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Abstract

This study was conducted to determine seafood product quality change in the fresh food cold chain logistics.
Salmon was stored in three different simulated refrigerated distribution environments according to door opening time
(0, 20, and 60 s) every 10 min before the samples’ qualities were evaluated. The temperature inside the refrigerator
generally rose from the bottom to the top, and it was possible to confirm the rapid change in temperature in the
order of A, B, and C as the door opening time increased. It was observed that the freshness of salmon decreased
as the door opening time increased through the evaluation of various food qualities of salmon, such as its appear-
ance, color, pH, VBN, moisture content, hardness, general bacteria, and E. coli bacteria. It was confirmed that fresh
food quality is strongly associated with delivery temperature, while cold-chain delivery vehicles must reduce heat

exposure time during delivery.
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Fig. 1. Dimensions of the refrigerator, thermocouples location (T1-T7) and salmon packaging using polystyrene boxes. Food (T1),
inside the packaging box (T2), outside the packaging box (T3), lower the inside of the refrigerator to the top (T4), center (T5), and

bottom (T6), refrigerator door (T7).
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Table 1. Simulated cold distribution chain conditions
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Conditions

Total inspection Number of Door opening Door opening
Temperature . . . .
time inspection frequency time
AY 0 0
B 4-5°C 12h 1 time every 4 h every 10 m 20s
C every 10 m Im

YA: Conditions in an environment without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general

distribution environment
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Fig. 2. Appearance of packaged salmon according to simulated cold distribution chain conditions. A: Conditions in an environment
without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general distribution

environment.
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Fig. 3. Temperature measurement graph inside refrigerator,
packaging box and salmon using the data logger. Food (T1),
inside the packaging box (T2), outside the packaging box (T3),
lower the inside of the refrigerator to the top (T4), center (T5),
and bottom (T6), refrigerator door (T7). (A) is controlled, (B)
opens for 20 seconds at 10-minute intervals and (c) opens for
1 minute at 10-minute intervals.
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2008). =0 7 Al WA sl 2EHAE Qs doje] pH
= A BHlAME 8AHEH folFoR fashes HEe

ROH(p<0.05), B WA= fFoZ A 2polE HERY
A eFUTE (p>0.05). C A= A7 AITHEE 914



WAE w2 wijdst

7ol 2 Hdoje] Fd B 369

Table 2. Color and pH of packed salmon according to simulated cold distribution chain conditions

Conditions Trait 0Oh 4 h 8h 12h
L 43.70+1.352%) 45.27+0.74° 45.70+1.00* 46.32+0.69°
AD a' 12.26+0.20° 12.32+0.71% 11.42+0.51% 11.03+0.11*
b 9.41+0.57 10.10+0.36™ 11.91+0.44° 11.45+1.85°
AE - 1.52+0.47° 2.460.60° 3.2140.77°
L 45.12+0.97° 46.52+0.05" 48.13+1.61° 51.71%0.09°
B a' 12.19+1.76 12.11+1.76* 10.48+0.06" 10.15+0.76"
b 10.94+0.56° 11.83+1.65%® 12.31£1.65* 12.65+1.42°
AE - 4.24+0.67% 5.05+1.38% 7.254+0.09*
L 47 .48+0.04% 48.39+0.12 48.94+0.21* 51.32+1.31°
c a’ 14.60+0.97° 11.08+0.45° 10.2120.20% 10.29+0.53¢
b 9.2241.19 9.86+0.75" 13.73+0.56" 15.0340.59"
AE - 4.88+1.14° 5.35+0.97 7.6040.96"
A 6.48+0.012" 6.44+0.01° 6.37+0.00° 6.35+0.01°
B pH 6.4620.02° 6.35+0.02% 6.33+0.03% 6.30+0.03%
C 6.45+0.00° 6.43+0.03% 6.37+0.01% 6.32+0.00°

YA: Conditions in an environment without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general

distribution environment
Y All values are meanSD.

9All Values in the same row with the same letters (a-c) indicate significantly difference (p<0.05) by Tukey’s multiple range test.

Table 3. Moisture content of packed salmon according to simulated cold distribution chain conditions

Conditions Trait Oh 4h 8h 12h
AV , 58.77+1.57%9 59.11:£0.82° 61.55+£0.96" 61.46+135°
B MOIS““; content 62.330.15° 62.911.27° 64.62+1.68° 64.63+1.47°
¢ ) 60.94£0.94¢ 61.28+1.01% 62.26+1.33" 62.52+1.47"

YA: Conditions in an environment without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general

distribution environment
Y All values are meanSD.

9All Values in the same row with the same letters (a-c) indicate significantly difference (p<0.05) by Tukey’s multiple range test.

o] z}o]E YERHATHp<0.05). Aoje] pHE AF}ZHOo =
ol N 1ot A Alzke] Frheel] whekA] FAF A
ke A4S YERHSITE Wang et al. (2017)2 $doje] A
 717ko] ZAAFE Ao whulde RaEn dryo}
siRtEoly Egudolnly) 22 4z setES AN
& A= dEgol 47t wEA Fhsh a4 AgoR
13l Aoje] pH7F A 4 Thal H1skS]

TE51ZH(moisture content, MC)

WA £l 2ol A Azke] Aolel] He oje] 5
232k W35l Table 39 YERAQATE o] R ¥
3= A, B, C HHHA AAH R Ajto] A

A SRl Frkehe A4S BT 27 SR
58-62%°] TS UERAITE B A WM e WAEA
& A ool ME A 717 Bt frel Al ztelE e
2] UTHp>0.05). B WA= 1247kl A f-2] 2ol 2}
012 YERH L ZL(p<0.05), C WA E A7 F2oF
o7 F7heke s YEMIITHp<0.05). &, AAAow
Aojo] A 7|7k WE FREFHFL A|7to] AFE ) ut
2A Skt AEFE YEST ol FEe A 7]

7ke] Zojze] wheby Aatare] Rrashs Aol Yol
SRl 7 24HETE A7 Anel Av4e) Y

TEE tH(Cho et al., 2009).

@

A= (texture)

Aoje] 274 717k wislel] mE A7 549 Wt Ax
H7yslr] fsiA] et A% 54 A= Table 490 L}E}
Wtk doje] AEE A, B, C oA MA o= A7}
o] Aol wetr] Hadte AES JEATE e A
doje] AL A RE AolE HAEY o= A9 FF
2 E9uitte] 27 Aols AR #7], @9l 7
=9 2R &, AR wAl 2 T o] wjie]

W
oro

X,
N
M
A

3 FIEth(Heu et al., 2015). A A= AA 7]17F
wE fol 29l ol LhehA] gkoLk(p>0.05), BS}
Je.ﬂow: 4NZRE el Hel Aol & hehy gk

05). ol A A7 Peat Fol, mrle] FA 5A

< i“ﬂfﬂ Sung et al. (2006)¢] A<+ FAMSE A3E

BT TS B AHoA] doje AR X 7ro] Z7}E|

mebd 2o Fgel F/IE AnE B Ago] As

Q0T A F Aok wekA dolE A Alzke] F

éf&

1s



370 ozl

colElE - @

A48 - AR

Rl

Table 4. Texture of packed salmon according to simulated cold distribution chain conditions

Conditions Hardness (N) Oh 4h 8h 12h
AD cycle 1? 17.41£1.209 16.64+0.74* 15.82+0.24* 14.60+1.28*
cycle 29 12.09+0.45* 12.69+0.73* 11.6340.65* 10.02+2.39*
B cycle 1 21.61£0.26* 17.35+0.18° 14.56+0.97¢ 13.27+0.86°
cycle 2 15.88+0.32° 12.97+0.72% 10.80+0.96" 9.82+0.72°
C cycle 1 25.06+1.10° 21.39£1.61® 19.91+1.49" 16.68+0.11°
cycle 2 18.94+0.59* 15.72+0.07° 14.88+0.54° 12.29+0.33¢

YA: Conditions in an environment without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general

distribution environment

IFirst cycle when measured by TPA
9Second cycle when measured by TPA
YAll values are mean=SD.

JAll Values in the same row with the same letters (a-c) indicate significantly difference (p<0.05) by Tukey’s multiple range test.

Table 5. Aerobic bacteria and E. coli of salmon according to simulated cold distribution chain conditions

Conditions Trait Oh 4 h 8h 12h
AD Acrobic bacter 2.27+1.89Y) 2.37+0.47° 2.60-£0.82° 2.67+0.94°
B ‘zi‘)’ IEF?JC/ e)“a 2.1240.02¢ 2.68+0.07 2.69+0.02% 2.84+0.05°
C gL 2.60+0.14° 2.84+0.05" 3.03+0.00 3.2440.05°
A  col ND* ND ND ND
B (log CFU/R) ND ND ND ND
C ND ND ND ND

YA: Conditions in an environment without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general

distribution environment
Y All values are meanSD.

9All Values in the same row with the same letters (a-c) indicate significantly difference (p<0.05) by Tukey’s multiple range test.

“ND : not detected
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Table 6. VBN of packed salmon according to simulated cold distribution chain conditions

Conditions Trait 0Oh 4 h 8h 12 h
A 5.35+0.04%%) 5.55+0.07° 6.40+0.14° 6.64-0.16"
B VB{; 5.45+0.02° 5.64+0.06" 7.05£0.07% 7.59+0.13°
C (mg/%) 6.28+0.06° 7.20+0.45% 7.95+0.08% 8.58+0.11°

YA: Conditions in an environment without variables, B: Conditions similar to general distribution environment, C: Worse conditions than the general

distribution environment
Y All values are meanSD.

9All Values in the same row with the same letters (a-c) indicate significantly difference (p<0.05) by Tukey’s multiple range test.
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