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Conservation Quality on Fruit and Vegetables

1. Film Storage for Green Asparagus

Kazuhiko ITon

(Laboratory of Agricultural Process Engineering, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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Table 2. Initial conditions

Mean Max Min S.D n
Moisture content (% w.b) 92.6 93.3 92.0 0.34 15
Hardness (kg) 60 mm 2.07 2.46 1.86 0.29 32
(kg) 140 mm 2.20 2.63 1.91 0.22
Color value Top L 311 41.0 21.7 3.2 271
a 0.6 6.6 —6.7 2.2
b 74 14.9 1.3 2.6
60 mm L 474 55.7 36.4 3.5
a —7.9 —16.2 0.1 3.5
b 189 24.6 10.6 1.9
140 mm L 40.5 46.9 32.6 2.7
a —7.8 —16.2 1.63 2.8
b 16.1 20.6 6.10 2.3
Reduction sugar (%) 2.40 2.85 2.25 0.3 8
pH 6.43 6.63 6.26 0.1 16

Table 3. Changes of air composition in desiccator (1°C)

Storage condition 1 2 3 22 (hr) 2 30 45 93

S-300 0, (%) 20.1 20.0 19.9 14.6 136 12.0 10.3 8.8
CO; (%) 21 26 46 5.8 5.5 5.9

C,H, (ppm) 0.9 0.9 0.8 1.3

S-500 0, (%) 20.0 19.5 19.0 13.8 12.0 10.5 9.2 7.2
COy (%) 1.8 21 35 45 46 49

C:Hy (ppm) 1.0 1.0 1.3 1.8

S-3004+ AP O, (%) 20.5 20.0 19.6 14.7 14.0 121 104 8.6
COy (%) 1.7 2.1 3.9 4.7 5.0 4.8

CoHy (ppm) trace trace trace trace

S-500+ AP Oz (%) 19.7 19.2 17.5 13.3 11.8 10.6 9.3 6.3
CO; (%) 1.8 2.2 3.8 4.2 46 5.3
CyHy (ppm) trace trace trace trace

S-3004+C O3 (%) 20.0 19.7 20.0 15.0 14.3 123 10.5 8.7
CO; (%) 0.9 0.8 0.5 0.5 0.4 0.4

CyHy (ppm) 0.6 0.6 1.1 1.1

Control O3 (%) 21.6 21.3 21.1 17.8 16.8 15.2 14.7 12.9
CO; (%) 2.0 25 42 47 5.0 6.5

CyH,4 (ppm) 0.7 1.0 0.9 1.3

S-300, S-500: Oxygen absorber. C: Carbonic acid gas absorber. AP: Ethylene gas absorber.
Control : Polethylene film,
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Table 4. Changes of air composition in desiccator (5°C)

Storage condition 2’ 3 (ior) 57 104
S-300 Oy (%) 1 19.3 18.3 125 75 5.2
CO (%) 0.7 0.4 4.7 4.9 8.8
CzHy (ppm) 1.2 1.4
S-500 02 (%) ‘ 17.8 11.2 6.7 4.6
CO; (%) 0.9 39 4.4 8.1
CoHy (ppm) 1.2 1.5
S$-300+C Q% (%) 19.8 18.3 13.2 79 5.4
COq (%) 0.6 0.3 0.6 0.4 0.3
CyHy (ppm) 1.6 2.0
S-500+C 0Oy (%) 18.1 17.6 14.3 6.8 4.2
CO2 (%) 0.6 04 0.6 0.4 0.4
CoHy (ppm) 1.4 1.5
S$-300+ AP 02 (%) 19.4 17.9 13.2 71 5.5
CO; (%) 0.7 0.7 2.5 4.4 6.3
CoHy (ppm) trace trace
Control O (%) 19.8 19.2 16.1 10.1 8.8
CO2 (%) 2.9 3.2 4.7 8.5 10.6
CoHy {ppm) 14 2.5
%
10 -
E
g
P
o]
0 ] 1 ] 1 il L 1 |
8 16 24 32 40 48 56 64
Storage period (hr)
Fig. 1. Changes of CO,; content during storage (desiccator).
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Table 5. Weight decrease rate during storage (%)
Storage conditions. Storage period. (hr)

Temp. %‘gla‘fg‘;nﬁf‘d 21 45 66 i 231 432 720
1°C No-package 51 7.4 14.1 22.9
PE 1.7 2.3 2.5 34
S 1.9 2.3 3.0 3.7
C 1.8 2.7 2.5 3.3
S+C 1.6 2.3 2.5 3.9
AP 2.3 3.1 4.0 5.3
5°C No-package 4.9 4.9 5.8 10.1 16.9 18.7
PE 1.9 21 1.9 2.6 35 4.4
S 21 2.2 2.3 3.1 3.4 41
C 2.0 2.5 2.1 2.9 3.2 4.9
S+C 19 2.3 1.8 24 3.9 46
AP 19 2.1 2.1 3.1 3.8 74

10°C No-package 6.0 8.8 11.9

PE 1.7 1.6 1.9

S 17 1.8 1.9

C 1.6 1.8 2.0

S+C 1.8 1.9 2.3

AP 1.3 2.1 2.2

20°C No-package 6.6 18.1

PE 1.7 24 2.6

S 19 2.7 27

C 1.8 2.3 3.1

S+C 21 2.6 2.6

AP 1.7 3.2 36

PE: Polethylene film, S:
C: C-200 (Carbonic acid gas absorber)

S$-300 (Oxygen absorber)

S+C: S-3004+C-2000, AP: Ace pack (Ethylene gas absorber)
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Table 6. Changes of hardness during storage. (%)
Storage conditions. Storage period (day)
Temp. Package treatment 1 2 3 5 10

1°C No-package ~0.5 -55
PE 3.6 -0.5
S —1.8 14
C 1.3 09
S+C —1.5 —~2.3
AP —31 —-3.0
5°C No-package -7.3 —19.0
PE —6.5 —10.0
S —85 —-9.1
C —9.2 —10.8
S+C —64 —13.0
AP —4.5 —~7.2

10°C No-package 9.1 —136 —186

PE —6.4 —8.2 —10.5

S 8.2 —7.3 —19.1

C 9.5 —8.9 —19.1

S+C 5.0 —4.3 —17.3

AP 3.6 —75 —14.3
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Table 7.

Changes of color value during storage

Storage conditions.

Storage period. (day)

20
Temp. Package Position S 10
treatment. 4E  a b 4E  a b 4E  a b
1°C No-pack. 60 mm 34 —7.9 186 4.7 -85 204 4.6 —94 212
140 mm 4.1 —76 165 6.3 —-7.7 187 7.0 —86 208
Top 4.7 0.6 75 7.9 0.5 8.6 9.2 0.7 9.2
PE 60 mm 2.6 —79 163 34 —84 186 4.0 —8.7 189
140 mm 35 —7.8 16.7 4.0 —7.3 178 5.1 ~76 177
Top 4.0 0.5 74 4.8 0.3 7.7 6.3 —0.1 8.0
S 60 mm 2.7 —6.7 155 3.1 —72 174 4.6 —77 178
140 mm 3.6 —75 153 4.5 —79 163 5.3 —84 175
Top 3.6 04 6.8 5.2 0.5 7.2 6.8 0.1 7.9
C 60 mm 3.0 —78 174 3.1 —-83 179 5.7 —83 186
140 mm 4.2 —7.7 157 4.7 —74 169 5.5 —79 165
Top 5.4 0.4 7.0 3.8 07 '76 3.6 0.5 74
S+C 60 mm 2.9 ~8.0 163 3.6 —74 163 4.7 —77 174
140 mm 3.1 —74 159 51 ~7.8 171 5.0 —81 184
Top 3.9 0.8 6.9 6.0 0.6 7.4 6.2 0.5 7.3
AP 60 mm 34. —73 171 3.2 -79 178 44 —8.0 184
140 mm 4.6 —75 163 5.6 —7.0 164 6.3 -72 172
Top 5.1 0.6 7.1 6.5 0.3 7.3 7.0 0.2 79
5°C No-pack. 60 mm 4.1 —84 194 7.6 —-96 201 86 —124 231
140 mm 5.3 80 178 9.4 —76 19.0 103 —114 203
Top 5.0 0.3 7.0 9.3 —0.1 9.4 15.2 0.2 103
PE 60 mm 3.7 —76 186 4.5 —74 173 73 —76 176
140 mm 4.1 —74 174 51 —6.4 163 84 —6.8 159
Top 4.7 0.5 6.1 6.1 0.4 8.3 9.7 0.1 8.7
S 60 mm 2.8 —7.0 174 3.9 —8.0 16.8 6.5 —91 174
140 mm 3.3 —74 153 4.3 —83 159 7.1 —75 145
Top 4.4 0.6 6.2 5.5 0.5 7.2 8.2 07 92
C 60 mm 3.3 —75 18.0 4.5 797 172 5.2 —85 17.0
140 mm 4.1 —79 165 5.0 —7.2 164 5.8 —7.2 181
Top 4.6 0.1 6.7 5.2 04 77 6.4 0.3 8.0
S+C 60 mm 3.8 —81 179 5.3 —85 186 6.3 —85 195
140 mm 4.0 —87 163 57 —-71 17.0 6.0 —87 171
Top 4.1 0.2 6.5 5.6 0.3 75 7.6 0.6 8.8
AP 60 mm 2.7 —7.2 16.2 4.5 —86 189 5.0 —8.7 207
140 mm 3.6 —7.5 158 5.8 —7.9 175 6.8 —7.2 16.7
Top 4.0 0.1 7.3 6.2 0.4 6.7 71 0.5 8.3
Initial value (Mean value)
60 mm;: a=—"7.9, b=18.9 140 mm: a=-—17.8, b=16.1 Top: a=06, b=7.4
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Fig. 2. Changes of O, content during storage (film package).
o ! o
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r ® Polethylene film r ® Polethylene film
O 5-300 O $-300
20 . 0
& C-2000 ) A C-2000
® ¥ $-300+C-2000 ¥ $-300+C-2000
L 16 L 16 o
S i B 0 Ace pack
=] 0 Ace pack 2
5] 3 o
& 12t 9 S 12k
4} o AN \3
0 1 | A 1 1 0 L ; 1 1 1
12 24 36 48 60 12 24 36 48 60

Storage period {hr)

Fig. 3. Changes of O; content during storage
{(film package).
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Ehrt,

Storage period (hr)

Fig. 4. Changes of O; content during storage.
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0 y - % L4
6 12 18 24 30 6 12 18 24 30
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Fig. 5. Changes of CO; content during storage

(film package).

Storage period {day)

Fig. 6. Changes of CO; content during storage
(film package).

Table 8. Changes of etheylene content (ppm)
Storage conditions. Storage period (day)

Package 1?‘8{’ 1 2 3 10 18 30
PE 1 0.64 0.13 0.24
5 0.13 0.46 0.73 0.82 2.02

10 0.55 0.49 0.71

20 0.70 0.95 2.13

|

S 0.13 0.22 0.23
5 0.30 0.36 0.52 0.55 1.32

10 0.75 0.81 1.38

20 0.87 0.98 1.60
C 1 0.08 0.30 0.35
5 1.00 0.97 1.13 1.88 242

10 0.64 1.03 1.00

20 0.72 0.78 1.53
S+cC 1 0.36 0.30 0.40
5 0.40 0.75 0.83 1.49 2.55

10 1.05 1.80 1.62

20 0.41 0.56 2.99
AP 1 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00

10 0.00 0.00 0.00

20 0.00 0.00 0.00
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T3 [ TR L fe D SR TCRE D A {11 1°C ¢ 30 {114
B LB A0M A E L IEE LW Exvflof, pH
{EOLACL BRI T 25, 10~20°C o gy 4
TR U3k pH EZMERIT R A 1Tl o e b 0o
fHEX D SENEER LI, OEBO—> L LTEH
OEEREEAMET L, SEPR (B »MfTlebh,
WL, oiediz pHAMETF LI EE 2 B h 3,

filg»>Th, 28 WHERDOMEREFE L T b, PHHES pHED X 5, fHBCHIEL TR % HE TR O
Table 9. Changes of reducting sugar content and pH value
Storage period (day)
conise, 1 3 5 18 i
' Reduc. Reduc. Redue. Reduc. Reduc. Reduc.
Temp. Package |sugar | pH |sugar | pH |[sugar | pH [sugar | pH |sugar | pH |sugar | pH
cont. cont, cont. cont. cont. cont.
(%) | (=)} (%) [ (=) ) (%) | (=) (%) 1 (=) ] (%) | (=) ] (%) | (=)
1°C No-pack. 240 | 651 | 237 | 671 ] 213 | 673 | 203 | 660
PE 235 | 6567 | 257 | 657 | 247 | 662 | 1.85 | 6.60
S 242 | 652 | 242 | 680 233 | 661 192 | 6.60
C 243 | 648 | 258 | 688 | 221 | 669 | 1.85 | 6.80
S+C 236 | 650 | 221 | 691 215 | 665 193 | 6.70
AP 237 | 642 | 249 | 682 | 225 | 668 | 205 | 663
5°C No-pack. 255 | 6.60 | 250 | 651 | 232 | 671 200 | 6.72| 196 | 6.76
PE 217 | 636 | 243 | 648 | 236 | 681 | 232 | 680 | 1.92 | 6.77
S 215 | 643 | 253 | 648 | 237 | 659 | 234 | 670 | 1.86 | 6.75
C 237 | 663 ] 232 | 652 240 | 670 243 | 6.79| 175 | 670
S+C 237 | 636 | 235 | 646 | 252 | 671 | 230 | 683 | 2.05 | 680
AP 253 | 650 | 262 | 653 | 251 | 670 | 230 | 695 | 2.02 | 632
10°C  No-pack. 235 | 6.79| 202 | 6.14
PE 237 | 6.86 | 2.00 | 644
S 275 | 674 182 | 648
C 213 | 6.75| 2.03 | 647
S+C 265 | 6.71 | 225 | 647
AP 255 | 6.64 | 233 | 651
20°C  No-pack. 156 | 6.78 | 1.02 | 6.29
PE 1.85 | 6.75| 118 | 642
S 2.04 | 6.69 | 1.74 | 6.34
C 203 | 6.66 | 1.82 | 6.39
S+C 165 | 6.88 | 1.50 | 647
AP 190 | 6.66 | 1.73 | 6.37

Initial value:
Reduc. sugar cont.=Reducing sugar content.

Reducing sugar content: 2.40%.
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Table 10. Changes of taste and appearance during storage
Storage conditions. Storage period. (day)
Temp. Package 1 3 10 20 30
1°C No-pack. 25 2.3 Wilting 1.7 Wilting 1.7 Wilting
PE 2.8 1.7 1.8 1.3
S 2.7 1.7 15 1.3
C 2.7 1.7 15 1.3
S+C 29 1.7 1.7 1.3
AP 3.0 25 2.2 1.9
5°C No-pack. 2.3 2.0 Wilting 1.7 Wilting 1.1 Wilting
PE 2.0 1.8 1.8 1.0
S 1.7 1.5 Stink 1.7 Stink 1.0 Stink
C 2.3 2.0 1.5 1.0
S+C 1.3 1.7 Stink 1.7 1.0 Stink
AP 3.0 23 2.2 1.7
10°C No-pack. 27 25
PE 2.2 2.0
S 23 1.8
C 2.0 15
S+C 2.3 1.8
AP 2.9 2.3
20°C No-pack. 2.3 1.3 Wilting
PE 2.0 1.0 Stink
S 1.8 1.0 Stink
C 2.0 1.0
S+C 1.8 1.0 Stink
AP 1.8 15

Taste: Good: 3 Average: 2 Bad: 1
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Summary

This study was conducted to determine the reso-
nable method of conservation quality in stored
Green Asparagus.

The experiment was performed to film package
storage with oxygen, carbonic acid gas and ethyl-
ene gas absorber. The storage temperature 1 to
20°C, the storage period 3 to 30 days.

The following results were obtained.

1. The respiration rate was 12.3 mg COgy/kg+hr
for storage temperature 1°C and 15.2mg COy/kg-
hr for 5°C. The value equivalent to 27% of respi-
ration rate under normal atmosphere. The results
are considered to be low Oy content and high CO,
content of desiccator.

2. Hardness decrease and wilting decreased with
film package.

3. The color of stem turned to yellow and the
lightness of top decreased with the increasing of
the storage temperature and the storage time.

4. Reducing sugar content decreased with the
increasing of storage temperature and the storage
time.

5. The period of shelf-lives was 10~20 days to
1°C, 10-15 days to 5°C, 3 days to 10°C and 1-2 days
to 20°C. Ethylene gas absorber gave effect to con-
serve of Green Asparagus.

However, the low temperature storage was more
effective method to prevent deterioration.



