FafFoll g MA 2AEL AP3HA] 604 do]
2 gx| gk o} 7kx] MAY CA<e] A E2]F (bio-
physical) = A3}38H3 (biochemical) &3}l of
e 2gAsH, old T Y 2d3 o
Al @A o] Fo A A ol FAF JAEE B
gt 73 + gl AP0t 2eE=E 7|EY
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