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* 1. EHESEEET A ETHAYOREE &R 10 ~ 20 ~ 30 R Z EHEIEER
Table 1. Total lost rate of leafy vegetables with different pre-cooling temperature and storage for
10, 20, and 30 days

\ BRI (%)
i ﬁ{%ﬁﬁ@ Total lost rate(%)*
Items Pre-cooling treatment
10 days 20 days 30 days
. . 5C 1.09b" 20.96b 94.27b
R 10C 2.60b 46.86a 94.51ab
Spoon cabbage”
No pre-cooling (CK) 6.47a 40.36a 95.77a
— 5C 0.00a 6.98b 91.01a
R E o
Leafy lettuce” 10C 0.00a 10.90ab 91.90a
No pre-cooling (CK) 0.00a 16.97a 93.90a
INE 5C 1.91b 62.61b 92.93b
pak choi” 10°C 9.34a 90.23a 95.51a
No pre-cooling (CK) 17.33a 91.60a 94.40ab
5C 0.40b 40.15¢ 94.14b
IrEe 10°C 0.87ab 64.28b 94.72b
Chinese kale” o ' ’
No pre-cooling (CK) 2.76a 87.15a 95.62a

¥ Spoon cabbage (Brassica rapa chinensis (L.) Hanelt.), Leafy lettuce (Lactuca sativa var. crispa),
pak choi (Brassica campestris L. Chinensis), Chinese kale (Brassica oleracea L. Alboglabra
Group).

* Total lost rate (%) of 10, 20, 30 days: (yellowing or wilting vegetable weight for 10, 20, 30 days /
total weight of test vegetable) x 100%.

¥ Mean separation within columns and cultivars followed by different letters indicate significant
differences by LSD at P = 0.05.
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Fig. 1. Appearance of Spoon cabbage treated with different pre-cooling temperatures (A: 5°C, B:

10°C, C: CK) and stored at 2°C for 10-30 days. (U: Unmarketable products; M: Marketable
products)
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Fig. 2. Appearance of leafy lettuce treated with different pre-cooling temperatures (A: 5°C, B:
10°C, C: CK) and stored at 2°C for 10-30 days. (U: Unmarketable products; M: Marketable

products)
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Fig. 3. Appearance of pak choi treated with different pre-cooling temperatures (A: 5°C, B: 10°C, C:
CK) and stored at 2°C for 10-30 days. (U: Unmarketable products; M: Marketable products)
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Fig. 4. Appearance of Chinese kale treated with different pre-cooling temperatures (A: 5°C, B:
10°C, C: CK) and stored at 2°C for 10-30 days. (U: Unmarketable products; M: Marketable
products)
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1:50 (5 HZER ) VEORRHAEGKE Ry © RIS EIRAH (CK) 58 BRI R
9150 EHAEL 1300~ EZILE REMBTE 1 S0(E_HER)
Temperature variation of Chinese kale sent to Taipei Second Wholesale Fruit and Vegetable
Market by collective marketing with different pre-cooling treatments. \/ From left to right:
The pre-cooling treatment completed harvesting at 9:30, pre-cooling time started at 9:40;
/\ From left to right: completed pre-cooling at 10:10, trucks collected vegetable at 13:00,
arrived at Taipei Second Wholesale Fruit and Vegetable Market at 1:50 of the next day;
WV From left to right: the no pre-cooling treatment (CK) completed harvesting at 9:50, trucks
collected vegetable at 13:00, arrived at Taipei Second Wholesale Fruit and Vegetable Market
at 1:50 of the next day
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Fig. 6. Total lost rate, trimming off rate and rate of plant number loss of Chinese kale sent to Taipei
Second Wholesale Fruit and Vegetable Market by collective marketing with different pre-

cooling treatments. Different letters between treatments indicate significant differences
(P=0.05)
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Fig. 7. Appearance of Chinese kale sent to Taipei Second Wholesale Fruit and Vegetable Market by

collective marketing with different pre-cooling treatments. (U: Unmarketable products; M:
Marketable products)
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Fig. 8. Temperature variation of spoon cabbage sent to Taipei Second Wholesale Fruit and
Vegetable Market by collective marketing with different pre-cooling treatments. \/ From left
to right: The pre-cooling treatment completed harvesting at 9:50, pre-cooling time started
at 10:00; /\From left to right: completed pre-cooling at 10:30, trucks collected vegetable
at 13:15, arrived at Taipei Second Wholesale Fruit and Vegetable Market at 2:30 of the next
day; V¥ From left to right: the no pre-cooling treatment (CK) completed harvesting at 10:10,
trucks collected vegetable at 13:15, arrived at Taipei Second Wholesale Fruit and Vegetable
Market at 2:30 of the next day

49



SRS R RIS UALE 83 5

16

a

12

1

a

Rate(%)

b
0 ]

T T T

Total lost Trimming off  Plant number loss

9. FHEERNAFTH 2R B & 48 th R ok 2 058 RS TG 2 B IR
RSB EARFER - NEFHSIRHEM > FOCF R HEE R ERE AR P < 0.05

Fig. 9. Total lost rate, trimming off rate and rate of plant number loss of spoon cabbage sent to
Taipei Second Wholesale Fruit and Vegetable Market by collective marketing with different

pre-cooling treatments. Different letters between treatments indicate significant differences
(P=0.05)
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10, FREE A F T2 R B R A S [F S iR R = A0S — ARt S 5 2 SN - (U
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Fig. 10. Appearance of spoon cabbage sent to Taipei Second Wholesale Fruit and Vegetable Market

by collective marketing with different pre-cooling treatments. (U: Unmarketable products;
M: Marketable products)
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Fig. 11. Temperature variation of pak choi sent to Taipei Second Wholesale Fruit and Vegetable
Market by collective marketing with different pre-cooling treatments. \/ From left to right:
The pre-cooling treatment completed harvesting at 10:20, pre-cooling time started at 10:30;
/A From left to right: completed pre-cooling at 10:55, trucks collected vegetable at 14:00,
arrived at Taipei Second Wholesale Fruit and Vegetable Market at 2:40 of the next day;
WV From left to right: the no pre-cooling treatment (CK) completed harvesting at 10:20,

trucks collected vegetable at 14:00, arrived at Taipei Second Wholesale Fruit and Vegetable
Market at 2:40 of the next day
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Fig. 12. Total lost rate, trimming off rate and rate of plant number loss of pak choi sent to Taipei
Second Wholesale Fruit and Vegetable Market by collective marketing with different pre-

cooling treatments. Different letters between treatments indicate significant differences
(P=0.05)

Z>. )
|

P LTS24

13, /NEERAFETH LR H HEEE A 2 A0 RSB TS 2SN - (U By
RREIERR » M ¢ Bl AR an B EZHE PR )
Fig. 13. Appearance of pak choi sent to Taipei Second Wholesale Fruit and Vegetable Market by

collective marketing with different pre-cooling treatments. (U: Unmarketable products; M:
Marketable products)
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Fig. 14. Temperature variation of leafy lettuce sent to Taipei Second Wholesale Fruit and Vegetable
Market by collective marketing with different pre-cooling treatments. \/ From left to right:
The pre-cooling treatment completed harvesting at 10:55, pre-cooling time started at 11:10;
/\From left to right: completed pre-cooling at 11:40, trucks collected vegetable at 14:30,
arrived at Taipei Second Wholesale Fruit and Vegetable Market at 2:30 of the next day;
WV From left to right: the no pre-cooling treatment (CK) completed harvesting at 10:55,

trucks collected vegetable at 14:30, arrived at Taipei Second Wholesale Fruit and Vegetable
Market at 2:30 of the next day
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EHERA T LRI R I FEEG AT =L Rt S TG AR - &
BRI RBEARRER - AETHARER] - SOCFRAAEEE RO REREZR P < 0.05
Total lost rate, trimming off rate and rate of plant number loss of leafy lettuce sent to Taipei
Second Wholesale Fruit and Vegetable Market by collective marketing with different pre-

cooling treatments. Different letters between treatments indicate significant differences
(P =0.05)

10 cm
|

HEEAETHE S RER A I EE P AT 2105 RSS2 M - (U Bil
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Appearance of leafy lettuce sent to Taipei Second Wholesale Fruit and Vegetable Market
by collective marketing with different pre-cooling treatments. (U: Unmarketable products;
M: Marketable products)
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Rl 6 Ki% - FRULTER 2 /NRFF 2 Z R B (2.0%) ~ ZEH (0.0%) - BLERULIZ 4 /)
P P2 P B 2 R EE R (2.0%) ~ ZEA K (0.0%) SEARE 2 > HERE RFCPRULTR 6 /NRFA
ETTRIEE (RER 4.6%  ZHF26.6% ) (F2) -

*2. FIEEEAFEEH SR ERER - A 10C/2RIEZSE 6 RivEHA
Table 2. Effect of quality on spoon cabbage stored at 10°C for 6 days with a delay to vacuum
cooling by 2, 4 or 6 hours (2 H, 4 H, 6 H)

KER (%) B HerE ZAER %) =JER %)  AIRER (%)

Weight loss rate Firmness® Crispness’ Wrinkle rate Yellowing rate Marketable rate

(%) (%) (%) (%)
2H 2.0b” 4.0a 43a 0.0b 3.3a 96.7a
4H 2.0b 4.0a 43a 0.0b 4.8a 95.2a
6H 4.6a 2.7b 3.0a 26.6a 11.0a 68.9b

” Mean separation within columns by LSD test at P =< 0.05.
¥ Both firmness and crispness are tested by sensory (1 is the softest or no crispness when the petiole
is broken; 5 is the hardest and there is a clear crisp feeling when the petiole is broken).

10 cm

17. B A RRA FEREE T 2R ER - BT 10°C /25l 5 6 RirwiE
Fig. 17. Chingensai stored at 10°C for 6 days with delayed vacuum-precooling by 2, 4 or 6 hours

EE SR B RE ST o) ke il BB SRTT I - PRULTR 2 /INRF TR % e B 2 BEFE B RE P 47
(477 ) FATIEER (96.7%) » BLERILTR 4 /N TR A e B Z BERE B RERF /T (4 53 ) KT
B (95.2%) MEERE A2 IR > HEE SN PRUR 6 /NEFA I T F 2 e B 2 BEFE B RERF 4T (2.7
73 ) BT (68.9%) (% 2) » HH_EHEUEREE R ATHEMN - RdERrE i b S Z i E
FINERULR 4 /NEFHEITT S > R BB HEF T TH 2 B 2 W SRR ]
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Study on the application of vacuum pre-cooling

technology for leafy vegetables'

Chu, Y.C>L.Y. Chang3, S.T. Lin’and C. S. Chang2

Abstract

In Taiwan, leafy vegetables are important vegetables with the characteristics of short
cultivation time, year-round production, large price fluctuations, great demands on low-temperature
storage, and high requirement of supply chain flexibility. Most of them are produced from southern
Taiwan, and sent to the northern market for sale. In order to meet the great demand of leafy
vegetables, to ensure their postharvest quality and to extend the shelf-life, delicate operations by
pre-cooling and proper storage is therefore an essential issue. In this study, vacuum pre-cooling
was conducted on Chinese mustard, spoon cabbage, Chinese kale, and leafy lettuce for further
storage quality evaluation, stimulation in cooperative marketing procedures, and critical time
determination on delayed pre-cooling. Results showed that leafy vegetables (Chinese mustard,
spoon cabbage, Chinese kale, and leafy lettuce) pre-cooled to 5°C and followed by 2°C storage for
20 days had lower loss rate than control (no pre-cooling treatment) by 19.4%, 10%, 29%, and 47%,
respectively. In terms of stimulation in cooperative marketing procedures, leafy vegetables treated
with 5°C pre-cooling temperature had lower loss rate compared to no pre-cooling treatment which
was reduced by 2.4% for Chinese kale, 5.3% for spoon cabbage, 13.2% for Chinese mustard, and
12.2% for leafy lettuce. In delayed pre-cooling study, the critical operation time limit for spoon
cabbage was established. The final yield of spoon cabbage stored at 10°C for 6 days showed no
significant difference between treatments within 4 hours (2 hour: 96.7%; 4-hour: 95.2%) delayed
on pre-cooling. However, the final yield of treatment with 6-hour delayed pre-cooling (68.9%) was
significantly lower than previous treatments within 4-hour precooling. It was suggested the critical
precooling time limit of spoon cabbage should be 4 hours. Packing house should be aware of to
operate the pre-cooling process of spoon cabbage within 4 hours to achieve its better quality and
longer shelf-life.

What is already known on this subject?

The application of vacuum pre-cooling is common and stable for vegetable crops. However,
the database for storage on leafy vegetables with vacuum pre-cooling needs to be updated.
Besides, vacuum cooling is rarely used in collective marketing, and the critical operation time
for delayed pre-cooling still needs to be established.

What are the new findings?
In this experiment, vacuum pre-cooling was applied to update the data on general storage,
collective marketing procedures and critical delayed-time for pre-cooling.

What is the expected impact on this field?

The establishment of storage database on leafy vegetables with the application of vacuum pre-
cooling will help farmers or packing house to arrange schedules for marketing more efficiently.
Vacuum pre-cooling is also applied to vegetable crops via cooperative marketing procedures,
which is expected to effectively improve the quality when it is arrived at the market. The
critical time for delay pre-cooling on leafy vegetables will be further established to reduce the
loss on storage and transportation.
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