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Physicochemical Changes in Olive Flounder (Paralichthys olivaceus)
Muscle by Iced Water Pre-treatment

Seung-Ho Shin, Ki-Hyub Sung', and Chang-Ho Chung*

Department of Culinary Science and FoodService Management, Sejong University
'Department of Hotel & Dining Culinary Art, Daelim University College

Abstract The purpose of this study was to monitor physicochemical changes of olive flounder (Paralichthys olivaceus)
muscle by iced water pre-treatment. Moisture content, crude fat content, nucleotide content, texture (hardness and
toughness), and rigor mortis were assessed. The sensory evaluation was performed with a nine-point hedonic test. K-
values, a parameter of fish flesh freshness, were also calculated from the content of nucleotides and their corresponding
decomposition products. Pre-treatment of flounder flesh with iced water was found to be fresher compared to the control,
as determined by a difference in the K-values. Iced water pre-treatment hastened postmortem stiffness, as judged from the
rigor index, and increased inosine monophosphate (IMP), which is known to be a savory taste compound, more quickly

as adenosine triphosphate (ATP) degradation proceeded.
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adenosin monophosphate (AMP), inosine monophosphate (IMP),
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Histed 13°C] sllrollA] oF 6A17F AR FZE s8] 354
T AABIA L, 2T AREE 2 100%2] FA Y Hanju
Corp., Ulsan, Korea)ys A3}t
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Olive Flounder ‘
J

Removing skin & bone,
Preparing fillet

Immersing fillet in
iced water for 15 min

A

Rinsing in
iced water for 15 s

| Storage at 3, 15°C ‘
J
| Sample collecting at 0, 3, 6,9 and 12 h ‘

Fig. 1. Preparation of olive flounder fillet sample.
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Table 1. Condition for HPLC analysis of nucleotides and their
related compounds

Parameters Condition

Column p-Bondapak C,300x3.9 mm

Mobile phase 1% trimethylamine-phosphorice acid (pH 6.5)
Flow rate 1.0 mL/min

Detector UV detector (254 nm)

Temperature 40°C
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Table 2. Measurement condition for texture analyser

Measurement Condition

Test speed 100 mm/min
Trigger 0.005N

Sample height 20 mm

Sample width 10 mm

Sample compressed 50%

Calibrate Probe P/10

HyR+H,
K-Value (%)= x100

ATP+ADT+ AMP+IMP+H R+ H,

A 22 S|4
A HES G XS] texture 58S ot fl3}

o] texture analyzer (CTA plus, LLoyD Co, England)E ©]-&3}
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FHE o]RS [5x15x9mm’e] 7= Ze} 0, 3, 6, 9, 1247}

733} $71A] 7 = (hardness), %3143 (chewiness)S texture analyzer
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AA A 71Z % (overll acceptance)Z 7331t
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Aol A A= SAS (Statistical Analysis System, version
8.1, SAS Institute Inc., Cary, NC, USA) programg o|g3teq 5
AAE sheH, 24 AEFE 7+ ole EAHEA(ANOVA)Z
Duncan’s multiple range tests ©]-8-3l9 Z+ Alg 7Fe] foA&

5% oA A skt
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o} A4 ghEke] W3lE Table 3, 401 UERAITH dX189 o

epslEke Jon x—];qﬂ e o] gsk Y

A5%9] 79 73.33+0.58%, LHF WALe] A 71.84+0.06%2 1t
Gten, ZAM TS ASE A WAL o18H A5

— ]
739 1.26+0.01%, LN WX59 A9 3.28+0.01%=2 e
AFzA wel felFel zpolE YehiUTh 4SE HAxy W

$9 GRS 2AY G2E A L FHN FAe A

Table 3. Changes in moisture contents (%, w.b.) of olive flounder fillet at 3 and 15

Moisture
Storage time Control Iced water pretreatment
(h) 3 15 3 15
0 71.84+0.06°" 71.84+0.06° 73.33+0.58% 73.33+0.58%
3 72.49+0.16" 73.06+0.07*% 73.07+0.58 74.09+0.07"
6 73.54+0.30 73.75+0.17 74.2140.21°* 74.27+0.05"*
9 74.52+0.32° 74.07+0.07° 75.14+0.09** 75.06+0.13*
12 74.96+0.14" 74.92+0.20° 75.48+0.14* 75.39+0.06**
F-value 108.28*** 238.80%** 22.94%%* 27.80%**

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

25p<0.05 **p<0.01 ***p<0.001

Table 4. Changes in crude lipid contents (%, w.b.) of olive flounder fillet at 3 and 15 for 12 h

Crude fat
Storage time Control Iced water pretreatment

(h) 3 15 3 15

0 3.28+0.01°® 3.28+0.01°® 1.26+0.01* 1.26+0.01*
3 3.25+0.01° 3.26+0.01** 1.22+0.01°° 1.25+0.01%
6 3.2240.01® 3.25£0.01° 1.20+0.01° 1.230.01%¢
9 3.21+0.01® 3.23+0.01¢* 1.18+0.01° 1.22+0.01¢
12 3.18+0.01% 3.21£0.01% 1.16+0.01° 1.20+£0.014

F-value 61.00%** 34.89%** 112.80%** 20.15%**

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

Ep<0.05 **p<0.01 ***p<0.001
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Table 5. Changes in rigor index of olive flounder muscle at 3 and 15 for 12 h

Rigor index (%)

Storage time Control Iced water pretreatment
(b 3 15 3 15
0 0 0 0 0
3 4.17+1.01°® 1.2340.51 6.06+0.07** 1.59+0.44
6 7.89+0.59°" 1.96+0.09°° 9.06+0.20* 2.63+£0.25%
9 12.06+0.62* 4.5140.35% 11.25+0.28" 3.26+0.36%
12 14.11+0.38" 5.56+0.38 15.13+0.55* 5.79+0.62°
F-value 42,09 336.70%** 341.73%%x* 331.24%*x*

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

24p<0.05 **p<0.01 **%p<0.001
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3te Table 6, 74 UYERIATE S4 & HX& =
o] F =R 741 umol/gel AL, the] ATPEE2 5
g0 2 of A WAHAEZ] 70.9%E A5 2H, ADPE

®
II

1.45 umol/g, AMP+=  0.36 umol/g, IMP=  0.30 umol/g, HxR-2
0.02 pmol/g, Hx= 0.01 umol/ge] HETATE 2 X182 3°C
AAzANA 124)7b0] At ATPY] e 3.90 umol/ge.& A
A WNAFELY] 526%F UERNAL Hx 0rI7ke] d+F Hrh
183% U o] R ATt 15°Col AAT dx&o] 1247+
728 ATPO] -2 4.58 umol/gS YERNSI ol A 4t
AAEZH] 61.8%=2 Hx 0A7He] F=FET 9.1%71 B =AU
doE A A PHEE o83 JR5e] ATP T2 4.84 pumol/
go 2 AA INAPEAL] 6540%S A FIL, AMPE 1.60

umol/g, ADP= 0.56 umol/g, IMP= 0.40 pumol/g, < 0.003
pmol/g, Hxi= 0.001 umol/ge] AEEATH & WAz Wi |
A& 3C A xZACdAM 1247k At ATPS] Tk

349 pmol/go. 2 AA| atAE EF 47.10%F YERNIL ©]
E Hx or7he] Rt 1840% © EIEHATH 15°C ARZ
oA 124]17k0] Ak ATP -2 4.01 pmol/gS 2 x| WAL
HEAL] 5410%5 JYEPL, o= Hx oA FFETE
11.30%7} Eal =t A &= ATPES= AFshe 9o &%
oES e ATE Ueiler A Sl ATPY] &3 &=e
3°CollM Aet A AT W gxge] 7P 3o, 3°C
ol At tlzt, 15°ColA At dei HAE] dAE, 15°C
oA Ae T SAR et 2559 ATP 3™ &4
E9] Eales A7k Zzket sl Zzbe] # gl 9se]

Table 6. ATP and sum of ADP and AMP contents (umol/g) of olive flounder muscle samples

Sample Temperature Storage time (h)
0 0 3 6 9 12
TP 3 52440080  4.97+0.07® 4.61+0.19%C 421+0.20" 3.8540.07"
Control 15 5.24+0.08 4.97+0.12® 4.83+0.01%¢ 4.76:0.07°C 4.48+0.10™
ontro ADPAAMD 3 2.1240.33® 2.36:£0.23* 254029 2.58£025™8 2 68+0.28%
15 2.1240.33% 2.16:£0.38* 2.24+023* 2.15£027% 208024
TP 3 5.03£0.20" 4.50£0.07°® 425024 3.7240.19 3.37+0.12
leed water 15 5.03+0.20% 4.7+0.05" 4.48+0.09%C 4.26+0.09 3.99£0,04%
pre-treatment 3 2.26+0.09 2.53+0.24%8 2.05+£0.36"® 27240288 2.82+0.23%
15 226009 2.50+0.26* 2.58£0.29% 2.65+0.28%A 2.69+0.25%
Pl ATP 191 23.68%%* 6.93* 24.75%%x 82.73%#%
-value ADP +AMP 036 1.05 0.83 275 524

YEach value represented mean+SD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

24p<0.05 **p<0.01 **%p<0.001
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Table 7. IMP and sum of HxR and Hx contents (umol/g) of olive flounder muscle samples

Sample Temperature Storage time (h)
0 0 3 6 9 12

P 3 03240.02°)  0.33£0.06" 0.46+0.10 0.76+0.10°® 0.95£0.07°
Control 15 032002 0,370,025 0.38+0.06°% 0.41£0.05 0.51:£0.06
ontro R 3 0.03£N.D™ 0.050,02%P 0.120.02 0.16:£0.03" 0.22+0.01¢
X 15 0.03£N.D® 0.21:£0.03%¢ 0.27+0.02%¢ 0.39+0.07°® 0.63+0.05%
P 3 0.40+0.01° 0.65+0.11%° 0.92:£0.08* 1.23+0.08" 1.454£0.14
leed water 15 0.40£0.01° 0.430.02 0.47+0.01" 0.490.01°3 0.53+0.02¢*
pre-treatment . 3 N.D" 0.024N.D 0.03+N.DE 0.044N.D® 0.05+N.D%
HxR 15 N.D 0.08+0.04 0.18+0.02° 0.31+0.07°® 0.50+0.03"

vl IMP 52.69%** 17.35%* 38.27%x 80.12%%* 89.01%#*

-value HxR+Hx 130.38%%x 30.89%#* 103.28%** 25.90%#* 204 57%%x

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-

ing the same uppercase letters within a row are not significantly different at p<0.05.

Ep<0.05 **p<0.01 ***p<0.001
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K-value

K-values 25259 ATP 3 33FES AR sk ofulFe
AAE PG HE2A, A= At wabr 2 gho] St
o] A AR KovalueE Z73 A3, B3k 95% AlF
T ZaololA 3.51£1.90%, I A9t 2R AHgHE
AP 18.7044.00%, LHt Aol A& o= 34.00+2.70%] %k
S d%lon, dnky oz A3 el KvalueZl 5% ©UIQl 9=
golZ HFHM 2007 = SHLE, 50% oS 7] FI=
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719] Az A x2 ARS-FETH6).
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A WPAe o83 Y29 AME A EOl Kovalued] 3=
Fig. 26l JERAITE AbE 734 HA] A8 7F A% 2=olA
o] Kk Hlmst A3 g2t A4 039%S JERNSAL
3Co A AAReE FoF thzrwo K-values 041, 1.04, 1.63,
3.14%= AZEe] Aol wel kst kg 15°CoA A
Asle okl K-values 238, 3.37, 4.17, 7.76%= 3°ColA A3
S dlZ&a Boh AI7Re] Aol w2 F7HE YERfgler,
JEE AAT WS o] &3 X8-S o 7HIA 0.05%S e
WAL 3°CollA] A b Bt %*8% A W o83 |
X &¢] K-value:s 023, 0.35, 0.50, 0.68%% A|7+e] 7ol whah
S7HIAaL, 15°CollA Agshe ol Ao HAE] WHe o]
23 YR8 K-valuee 0.53, 2.05, 327, 627%= 3°ColA A7
E A S olget YASRG AZke] A ot
=7 P’i eI 3°collA Aet doE HAE] B3y

Els °] 0.05%, & FA50] 039%= do& A
Mg WES 01%5& LM:M ol HlE) K-value®] xfol&
e} Aldsk Ao EPom, 3 K-valuee Al7Ho] 7
Ftol| wEbA] &9 91Zé Ho 3°CollA Age g5 Al
E7F 15°CoA] Aget PX & Al5Roh A4S 28 fXsh=

K value (%)

Fig 2. Changes in K-value of olive flounder muscle at 3°C or 15°C

for 12 h.
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Table 8. Hardness (N/cm?) of olive flounder muscle samples
Temperature Storage time (h)
Sample o
(O] 0 3 6 9 12

Control 3 2281.774171.53™D  1523.23486.85% 2148.89+44.19" 3792.85:164.42®  1867.36£97.60°C
ontro 15 208177417153  1253.46£63.47°C  1968.06£5336  1659.704288.26°  1813.36+38.51%C
Iced water 3 4350.04+181.18™  2700.67+265.07%*  3354.69+197.87*  5542.65+18537"*  2532.39+132.92"
pre-treatment 15 4350.04+181.18"*  2136.99+40.79% 2564.56+31525®  2619.05+283.15C  3074.88+215.57*

F-value 137.44%x 60.22%%* 31.83%#* 149 2 7% 57.30%**

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

Ep<0.05 **p<0.01 ***p<0.001

Table 9. Chewiness (N.m.) of olive flounder muscle samples

Temperature Storage time (h)
Sample o
(O] 0 3 6 9 12
Control 3 0.490.59*D 0.49:0.15* 0.10:£0.04* 0.20:£0.13* 0.09:£0.07*
ontro 15 0.49::0.59" 0.38+£0.07 0.30-£0.18* 0.110.10% 0.18+0.11%
Teed water 3 1.33£0.91% 030£0.21% 0.150.04% 0.25+0.17° 0.16:£0.08"
pre-treatment 15 1.33£0.91% 0.42+0.27% 0.24+0.100 0.06+0.05* 0.170.11%
F-value 123 0.52 2.08 1.55 0.52

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

Ep<0.05 **p<0.01 ***p<0.001
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Table 10. Mean preference scores for appearance and odor list of control and iced water pretreated olive flounder muscle
Temperature Storage time (h)
Sample o
O 0 3 6 9 12
Appearance 3 6.15+0.88*) 6.50+£1.32%4 5.80+£1.51*4 6.10£1.33* 6.30+1.56*
i PP 15 6.15+0.88* 6.40+£1.60* 6.20£1.15* 6.10£1.29* 5.80+1.40*
contro od 3 3.45£1,05® 490£1.55"%  620£1.51% 6.00£1.89" 6.30:£1.42
of 15 3.45£1,05" 3.2041.20% 300£138%C  2.60£127%C  240+1.10%
3 6.50+1.73* 6.20+1.32** 5.90+1.33* 6.00£1.12* 6.10£1.25"
Appearance A aA aA aA aA
Iced water 15 6.90+1.73 6.60+1.47 6.20+1.54 6.30+1.34 6.10+1.74
pre-treatment od 3 4.90£1.29 5.80+1.58" 5.80+1.58" 6.90+1.41* 6.70+1.34*
or 15 4.90+1.29* 4.60£1.39™8 4.20£1.67™8 3.90+1.45™8 3.80£1.70"
Foval Appearance 1.22 0.286 0.44 0.19 0.38
“value Odor 9,404 11.26%%* 30.33%% 33.00%%* 42 5] %%

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

24p<0.05 **p<0.01 **%p<0.001
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Table 11. Mean preference scores for umami and texture list of control and iced water pretreated olive flounder muscle

Sample Temperature Storage time (h)
(0 0 3 6 9 12
Umami 3 6.50+1.82%0)  5.904] .94 5.701.59 7.001.30% 660127
Control 15 6.50+1.82% 6.30+1.66% 670414548 6.204]1.06*® 570415348
Toxture 3 6.901.52% 6.50+1.79% 6.10+1.52% 7.101.25% 6.801.15%
15 6.901.52% 6.2021.51% 7.001.12% 650611048 5.904].33%
Unmani 3 6.90+1.29%" 6.501.43%° T20£120% 6804147 62013628
leed water 15 6.90+1.29% 6.40+1.76%° 6.00£1.08%5C  5.501.64" 5.60+1.35
pre-treatment 3 7.401.14% 6.201.47% 7.5041.36% 7.20+1.47% 6.801.20%"
Texture 15 7.40+1.14% 7.2041.24% 6.80£1.24%%8 620115 6.301.53%8
Fvalue Umanmi 0.49 0.47 5.08%* 4.77%% 226
Texture 1.08 1.94 3.88%% 2.93%* 222

YEach value represented meantSD; values sharing the same lowercase letters within a column are not significantly different at p<0.05; values shar-

ing the same uppercase letters within a row are not significantly different at p<0.05.

24p<0.05 **p<0.01 **%p<0.001

Table 12. Mean preference scores for overall-acceptability list of control and iced water pretreated olive flounder muscle

Temperature Storage time (h)
Sample o
Q) 0 3 6 9 12
Control 3 6.30+1.59*D 6.60+£1.60** 6.80+1.32°® 7.20+1.15% 6.50+1.24*
Control 15 6.30+1.59% 6.50+1.40%" 6.80+1.51%® 5.80+1.51>8 5.20+1.32®
Iced water pre-treatment 3 6.601.39%* 7.40+£1.10°4 7.80+1.06* 7.10£1.2%4 6.50+£1.47°4
Iced water pre-treatment 15 6.60+1.39%* 7.00£1.17%4 6.50£1.15®8 5.90+1.25%8 5.50£1.24®
F-value 1.061 1.910 3.988** 6.626*** 5.241%*

YEach value represented mean+SD; values sharing the same lowercase letters within a column are not significantly different at »<0.05; values shar-
ing the same uppercase letters within a row are not significantly different at p<0.05.

25p<0.05 **p<0.01 ***p<0.001
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