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Effect of Simulated Refrigerated Distribution Environment on the Quality

of Green Lettuce and Ground Meat

Hun-Seok Kang and Ji-Yeon Chun®
Department of Food Bioengineering, Jeju National University

Abstract

This study investigated the effect of the simulated refrigerated distribution environment on the quality characteristics
of green lettuce and ground meat. The simulated refrigerated distribution conditions were as follows: (A) the door
was not opened while storing the product in the refrigerator, (B) the door was opened for 20 s every 10 min, and
(C) the door was opened for 1 min every 10 min (C). In A, B, and C conditions, the bottom temperature was higher,
and the average temperature and temperature deviation of the inside of the packaging box, green lettuce, and ground
meat increased according to door opening time. According to simulated refrigerated distribution conditions, food
qualities such as browning index, total chlorophyll content, and vitamin C content in green lettuce, moisture content,
water holding capacity, and volatile basic nitrogen in ground meat were changed.
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Fig. 1. Dimensions of the refrigerator used in the experiment and Location of thermocouples in the refrigerator.

Table 1. Simulated cold distribution chain conditions
Common conditions Variable conditions
Condition Total inspection Number of Door opening Door opening
Temperature . . . .
time 1spection frequency time
A 14 0 0
B 5°C 12h 'me every 10 m 20s
every 4 h
C every 10 m Im
TE&ZK moisture content, MC) ulE FAlol F3k & =gto] @ E(Hanback Co. Ltd.,
Aot By o RIS AEZFH(MFDS, 2022)0]  Buchun, Korea)oll Al A5E 105°C, #4152 100°CE 3
PO R SASATE 24 A8 3¢S 4T FHol 22T w7 AZRAIA v Aol o5 et
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Fig. 2. Temperature measurement graph inside refrigerator,
packaging box and green lettuce using the data logger.
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Fig. 3. Temperature measurement graph inside refrigerator,

packaging box and ground meat using the data logger. Fof 7hehe 2EH AV AT e

Table 2. Color, pH, moisture content, and mass loss of packed lettuce according to simulated cold distribution chain conditions

Condition Trait Oh 4h 8h 12 h

47.38+0.19**) 48.60+1.83* 47.01+0.08* 47.48+0.18*
-13.97+0.10

h*

*

A

a ~14.13+0.29% ~13.86+0.16" ~13.89+0.19"
b 14.20:0.01* 13.8120.12 13.5120.11% 13.4520.24
L 49.84+0.13" 48.89+0.22° 48.40+0.16™ 47.28+0.94°
a ~13.33£0.22*® ~13.2120.15*8 ~12.94+0.09* ~12.50+0.74*
b’ 11.07+0.36° 11.510.10° 12.13£0.10% 12.4940.11%
L 49.97+0.14° 48.49033" 47.88+0.09° 46.76£0.13*
C a ~13.16+0.50" ~13.66+0.15 ~15.0440.09° ~16.030.22
b 10.85:£1.12° 11.03+1.98 13.7120.36** 16.39+0.86"
A 6.10£0.01* 6.05+0.01" 6.02+0.017 5.97+0.01
B 6.34£0.01° 6.28+0.02" 6.24+0.01° 6.2120.01°
C 6.1240.01* 6.23+0.05" 6.39+0.02° 6.59+0.02%
A 92.08+0.96** 91.89+1.03* 91.03+1.04* 90.12+1.09**
B 93.73+0.57" 93.67+0.58" 93.40+0.57" 92.69:£0.60"®
C 93.66+0.198 93.49+0.41* 92.44+1.0548 91.420.198
A 0 0.15+0.12%* 0.1920.10** 0.21=0.10*
B 0 0.42+0.06° 0.47+0.06™ 0.55+0.06™
C 0 0.34+0.08"° 0.59+0.06" 0.95+0.19%

YAll Values in the same row with the same letters (a-d) indicate significantly difference (p<0.05) by Tukey’s multiple range test, and all values in the same
column with the same letters (A-C) indicate significantly difference (p<0.05) by Tukey’s multiple range test.



Oh

4h

8h

12h

Fig. 4. Appearance of green lettuce and ground meat according to refrigeration time and door open conditions.
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Table 3. Color, pH, moisture content, and mass loss of packed ground meat according to refrigeration time and door open conditions.

Conditions Trait 0Oh 4 h 8h 12h
L 50.25+0.34°\D 52.7240.22° 52.89+£0.16™* 53.06+0.05"
A a 2.10+0.03* 2.15+0.08% 2.194£0.03* 2.30+0.05"
b’ —7.4540.16* ~7.09+0.02* ~7.030.04* ~7.000.03%
L 52.96+0.34° 54.12+0.09" 54.68+0.05 55.37+0.33%
B a 2.29+0.32% 2.67+0.08" 2.93+0.10" 3.55+0.10°"
b —4.77£0.04" —4.49+0.05 ~3.92+0.16"™ ~3.63+0.19"
L 51.57+0.21% 52.800.16" 53.310.05 54.15+0.05
C a 2.13+0.05 2.90£0.03" 3.5540.12C 4.49+0.07%
b —4.63+0.07"® ~4.01£0.03"¢ ~3.41£0.12°¢ ~2.80+0.07%
A 5.6940.11% 5.6540.02% 5.59:£0.02% 5.58+0.02%
B pH 5.7420.04° 5.60+0.01" 5.53£0.01% 5.47+0.01°®
C 5.8340.03* 5.54:£0.02" 5.4440.02° 5.3440.029
A Moist 72.74+0.50* 72.78+0.49° 70.68+3.68% 69.05+2.66%
B Con;’;it“(ﬂz) 73.24+1.04% 71.58+0.39" 70.69+1.05* 67.33+1.37°
C 73.28+0.79* 69.87+0.57" 67.12+0.47 66.05+0.42
A Water hold 83.90:£2.96™ 83.49+0.54* 82.50:£0.63 81.42+0.57%
B C: Zrmt‘y’ (t,‘/?)g 83.23+0.82% 81.23+0.54% 78.40+1.01%" 76.94+0.36"
C P 83.84+0.51% 80.640.64" 77.96+1.26>7 75.82+1.17

YAll Values in the same row with the same letters (a-d) indicate significantly difference (p<0.05) by Tukey’s multiple range test, and all values in the same
column with the same letters (A-C) indicate significantly difference (»<0.05) by Tukey’s multiple range test.
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Table 4. Browning index, total chlorophyll content, and vitamin C of packed lettuce according to simulated cold distribution chain

conditions
Condition Trait Oh 4 h 8h 12h
A Browning ind 0.042+0.005%D 0.061£0.007* 0.097+0.007°2 0.113+0.005%
B rg:lvg/lilgom)ex 0.094:0.007° 0.099+0.002% 0.128+0.003 0.157+0.003
C & 0.039+0.004* 0.055+0.002°* 0.082+0.002 0.134+0.002°
A Total chlorophyll 39.33+0.09° 38.96+£0.09" 37.71£0.07 35.37+£0.09°
B content 33.06+£0.08 27.47+0.08% 26.91+0.20° 24.32+0.16%
C (mg/100 g) 44.74+0.29° 36.06+£0.04" 32.83+0.09° 26.96+0.06
A Vitamin 7.55+0.48% 6.93+0,12A 6.29£0.18"* 5.41£0.30%
B (ni ;1“(;3 ) 7.63+0.28* 6.92+0.13* 6.03+0.16** 5.35+0.10°
C & 7.5740.45% 6.28+0.20 5.89:£0.36 4.41£0.16

DAIl Values in the same row with the same letters (a-d) indicate significantly difference (p<0.05) by Tukey’s multiple range test, and all values in the same
column with the same letters (A-C) indicate significantly difference (p<0.05) by Tukey’s multiple range test.
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VBN %k—& 1.05-1.61 mg%SAA T VBN %] Wsh= 124 FE 12407 A &, A ghol =4 S ¥ C WA
7+ AEAS W, AR 252mg%, BE 3.78mg%, CE  AFE 556001 log CFUMLA M, B =KL 314+
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3.75-3.80 log CFU/MLSI oW, F3=52] 27] kA4 2024 =9 E /Wske A$-B), 1020} 174 Zo=

Table 5. Microbiological characteristics of packed lettuce according to simulated cold distribution chain conditions

Method Trait Oh 4 h 8h 12h
A Aerobic bacteri 3.7840.04%D 4.16+0.02% 4.25+0.02° 4.37+0.03%
B (TZO é;Ua/‘;ir)‘a 3.80+0.01% 4.25+0.04% 4.47+0.02¢" 4.68+0.01°
C e 3.7540.01% 4.83+0.02 5.20+0.00° 5.56+0.01°
A ND ND ND ND
B E. coli ND ND ND ND
c (logCFU/mL) ND ND ND ND

YAll Values in the same row with the same letters (a-d) indicate significantly difference (p<0.05) by Tukey’s multiple range test, and all values in the same
column with the same letters (A-C) indicate significantly difference (»<0.05) by Tukey’s multiple range test.

Table 6. VBN and microbiological characteristics of packed ground meat according to simulated cold distribution chain conditions

Conditions Trait Oh 4h 8h 12h
A 1.61£0.10*D 2.10£0.40* 2.45+0.10% 2.52+0.40%
B VBN 1.40+0.30* 2.03£0.20* 2.87+0.59%AB 3.78+0.30%
C 1.05+0.10% 2.66£0.20° 4.13£0.10°® 5.25+0.30°%®
A _ , 2.2140.04% 2.38+0.06" 2.74+0.02* 2.91+0.04%
B A(elg‘)‘g;[l}?gir)‘a 2.29+0.03* 2.53+0.03" 2.88+0.01°® 3.06:0.02¢®
C g 2.28+0.05 2.77+0.02" 2.98+0.04<C 3,140,014
A ND ND ND ND
B (o béFcSZnL) ND ND ND ND
C g ND ND ND ND

DAIl Values in the same row with the same letters (a-d) indicate significantly difference (p<0.05) by Tukey's multiple range test, and all values in the same
column with the same letters (A-C) indicate significantly difference (p<0.05) by Tukey’s multiple range test.
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