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Fig. 1. The relationship of plamt pressure drop between total amonnt of wind flow and wind resis-
tance for Pak-choi
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Table 1.The relationship of pressure drop between total amount of wind and vegetable resistance for

Pak-choi.
Total wind pressure drop Pressure drop of wind resistance Amount of wind
mm liquid Pa : mm liquid m3/s

170 538.2081 70 0.153289
160 499.7647 65 0.148713
145 461.3212 60 0.142301
132 422.8778 55 0.135586
121 384.4344 50 0.129324
106 345.9909 45 0.121897
95 307.5475 40 0.114591
83 269.1040 35 0.106786
70 230.6606 30 0.098012
57 192.2172 25 0.088371
43 153.7737 20 0.077094
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Table 2. The relationship between plant temperature drop and time of forced air cooling for Pak-choi.

Time(min) 1 2 3 4 5 6 7 8 9 10
0 22.1 18.7 17.7 14.2 17.4 -0.7 15.7 17.2 17.5 17.2
1 15.7 18.3 17.4 14.1 17.3 -0.7 15.8 17.1 16.7 19.2
2 14.4 12.1 16.7 13.9 17.3 2.2 14.3 17.2 16.6 6.3
3 8.1 1.3 15.3 11.2 16.7 0.9 10.7 17.1 13.9 2.6
4 4.8 0.3 13.9 7.8 15.9 0.7 8.9 17.0 10.5 1.1
5 2.8 -0.5 12.4 5.3 14.9 0.2 7.1 16.7 1.3 0.3
6 1.3 -1.2 10.9 3.4 13.8 -0.4 5.7 16.3 5.1 -0.1
7 0.3 -1.5 9.6 2.1 12.6 -0.6 4.3 15.6 3.2 -0.3

1, 2, 4, 9: Surface temperature of leaf
3, 5,7, 8: Central temperature of stem
6: temperature of wind

10 : temperature of environment
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Table 3. The relationship between plant temperature drop and time of vaccum cooling for Pak-choi.

Time (sec) 1 2 3 4 5 6 7 8
0 22 21 20 21 -1 0 21 21
30 22 21 20 21 -1 0 21 21
60 21 21 20 21 -1 0 21 21
90 21 21 20 21 -1 0 21 21
120 21 20 20 21 -1 0 21 21
150 21 20 19 21 -1 0 21 21
180 21 21 19 20 -1 0 21 21
210 21 19 19 19 -1 0 21 21
240 20 18 19 19 2 0 21 21
270 19 12 19 19 -1 1 21 21
300 17 6 19 18 -1 1 21 21
330 15 2 19 18 -1 2 21 21
1, 3: Central temperature of stem 2, 4: Surface temperature of leaf
5: Entrance temperature of condensor 6: Exit temperautre of condensor
7: Wall temperature of vacuum tank 8: Room temperature
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Fig. 2. The relationship between temperature drop and time of vaccum cooling for Pak-choi.



(22)

7y -

i\

—t
/N

Ml 2 S R SR R SR BT 19 5%

AOKTRS T R SR ) 2 R R

BERBUNE R KBRS » AR OKEBIRERRIE - BE TRER  HREA
RATEZERBE - BAKPHRE MG TS » 197 4-6 DEE D OEERE 4°C » BERE
BEE - R BEREREL T BERRZE » MASHIHRE » TRAKER -

RRIFRSFEE KB 28

HFRABET » BEREDRBHRTERARR » LH/NBREAREE11.3-12% » EZH5.9% |
MEREME » BHKEHFR » ARG BRI ERE R BRI EATRO N | #E
BERS - DNERBREEG-7°C » 20538 » KAKERIS.T % + dEZRF25 738 » RAKERN2.0% > 1
BEARER - HZFS » DBEREEGC-T°CH4THE > RAKEES.6% » dERFES 538 » KRKkFEE4.4% >
LER=ERSFE  LRZFGRHR » ERERARE - KGHERERES » KRIT - w0
SFER S > TTRERIR R S RIS T B BHUUKEE - TIHNEEEM > LkkFES » B%
FEEAREHER » BOEH  WBRATHS » FERICOKAMREEZE - AKFEMEASSE > RN
Kk Ed » FRIBFREA T EBER - BREE -

F4NER ~ ERTEFS G R R ERE RSB
Table 4. The optimum precooling period and plant water change of different cooling methods for
Pak-choi and leek.

Pak-choi Leek
Precooling method Optimum Water Optimum Water
precooling period change precooling period change
(min) (%) (min) (%)
Hydrocooling 5 +11.3 6 +5.9
Forced air cooling 20 -5.7 25 -2.0
Vacuum cooling 4 -5.6 5 -4.4
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Table 5. Effect of different precooling methods and storage temperatures on water loss and storage

period for Pak-choi and leek.

Pak-choi
Precooling Storage Package Water Storage Water Storage
method tem perature . .
loss period loss period
(%) (days) (%) (days)
5°C PE 0.20 6 1.19 4
NPE 7.60 4 4.01 2
Hydrocooling
20°C PE 0.20 3 1.13 1
NPE 7.80 2 5.11 1
5°C PE 0.10 6 0.99 4
Forced air NPE 10.20 3 6.45 2
cooling 20°C PE 0.40 3 1.50 1
NPE 6.80 2 4.57 1
5°C PE 0.10 6 1.33 5
Vacuum NPE 15.01 4 3.06 1
cooling 20°C PE 0.28 3 0.82 1
NPE 18.95 2 4,92 1
5°C PE 0.10 5 0.23 4
NPE 12.00 2 2.96 2
Control
20°C PE 1.13 2 0.94 1
NPE 13.25 1 5.78 1

PE: with PE bag package = NPE: without PE bag package

Thickness of PE bag 0.02mm
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Table 6. Effect of different precooling methods and storage temperature on degreening rate for
Pak-choi and leek.

Pak-choil) Leek?
. Storage
Precooling method Rate of degreenig * Rate of degreenig
temperature
(%) (%)
5°C 14.8 33
Hydrocooling
20°C 21.6 7.2
5°C 5.6 5.9
Forced air cooling
20°C 25.8 15.1
5°C 2.3 4.1
Vacuum cooling
20°C 18.8 14.9
5°C 29.2 14.1
Control
20°C 40.3 26.9

1) Stored in 5°C for 6 days, stored in 20°C for 3 days
2) Stored in 5°C for 4 days, stored in 20°C for 1 day

| a value of initial | — | a value of final storage | % 100%
(7]

Rate of degreening =
| a value of initial‘
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Table 7. Effect of different precooling methods and storage temperature on quality of Pak-choi

and leek.
Pak-choi!) Leek?
p li thod Storage
recooling metho i . :
g temperature Total sugar  Crude fiber  Total sugar  Crude fiber
(%DW) (%DW) (%DW) (%DW)
5°C 7.5 14.7 20.8 13.8
Hydrocooling
20°C 6.9 15.2 20.4 14.1
5°C 8.6 14.3 231 15.7
Forced air cooling
20°C 8.0 15.4 22.8 16.2
5°C 9.4 11.4 23.5 14.6
Vacuum cooling
20°C 8.1 12.9 21.4 15.5
5°C 7.2 14.9 20.2 14.8
Control
20°C 6.7 151 19.1 15.4
Initial®) 10.1 12.3 236 11.5

1) Stored in 5°C for 6 days, stored in 20°C for 3 days
2) Stored in 5°C for 4 days, stored in 20°C for 1 day
3) Initial was the day sampling.
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Effect of Different Cooling Method on the Quality
of Leafy Vegetables

Tsan-ru Chang, I-luen Chen and Yun-chung Lee

Summary

The respiratory rate of leafy vegetable were strong under high temperature (25°C). The rate
was 103 mg CO,/kg.hr for Pak-choi, while 471.4 g CO,/kg.hr for leek. By using different cooling
methods to cool down to 5°C, it needed 5-6 minutes by hydrocooling, 20-25 minutes by forced air
cooling and 4-5 minutes by vacuum cooling. After precooling, the vegetables were packaged with
plastic film and stored under 5°C. They could keep good quality for 6 days, but shorten the stor-
age period and changed quality if they were stored in 20°C. In comparing non-precooling, the
precooling treament could keep better qaulity, higher total sugar content and lower fiber content.

Vegetables treated with precooling could keep good quality and prolong the storage period.
Leek was suitable to use vacuum cooling and forced air cooling, but not suitable for hydrocooling.
Pak-choi was suitable for the above three methods depended on transportation distance and the

cost of feasility. Hydrocooling and forced air cooling were suitable for suburb leafy vegetables.

Key words: Leafy vegetables, Hydrocooling, Forced air cooling, Quality.



