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Physicochemical Changes in Tilapia Oreochromis niloticus Muscle
Induced by Acclimation to Sea Water

Gyu-Chul Hwang, Ho-Dong Yoon, Cheong-ll Ji, Jeong-Heum Park and Seong-Jun Kim

National Fisheries Research and Development Agency

Abstract

Tilapia cultured in fresh water were acclimated in sea water with daily increase of 5%c of salinity
and it was completely terminated at the 7th day (0 week). Each three tilapia acclimated were examined
weekly based from 0 week to elucidate changes of chloride cells in gill, mineral contents and physical
properties in muscle and biochemical characteristics in myofibrils. Chloride cells existed in gills were
gradually developed in number and size by acclimation to sea water and became to almost constant
state at the third week. Shearing value, compressing strength and content of minerals such as Mg,
Na and K in muscle were showed remarkable increase by acclimation to sea water in comparison

to those of muscle from tilapia reared in fresh water. Myofibrillar Mg?* -

, Ca®*- and K" (EDTA)-ATPase

activities of tilapia acclimated in sea water also increased showing significant statistic difference (p<0.
01) from those of tilapia reared in fresh water. However, thermostability of myofibrils was dropped
by acclimation to sea water. The increase of shearing value and compressing strength in the muscle
of tilapia by acclimation to sea water would be attributed to the increase of myofibrillar ATPase activi-
ties which act to accelerate the decomposition rate of ATP. Therefore, it is suggested that this pheno-
menon associated with muscle contraction could be brought an improvement of texture of tilapia accli-

mated in sea water,
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Fig. 1. Light micrographs of gill lamella from both tila-
pia reared in fresh water and acclimated in sea water,
showing development of chloride cell induced by accli-
mation to sea water. The bars represent 10 ym. Abbre-
viations used: CC, chloride cell; F, tilapia cuitured in
fresh water; S0, acclimation to sea water over a week
(0 week); S1-3, week reared in sea water after SO;
SF, reacclimation to fresh water
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Table 1. Changes in physical properties of tilapia mus-
cle” by acclimation to sea water

Rearing Shearing value? Breaking strength®
condition (g/cm?) (g/cm?)
Fresh water 106+ 14 889+ 14
Sea water
0 127+ 1(p<0.01)® 1091+ 12(p<0.01)
1 126+ 1 1204+ 30
2 127+ 2 1226+ 11
3 127+ 1 1233+ 14
Fresh water(reacclimation)
0 128 1217
1 91 886

LSliced in size of 50.0X15.0X4.0 mm

YMeasured with a knife type adapter with 0.3 mm thick-
ness

PMeasured with a flat ball type adapter with 10 mm dia-
meter

Data are given as meant SE. with 3 individuals
9Acclimation time indicated with week

*Differences between fresh water and sea water tilapia
are significant in Student’s t-test(p<0.01)

Table 2. Mineral contents (ppm) of muscle from tilapia both reared in fresh water and acclimated in sea wa-

ter
Rearing condition Fe Mg Ca K Na
Fresh water 102+ 2.2V 167.0+ 24.6 177+ 1.2 5103.0+ 324.3 351.8+9.1
Sea water
0? 123+ 19 2278193 18.1+£ 08 6452.6+ 185.2 479.0% 50.7
NS* p<0.05% NS p<0.01 p<0.01
1 86+38 2343+ 116 1971 04 6848.7+ 390.3 688.0+ 35.0
2 57+ 1.7 2245+ 19.2 214t 15 7597.9+ 98.6 743.7+ 448
3 107+ 28 251.8+ 11.0 209+ 34 7220.6+ 2614 749.5+ 28.2
Fresh water(reacclimation)
0 159 2490 16.9 7170.3 8714
1 135 202.9 183 6336.0 4789

YData are given as meanz S.E. with 3 individuals
YAcclimation time indicated with week

*Differences between fresh water and sea water tilapia are not significant in Student’s t-test (p>0.05)
“Differences between fresh water and sea water tilapia are significant in Student’s t-test (p<0.05)
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Fig. 2. SDS-PAGE patterns of myofibrils and muscle
from both tilapia cultured in fresh water (F) and accli-
mated in sea water (S). 50 ug myofibrils was applied
to 7.5~20% gradient polyacrylamide slab gel containing
0.1% SDS. Abbreviations used: M, molecular weight
markers; MHC, myosin heavy chain; AC, actin

717+ 0,023, 0413, 0476 2 0.230 pmol Pi/min-mge) G &
7le] 448 2FE 0,039, 0.636, 0629 % 0.299 pmol
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Table 4. Changes in inactivation rate constant (Ko) of
tilapia myofibrils by acclimation to sea water. Two mg
myofibrils/m! in 39 mM borate buffer (pH 7.1) contai-
ning 0.1 M KCI was treated at 45°C for 0~30 min.
The remaining Ca’*-ATPase activity was measured at
25°C in a reaction mixture containing 25 mM Tris-ma-
leate (pH 7.0), 0.5 M KCl, 5§ mM CaCl;, 1 mM ATP,
and 0.2 mg myofibrils/ml/. K, was calculated from its
first order reaction analysis (s™')

Rearing condition KpXx10°
Fresh water 1.0+ 0.27
Sea water
0% 1.7+ 0.2(p<0.05)*
1 1.8+ 0.2(p<0.05)
2 2,01 0.0(p<0.01)
3 2.0+ 0.2(p<0.01)
Fresh water(reacclimation)
0 2.0
1 16

YData are given by meant SE. with 3 individuals
DAcclimation time indicated with week

“Differences between fresh water and sea water tilapia
are significant in Student’s t-test (p>0.01)

Table 3. Changes in myofibrillar ATPase activities of tilapia by acclimation to sea water. Mg’*-, Ca’*- and K*
(EDTA)-ATPase activities (umol Pi/min-mg) were measured at 25°C in 0.1 M, 0.05M and 0.5 M KCl, respectively,

at pH 7.0
Rearing condition Mgt (EGTA) Mg?* (Ca) Ca®” K*(EDTA)
Fresh water 0.023+ 0.001" 0413+ 0.017 0476+ 0.011 0.230+ 0.005
Sea water
0? 0.039+ 0.002 0.636+ 0.043 0.629+ 0.031 0.299+ 0.010
(p<0.01)? (p<0.01) (p<0.01) (p<0.01)
1 0.034+ 0.008 0.607+ 0.003 0.640+ 0.024 0.244+ 0.010
2 0.035+ 0.005 0.641+ 0.073 0.633+ 0.056 0.257+ 0.022
3 0.035+ 0.009 0.633* 0.052 0.6421 0.062 0.242+ 0.008
Fresh water(reacclimation)
0 0.026 0.612 0.580 0.202
1 0.024 0.580 0.542 0.189

YData are given by mean* S.E. with 3 individuals
YAcclimation time indicated with week

IDifferences between fresh water and sea water tilapia are significant in Student’s t-test (p>0.01)
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