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Changes of Lipid Components and Pigments in Apple Peels

during the Storage under Sub- atmospheric Pressure
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Dept. of Food Science and Technology, Coll. of Agric., Kyungpook Natl, Univ.
Summary

The changes of lipid components in apple peels which effects physiclogical characteristic
in apple storage, and pigment which is important base in quality, were investigated in
terms of temperature and pressure.

The results obtained were as follows ;

The contents of total lipid of Ralls which is resistant to cold temperature were higher
than those of Fuji.

The contents of total lipid of Fuji and Ralls were decreased up to about 60 days and
then increased up to the final stage of storage. Especially, the increasing rate at low
temperature storage was greater than at normal temperature storage.

In the case of Fuji, the contents of neutral lipid of normal temperature were increased
up to 90 days, while those of low temperature were decreased up to 60 days and then
increased up to 90 days. ‘

The contents of glycolipid, in both Fuji and Ralls were decreased up to about 30 days and
then increased up to about 60 days and the decreased up to 90 days.

The contents of phospholipid in Fuji were decreased during storage, while those in Ralls
were appeared very slight changes.

The ratios of unsamrated fatty acid to saturated fatty acids in neutral lipid of Fuji were
decreased during storage, but those of Ralls were increased. Those of glycolipid of Fuji
were decreased up to 60 days and then increased up to 90 days, while those in Ralls
were increased during storage,

In both Fuji and Rafls. those of phospholipid increased during storage and were high in
order of sub-atmospheric pressure at TC (SAP-~L), normal ammospheric pressure at | °C
(NAP - L), sub-atmospheric pressure at 20°C (SAP-N)and normal atmospheric pressure

89



2
at 20°C(NAP-N) for storage condition.

The contents of chlorophyll of Ralls were higher than these of Fuji and the decreasing

rate was the lowest in SAP-L.

The changes of carotencid and anthocyanin contents were the greatest increasing at NAP-

N and colouring was delayed at SAP-L.
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Table 1. Classification of experimental comditions

Treatment Pressure Temp. Note
(torr. } C)
Normal 20 NAP-N
Atmospheric 760
Pressure 1 NAP-L
Sub— 20 SAP-N
Atmospheric 380
Pressure 1 SAP-L
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Fig. 1. Diagram of storage chamber.
a : Flow meter, b : Perous plug, ¢ CO,
adsorber, d - CO, adsorber recovery app.,
e : PVC pipe, f :CO, adsorption app., g°
Isulator, h : Splinters of glass,
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receiver, k : Air inlet, I @ To Vacoum
tank, m : Cock
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Table 2. Instrument and operating conditions for
gas liquid chromatography

Istrument Hitachi Model 163

Column Support 20 % DEGS {diethylene
glyeol 'succinate)

Column length 3mmX 2m glass column

Detector FID

Column Temp. 180°C

Carrier Gas Nz (25m| /min)}

Detector Temp 250°C

Chart speed 10mm /min

Injection Temp. 250°C
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Fig. 2. Changes of total lipid centents in Fuji and
Ralls Janet apple during storage.
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Fig. 3. Changes of neutral lipid, mlycelipid and
phospholipid content in Fuji apple during
storage.
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Table 3. Changes of fatty acid enmpositions in Fuji during the normal atmospheric storage at

20°C (%)
Fatty Neutral lipid Glycolipid Phospholipid
acid (Days) (Days) (Days)
0 30 60 90 0 30 60 90 0 30 60 90
Cl2:0 0.7 131 133 138 tr tr 0.94 1.8 0.8 0.93 0.5 (.50
Cid:0 132 28 274 193 117 LB L16 234 LT 1.5 107 0.49
Cl4:1 0.75 213 231 128 105 162 L0 121 092 0.8 08¢ 025
C15:0 0.47 154 2,14 L4 tr tr 0.66 113 0.8¢4 0.66 0.69 0.89
Cl6:0 9.50 1506 17.00 19.1¢ 1521 19,57 21.56 2259 2350 16.29 1511 18.54
Clé:1 3.8¢ 495 431 6.4 398 745 434 632 445 387 412 2.7
C17:0 0.57 371 322 284 210 372 228 316 L49 L9 2.8 251
C18: 0 854 9.29 1314 18.59 12.8 16.78 135 914 837 1.27 1128 8.78
Cl8:1 27.33 2146 19.23 16.29 2531 1301 19.27 17.06 7.98 10.61 7.63 6.77
C18:2 39.44 29.88 25.03 22,53 2365 22,80 2288 2318 28.15 41,07 46.49 47.97
C13:3 4,74 507 511 513 866 858 9.04 853 109 9.62 9.16 12.50
C20:0 2,28 213 333 325 541 458 346 3.28 - - - -
UFA/SFA¥3.73 178 133 L06 172 115 L24 129 113 207 216 2.15

* UFA/SFA : ratio of unsaturated fatty acid to saturated fatty acid
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Table 4. Changes of fatty acid compositions in Fuji during the sub - atmospheric storage at 20°C

(%)
Fatty Neutral lipid Glycolipid Phospholipid
acid (Days) (Days) (Days)
0 30 60 90 0 30 60 90 0 30 60 90
c12:0 0.75 0.87 1.02 1.18 tr 1. 03 1.17 0. 85 0.86 0.89 0. 86 1.07
Cl14:0 132 1.52 2.22 2.50 1.17 1.35 1. 54 0.81 1.76 101 0.97 112
Cl4:1 0.75 0.67 1.3t 2.39 105 1. 94 0.87 1, 30 .92 0.81 0.82 0.98
Cl15:0 0. 47 0. 45 1. 03 1. 87 tr 0.97 1. 00 1. 04 0.84 0.85 0, 84 0.92
Cl6: ¢ 950 13.76 14.43 1575 1521 1566 20.55 20.57 23.59 18,34 15.8 16.30
Cl6:1 3.84 3.41 3.52 4.37 3.98 3,40 6.15 6.71 4. 45 2.54 2.68 3.77
Cl7:0 0. 57 1.97 2.04 3.13 2.10 3.07 317 3.21 1. 49 1. 89 1. 19 185
Clg:0 8.54 13.23 15.42 12.79 12.86 14.85 1L.09 10.01 1837 16.55 15.06 9.93
Cl:1 27.33 21,94 2004 1814 2531 1593 20.57 21.33 7.98 9. 34 7.99 8.62
Cl8:2 39.33 29.35 28.41 27.10 23.65 24,26 22,97 22,14 28.15 39.00 43.15 44.46
Cla:3 4. 74 6,01 6.03 6. 05 8.66 12.22 6.96 814 11.09 1012 10.29 11.58
C20:0 2.28 3,59 3.92 4,50 5.41 5.21 4.00 4. 20 - - - -
UFA/SFA* 3.73 1. 83 1, 49 1. 39 1,72 137 1. 42 1. 47 1.13 1. 53 1. 65 2.21
* UFA/SFA : ratio of unsaturated fatty acid to saturated fatty acid
Table 5. Changes of fatty acid compositions in Fuji during the normal atmospheric storage at l“(.'é
()
Fatty Neutral Tipid Glycolipid Phospholipid %)
acid (Days) (Days) {Days)
0 30 60 90 0 30 60 90 0 30 60 90
Ci2:0 0.75 0.95 0.60 0. 43 tr 0.73 0.66 0.75 0. 86 0.86 0.93 0.31
Cl4:0 132 1. 49 1.59 1. 84 1.17 2.38 1. 49 1. 02 1.76 1. 52 1.03 0. 45
Cl4:1 0.75 1.03 0.58 2.30 1. 05 0.42 0.93 1.11 0.94 0.76 0.71 0.84
Cl5:0 0. 47 0.54 121 1. 54 tr 0.58 0.62 0. 47 0.84 0.69 0.93 0.74
Cl6:0 9.50 14.95 17.21 14.24 1521 19.89 2543 11,47 23,59 17.55 14.06 14.09
Cle: 1 3.84 6.23 6,36 5.24 3.98 3.69 4.55 6.33 4.45 341 3.04 3.09
Cl7:0 0.57 2.42 1.95 1.84 2.10 1. 05 1.76 4.83 1. 49 2.89 1. 87 2.01
C18: 0 854 18.71 1538 17.63 12.8 16,24 15.57 10.63 18.37 1106 10.93 11. 06
Cla:1 27.33 20,00 20.54 2054 25.31 19.67 18.91 21,37 7.98 8.84 6. 64 5.84
Clg: 2 39.44 26.23 24.86 24,06 23.65 22,78 19.13 2526 28.15 4240 48.78 50. 08
Cl8:3 4. 74 4, 81 4,99 5.85 8.66 7.49 6.09 11.68 1L.09 10.00 10.96 11, 55
C20:0 2.28 2,21 3.89 4, 41 5,41 4.85 4.16 4.27 - - - -
UFA/ SFA™ 3,27 1 42 1.39 1.38 1. 72 1.18 1.01 1.99 1.13 1. 89 2,36 2.49
# UFA/SFA :ratio of unsaturated fatty acid to saturated fatty acid
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Ralls Janet apple doring storage.
Byl IEHaRe A2 obE R 9 o- -0 : NAP-N, o---0 @ BAP-N,
slol Axluk Hace] WHel RPREEAl Al 9 s—x : NAP-L, x---% : SAP-L

94



Table 6. Changes of fatty acid compositions in Faji during the sub - atmospheric storage at 1°C

(%)
Fatty Neutral lipid Glycolipid Phospholipid
acid (Days) (Days)} (Days)

4] 30 60 90 0 30 60 90 0 30 il 90

Cl2:0 0.75 110 0.66 1.23 tr 1. 48 1.91 0.67 1. 86 0,97 0.50 0.65
Cl4:0 1.32 1.52 1,98 2.14 117 191 2,12 0. 41 176 1. 00 0.76 0.79
Cld:1 0.75 1.66 0.87 0.91 105 1.27 131 133 0.94 0.78 0.78 0.59
Cl5: 0 0.47 0.94 0.59 1.83 tr 2.12 2.11 0.92 0.84 1,22 0.91 1.50
Ci6:0 9.50 1584 16,67 1550 1521 20.28 21.41 14.34 2359 18.85 15.48 13.29
Cl6:1 3.84 4, 45 5.39 4, 26 3.98 7.92 5.80 6. 81 4, 45 4.19 4,64 3.58
Cl7:0 0.57 1.55 1.63 2.14 2.10 4.58 3.88 2,91 1 49 2.86 3.09 2.48
Cl18:0 §.54 19.86 12,9 IL79 12,86 16.31 14.39 1L.31 18.37 1279 10.58 9.28
Clg:1 27.33 1714 1989 2L.00 2531 16.18 18.13 20.33 7.98 15.19 7.76 7.43
Cig:2 39,44 26,01 2430 26.39 2365 19.03 17.09 23.94 28.15 3198 46.53 49, 21
Cl8:3 4,74 6.64 6.67 7.28 8.66 4. 46 8.12 1531 1109 9.76 8.68 11. 34

C20:0 2,28 314 5.61 5.70 5.4t 4.39 3.69 2.41 - - - -
UFA/SFA¥ 3.27 1.33 1. 49 1. 48 172 0. 9% 110 2,05 113 165 2.19 2.58
* UFA/SFA : ratio of wmsaturated fatty acid to saturated fatty acid

Table 7. Changes of fatty acid éompositions in Ralls Janet doring the normal atmospheric storage

at 20C (%)
Fatty Neutral lipid Glycolipid Phospholipid
acid (Days) - (Days) (Days)

0 30 60 90 \] 30 60 90 0 Kil] 60 90

Clz2:0 0. 47 0,43 0.82 (. 44 (.33 0.96 0. 66 139 1.37 0.70 0.65 1.85
Cl4:0 0. 86 1.01 1.52 1. 52 1 43 2.01 1. 47 1. 68 1, 45 0.92 0.72 170
Cl4:1 tr 0.21 0.88% 135 L 03 0.58 0.68 0.53 0.97 0. 56 0.48 .61
Cl5:0 0.27 0.55 0.70 1. 26 0,41 0.93 0.89 1. 419 1. 63 0.75 0. 56 0.89
Ci6: 0 30.67 26.86 15.64 16.70 22,00 20.88 24.98 1556 14.07 18.57 16.02 12.85
Cl6:1 4,81 4. 76 4.31 4.38 5.15 5.61 5.69 4. 49 3.66 3.5 3.42 2,497
Cl7:0 .72 0.91 1. 41 1.32 4,25 2.70 2,75 2.9 1. 86 2.89 2.67 3.67
Clg: 0 18.35 17.23 1129 10.13 19.05 16.29 11. 41 599 24,07 1L21 11.00 9,56
Clg: 1 22.89 2173 27.31 27.80 18.74 18.25 24,57 24.02 12.19 7.64 5.32 4.12
Clg: 2 1492 19.64 28.60 25.38 13.37 21.20 19.93 27.590 30.11 47.21 54.00 56.00
C18:3 2.07 2.71 3.03 3.37 7.62 6.11 4. 72 7. 57 6. 80 6. 19 5.24 5.78

C2¢:0 3.98 374 3.8 3.55 287 492 295 275 - - - -
UFA/SFA¥ 0.81 0.98 1.84 1. 86 0.99 1. 05 1. 22 1.79 1.25 1. 85 2.16 2,28
* UFA/SFA : ratio of unsaturated fatty acid te satwrated fatty acid
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Fig. &4. Changes of carotenoid content in Fuji and Fig. 7. Changes of anthocyanin content in Fuji and
Ralls Janet apple during storage, Ralle Janet apple during storage.
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Table 8. Changes of fatty acid

compositions in Ralls Janet during the sub-atmespheric storage at

200 (%)
Fatty Neutral tipid Glycolipid Phospholipid
acid { Days) (Days) (Days)

0 30 60 90 0 30 60 90 1 30 60 90

Clz:0 0,47 .19 1.56 0.66 0,33 0.2 0.69 6.35 1,37 0.77 0.98 0.57
Cld4:0 0.86 162 1. 42 1. 69 1, 43 1.89 .23 101 1. 45 1,32 218 0.84
Cl4:1 tr 0.93 0.91 0.83 1.03 0.92  0.53 i.23 0.97 0.77 0.7  0.83
Cl5:0 0,27 i.15 122 0.79 0.41 0.48 0.31 0.23 1.63 0.94 0.83 1.63
Ci6 : 0 30.67 25.08 [7.64 258 22.00 26.14 19.57 16,30 14.07 20.25 14.41 11.89
Cl6 : 1 4.81 574 4.9 5.31 5.15  10.86 5.87 7.18 3.66 3.7 3.59 3.40
C17 : 0 .72 2.89 1.64 2.26 4.20 3.62 2.48 2.91 1.86 234 3% 3.26
C18:0 1835 1615 10.31 1447 19.05 13,01 12,18 1207 2407 14.67 1.8 13.32
C1g:1 22,8 1978 2652 21.81 18.74 21,76 25.9% 2201 12.19 8.95 6. 54 8.24
Clg: 2 14,92 1560 27.75 1957 13.37 10.69 21.91 24,03 30.11 40.21 49.78 50.70
Cl8:3 2,07 369 228 2. 46 7.62  6.79 6.00 10,41 6. 80 6.04 570 4.97
C20:0 3.98 5.66 3.74 4,19 2.87 2.81 3.52 2.85 - - - -
UFA/SFA* 0,81 0.86 1. 66 103 0.9 .07 1,52 1.80 125 1. 48 1,99 2.17

% UFA/SFA : ratio of unsaturated fatty acid to saturated fatty acid

Table 9. Changes of fatty acid compositions in Ralle Janet during the

normal atmospheric storage

at 1°C (%)
Fatty Neutral lipid Glycolipid Phospholipid
acid —(Days) { Days ) {Days)

0 30 60 90 0 0 60 90 0 30 60 90

Ct2:0 0. 47 0,54 0.62 0.35 0.33 0.42 0.76 0.48 1.37 0. 94 0. 34 0.54
Cl4:90 0.86 0.77 1. 00 1. 38 1. 43 1. 28 1. 33 0.82 1. 45 0.84 0. 40 0.83
Cl4:1 tr 0.34 0.90 1. 38 1. 03 0.89 .97 121 0,97 0.73 0.53 0.49
C15:0 0.27 0.45 0.84 0.88 0. 41 1,29 1. 03 0.31 1.63 0.89 0.66 102
Cl6:0 30,67 258 19.25 21L.91 22,00 20.11 25.02 19.01 14.07 20.90 13.43 12.24
Cl6:1 4, 81 6.31 7.48 7.82 515 16.15 7.62 7.94 3.66 3.88 2.33 2.94
Cl7:0 .72 1. 41 2.08 2.78 4. 25 4.88 3.88 2.46 1. 86 1. 84 1. 52 1.53
Cl18: 0 18.35 17.33 16.34 12.35 19.05 14.47 13.27 9.73 24.07 19.36 13.01 12.04
Cilg:1 22,89 22,42 21.94 27.02 18.74 17.37 17.42 18.24 12.19 6. 16 5. 44 5.09
Clg:2 14.92  18.27 23.23 22,45 13,37 1287 16,09 21.44 30.11 38.33 55.05 56.00
Cig:3 2.07 3.00 3.08 6.03 7.62 7.09 9.58 16.42 6.80 6.05 7.30 7.18
C20:0 3.98 2.73 2.81 4.05 2.87 31 2.38 191 - - - -
UFA/ SFA¥ 0.81 1.04 1.33 1,28 0.99 1,19 1. 08 1. 88 1. 25 1. 2% 2. 40 2.54

* UFA/SFA : ratio of wmsaturated fatty acid to saturated fatty acid
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Table 10. Changes of fatty acid compositions

in Rallg Janet during the sub - atmospherte storage at

1°¢ (%)
Fatty Neutral lipid Glycolipid Phospholipid
acid (Days) (Days) (Days)

0 30 60 90 0 30 60 90 0 30 60 %

Clz:0 0.47 051  0.50 0.72 033 0.39 044 042 137 0.83 0,51 0.4
Cld:0 0.8 0.9¢ L74 109 L4 L45 151 L25 145 0.94 0.83 0.71
Cld:1 tr 0.4 121 127 L03 199 046 1.5 097 0.88 0.8 0.9
Cl5:0 0.27 055 0.68 109 0.4 051 047 0.8 163 o 97 073 0.9
Cl6:0 30.67 26.73 2202 16.88 22.00 2501 28.00 16.19 14.07 21.98 14.11 13.95
C16:1 481 6.18 8.4 652 515 1401 948 764 366 4 13 438 408
Ci7:0 0.72 L3l 204 272 425 271 245 2.8 L8 187 109 131
Cl8:0 1835 B.29 1957 1260 19.05 17.06 4.74 7.82 24 07 16.32 12,05 10.25
Cl8:1 2289 2145 17.87 26.24 18.74 16.03 12.63 19 50 12,19  7.89 893 8.80
Cle:2 1492 17.24 19.47 2118 1334 1232 12.94 2213 30.11 37.3 49.00 50.79
Cl13:3 207 235 253 381 762 834 1273 17.%5 680 & 8 743 72
C20:0 3.98  3.91 3.7 54 28 28 34 314 - - - -
UFA/SFA¥ .81  0.91 0.9 L4 09 100 144 210 125 133 2.41 262

* UFA/SFA : ratio of umsaturated fatty acid to saturated fatty acid
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