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Optimized Controlled Atmosphere Regimen for Storage of Fresh Fischer’s
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Abstract: A controlled atmosphere (CA) regimen was optimized during 3 consecutive harvest seasons as the basis of practical
modified atmosphere packaging (MAP) storage for quality maintenance and extension of storage potential of fresh Ligularia
fischeri leaves. Leaves were harvested in April or May and forced-air cooled to 4°C before punch-hole MAP (control, where
gas concentrations were same as air) and CA treatments. CA regimens adjusted stepwise during 3 experimental years were:
1 and 3% Oy, respectively combined with 5 and 10% CO; in the first year, 3% O; fixed in combination with 0, 2.5, and 5%
CO; in the second year, and 3% O fixed in combination with 2.5 and 5% CO; in the third year. In the first year, higher incidence
of black discoloration was observed with the reduction of respiration under 10% CO, CA conditions regardless of O levels
at 1 or 3%. In the second and third year, the incidence of the disorder seemed not to be clearly relevant to CA conditions
showing slightly higher incidence only after 4- or 5-week storage + 5-day shelf life. Although texture and appearance quality
were maintained better under the 3% O; + 2.5% COzcondition after 4-week storage + 5-day shelf life, effects of CA on the
extension of storage period was slight. Overall results indicated that Ligularia fischeri leaves are very susceptible to CO, injury.
CO; concentration should be adjusted below 2.5% for safe and effective CA or MAP storage to maintain quality even during
short-term storage.

Additional key words: browning, critical concentration, modified atmosphere, respiration rate, storage disorder, storage potential
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Table 1. Quality characteristics of fresh Ligularia fischeri leaves at harvest.

Harvest CIE & Firmness Respiration ra_tle, _210°C TexFure
(N/2 mm @) (COz mL-kg -h™) rating
May 13, 2012 -8.0 + 1.3 253 + 1.1 447 + 44 50 = 0.0
April 5, 2013 -11.7 + 0.2 233 + 14 102.0 + 1.0 50 + 0.0
May 11, 2014 -9.5 + 0.5 273 + 1.5 61.5 + 0.7 50 + 0.0

"Means + SE (n = 6).
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Table 2. Incidence of discoloration disorders on fresh Ligularia fischeri leaves in 2012 and 2013 harvest seasons.

CA regimen
Harvest & Symptom of CA disorders
season 0, (%) €O, (%)
2012 Storage at 0°C + days on the shelf at 7°C
2 weeks 2 weeks + 5 days
% incidence  Discoloration index % incidence Discoloration index
21 0.03
0.0 c 1.0 c 0.0 c 1.0 c
(Control: punch hole MAP)
1 5 50.0 b 30D 65.0 b 40 b
10 100.0 a 50 a 100.0 a 50 a
3 5 40.0 b 30D 50.0 b 40 b
10 100.0 a 50 a 100.0 a 50 a
Significance
02 NS NS NS NS
COZ kk kk kk *
2013 Storage at 0°C + days on the shelf at 7°C
4 weeks 4 weeks + 5 days
% incidence  Discoloration index % incidence Discoloration index
21 0.03 .
0.0 a 1.0 b 84 a 30D
(Control: punch hole MAP)
0 3.6 a 3.0 a 6.2 a 40 b
3 2.5 1.8 a 30 a 9.1 a 40 Db
5 5.6 a 3.0 a 118 a 50 a

“Mean separation within columns of respective seasons by Duncan’s multiple range test at p = 0.05.
NS Nonsignificant or significant at p < 0.05 or 0.01, respectively.

Table 3. Incidence of discoloration disorders on fresh Ligularia fischeri leaves in 2014 season.

CA regimen Incidence of discoloration disorder (%)
Harvest Storage at 0°C + days on the shelf at 7°C
season 0; (%) €O, (%)
4 weeks 4 weeks + 5 days 5 weeks 5 weeks + 5 days
2014 21 0.03 ,
43 a 6.5 a 143 a 232 a
(Control: punch hole MAP)
3 25 0.0 a 82 a 45D 205 a
5 4.6 a 124 a 8.7 ab 35.0 a

“Mean separation within columns by Duncan's multiple range test at p = 0.05.
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Table 4. Respiration rates of fresh Ligularia fischeri leaves immediately after storage and after 5-day shelf life as influenced

by CA regimen in the consecutive 3 harvest seasons.

Harvest CA regimen Respiration rate, 7°C
season 0; (%) Oz (%) (CO; mL-kg"-h™)
2012 Storage at 0°C + days on the shelf at 7°C
2 weeks 2 weeks + 5 days 3 weeks 3 weeks + 5 days
21 0.03 .
(Control: punch hole MAP) 166 ab 1242 106a )
5 22.0 a 12.7 a 69 b -
! 10 20 ¢ 7 3.9 bc -
5 20.6 a 9.4 a 123 a -
3 10 80 Db - 36 c -
2013 Storage at 0°C + days on the shelf at 7°C
3 weeks 3 weeks + 5 days 4 weeks 4 weeks + 5 days
21 0.03
19.7 ab 139 ab 146 ¢ 141 c
(Control: punch hole MAP)
0 17.6 b 149 ab 17.7 b 172 b
3 2.5 18.5 ab 13.7 b 19.6 ab 20.0 a
5 232 a 159 a 224 a 16.4 bc
2014 Storage at 0°C + days on the shelf at 7°C
4 weeks 4 weeks + 5 days 5 weeks 5 weeks + 5 days
21 0.03
(Control: punch hole MAP) 125 b 91 b 125 a 243 a
2.5 14.1 ab 92 b 143 a 253 a
3 5 16.7 a 114 a 13.7 a 194 a

“Mean separation within columns of respective seasons by Duncan’s multiple range test at p = 0.05.

YNo data because of severe quality loss of the samples.
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Table 5. Changes in firmness of the petiole and texture rating of fresh leaves in Ligularia fischeri after storage and on the

shelf, 2014 season.

CA regimen Firmness (N/2 mm @) Texture rating
Storage at 0°C + on the shelf at 7°C Storage at 0°C + on the shelf at 7°C
02 (%) CO2 (%)
4 weeks + 5 days 5 weeks + 5 days 4 weeks + 5 days 5 weeks + 5 days

21 0.03 z
(Control: punch hole MAP) 254 a 271 a 43 b 34b
3 2.5 272 a 279 a 50 a 43 a

5 268 a 27.1 a 41b 31D

"Mean separation within columns by Duncan’s multiple range test at p = 0.05.

Table 6. Changes in greenness and overall appearance of fresh Ligularia fischeri leaves after storage and on the shelf, 2014

season.
CA regimen CIE a* Appearance rating
Storage at 0°C + on the shelf at 7°C Storage at 0°C + on the shelf at 7°C
02 (%) €Oz (%) 4 weeks 5 weeks 4 weeks 4 weeks 5 weeks 5 weeks
+ 5 days + 5 days + 5 days + 5 days

21 0.03 z
(Control: punch hole MAP) -85 a -9.8 a 40 b 30D 30D 30 a
3 2.5 9.1 a -10.0 a 5.0 a 43 a 40 a 30 a

5 -9.5 a -9.4 a 4.5 ab 30D 30D 20 b

“Mean separation within columns by Duncan’s multiple range test at p = 0.05.
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