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Fig. 2-1 Upper panel : Closed system of measuring the

respiration rate of Welsh onion.

Lower panel : Roughly heat-sealed OPP film
package.
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DEL. B0 DXV E»oTz, SEBEIELZHBEICBWT, Wi & WPEERE & 0
BEfR % Z RN TEMBL L 72358 OFHBIR$120.987~0.991 L FH W E# R L7- (Table 2-
1)o %72, Arrhenius®RIZ Y TiZ» 7-8E Tix0. 974~0.987, TEHBEIBTELIL 125G
T1%0.977~0.984TH > 7> (Table 2-2. 2-3),
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(1) ERFBLEESOMEZE
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Tholeo HAERERETIRHBAF 0 —NVESR (KRS 1995) OFEIC LY, FEX
FOFHKOT A BEZIARCERTBIIRIEESESBRIEBENENL-T-
(Table 2-4) s WTFHORICIEL 72FEX X TH 2 BRUBEO L AREHR I H £ D
Lotz HHOD D TEBMKOBERIEEDI.6~8.7%.. —ELKFEEEH11.2
~16.4%TH o7z, LHD Y D TREFEHAKDEREEIZI6BATRERD EPr o1,
FrEBRROLESEREICIE L EAF TEYT3.2% TH o -8 . KD b D
134.2% . 1 %bBEWEZRLE (Fig. 2-3), 2HSENNEROSHEE X RIGETE
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Fig. 2-2 Relation between temperature of Welsh onion and respiration rate.
@ : harvested in summer (July, '95). A : harvested in autumn (November, '95).
(O : harvested in winter (January, '96). A : harvested in spring (April, '96).
Lines are quadratic regression equation with temperature and respiration rate
(see table 2-1).

Table 2-1 Regression equation (Y=a+bXT+c X T?) between
temperature of Welsh onion (T) and respiration rate

(Y).
Season a b c R
Summer |.224 1.9600 0.0629 0.987
Autumn 10.180 0.6573 0.1790 0.989
Winter 10.910 0.5406 0.2189  0.99]
Spring 12.560 0.7909 0.1632 0.988

DT7AINVEVBRERF2HEBIVBILELD, 6 HRICIEZZNZTI50% L30% D%
FERIZETRA U, IO b DX 2 B CHERBROSEERZRFELLMS, Th
DL DEALEBLD, 8 HBRIZIZKWSOBDOBEERCETIET L. —A. ZHHO LD
TRZOEAVEERBO TELHL T, S HEZBWT b B D83%DEREERT
%‘97}:0



Table 2-2 The Arrhenius equation (Y=a+bX K~!) between
the absolute temperature of Welsh onion (K) and
respiration rate (Y : In [R]).

Season a b (X 10%) R

Summer 29.82 -7.578 0.974
Autumn 29.32 -7.300 0.987
Winter 33.08 -8.403 0.982
Spring 33.83 -8.572 0.987

Table 2-3  An exponential function with the basee: 2.718 (Y=
a X e®T) between temperature of Welsh onion (T)
and respiration rate (Y).

Season a b R

Summer 8.626 0.0887 0.984
Autumn 10.628 0.0999 0.977
Winter 12.284 0.1018 0.983
Spring 14.178 0.0860 0.983

Table 2-4 Effect of harvest season in Welsh onion on carbon dioxide and oxygen concentra-
tions (%) in film package stored at room temperature and 15°C.

Room temperature I5°C

Harvest ) ]

as Days in storage Days in storage
Season

2 4 6 8 2 4 6 8

Summer CO, I15.6 16.4 11.2 13.9 8.5 10.3 6.0 5.7

0, 4.0 3.6 8.7 5.6 (2.0 10.4 14.9 1I5.0
Autumn CO, 6.2 8.5 9.1 8.6 6.3 7.8 8.4 8.0

0, 13.8 1.7 11.3 11.9 13.6 12.4 12.0 12.5
Winter Co, 4.6 4.8 4.0 4.2 8.3 11.2 9.7 1l.6

0, 15.9 15.9 16.7 16.4 12.2 9.3 11.8 8.6
Spring CO, 9.3 1.7 12.5 11.4 .4 10.2 1.0 10.9

0, 10.2 8.3 7.0 8.1 7.9 10.0 9.0 8.9

Mean of room temperature for 8 days in summer was 31.4 °C, in autumn was 12.7 °C, in winter
was 8.6 °C, in spring was 16.2 °C.
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Fig. 2-3 Effect of harvest season in Welsh onion on sugar content during storage
at room temperature.
Welsh onions (100g each) were packed into OPP film bag (roughly heat-
sealed), and 30 packages each were put into expanded polystyrene
containers. These containers were opened every other day for evaluating
chemical components and quality stability. 7 : 0 day. §J: 2 days in
storage. [§: 4 days in storage. [:}]: 6 days in storage. B : 8 days in
storage. Vertical bars are the standard deviation. n=10

wRNIZ, R-EBOMERCEMEL2RKESERAT S (KL 1995), 1850810% 8
25 ERNTBABEIL> T %, 51T, IBE20EEZ 5 LERENITED Sz
RcHhTwaREER 2, EHCINELL-EXFTIX 4 BRIZIERI6 Y, 6 HE
WIiX58Ic bEL ., BEDETHE L7 (Fig. 2-5), ¥, KB IUHEHO b DT
. AHBETCEEENIZFZEALTED ORGP, LELENS, L EHDOD
DTRFNUGEREICERMBNBET L., 6 HRIEZNZTNIEHEM17E151EL 7,
—h. KD b DI 6 HETHIEH 5 CHERRCEN,

oD s, BRTHELZES, EHNECEXF TR, EBSE» o127
BDT7RAIANVEVBERIZEL »0EAT S L LI, BAEMNOET S HORFEICIE
Lz d DICHARTEL . SEEEHENED» 5 720 —H. KHID b D Tld. FBEMEDP -
Jeled, 2PESR LT ANV EVEREROERICENL, BEAEIOETLEL . BER
BHRRE» -2,



50

40 |

T4
53

T

&5

30 |

s
Zs
A

e
2XRX

55

AQA
-

N
X3
KK

5

X
0%

R
KX

ol

K

N
XX

ol

20 |

XX

TS

e
b ! !
= ] el o
P s 3% <5

KKK

Jo2s
X
R

KX

KK

10 }

2
X
o

Ascorbic acid content (mg/100g)
%

% Q" 4
< ) R R
PS) o % 2o
24 4 % %

S

g
X8

‘%

RIN
RN
AN
A\
N
KN
AN
RN
BN
BN
BN
Z' §
A

A

XX

Y

T

O
[0

b

i
KK

[/

Summer Autumn Winter Spring
Harvest season

Fig. 2-4 Effect of harvest season in Welsh onion on ascorbic acid content during
storage at room temperature.
Symbols are the same as shown in Fig. 2-3.

(2) 15°CTHlBLI2BE&0MEEL

15°CTHBLIBED 7 4 VABNOBREE NHBEHEDL - 720 LB L UE
DB DT, ZDEIZLHITE.6~12.2%. FHID D T7.9~10.0% TH - 7z (Table 2-
1) EHID b D TIZBEREE310.4~15.0% L K5 IXEM > T2,

EFESBORKZEEFig. 2-61R LT, BEEBHOER ¥ T 6 HER T TR
BOSEEEZR> Tz, PHICINEL - b O TIIERN R NET b, 6 BRICIX
IFEBHEIRE D64R I E TR LTze TRAANE VRS ELEEOBRE L £ b IZER L
(Fig. 2-T)o L L., ZOHFTREHOLD T4 B CHBEBRROSERERZE-T
Wiz, ZHACINEL -EXAF CEREEO LD X VBN LB BELL, 2HKED
B LIED, 6 HRICIZOSWDHBERICETET Uiz, KL -EXX TR, 4
HETELEMNLAIHEHICEL, 6 HREKBUMLEAHLBEDETIZE L »57 (Fig.
2-8)0 BHAD D DTiZ 4 HE Z CELMNOET 2IMEIT R 72086 A IZIEEC
b, EwmEREbhi:, B L UCFEHOESX F TEEBIBD L, BEHDOL D
T 6 HRIZBVWTHIBHIZ 4 THo 72,

INoDI s, 15°CTIBLIBE, KHCIELLEAFTIZ, 7XIVEY
BREEOBIBRELI POBREZ L LD, BABI LB OSBRI LS, HEFRS
HRIPHEL o7z, BEHOD DO TR, BAMKIESZ FABENCZENR-, 7220
EYROEBETHELL »SRBI o, —H, EH OO TR, 2HSEOETIIS R,
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v Fig. 2-5 Effect of harvest season in Welsh onion on score of withering leaf tip by

sensory evaluation during storage at room temperature.

Score of withering leaf tip of Welsh onion was defined as follows.
NeXO+N; X | +N;x24+N;x3+N, x4 < 100

4xN

No : number of Welsh onion that did not have withering leaf tip. N; : number
of Welsh onion that had withering leaf tip less than 2 c¢m in length. N :
number of Welsh onion that had withering leaf tip 2 ~ 5 cm in length. Nj :
number of Welsh onions that had withering leaf tip 5 ~ 10 cm in length. N, :
number of Welsh onion that had withering leaf tip longer than 10 cm. N:
» number of Welsh onion that was investigated in this test. Symbols are the
i same as shown in Fig. 2-3.

‘ FRANEVEER D 4 B CITERORE S ST S | B OET b HEHE
. BEARFPESEL -2,

B4l E B

EXF OWPREEZIERBHC LV ELY, ThEhBZXRAGEUTE T, BRY
DUEBRESERT 2L, FRAENES RS ILBEPOAONTYS (B
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Fig. 2-6 Effect of harvest season in Welsh onion on sugar content during storage at
I5°C.
Symbols are the same as shown in Fig. 2-3.

1974) o WPIRHEE & SR (RED) & OBIRIX. BERIK (Quo) $Arrheniusd3 (Song et
al. 1992), FE#BA%K (Beadry et al. 1992) R ETRENTWS, LHL, Thbdiddh
T U SRR IR D 2 b T Tl v (BEF 2000), FES X, MEBFEEZSNBE
B (0°CfHiEH 535°CBE R T) L. ZRICHHIET 2 MRRREE % INREREHA & & 12l o>
CHREL. BELZRATRUZ, IhsDORESTIR. BiEEd (0.987~0.991) »3
‘Bohiz, LHLRH S, ArrheniusORXPHEHER TR L GA TR, HER=XAT
RULBEIEEE IR, BrisBBER TR LREE TR, BERICB W TEAE:
DEEFRE Bk, TOTEDS, FFFITBV TSP & § & BRI
BIRRCRT T ENTETD 5, IHERFIZ B 1T 5% ¥ ORRIRRE & HEH Uiz, I
Al 1ER OFIRIRIGEHT28.0 "CKHIT12.8 °C. A T3.6 'C.EHTL0.9°CTH -
Tzo SR = R & ARE U T IR O VPRI % Table 2-1IZR 9 3EMERD» & FRIL 7245
R, EHD b O OWFHEE X 105.4mg CO, » kg™ » hr™!, BEATIX46.6 (F]). KT
15.7 (A). BHTIE40.6 (A) THY. EHO b O OPREEZLID b DD6. 75T
bl BRI, MiED315°CO & & DEXF OFERHEE 2 FHT 2 £, LHD b DO
BB 1268, 3mg CO-kg™'shr! TH D, Db D (44.8(R)) wHA~AK1L.5ETH-
720 FRIZ25 CTIRZAHD b D TI3161.3 (F) T, BHD H D (89.5(F)) wwE~#1.8
Bk, MBSH BT ONIEDERIKREL Kol ZDXIIZ, RICEETY
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Fig. 2-7 Effect of harvest season in Welsh onion on ascorbic acid content during
storage at I15°C.
Symbols are the same as shown in Fig. 2-3.

INEERSHAIC & D R E N R 2RI A7 VoYY (AR 1992) THRERI L TW
2, INICRREBEOTEHBEEL THEIENELIONS, %5 (1983) ZHFERYOGH
BHBERT 3 L, HREEO—RICERL ERRKSED sh, ThiXRERL (B
) BDREVIEEZELD I EREL T3, o, BEMET T 258 TRERIIC
R HETT 2 EHMELTWBEZ s, RBERIZEI FRPDOR b v ADHRRIER
BETIESA M REIDKREVEEZONS, TDYD, HEHNEWERER TR, K&
TTEBLELHMOEAFOFPEBETTCEELLEHO LD L) RIBOEEHFIKE <.
FORDTTHREENEL RolbDeEIONDE, — ., HENEWERERTE. &
BETEZESI AN RABENZ Lo, WEHHCL2ZR3 kb eEI NS,
BERYMOREREZ2ELGTAERICIE. WEEERLZORETHI2HERSIHITS
N5, Kader (1987) BB LR TWEEYRNEERENE L EHREL T3, Brashd
(1995) BRINEBRDT X 8T A TIE, WEEENFEWIE CEERFHARRBEWC L2
o, BIE (1992) b, "V V>V U THREREDE D S 4 U 2 WERGEE DOR/INEE
ERBCEETLIEMEL TS, EXAFOMNREEIIINERFHICEIDRLZD, ThT
NOWNERHS L ORET CREHODDDOABZXHO DIV ENL oz, Thiidd
. A—RETHNITERICINE L -EXAF TRHEL. KOO TRIRP 7,
INSDOFERIZ. EAFOMERFEN L B —BL., PREESMEWIE CEERGH
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Fig. 2-8 Effect of harvest season in Welsh onion on score of withering leaf tip by
* sensory evaluation during storage at 15 °C.
Symbols are the same as shown in Fig. 2-3.

MBEOWZ LRSI 572,

—7. BERRLESROBRTIROBESDH 5, FHE (1988) BEZ X+ pY
DI L ESERHEL., HEEXNEVLRBEE P HRTEHEESE L L w3
Ry o BOHERE TOHESEWIE CITBENE W LRI L T3, %72, HiK(1989)
BEXHNEDONT R, BHIEOR YV Y YOBEERHE L. BHEDO L DD 2
EBEREEVICO»2L ST, HEREE S EV-D, FONEEEICEIT k| IR
FIZHER R LHEL TS, SEOREBRTIE. B LSRR L ER
FOMEETHE» oI 22bOT, 20 20LBEEEDORE S &SI HBRD 1
Wil HERSPMESHESEOE LML T L b EREZERIEED >l
Bolze INHGDIEND, EXAFTREHESELID b o L ARHEE D A REERE
KHEEPRIZTH OEBDbNS,

ESE /o
XX OUNEREAZ & OISR 2 S »ITT 272012, 19954 7 AL 118 1996
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1992, IIFS 1993, EAS 1993, fiH YA 1998), L Lads . MAGSREICET 2
AR ERD 21241, BEEDSSRAF v 7 7 4 VA TCEREYEBERHEELZD
FERFER LV BELMASGZ2EEL TLIHESE L, 22T, BRAFXIBLT
MARROEZMEERIET 2 L L dic. MAGECHET 2BHASHT AREERDT-,

B2 FESH XBEEARI FREEICRITTHE

BRLRBEEKA ABEER T CB Y 2EXAFORBEHERHET 22 Lick . B
BREB & O BRGRRBE & WRHEE & OBER 2 S »ic L, MASEDERIME & HRE
L7z,

FB1H MEBIUFE

19974F 5 BB RHAN CIE L - EX £ 2 Hni, 2 LBRSY X BEER T
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TYHADEZEEWMOBRL I2D, FroN—HOHF A 2—HEBEF A TEBR L), 20
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Table 3-11z 3\ C S EERESA A WEHRR T2 31 554 ¥ OFPRRE DREREF
B Uie. SEZE Ui # A BEERT Tl A ¥ 5 BRKITFREA O RRIBIER
St tn, £l BERREMED 5B BLRERN T CIPRBRE IR S 1T
WL ERELD L. COGEY OF ARET TRIER ¥ BEIUFRL BT oD L
£z 605, ZOREL-BLREEE [CO.) LR [0] 2E2HL LT, BHE
BT U TR R, B4 ¥ OIERGEEr I,

r=30.40—2.06 X [CO,]+0.57% [O.]

LRI ENTENZ, TIT,
r : mg CO, « kg™' « hr™!
[CO.] : %. [0:]:%

T.b Z) [+]

MR E120.92Ch o Tre Z{LIRBBEDORBBAETD Y. BEBEORBIIET
Hol, Ihit. ZBLRFRBENELIRBIEL. &7, RREEIMEL & 51 EFR
BHEIENB ZERBRL TS, LTzho T EAFIIMASIRESHFTEIHXTHS
L BB S IR 0T “EMELEEEE ORBOENHEXBRRBEOREOD 4 55T
Botr. L. HEREE K RIZTEER—BRRZBEOELEEOHPERRRED
ZEEG LD RKENZEERLTWS,

188 - R EER DA 2R T 22, BERATC L 2 FRIEEREEE O
W BT o7 (Fig. 3-2). COEER. FHME () LEHE (X) LOMIEY=0.921
X+1.70. FEEHE#r=0. 959D & VW IE OMHBEBHR S & ., AR E R OB REL R
KTz, FEYOREEE PEREE L TBCRRRERERE L THEITRI LR’
MAGEDHRH I FRARTH %, YangkChinnan (1988) I3 PR % e & O

Fig. 3-1 Apparatus of modified air system.



Table 3-1 Effect of carbon dioxide and oxygen concentratlon on
respiration rate of Welsh onion.

Gas concentration (%) Respiration rate (mg CO, - kg=! « hr-1)

CO, 0, Experimental data Predictive data
0.24 4.10 27.10 29.75
0.42 4.58 33.50 29.69
0.26 5.31 29.30 30.48
0.31 7.99 36.70 32.08
0.26 11.41 30.80 34.35
0.26 11.74 37.60 34.56
0.28 14.72 -36.00 36.41
0.43 15.27 38.30 36.46
3.40 4.22 24.90 23.42
3.83 4.34 26.30 22.62
3.51 7.77 26.80 25.45
3.39 8.04 _ 18.20 25.86
3.52 I1.62 27.20 27.88
3.16 12.13 25.20 28.93
3.35 15.07 31.30 30.41
3.73 15.17 30.30 29.70
6.08 4.2] 18.20 17.98
6.82 4.71 18.50 16.79
5.83 6.8I 18.10 20.14
6.97 7.99 20.80 18.57
6.17 9.65 . 20.70 21.25
6.87 11.61 21.30 21.08
6.24 14.82 21.70 24.39
7.02 15.24 25.90 23.08
10.11 4.59 9.00 10.05
10.21 4.60 5.80 9.85
10.39 7.99 12.30 Il1.64
10.00 8.08 10.50 12.49
9.95 12.32 9.70 15.28
10.60 14.79 15.00 15.53
9.93 15.50 18.10 17.34
10.71 15.62 17.80 15.84
13.77 4.90 4.30 2.82
13.77 7.81 6.70 4.67
13.65 11.75 9.70 7.42
13.40 15.88 11.20 10.55
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Fig. 3-2 Correlation between experimental and predictive values of respiration rate of
Welsh onion. (mg CO, « kg™! « hr?)

ZRBERE TR LTz, 7z, Camerond (1989) X b~ FOBREEEL*BREBELEHK
ETHREIATOBEBTRL TS, INS5DRAIZTNOIRERANTH S, Leed
(1991) 3. MEREEE 2 EHHmIICRET 28X 2H AT, Tobb, BEREE L ZRL
REBEEERETZINTYRA—R VT V54 TOBRRIGRICH T TPREE
ERLUI, LLEMS, % OBRORIGERTH 2 HkEH %, Bilnsx)
A=AV T4 7OBEERCHTIEIDL I LA, PPTFEHATHS LEbh3, #
nwz., BRI 0ELNLRNTH L, HEERE. FFEERVSIEFICL L
JPEWHIEE I, BEXAXFTRERRRAC L VHEEERRFET LI ENHETTH
EEZoND,

BIFT WVI(OHrOFTEKTH A EBEHEBRIEXFXOARRS B LUEHEIIC
REFIE
EXAFOMAREHET2L&E25B5 2 2HNE LT, BEHARKRSBEAMOEL DY

ABEEMED ML, ZH6ORESA RS ¥ OFREE, AR S & VR
iz RIET B ERE LT,



B1IE MEBIUFX

19965 1 Az, BRESHSIT TEESWEXF 2L 72, IV, F9%1(13R100g)
BIES CCRELIWBETHHEIL: b DRRABRB WA LT, '

1) FERKHTARBEDR

KEBRTHRE LI BRHEKA AR 2 Table 3-212 R Lz, & 2 Tid. BBR L —BMbRE
DEHEAREFAC2IBEHE LTz, Ihid, EBICEREYE 7 A VAL AN TERL
725 E. RMS EMEE O BNEVWEES ThNE, B L “BIEEOSTHEIR
HEVELZWDTHS (Beaudry et al. 1992, EZEE S 1993),

2) MERLEREEDEIE

EAX400g%214.4L D7 7 ) VEEERIF ¥ >y — 2 Ak, Table 3-2IZRTH R 28
RE7 LDOTWMET I REALF ¥ U N—HNOFARBBL Iz, QBRI 7Ry 2T 2
U VRSN A P TEBE S, F vy U —HNOBHS 2 ZHARNTREBI Y, 1ML
DH ABE% 4 BFECE > TTCDA A Z7u~< N5 712 & DHEIE L., MAREREYN7 D I
ZRILLI-BRRBRE L _RRICKRBE» o REE2EH U, 7. BESKI A 2T
RYTREATEETO7 7 ) VEIEEV S, 7ORAERE (FW10ml) 35HE FEEL 72,

3) HREEF v >/x—i2 & BEREAER

EAXAFX600g% LEEF v > /v— g A, Table 3-2IER"T 5 A2 ERE 7 0 ORE CHEEE
FIZF % U N—NIZEA L, DERIEBECELAFZROHL, 28EE,. 7Xan
EVBERBLUVERN 2E 2 EE 2EHICHENL THEL:, £/, Zuu 741k
TERICE DA LTz, EEEERASSTICIIEK 6 RET- 72,

(1) Zuu7 4 VDESE

B W X FER20emDEE IS % ATz (IR 1986), T E80%DEL S /2 — ) T
HU, BOOBERERL T, 665nm E64INm OB R OBRNELZHEL 7z (BHES
1993) o

g2l B B

1) FERXHTAREAMRREICRITTHE

BEHEIJA ARETICB T 2FER ¥ ONRHEE % Table 3-3127 R Uz, —B{LREHEH
HERZF ¥ Y N—ARDELXF UUATRBCESRVEYF» N —ANDEXF 2 AKX,
Efkic. BX, CK, DX, EX&B#d) Tlllmg CO,+ kg !+hr! Thotz, L L.
BRIBBENMES L2 CRIERBRENEL?) L IIPREEIIETL. BERE
B8R HEVEX TiX53mg CO, < kg ~hr! &, #EDCETIET L, A, BE

Table 3-2 Atmosphere compositions used in
this experiment.

Sample N, (%) 0, (%) CO, (%)

A air

B 79.2 15.1 5.7
C 78.8 1.5 9.7
D 79.8 7.6 12.6
E 78.8 4.1 17.1




Table 3-3 FEffect of several atmosphere compositions on respiration rates
during storage at 15°C.

Respiration rates A B C D E

Carbon dioxide production® 11 97 78 62 53
Oxygen consumption® 88 76 66 53 45
Respirati.on quotient 0.92 0.93 0.86 0.85 0.86

a) See table 3-2 for abbreviation.
b) mg CO, * kg™* + hr™%.
c) mg O, - kg™! = hr™l.

RINEE b EXIZARDHESDETH 272,

LSEQEBRTIENTROF ¥V N—HOEAF BN THREBIRD 5NLP 27
¥ 7 WERES IBRECEEZR LI oo BRBEN 4 X LRLEOCREDERLES
WTHESTFRIZILED>TbDEFEZ LGNS,

2) BESHRABEINFRS S L UBREICRIZTE

HERF DTS RIBTBELEL(RELLBHKTO bR ERED L (Fig. 3-
3), L L. BAOEE IS L KK LU AEROARIZ BT Y, IFE 4 BRI
Wﬁﬁ@%ﬂL%%ﬁﬁ@ﬂokﬁE%T%&%K%ioﬁb@?%ﬁﬁ@ngﬁiﬁ
EXCRLBSBEOETRIERCIED shikholz, TAINEVEERLEESR
y FREIC R RBE RS RELLBHEATO L 0 LR EIERE» o2 (Fig.3-4).
2 DR EERLBEBORVEE L VK&, ARTIRETR 2 BB HTEHEIDHI80%.
8 AT 13 H960% 12 £ T LTzo %7z, BEHB & UCR T b RERHICEA Lize —7.
BREEIMECDEB L VER T 7 A aVE VBEROBD 3T 8 HERX TR 5
Nhhotz, 7007 4 VEELFERKIC, BREBEZELBELLFEARTOEAFIE
PR pSETL. AR TR 4 A% 5, BRBLUCKTIX 6 HE» OB L.,
AR T 6 BRI EHETO#I56% 12 & TIET L7z (Fig. 3-5). DX & UER TI3RTHER
SHEBETHZuu 7 4 VEEDETRRD6NLE 0T,

LR N OFREE DAL 2 Fig. 3-6107R L7z, AR TIZI 2 BRI 3 Tlcis#ld L
0. 4 BRI 48 L ABICHML .. ERESEkbI, FRIZBR TR 2 BRICIHEK
10. 4 HEBIZIE35IcZE LY, CR T 2 AR TRIEESTH - 1208, 4 BRRICIE24E 2
7ro LTetio T, BEOEZ 2. AR~CRTIRELMENBEL 2 S5FE4EL. IFE 2
A5 4 BRI 3ERE2E 572, —H. DKB X UVER T, 4 B TIRIEHI0K
TR R RO Z LB TE 2D, 6 HRIZIZZhZh45 35 & BBUTIEML . Bk
DRV E TRIEHRMNLET L,

gmIg £ B ‘

WA X TR, MOBEY EABC. BBRE - EBLREFETTLESE. 7R3
NVEVBESRBIU /0T T 4 VEROBERREY EIZ S I LB TER FIT.DX
BIXUVERTIZ 2N S DRSS OBP I 8 BRI BT RO R o, T,
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Fig. 3-3 Effect of several atmosphere compositions on sugar content of Welsh onion
during storage at 15 °C.
Welsh onions were stored in the acrylic chambers (14.42 each) for 8 days
at 15°C under a continuous stream of atmosphere compositions shown in
table 3-2. 7 : start. £4: 2 days in storage. [ : 4 days in storage. [[]: 6
days in storage. 5 : 8 days in storage. Vertical bars are the standard
deviation. n=6
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4 Effect of several atmosphere compositions on ascorbic acid content of Welsh

Fig. 3-

onion during storage at 15°C.

Symbols and atmosphere compositions are the same as shown in Fig. 3-3 and

table 3-2, respectively.
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Welsh onion during storage at 15 °C.
table 3-2, respectively.
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Symbols and atmosphere compositions are the same as shown in Fig. 3-3 and

table 3-2,

respectively.
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Fig. 4-1 Changes in temperature of Welsh onion in two types of containers during transpor-
tation. O : expanded polystyrene (EPS) container, @ : ordinary corrugated fiber-
board container. Every 100g of Welsh onion was packed into OPP film bag, and 30
bags were put into one container.
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Fig. 4-2 Changes in CO, and O, concentrations in containers and film bags during storage
at 20 °C.
A: EPS containers, B: ordinary corrugated fiberboard containers. @ : CO,
concentration in container, O : O, concentration in container, ll : CO, concen-
tration in film, [J: O, concentration in film. Every 100g of Welsh onion was
packed into OPP film bag (roughly heat-sealed), and |5 bags were put into each
containers. These containers were opened 48 hours after storage.
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Fig. 4-3 Schematic model of Welsh onion and its environment illustrating two levels of
barriers to gas change.
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Table 4-1 Gas permeability of film packaging and EPS containers at

15°C.
Thickness  Permeability (ml « m=2 « day™ » atm™)
Property '
(mm) : Co, 0, N,
OPP film 0.025 3,570 1,137 678

EPS container 18.0 42,955 47,089 45,673
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S h— b U BREMEE R - VAR IV EWEEZTR L,
74WA§®¢kﬁ%#éln&wt%@74»AW%$U&%W_@mﬁ%ﬁﬁk
BB DE(LEFig 4-5IC R Lz, ZOEERTIE, 7 4 VARIZBWL TERF ORI
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RS OVIHIEM Z N F ., 13.5% £ 4.5%1%E L5 E (Fig. 4-5A). OPP7 4 v
ANZEBMLEZOEZREIZZIZERNICES U, BREBEXERCEMLU:, 0L
x TR LRI L R OEHIE L FEMEOEX. ENTHERTH0.4%L0.1%
Thotzo —F. HARBRANO_BLRFEE I, EEFRERICIZ0.4%TH o7z d DH
BAT2.1% I TCER U, BEEEIX21.3%TH o7 b DWBRKT20.2%TETL
o PRI BV TR BACEM L L SDOERENEN2.5% E20.1%TH o727 4
NARO LR LR EEOPHIENZ AT, 9.8% L 9.3%ICRELIHE
(Fig. 4-5B) BV T b, 7 4 VARB L CHERBRA O F X BE FHIE X EHE 2
BIZELEBHLEZ DI ole, ZThODHER»S, SREELEY I 2V —YarE
FVE—EAETBIBEFNVELTENTHE I ENHLNIZR T2,
BEAXROPP7 4 VARTEEL, BEAF U —NVERCHEDILEOFEABIY
7 4 WABHADOH A EELZLEHE & FHR{E% Fig. 4-61cR L7z, HHRICEX D 7 4 VA
BN S - ZEBLREIZ. 74 VADH AEREIC X DS (BBRN) ~. Hk
L DRRE N BRERD O CEBHNORIRRNICBEI Lz, Zh s DBEERD
HHARZ2BELLBHR LD SOLDCEBNO_RIKFRRE R EF L, BERER
ET U, 48RRI I MR REE IHBRAAER L V1L.TB LA L. RERER
0.9%BET U, ZOEIEY I 2av—yYa itk FHEE RS —B LT, 2NEXLT
T ANVABAO LR EEEIEAE: FHEL BT RP5HE L, ZhiE,

FHEO —BLRFBESRLC ERL-OEH L., RHEEZZEALD ROPIC LR

Lizo D7z, FHUE & EREDZE IR TLOR AN 57z, FEffkc. BEREDT
HE & BREOZIRBATL2Y TH ol TDER. 7 4 VARB X UVHEEHFHNOE
FEAGKOEAERCELREL-CLBRT R EFZOND, $ic, HRERENZE
B3 2L SICAVREXFESEDOY S 2 b—y 3 VICAOVLERY L TRINER 2D
THREL T, 2D X, AE. BHEKA AMEROL T »2ENERE L FHEHE
DEER>THEN b DEEZO NS, LALLM, IhsDEHE L FRIEDHEE
REUZ0.989TH V. 99.9% LV NV THEEELED bz, 2o DO EIXHirata s
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Fig; 4-5 Changes in gas concentrations of CO, and O, in OPP film package (without Welsh
onion) and EPS container at 15 °C.
A : Initial CO, and O, concentrations in film package are 13.5% and 4.5% respec-
tively. B : Initial CO, and O, concentrations in film are 9.8% and 9.3%, respective-
ly. B : experimental data of CO, concentrations in OPP film package. []J: experi-
mental data of O, concentrations in OPP film package. @ : experimental data of
CO. concentrations in EPS container. O : experimental data of O, concentrations
in EPS container. Lines are predictive data.
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Fig. 4-6 Changes in gas concentrations of CO, and O, in OPP film and EPS container of
Welsh onion at |5 °C.
100g of Welsh onion was sealed completely with unperforated OPP film. The
number of film packages in an EPS container was 20. Initial volume of film
package was 700 ml. Symbols are the same as in Fig.4-5.
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FE X B RA2BS 4212 10% % FEID . 96RFRIERICIX6.5% B T3 % (Fig. 4-T) %72, B
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Auize & rEEOER2E5 2 LTgETH 2 (Fig. 4-8), 2o DA AEBHRE
iX. OPP7 4 VA DH AE@FEE (Table 4-1) X D b FHRIEWEETHD., OPP7 4
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Fig. 4-7 The model prediction for suitable gas condition of Welsh onion at 15 °C.
Curves represent time course of CO, and O, concentrations in film package and
EPS container predicted by the model system. CO,, O, and N, permeability of
film are 4,100, 1,700 and 1,300 (ml+m=2.day~! . atm™), respectively.
Permeabilities of EPS container were shown in table 4-1.

S5, KERICBIEROBERAZ LT 5, ZD, SHIIFREEDELHLE
P RBIFOBEEAF DT A — 2 BHERCINZ 2 DESH 2 (35 1996),
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FWATF O —NVEBREBR—VERORSHE L H RENE PR 27- 0, Eixxsp
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TFHIL. REEE OB 21T o7z, 852 BAFOMAGECET 35 AERICH B &
S R ERET LI,
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Fig. 4-8 The model prediction for suitable gas condition of Welsh onion at 15 °C.
Curves represent time course of CO, and O, concentrations in film package and
corrugated fiberboard container predicted by the model system. CO,, O, and N,
permeability of film are 4,200, 1,800 and 1,400 (ml+ m=2 . day~!« atm™),
respectively. Permeabilities of ordinary corrugated fiberboard container were
preset oo,
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BATTBILREZBETL.5%. BREETL2%DENTD blz, LhLANS, &
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RBP4 9 5% (Lipton and Harris 1974, Ballantyne et al. 1988. Charles and Roger
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Fig. 5-1 Relation between the concentration of oxygen and carbon dioxide production in
the glass chamber.
Every 100g of Welsh onion was placed in the acrylic chamber (2,400 ml).
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Lize 5°CT®H 4 HEBLEIZ 4 ~5 % THEEITEL T2,

EXFOT7AINVEVBERIEZ., BHLUCTHRELIZbOTIRI HRELRRED S
T, EEEREOSERHEEL Tz (Fig.5-3), 7. BHL20°CTHELZEXR
¥, EFCHZEZ LS5 CTTIHELLEAX TR, 7AaNVEVYBREEORD I {EL
Thotzo LEL, HIZEHZL20°CTIHBRL-EAFO7RAaNVEVBESER., 2HE
¥ CREBHREROSERHES Tz, ZRBBERHRLZ CHEA L., B9 BRI I
BRIRRFDII40%1IC £ TIE T Lz,

EAFXFD7uu7 4 VEROEEEL2Fig. 5-4CR Lz, Zuu7 4 VEBIZ7T X
INVEVEREREIBREBOELER L, b, BHLLBBREK TR, FREEDE
Wiz b od, Zun 74 VEREEIZAShE» oz, £, HIZE%Z2L 5°CT
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Fig. 5-2 Changes in CO, and O, concentrations in roughly or completely heat-sealed
OPP film packages during storage.
A stored at 5°C, B: stored at 20°C, [J: CO, in roughly heat-sealed OPP
film package, O : O, in roughly heat-sealed OPP film package, Il : CO, in
completely heat-sealed OPP film package, @ : O, in completely heat-sealed
OPP film package. Data represent mean values and standard deviations of 6
determinations.

L7zbDTiE, BAFENKE | B 9 BRI IZEEREBEOKI0%ICE TET L,
AN OBREORIFE{L 2 Fig. 5-512 R L1z, HicH%2 L., 20°CTIFE LIz &0
EaEMhE, IR 2 HRCE  CED o, ZOBRABICET L., B 4 BB 3R
D202 TR MER Ko7, o, BHEL20°CTIEEL 7 b D DIELMIIL 4 HSR
ooz, THRZEML, 25129 BRICIZIEH®20E2E 277, —H. 5°C
THEL72BE Tk, BEEH DB RD o T HEFOBEEENIZIZ LA EED
shihrolz, :
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Fig. 5-3 Changes in ascorbic acid content in Welsh onion during storage.
(O : roughly heat-sealed at 5°C, @ : completely heat-sealed at 5°C, []:
roughly heat-sealed at 20°C, [l : completely heat-sealed at 20°C. Data
represent mean values and standard deviations of 6 determinations.

HICEHZL20°CTHBLI L EDEAFOREIZE L {{ET L (Fig.5-6), ZDFF
MEDIET X, EhMih (Fig. 5-7 : Upper panel) 36 E#3h (Fig. 5-7 : Lower
panel . EEFDOERH) . BOELFEEDL LB READOEIL)FCERE L2, Fic, XY
DALH EHYD IXETE 2 HE» SBEINGED. ZOREEIL->7ZE{L%ER L7 (Table5-
Do Tl BHL20°CTHB LI DDODOMEIX 4 BRI, ThUEEL K
Tlize ZORBHLETREER EEEBNICERL ., RREBITFB2HBICEIICH
L. 7THBLUBERZEE /-7 (Table5-1), %7, fHIHZ2L 5°CTEHELZDD
DORHBEETRERPHLTH oz, —FH. BEHL 5°CTHEL 2 b DIXNERS OHRFFICE
h, ELEBENPREERIFADOINT., UbEBD HIFLAYBEIh R T, FORE.
Dl IR 9 BRI SESREF I N,

B3Il £ 8
FERYOERIIHEETORE LELBEMRLTWS (Brashetal. 1995), % 2 ZE IR
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Fig. 5-4 Changes in chlorophyll content in Welsh onion during storage.
Symbols are the same in Fig. 5-3. Data represent mean values and standard
deviations of 6 determinations.
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MREEENPED OGN, 2O i, BRBE®2~3BDOEXETREXFIIEE R
MRS TEFIc, |ETPRE2 LI E2ERLTWS, Rofic, BE L 5°CTHEL:
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Fig. 5-5 Changes in score of withering of leaf tip in Welsh onion during storage.
Symbols are the same in Fig. 5-3. Data represent mean values and standard
deviations of 6 determinations.
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Fig. 5-6 Changes in overall quality of Welsh onion during storage.
Symbols are the same in Fig. 5-3. Quality scores; 5: quality at harvest,
3: acceptable for sale, | : inedible. Data represent mean values and
standard deviations of 6 determinations.
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Fig. 5-7 Upper panel : Withering of the leaf tip
Lower panel : Deformed shape
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Table 5-1 Development of undesirable odor and deformed shape of Welsh onion.

Undesirable odors Deformed shape
Treatment
Days in storage Days in storage
- Heat-seal Temp. 2 4 7 9 2 4 7 9
Roughly 5 (C) - - - - - - +  ++
Completely 5 - - - - - - - -
Roughly 20 - - - - + + ++ +++
Completely 20 + + +++ +++ - - - -

Undesirable odor and deformed shape of cut onion in each storage temperature were
evaluated using a rating scale of - to + + +. A rating of - had quality at harvest, a
rating + was considered acceptable for sale, a rating of + + was considered to eat,
a rating scale of + + 4+ was considered to inedible.

Fig. 5-8 Micro-perforation with laser beams.

OPP7 4 WATHICE %2 L, BIWAF O —NVERIZEDIZ L ED T 4 VAN
&, BRZIERICIE3.7TBICETETL TV, FBEAF o — VERLEH L3-8
16~18%ic LR L7: (Fig.5-9), ZDHBRRIZE W ICERBIERIIC 7 4 VANORZE
ERENEEZRLIZOER, BEXAFOIFRIC L D NES N BRSOBIEE L AS0R
FRE L OMIENELZIZb Db ST, H5» 5 DBEORASKIEA F 0 —LE
wOTABHMECIVPToNZ itk eErx 0N 2, BEBEBIIREAFO—
NVEBDST T LItk )| BBEEORERS 2B L CHROBERTAL., &
ESOBMREBEEIIREIC LA L7z, OPP7 4 VATER L, HEAXF 0 — LK1z
TG E TR, BREIEERIC 7 4 VANDOEEEEIZ].8% I CET L. BREEEE
BROSIcZDUTLED 2 BUTOWRETEEHCEL., BRREER L, Zhid.
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Fig. 5-9 Changes in oxygen concentrations in film packages during storage.
B : roughly heat-sealed OPP film package in EPS container, [J: completely
heat-sealed OPP film package in EPS container, @ : completely heat-sealed
OPP film package with 10 micro-perforations in corrugated fiberboard con-
tainer, O : completely heat-sealed OPP film package with 5 micro-perforations
in corrugated fiberboard container. Each containers were opened at 0 days in
storage. Data represent mean values of 6 determinations.

BBEOS:E2HTHR T A NVLREHLTHE D, BRORARISEBLTHT, B
FEBRZECIRECHER LI VD LEEZONS, —. HHlFLY 1 VAAR B L UBRA
DERREEIERIIERCZIATN, 7.2% L4. 5% CETET LY, ZORERL.
& 2 ABRICIE ZNETNI0~12% £ T~8% CHETICE L 12, BRZISEROBREENZ
NUGEDOBEEEE X D {EWERZR LD, @XThOERI X D EXF OFREES E
BLIr: O CBRRBES—ECBRO L1270 ThY., ZORISCTHRT S LICK
D, FERSIE S, FORBERE. 74 VARNOBREES AL bDEFZ 6N,
NARSOBETIE. 2SRRIV TLORBRKICBWTH, BREFED 2 HRE TE
TRIEAD L, -T2 (Fig. 5-10), L L, OPP7 4 VATHICE 2 LI:EAF &, 5B
SRBMY—NVLUEXE TR, FEMHLEEZERED» oW OO, BREIE S AR
LS RIIPPERY T 2 EART U, — . BHITLY 4 VAARB X UBROELX X
Tk, £ESEORAP I HRCBWLW TR Sk hol, Z7uu74 VEEE. F
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Fig. 5-10 Changes in sugar content in Welsh onion during storage. ’
Symbols are the same in Fig. 5-9. Each container was opened at 0 days
in storage. Data represent mean values of 6 determinations.

FAKIOBRREESMMELSHER LIEERKX, 74bb, OPP7 4 WATEHLIKB X U
M7 4 VABXTINEROESRE2REFTE L, i, L7 « VAAR T, BRE
ED2HBRETRZ7uu 74 VEEDETRRO WG ho88, 5 BBIZIETLR

(Fig. 5-11), — /. EHRKOBRRBENS S HER L, OPP7 4 VATHIZH2 LK
Tik. BEFE 1HBID 707 4 LERBIZET L,

NEDORETIE. BEAMNIOTNOFBRRICBVWCHEREIF 2 BB ETRHEY
R b otz (Fig. 5-12), 5 BB BZFHKOMBBENEMICHEB L 7-OPP7 4
WATHICEZ LTKP, BRERESHENE > - 128#IFL7 « VAAR TELMNIIZ
ML 725, BERKOBEBEEMEVOPPY 4 VA TESR LXK Tid. HEEHIHE X
7o LU, ZORBRR CEIEREERCESITFRFEOREN T TREEI N, DB
BLLES XS5k o7 (Tableb5-2), Fi. HATFRK 2 L -ELX FEEOKERETR
TEBH SNz, OPP7 4 VA THKIE 2 LIRIZBWT b, BRBIERICEALEH
B3Iz, INE, ZOLECBIEREL—BNCET LD EEZ N, FOBRE
BOFHCHIBREED LRI VERBR U o 1o, —H. LT 4 VA
ABIUBTEEINIELAX TR, BERE2RER LI L3 ol BREEME HE
L7zOPP7 4 VATEH LXK TR EBVEREH I VRO ohhro b, Fh

—51—



Chlorophyll coritent (mg/100g)

60 |
40
20
0 1 : ) 1} L fl {
-2 -1 0 1 2 3 4 5 6
Days in storage
Fig. 5-11 Changes in chlorophyll content in Welsh onion during storage.

Symbols are the same in Fig. 5-9. Each container was opened at 0 days in
storage. Data represent mean values of 6 determinations.

PADOHREBRX., FHlTL7 4« VAARTIRIHB L DE L ko,
WTNORBRRIZBWTH, BREEROBAHEDETE VRO ool
(Fig.5-13), OPP7 4 WA THIZEH 2T 5 £, 7 4 VARDOBREE S KKRICITVIREE
WD, MAZIRBSED 6B W BB, LB L, BAERRLIZEIIC, RIEAF
U —NVERCET AEHRESREDO5NB I b, OPP7 4 VATHICHE 2 LRICE
WTH. . EBEIERCIIBIZREZOZVENREBELR Y MAIREZEDODIENTER
EEZ6ND, ZTORYD., BRAEERTLEH (1HR) TREEEREOILENTE R,
¥7z. OPP7 4 VATHEH LR T, BRZIERDIBRIIFE I 2 %% TE S RETH

BLiH, 1HEZTRERL v 74 V2 XEEL, . BEELZFNRELYETE
IR oNghote, 2O X, EXAFPEHCHAZLA»BEHE CIZERFETER
X, BHiFL7 4 VAR EZAWT LD INODFETIRGELRDET VBRSOV
ERRLTWS (RKRS 1995), LrL., ZNLEDERFGERLHEBEENHEAL TE 512
HEBRTCHBEOTIZANTBLIRAEEZ S L, LY BWEEREHTENIRD S
h5, BEEE 2 HELKEE, OPPY 4 VA CTHICE® L7z K TIRILH L3 ) RIS
BRECEIVEEMSMET L, /. OPP7 4 VA TEH LK CRESTFREEDER
PARBRERTESREIN., BERIKEJETLE, 202 LEEHKOBRBED
2% % TH? XS 2RETCREAXOBERPZ>TETITSILERLTWS, L
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Fig. 5-12 Changes in score of withering of leaf tip in Welsh onion during storage.
Symbols are the same in Fig. 5-9. Each container was opened at 0 days in
storage. Data represent mean values of 6 determinations.

Table 5-2 Development of undesirable odor and deformed shape of Welsh onion.

Undesirable odors Deformed shape
Treatment
Days in storage Days in storage
Heat-seal Perforation -2 0 | 2 5 -2 0 i 2 5
Roughly 0 -+ - - = - 4+ 4+ ++ A
Completely 0 - + + +++ ++ - - - + +
Completely 10 - - - - - — 4 Attt 4
Completely 5 - - - - - — + 4+ 44+ ++

Jeh¥o T, OPP7 4 VAR ZBLRIEHT 2 Z i3, 5°CORBIFRTRIRNTH 3
DB, EBROFBEEEZ 2 E»Z > THEPBL R2WREESHZ2 I LERLTVRS, —
F. BEHELT 4 VA RFLOERBRRPR T 4 VAROBEREEYHEHICaY P —LT 5
ZEVHEETH %, SEIFAW 2BEOBMEIL7 4 VADS b BRTIZERE T 5HEK
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Fig. 5-13 Changes in overall quality of Welsh onion during storage.
Symbols are the same in Fig. 5-9. Each container was opened at 0 days
in storage. Data represent mean values of 6 determinations.
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WE, VAINZ VR EDHREETIE. vy VBER EOBBEE—RINTEHENEDH
NBEEIREZRoT, £/, BRECBOWTHHDE, . v N POmEBE R e
BFRHFLILR, TILRABREPHET R L RFEAL O v NHFEOER
BEUTW3, 7y MEFRISE. i, B2 EOBBRBEEZITTWwaD, 1
TEEOHERZEC LD, B#EOLLZATICHED (Watada et al. 1996), Z DIz,
HERBAEOEIISKD O N TS, —RiIc, HEREO- ORI ES. B8
DEALZTRTFBNRIBELHLS LT ILENDHZ, hy b= YUk, ¥IvOn
WD SKRGBERbNE D, Ay VEVALKE®RT S, COBKEFAL. Izumid
(1996) ix. Ay VEOEHADEEZAY b=V YV ORBELOEEL Lz, v b
VIR (FEE) TR, 7=2=0V75=07vea=7 ) 7—¥EEDFRIZ. B-HoR
ER L EEZBRBD Y., HEELE2TFET 2 L TEYRIEE L 257> (Couture et
al. 1993, Gloriaetal. 1996), —FH. Z v F LTWEWLERE TIX, ELROMIIZEEE
ETORWIEE L & Y &7 (Ibaraki et al. 1999), BEBRET /010, EO—E 2]
DS IBEAF T, Z2OREEOBHEL. ChWBPERBECASEERRITT,
Hong5 (2000) . COENMOMBEEFHAIT 2 2 & T OFEF ¥ OREEE 2 TH@ L 72,
ZDBERBEIAY PEAFCBLTHRDONED, v MENS 4mm~5mmE/NE
A MEXAF TR IOFMOICAHZRETH 272D, » vy PEXFOLETMH LR
Do T3,

—J3 Ay VEFROEEER OO ERPMASELIGH LHESfTbh T
(Izumi et al. 1996, Myléne et al. 1996), %7z, EWFIHED > DRA bITbIT
% (Neelima et al. 1990, Zhang and Farber 1996), # v b L WERX XTI, MA
B & D FRSPLABRS OB 2IH 2 ¥, BEEOKNLE PONEDOLLEES RS
CEMTELILEBERLIZ LB THD, BEXFPMOFEOAIEIZHLSN T
50PP7 4 W A TERECEBEE CE#N S, LHL, BE5FEITRLEZ LS IKOPPT 4
WARBEAFX AT HICEI AT AEBBENMETE, BIEAF I VEREEST O v
FEAFTIE, 74 VAABBBERREL DT, ESPRIC L 2BEENFRE LR
TV, ZD2D, Ay PVEAFDEERHET L7 A NVLIBROONT W3,

i

W2E Ay FEFXOBETEHEOBRE

By PEXAFOBERRTIEECOWLWTRE L,
BI1H MESIUFE

B REERAFBE CIE L - EAF2HBRCM L, IV F LR8O
BT TR AmMmBIZHAE, ZOHY P2 F5g2ER0.03mmOKRY) ZF L7 4 VA
KR (90X200mm) A, EMRTEEE (FH) Lk, 0. 5. 10, 15, 8L U20°CO
ERERICRE Lz, D, B8, Shy MEXAF PO BEL., EEEET 2 &
Ehic, WHERERHRAEL 2



1) PPIREREEDRIE

Ay FEXF100gE, 25mID2N-KOH L & i 7 v 7 —F —Hic Ahlz, KOHEH
R RAAR_BILKBEESR2HCITHENET 2 2 & THRERE 2HH U,

2) ERERTH

ﬁﬁﬁ@ﬁiki@ﬁ&@ﬂgu 2D SR VREE —, bFPIEDSNS
REZ+. pEIBHONERER++, MLLIADONZREE+++E L TR

3) BREONZE

BREOREIZIEHE (1985) OFHBICEHN LTz, Tabb, EHEROL Y PEXFIC
105 B DA ZHZ | 30 COERAM I 20FHBE L 2o P T LEL FHRI & L IRE
> &%T, ZO%, No. 205 THMBL, ZD3HICOWTEREEE (EC) 2HIE
Lizo %72, AWHICRHELTL 24 ) v 2B 2REER (EKOHEL : Model FLD)
THE U 2o & B2, & v MEXFZI0EROEZAEMZ. 10,000rpmT 5 SR EY
FA4 XL, No. 2054 THBLI BB DOVWT O AV VAGREZHEL T

4) o007« IVOEIE

55 3EE 3HENCHERL 7z,

BI2E BREIUEE

IR MEVITZE A v PEXF ONKEE IXET L7z (Table6-1), 5°C&10°CT
LIz 2Dy VEAFOERFEEIZ 0°CTHBEL & IR T, 2h¥h1.8
f£. 2.2(2THo7, 15°CL20°CTHE LI L 3. ThEN3.25, 5.2F L @WE
PRUZ. BREYOERIZ. ZORBEE L THE FORES ZHERSE, RLOFRYWO
ME 2 C 2 (Kader 1987), & v F LTWERWERX X TIT. MERHE L 865 L 35k
BAfRHSER® S, FMREREMEWIZ EEHERFICENS 2 LA 5l (KRS 1997
b)o Table 6-2ich v VEXFDERE L BROBRREILE R LTz, 0. 58LU10°CT
IR LI5S, BEUPPABRICR Y, BENEREIC L ZEAIRD SNz DD,
MU BB ARRENENED oz, LML, 15°CE20°CTEHE L IEES
ThirEik 4 R L S HRCERRORENED SN, R TETAZNSAKRE4HRKCD
FTHIZEBENED oz, 15°CTHEBLIEBARENE2RE> O RIFH 3 HRE T
T. 4HECBELHREDONEZVLLDDRRONBRE, 5 HRIZEAERGAZW
REIZ R 5Tz F72. 20°CTHB LGSR, BREEFE->7ORIFE 2 HE ETT,
SHEBIZEZALLEBRONGIRE, 4HRICEBRONEWIREER Lz, 20X
k\W%ﬁﬁ#ﬁbotﬁ@%%T?%ﬁbt%AkﬁE@@Tﬁﬂ<ﬂéwbéﬂ

Table 6-1 Respiration rate of cut Welsh onions.

Respiration rate

Temperature (mg CO, * kg~ * hr-Y) Relative
0°C 90.5 (1.0)
5 164.0 (1.8)
10 198.1 (2.2)
15 286.1 (3.2)

20 469.0 (5.2)




Table 6-2 Results of sensory evaluation

Undesirable odor Decay
Storage ) .
Days in storage Days in storage
temperature
0 I 2 3 4 5 &6 0 I 2 3 4 5 &6
0c) - - - - - - - - - - - - - -
5 —_ —_ —_— — —_ -— —_— - —_ - —_— — —_— —_
10 - - - - - - = - - - - - = -
) - - = = + ++t++ - - - - - 4+ 4+
20 - = = 4+ ++t++t4+ - = = — 4+ 4+ ++4

Undesirable odor and decay of cut Welsh onions at each storage temperature were
evaluated using a rating scale of -to + + +. -, +, + +, + + + = no undesirable
odor or decay, slight, medium, strong odor and decay, respectively.

2o BIRS (1987) BHAYID v A CRBGEREIXI0CUTAEY LHEL T3,
NoEFEXELEZE. Ay PERXAF BV T HIE, IFREEZI0OCUTHE: L
ZEBERS DI DTz,

10fFR 0K IR L EREOECRIEEE. IrRBiGEaiE £ CREFRARSEL &
5EZONBAT 2MEAETR UL (Fig.6-1)0 ZOBYESREREBESE 23 EEA
Epofeo LU, W CUTORE TR b DI 6 Hit g TR 2T -0z
U 15 CTRBL 7235813 3~ 4 H#.20°CTi3 3 H#: % CECAIEEIR AR ITETL
7ei, ZNLAIEIZIEINCERE U7z, Fig. 6-2i215°CEFRIC BT 20y VERFDH VY v A
R L BE DT A XD Y v AMHBORIER LIz » ) ¥ AGHIIEP T3 #H
FIcH SFEEL. KRB VBABHETH 2, 20D, ATICL 348D, kEYF A4 X
i & SIS OBMAIBIER. & S WX L & D MIfES BT % &, Witz L
TeAREEHEA Y 7 23K PERET 5, REVFA A LTcE EDH Y ¥ A13200~250mg/
100g CIRIZ—EDEER LIz, Zhi, §1) OORBCHROBKIED 55, e
TA X & o> THRESEBNCEE L. Z0RDHEERLEL. BIZ—EDEETL
ZEBZBND, TRIHL. WEROKITRIHE CRBFOH ) v AR ORI
1215 °C20 "C TR L 7z & & DECOERZEAL L A OMER %2R LTz, ZOBKR (BHID
HAMREY L, TOBRERCELS) BRROLSTELSND, —BICHEDEBHIE
UsE, ZOWMAR B THEEBSEE LD, D2WIRERC LY. 05504
HOEARHEBEORHEEZMZ 2 EZONTWS, ¥z, ZOREIZHEENEL
ZEHEL 2%, SEORBRTIE. WHEABOREBE & b1, ECORIEMBEISERIITET
Lzl Ep6, Ay FMEAFRBOTH, Y1) 025 OMEKEORH I RL G &
RRZEDMAZ B, Eie. HBREBENRVIZELETHESKE» o7 2 Lid. FEREN
BWIEEYTIY ODBRESEL - bD LHRIEN S, FRERENEVWEESICZEDBROH
EESR[BICE L Boledd, THEHEIEEIC X - THEI L., JHEEOREMEE
SnkleHBbhs, BEEPH ) Y AORHIEVOEERBELHET 3 £ 2 1H
WohBZ b Y. ILHE (1985) ®Hariyadi & Parkin (1991) 3% 2 7 V {EREED



)

-1

Electric conductivity (dS'm

0 1 2 3 4 5 6
Days in storage

Fig. 6-1 Changes in electric conductivity in cut Welsh onion during storage.

QO : storage at 0°C, []: storage at 5°C, A : storage at 10°C, @ : storage at
15°C, B : storage at 20 °C.

BRESHETZORCINODREEBEZAFEL:. ZhoDWMEOHE. FEHICK T
2 EMBEOREERAD >, (EEREERE LRABICKREDHRE >/, ZhiEAy ME
FFDBELERY BETEEE B WD CEBAAORESTED sk d o7z
7T, FOBROEEL & ICBEREDORENED Shiz, bivbh OB TIE. 15°C
TEHBLEESIZS B2 5. 20°CTHEB LSS 4 BE» 54 v PEXAFIIEHRL
iz, ZOEK LA LECHESEICECH EBMZRELCTHE I Ehd, BaxX
OHFEEBIC L D HEEL., 22 LV ERENRELLDDEEI OGNS,
HESFAY P LTORLEXIFTREEDOHLE LD IO 7 4 VERIBI T
22 LS,z U7 (Ibarakietal 1999), # v FEXF T, HRERENM 0. 58
FUT0°COLERIIZun 7 A VERIZRERIZIZEA ERD Sk olhs, IFEiR
ERNL5CBLU0°CHOLEECRINFNEELIABRBIVIHE»S 7007 40D
BETHED 5N (Fig. 6-3)e ZNEBA Y PLTWREWBERF EFERIC, 70a 7 4 v
SEBRIEAFOBEOETLLOCHITAILERLTWS Liz>T . 7un’ 4
NEEBRHIETAI LR Y VEAFOBERFET 2 L TERATH %,

CDESIE Ay VN EAFREEEOECEBLUA Y 7 AERIZA Y PEAFOMELE
WEBL D BESTWA I MBS EoT, DI, 7un 74 VERLEE RN
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Fig. 6-2 Changes in potassium content during storage at 15°C.
O : extracted by homogenization, @ : extracted by leakage.

i3 ECERATDH %,

BIE MAGEICLD3Hy P EREDEERES

KREFLOPP7 4 VA EXBE LT, 2BEOMMTLY 4 LA ZFAWTI0 CEBREIC S
54y PEAXOEHEEORLZHTEL 72,
B11H MBBIUFE

BREHAR CE L L EAF 2HRA L1z, BAFXEAF AT A4 H— (CHUBUREL
SWW-820) T5mmiFizh v b Uiz, Z£D50g% 3FED 7 4 LA ANI0°CTEREL
720

1) @ET7 1A

REZFLOPP7 4 WA (IR 7 A VAAET2) DESIZ, 0.02 mm. SHERIZ0.043
m?, 7 4 VAROFERIZ0mIE Uize ZD7 4 VAV —F—HIT & D BEEH50m
OFL (Fig.5-8) %24fEBAV 727 4 VA (BMET7 4 VAB) L48EBET2 74 V4 (Bl
ZANLC) BRBCH e, 7ANVADH ABBIEIIE 4 B 4 HISR LI AES
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Fig. 6-3 Changes in chlorophyll content in cut Welsh onion during storage.
Symbols are the same as in Fig. 6-1.
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3) 7007 4 IDEE ,

Ay PEXAFS5QIB0% LY/ —A30mlEIMZ, 7NVE KA NVTEIZE L T60°Cl55
A4 v Far—1rE, REVFAX BB LT7uu 74 veHB L, ERELIE
665nm & 64InmDFHE FHIE L7z (Wintermas and Demonts, 1956),

4) ECEAHN) I LDREIE

AEE 2HCHY, ECBX UV VASERHIE LT,

5) T4 /—ILDERE

By VEXAFOESKEROIEEE LTy / —VEHEIELR, &y PEXFOREK
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1977),
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G255 B8 2 AR L TEME L 72,

g2l & B

BT 4 VADH AEEM % Table 6-312R L7z,

*#ﬂ@74»AA?ﬁvb%%?%@%bkt%@74»Aw@§%gu%ﬁm@
FL. B B®ICIZ 2 %I L ., ZhUBEERTR (9 HE) T2 %k ThRs
Lt(HgGAMO—ﬁ\:@mﬁiﬁﬁm1aﬁmmw%\SE%wu%%mébto
MEDOWMFALER T2 7 4 VABTEE LR L 2 OMBBE RIS HEE CRBL I
BETU. ZhBIRE T B % TI2~10% T LTz (Fig. 6-4B), —B{b R SR I8Rr 13 B
1 HERLARE 9 ~12% % 7R L 7z, ASEDHMALEE T2 7 4+ L ACTIZ BEREE & — L,
RFBREZITH 1 BRI ZhZh, 16~17%. 4~5%1cE L7z (Fig. 6-4C),

WFNDT7 A VATEELLEETYH, BEXFHOR 70— RSB IZERBEDHI
ET LI, ZOHFTH 7 4 VABTEE L b DOBIEES /NS hoT- (Fig. 6-5
o BRI, 74 NVAABEI U7 4 VACTEEL L EDEXFHD /NI — S8
DB 138 TL10 BRI 1 BB BAtARE D#140~50% 1  TIEF L7 (Fig. 6-511), L
L7 A NVABTEELIDDEB A7 0 — AR LABEOTFLIETL-OATH-
Teo =, AL 3BEO 7 A NVATEE L LEDEAFFDIN T P —RESBED
BAEIZEE & S TlE R o7 (Fig. 6-51),

Ay FPEAFFOI7ua 7 4 VERDOERENMEFig. 6-61ICR Lz, D7 4 VA
TEELGETH. R 2 HEEZTRY Y MEROSERRER LTV, LiL.
HHEFLZ4SMEE T 5 7 4 VACTEE L -EXAF T4 HERESHECEAS L, 2B
BOPIET Lco —FH. 74 VAABI V7 A VABTEELLEXFDI7un 74 0
ERFE 4 BUBEEBEPLIET L, 0HBICBIT2BERIZ 7 4 VAATTE%.
7 4 WABT87%. 7 4 VACTR2%THY ., 74 VABTE BN,

ECRErEBRA ZHM % L TEELIBE L k5, ECHXEY» S FRIEL 3 & %133
AFDBFRLI-BA EIZIZE LV, REFLOOPP7 4 M ATEIE LT & & DIEX FIEHIE
DECIIETEL 4 BRIZIZ T T LR L., UBEALE (Fig. 6-7). 74 VABBXUCT
ZECHMETEE» S LRWEUOBRZAFNEH 6 ~8 HE. 4~6HETH-1,
AV Y LARHEEDECLREROELER LY (Fig. 6-8),

Table 6-3 Gas permeability of unperforated or perforated OPP film

at 10°C.
Thickness  Permeability (ml « m=2 « day~! « atm™)
Property
(mm) 0, Co, N
A 0.02 970 2,420 150
B 0.02 24,467 22,163 23,970

C 0.02 130,938 128,707 139,963

A : unperforated OPP film,
B: OPP film with 24 micro-perforations,
C: OPP film with 48 micro-perforations.




30

Atmosphere
composition (%)
|_l
(8]

Atmosphere
composition (%)

10

30
25
20
15
10

=

+
.

—e
—— %

Atmosphere
composition (%)

4 6 8 10
Days in storage

Fig. 6-4 Changes in CO, and O, concentrations in OPP film packages during storage

at 10°C.
A : unperforated OPP film, B: OPP film with 24 micro-perforations, C:

OPP film with 48 micro-perforations, @ : oxygen in package, [l : carbon
dioxide in package.
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LoEXX T, B4 HBICBRES N 4 BED» S 8 BRIC» I Tik13~15mg/100g. 10
A1 1320mg/100gi2E Lize & v PEXFOREB L UHEE OFHI % Table 6-43L O
1zFig. 6-10IC R UTzo REFLD 7 4 W AATEELLERF CRESIFRSEDRED
BEIh, B4R BURBIEHML < L ott, JORLIZHES T, Ml ABRRICE 5
Joo TDT7 A NVATEEL-EAXE, BRAERDO TP 2HRETLIEDONT,
4 HBRCEFEREENEDbN 6 HBICIZAERS N WIREBIC 2 TEREEIXMET Lz, #Milf
BETEZT7ANACTEE L LEDEAFREHTCBREESEVE BCEESL
ZEOELEPLBN, HEESBDH SN, IhsOMEETERBFREZOBEMmE &
I L Eot, BRI 4 B E TR >N, 6 BRI EEAEEEDN 8 H
BIZEBRONEWIREEIZ E CRHEEIZET L, ThokKLT, Mllfl2ET57 4
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Fig. 6-5 Changes in sugar centent in cut Welsh onion during storage at 10 °C
O : unperforated OPP film, @ : OPP film with 24 micro-perforations, A :
OPP film with 48 micro-perforations.

WVALABTEELLEAXIZI4ABEI CREBITDON T, BRAED 6 HEZ TR doh
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BIE & B

74 NVAADT ABERRIZFRYOERDTIEE. 74 VADSDH AEBE I
%59 5 (Kader atal. 1989), & RYIDMERMEE X FRFOBRE DIREE (4 'y FMLEs
DR FILVEL., 74 VADHT ABBRIE T 4 VADH ABBERE. GLEHK.
7 ANVALARDEEEEC L VBT 2, REFADOPPT 4 VATH Y FER £ b a%E
L7cL &, 74 VANBRRERED 2 %I E TRBICET U, TELIEEEEr b 1L
2o ZHREHST, EXAXFREKTFRSEEOREER T2 LI o7, ZHIZ. S
RELLRET T Y VEAF2RES 21 CIXOPPT 4 W ADH A B BIEHIMES &
2ZEVBTDERCHIT 5N, Kader (1987) i3, BEKOBRBEIN 2% %2 THS &
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Fig. 6-6 Changes in chlorophyll content in cut Welsh onion during storage at 10 °C.
Symbol are the same as in Fig. 6-5.

HFEMI|ETER L., 2OEE. FHSO_BLRBEBENS LR T3 LBRTWSE, Z
NWZIZ, TO7 4 VAATEELLEAFIEIFRE LI:DbDLEEZIONS, Ih
X, BEEEORBED THBLY /) —NVBIDT 4 VATEELIELXY TOAHRH
AN Z e, EBERE LEAF BB TH 2KBRERTE (KKS 1997a)
PHREEINIEWISERBEEC IV RBR IS, BHllfL2E T 74 vAaCTREL
LEDT 4 NVANBRERE T 2 HBRUELIE % 2R L, EEOFt., Lh, »URD
THONZ, COEIRERIIHIY PERTOEREWVERFIIBWT, BHIOBEERE
DAKOBZEE IGIWREBORICED SN AT ERARS 1997a), v MEAF K
BWTHABOERBED SNz, THRE 7 ANVACON AEBRENETE/Z &8
FOERIHITONS, SEIOEERTIE, =8/ —ViEBRHEIhEZVL DD, BRI
074 VEEBOKRSOET RO oz,
MASERZR—VOEXFORRENEIL (KAKS 1997a), zaa 7 4 LOFERED
NAERS DR 2G| Tx 5 (Ibaraki et al. 1999), BEEISmOBHFLE 7 4 V4
Wi D2UEEZET B 7 4 VABTEE LI LEDT7 A VANBREEIX, T TH10%
WETETL, 2o 74 Ve EORBERS2RFETE. RI-BoEESL S IIH
TE&lzo TR, 7y FEAXTOWRAEEZITEK6 HREEX TRIFT L I L3 TE T,
ECR MR ICEEN2 AV VAR EDORSMYID ORE L ErSKIBHTZ I L
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Fig. 6-7 Changes in electric conductivity in cut Welsh onion durings storage at 10°C.
Symbols are the same as in Fig. 6-5.
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DECRED L. Bz 82 & DB SHET 2 L LR T2, SEAVEZ 4 VA
A, B, CTiR. ECOTREM» S LR CECI-Aizesheh, FEE2. 6~8. BX
P4~6HETH /2o TNODHBREAFOBEREORALHL—K L, 2D
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Rolz,

DEDHERD» S REFLOOPP7 4 VAR H Y PEXAFOMERRET 2103 AE
WEMET E2 Z EBHLL 5Tz, Fh. HHFLEBE T 320PP 7 4 0 A IZIES IR
KXo T ERIENIHEEETE2RITIZLBTETHS, Lr L, MAFLOBER L
BUCER T 2 LOLEBEBET E 2 LBERREND 2 VETET. MABRZHGE TS
Vo A1y PEAXFS0g% | EEHS0mDHMHTLE24EE T 20PP 7 4 VA (BXIEH :
0.043m?, HRHMER : 350ml) THEL., 10°CTHET 2 LE»REBEFETCE3 2L
Eﬁ%i]’b:&ﬁfto
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Fig. 6-8 Changes in potassium content in cut Welsh onion during storage at 10 °C.
Symbols are the same as in Fig. 6-5.
------ : extraceted by homogenization, ——: extracted by leakage.
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Too 2O EDS, BFEORBIZMESERCIVEABLILLECRETIIDLEE
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BuLigEE 2157,
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Fig. 6-9 Changes in ethanol content in cut Welsh onion during storage at 10 °C.

Symbols are the same in Fig. 6-5.

Table 6-4 Changes in undesirable odor

Days in storage

rroperty 2 4 6 8 10
A — = 4+ ottt o+ 4
B - = =+ ++ 4+
c e T S

Undesirable odor of cut onions at each storage temper-
ture were evaluated dsing a rating scale of -to + + +.
-, +, ++, +++=no undesirable oder, slight,
medium, strong odor, respectively.
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Fig. 6-10 Changes in overall quality of cut Welsh onion during storage.
Symbols are the same in Fig. 6-5.
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Studies on Modified Atmosphere Packaging on
Quality Stability of Intact or Pre-cut Welsh Onion

by
Toshiyuki Ibaraki

Summary

Modified atmosphere packaging (MAP) which involves the lowering of oxygen (O,) and
increasing of carbon dioxide (CO,) content maintains the quality of fresh vegetables and fruits
caused by reduced respiration rates, weight loss, chemical component loss, and delay in
yellowing. However, the gas composition surrounding fresh commodities is influenced by the
respiration rate of the commodity and the gas permeability of the packaging film. Therefore,
use of an improper packaging film may induce an off-odor as a result of anaerobic respiration.
The objective of this study was to determine the effect of MAP on quality stability of intact
or pre-cut Welsh onion (Allium fistulosum L.).

The respiration rate, the chemical components including reduced ascorbic acid (RAA) and
sugar, and the quality stability of Welsh onion harvested in summer (J uly, '95), autumn (Novem-
ber, ’95), winter (January, '96) and spring (April, '96) were investigated during storage at room
temperature or at 15°C. A quadratic regression equation (Y =a + b X T + ¢ X T?), with
" high relative coefficient (R=0.993-0.995), was established between respiration rate (mgCQO, *
kg™! « hr™') (Y) and temperature of Welsh onion (°C) (T). At the same temperature of 15 °C,
Welsh onion harvested in winter season showed higher respiration rate than that harvested in
summer season. In the Welsh onion harvested in summer and stored at room temperature
condition, RAA content decreased markedly and the score of leaf tip withering increased.
These indicate that the Welsh onion harvested in summer season and stored at room tempera-
ture does not retain good quality. RAA and sugar contents in Welsh onion harvested in winter
were kept for 6 days, suggesting that it retains good quality during storage at room tempera-
ture. On the other hand, summer season Welsh onion stored at 15°C indicated much better
quality stability than that of winter season. There was a correlation between the respiration
rate of Welsh onion and quality stability, meaning that the lower was the respiration rate, the
higher was the quality stability.

Respiration rates in packages with various gas mixtures were measured by use of a closed
system. An empirical equation for the respiration rate of Welsh onion was estimated as a
function of the O, and CO, concentration. The equation that was obtained by multiple
regression analysis has a significantly high correlation coefficient (0.92) and estimated as
follows.
r=30.40—2.06 X [CO,]+0.57 % [0,]

The effects of several atmosphere compositions on respiration, nutriments and quality
stability of Welsh onion were investigated during storage at 15°C. Carbon dioxide production
from Welsh onion under continuous stream of air (the flow rate was 7 litter » hr?) was 111
mgCO, + kg™! « hr™?, it was reduced under continuous streams of low oxygen and high carbon



dioxide levels. RAA, sugar and chlorophyll retention were better under low oxygen level than
that in air. Sensory score of Welsh onion withering leaf tip was reduced under low oxygen
levels. From these results, atmosphere compositions such as including 7.6% O, and 12.6% CO.,
4.19% 0O, and 17.1% CO, respectively, gave better quality stability of Welsh onion while avoiding
physiological injury.

Using a mathematical model employing previous equation of respiration rate, the gas
composition inside the plastic film package and shipping container was predicted. A theoreti-
cal model for atmosphere in a polymeric film package containing fresh commodities and in a
shipping container was developed and validated by experiments with or without Welsh onion.
The model was of three processes: respiration of fresh commodities, and permeability of
polymeric film and of the shipping container. When vacant packages were used, changes in
CO, and O, concentrations inside the bi-axial oriented polypropylene (OPP) film package and
expanded polystyrene (EPS) container agreed very well with simulated data. The fit indicates
the suitability of the proposed model. Changes in O, and CO, concentrations in the EPS
container and O, concentration in the OPP film package were approximated when Welsh onion
was packed in the film package. The predicted 0, and CO, concentration in the film package
differed slightly from the experimental data with a maximal of 1.5% and 1.29, respectively.
However, these experimental and simulated gas concentrations correlated significantly well,
indicating that the simulation model can be useful for fresh commodities wrapped both with
polymeric film and shipping container. This mathematical model, therefore, is useful for
designing MAP system using polymeric film while in shipping containers with gas permeability.
Assuming that CO,, O, and N, permeability of -polymeric film is 4,100 1,700 and 1,300 (ml -
m-2 - day~! « atm™?), respectively, O, concentration in polymeric film will be about 7-8% after
48 hours.

OPP film is widely used for packaging of fresh vegetables in Japan because of its transpar-
ency and adaptability for packaging machinery. Generally, the gas permeability of OPP film
is too low to maintain the gas conditions suitable for vegetables. If fresh vegetables are
wrapped with completely heat-sealed OPP film and shipped at high temperature, off-odors will
result and the quality will deteriorate. So, chemical components and quality of Welsh onion
wrapped roughly or completely heat-sealed with OPP film were investigated during storage at
5 and 20°C. Concentrations of O, and CO, in the roughly heat-sealed packages were the same
as in air, whereas O, concentration in the completely heat-sealed packages decreased to 2-3%
at 20°C and to 4-5%at 5°C. Contents of RAA and chlorophyll in onion which was roughly
sealed and stored at 20 °C decreased, and withering of leaf tip occurred. This meant that the
quality deteriorated severely. However, the contents of RAA and chlorophyll in Welsh onions
which were sealed completely and stored at 20 °C, and which were sealed roughly or completely
and stored at 5 °C, did not change or only slightly decreased. In Welsh onion sealed completely
and stored at 20 °C, off-odor was detected after 2 days and severely after 7 days and leaf tips
began to wither after 7 days, suggesting that quality could be kept only for 4 days storage. In
Welsh onion sealed completely and stored at 5 °C, off-odors and withering of leaf tip was not
observed for 9 days, indicating that quality marketability could be kept for that period.

The effects of combinations of OPP film packages and shipping containers on quality
stability of Welsh onion were investigated under actual conditions. In an actual transporta-
tion, there was only a small difference in the Welsh onion temperature between EPS container



and usual corrugated fiberboard container. The result suggests that both materials have the
almost same holding temperature effect. On the other hand, the gas permeability of OPP film
is too low to maintain the gas conditions suitable for intact Welsh onion. Recently, OPP film
with micro-perforations is developed owing to avoid the anaerobic respiration. Gas permea-
bility of this film is de_termined by film itself and perforation. So adjusting the diameter or
number of micro-perforations, gas permeability of this film could be suitable for this vegetable.
In an actual transportation, O, concentration in the completely heat-sealed OPP film packages
in the EPS container decreased to 29%. Therefore, the onion was induced to anaerobic
respiration. O, concentration in completely heat-sealed OPP film packages with 5 micro-
perforations in the corrugated fiberboard container decreased to 4.5% at the container was
opened, thereafter increased to 7-9%. Therefore, this film made available to prevent the
deterioration caused by anaerobic respiration. So the sugar and chlorophyll contents were
comparatively retained. Too many micro-perforations were ineffective, however, because the
O, concentration in the package was too high to maintain the MAP condition.

To determine the method for evaluating the quality of pre-cut Welsh onion, quality of cut
onion was examined and compared with electric conductivity (EC) and potassium contents of
electrolyte solution extracted from the onion. Quality of cut onions which were stored at 0,5
and 10 °C were stable for 6 days. On the other hand, the quality of onions stored at 15 and 20 °C
slightly deteriorated after 4 and 3 days of storage, respectively, and thereafter becoming severe.
Degree of EC of onions stored at 15 and 20°C decreased for first 4 and 3 days of storage,
respectively, and thereafter began to increase, though degree of EC of onions stored at 0, 5 and
10°C decreased during storage. The changes in potassium content extracted by homogeniza-
tion was steady during storage, although the changes in potassium extracted by leakage similar
to those in EC stored at 15 or 20 °C. Considering the relationship between degree of EC or
potassium content and quality of cut onion, electrolyte leaked from openings when the tissue
was collapsed due to decay. So the electrolyte leakage was good parameter to evaluate the
decay of onion. Moreover, chlorophyll content is a useful parameter to evaluate the quality
of cut onion.

Chemical components and quality stability of pre-cut Welsh onion wrapped with unperforat-
ed or perforated OPP film package were investigated during storage at 10°C. The concentra-
tion of O, in the unperforated OPP film package decreased rapidly and dropped to 29 while
CO; increase. Therefore the onion was induced to anaerobic respiration. So the ethanol was
produced and chemical components were reduced. Moreover the cellular of this onion became
water-soaked. O, concentration in the OPP film package with too more micro-perforations
decreased slightly. So ethanol was not detected and chemical components were decreased.
Moreover the quality of this onion decreased and became unmarketable after 6 days of storage.
In cut Welsh onion which was packed with perforated OPP film package (with 24 micro-
perforations), O, concentration in this package was not considered so low as MAP for onion,
but decreased and dropped to 10 %. So ethanol could not be detected and chemical compo-
nents could be kept or decreased slightly. Therefore the cut Welsh onion was acceptable for
sale for 6 days of storage.

These results suggested that MAP is effective technique for maintaining the quality of intact
or pre-cut Welsh onion. A theoretical model for atmosphere in a polymeric film package
containing fresh commodities and in a shipping container was developed. The simulation



model can be useful for Welsh onion wrapped both with OPP film and EPS container. The gas
permeability of OPP film was too low to maintain the gas condition for intact or pre-cut Welsh
onion; an OPP film with micro-perforations was available for avoiding the deterioration
caused by anaerobic respiration. It appears the gas composition in the package can extend the
shelf-life of the commodity. But too more micro-perforations was ineffective because of the
0, concentration in the package could not be so low to maintain the MAP condition.
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