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Changes in Quality of Lettuce During Storage by Immersion-Type Hydrocooling

Jin-Woong Jeong, Byeong-Sam Kim, Oni-Woung Kim, Bae Nahmgung and Kee-Jai Park

Korea Food Research Institute

Abstract

Quality changes of lettuce were studied during storage to investigate the efficiency, cooling properties
and the washing and storage effects of immersion-type hydrocooling. As a result of plotting the nondi-
mensionalized lettuce temperature versus cooling time, its cooling rate coefficient was shown to be
-0.356 min~'~—0.255 min "' (R?=0.99~0.88). Rate of weight loss was not significantly (p>0.05)
different between lettuces with various treatment conditions during storage at 5C. However, during
storage at 15C, weight loss of hydrocooled lettuce was lower than that of non-treated lettuce after
from 10 to 15 days. Especially, The lettuce packed with PE was more effective than that packed
with try in terms of packing condition after hydrocooling. Lettuce pretreated with sterilizing agent,
packed with PE vinyl film, removed residual water after hydrocooling had lower decaying rate than
any other lettuces. Changes of L and b values in hydrocooled lettuce were slower than those of
non-treated one. During changes of chlorophyll content, the initial value, 115.7~147.3 mg% was decrea-
sed to 50~60% after 25 days of storage at 5C and within 15 days of storage at 15C. It could be
presumed that the addition of sterilizing agent reduced the initial level of overall total and coliform
count and its growth rate during storage. The respiration rate of hydrocooled lettuce at 5C was 23.95
mg-COy/kg hr, which is 10% of those of non-treated lettuce.
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Fig. 1. Schematic diagram of experimental cooling unit (A) and immersion unit (B)
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Table 1. Treatment conditions for the storage test of
lettuce

Sample Treatment condition

A PE vinyl packing(No pre-treatment)—storage

B Tray packing(No pre-treatment)—storage

C  Hydrocooling at 1C—PE vinyl packing—>sto-
rage

D Hydrocooling at 1C—>removing residual water
—PE vinyl packing—storage

E Hydrocooling at 1C—removing residual water
—>tray packing—>storage

F  Hydrocooling after the addition of sterilizing
agent to the water of 1C->removing residual
water—>PE vinyl packing—storage

Fig. 2. Regions for temperature and color measure-
ment

A, B, C and D refer to thermocouple insertion locations
a and b refer to color measuring position
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Fig. 3. Cooling curve of lettuce in carton box of §
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Fig. 4. Cooling curve of lettuce

A, B, C and D are thermocouple insertion locations (Re-
fer to the Fig. 2)
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Fig. 5. Time-Temperature response for lettuce

Table 2. Cooling rate coefficient for logarithm of non-
dimensionallized temperature versus cooling time

Conditions of sample Slope" R?

Leaf T,=19.0cC, T,=15C —-0365 099
Point A T;=19.0¢C, T,=157C —0.255 0.88
Point B T,=188¢C, T,=15C —0.299 0.92
Point C T,=188c, T,=15C -0.303 0.92
Point D T,=189¢C, T,=15¢C ~0.365 0.93
PE vinyl packing(l kg)

Upper T,—202¢, T,-3.0C —0.017 0.99
Lower T,=202cC, T,=30C —0033 093

VSlop equals cooling rate coefficients of Eq. (3) and has
units of minute

T:: Initial temperature(C)

T.: Cooling water temperature(C)

Point A, B, C, D: Refer to the legend of Fig. 3.
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Table 3. Changes in moisture content of hydrocooled

and non-treated lettuce during storage (unit: %)
Storage Treat- Storage time(days)
temp.(C) ment 0 5 10 15 20
5 A 91.96% 90.69° 90.44> 90.15° —
B 9201 89.66> 89.67* 89.01° —
E 9136° 93.75" 93.00¢ 92.12¢ -~
F  91.66° 93.22° 93.05* 92.68 —
15 A 9196 91.67° 90.73* 90.15° 91.7%"
B 92017 9153* 91.23° 90.50° 90.16
E 91.36° 91.61* 91.71° 90.69" 90.48°
F  91.66° 91.79° 93.14> 93.63" 92.68"

Sample codes(A, B, E, F) are the same as explained in
Table 1

abedMeans with same superscripts in a row are not signi-
ficantly different(P<0.05).
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Fig. 6. Changes in weight loss of lettuce during storage
Refer to the sample number of Table 1 for the meaning
of legends
@—©, Treatment B; ¥ - ¥, Treatment C: ao-—a, Treat-
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age
Refer to the sample number of Table 1 for the meaning
of legends
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Fig. 8. Changes in chlorophyll contents of lettuce dur-
ing storage

Refer to the sample number of Table 1 for the meaning
of legends
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Table 4. Changes in L, a and b values of lettuce during storage (unit: %)
Storage Storage time (days)
. Treatment
temp.(C) 0 5 10 15 20
L 45.71 46.55 43.94 43.10 38.01
A a —17.68 —18.21 —14.92 —1548 —7.35
b 27.03 2748 1842 20.96 13.76
L 4523 4555 43.28 42.31 39.78
B a —17.81 —17.54 —13.53 —14.96 —13.60
b 25.82 24.74 15.59 20.31 18.05
5 L 46.48 47.73 41.14 37.16 39.97
C a —19.20 -19.88 —17.07 —12.30 —13.34
b 29.66 32.52 23.37 19.15 21.37
L 45.28 4398 37.24 41.04 40.15
E a —-16.51 —16.80 —13.08 —13.31 - 16.06
b 23.88 2393 21.20 22.53 2461
L 46.31 46.48 44.71 4642 42.75
F a —17.58 —16.72 —17.86 —14.40 —14.11
b 25.08 26.21 29.76 21.88 23.08
L 46.76 45.60 48.78 59.69 -
A a —18.10 —1791 —18.22 —-11.89 -
b 26 26 26.31 30.75 2991 -
L 45 65 46.01 49.50 38.62 -
15 B a 45.65 46.01 49.50 38.62 -
b 25.12 23.48 25.75 20.06 -
L 45.72 45.96 38.17 28.70 -
C a - 18.06 —18.50 —5.84 -5.50 -
b 26.28 27.06 12.49 6.60 -
L 45.78 46.97 49.54 35.60
E Fl —17.67 —15.52 —8.08 —7.90
b 25.39 29.74 25.37 16.18 -
L 46.53 45 18 4191 36.02
F a ~-17.54 —15.65 —1391 —-9.93 -
b 25.46 24.62 20.90 19.35 -
Sample codes (A, B, C, D, F) are the same as explained in Table 1
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Table 5. Changes in total microbial count of hydrocooled and non-treated lettuce during storage (unit : cfu/g)

Storage temp. Storage time Treatment condition
(©) (day) A B C E F
5 0 1.1Xx10% 5.5X 10 2.1X10% 24X10% 25X 103,
5 2.3X10™ 1.1Xx10™ 2.5X 108 1.2X10% 1.1X 103,
10 8.0X10™ 1.6X10™ 6.4 X107 2.9X10% 1.8X 103,
15 0 1.1X10% 55X 108 21X 10% 2.4X10% 25X 103,
5 6.0 10% 1.1 10% 7.4X10™ 3.0Xx10% 3.1X 103,
10 7.3 10% 2.1x10% 1.6 X 10% 7.8 10% 6.0 X 104,

Sample codes (A, B, C, E, F) are the same as explained in Table 1

*b<Means with same superscripts in a row are not significantly different (P<0.05).

Table 6. Changes in coliform count of hydrocooled and non-treated lettuce during storage

(unit : cfu/g)

Storage temp. Storage time Treatment condition
(©) (day) A B C E F
5 0 3.4 X105 6.2 10% 1.3 10%b 5.2X10% 4.6X 102,
5 3.0x10% 10X 10% 9.0Xx10% 6.6X10% 3.0X 103,
10 8.0 10% 20X 10 2.6 X 10% 20X 10%* 1.0X 104,
15 0 3.4X10% 6.2 10% 1.3X10% 5.2X10% 46X 10z,
5 7.8X10% 9.2X 10%® 2.1 10% 4.9X10%* 7.6 X104,
10 3.0Xx10% 1.0Xx10% 50X 10% 3.0Xx10% 5.0X 103,
Sample codes (A, B, C, E, F) are the same as explained in Table 1
*>‘Means with same superscripts in a row are not significantly different (P<0.05).
Table 7. Respiration rate of samples at different storage 300 -
temperature
Temperature(C) Respiration rate(mg CO,/kg-hr) . 250\
— - — - - - — — — \
5 10417 o N
15 188.75" Py N
o 200
20 184.31° O "
30 389.28¢ 2
All values are means of triplicate determinations. 2 150 T g W
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Fig. 9. Changes in respiration rate of lettuce during
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