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Effects of feeding frequency and water temperature
on the growth of masou salmon, Onchorhynchus

masou ishikawae

Ok-Sin Kim

Department of Fisheries Biology, Graduate School,
Pukyong National University

ABSTRACT

A 10-weeks feeding trial was' conducted to ‘determine the optimum
feeding frequency for growth and body domposition of juvenile masou
salmon Onchorhynchus masou ishikawae at different water temperatures.
Three replicate groups of fish(initial mean weight of 8.3g) were fed to
satiation at one of five feeding frequencies(one, two, three, four or five
meals per day) under two different tempratures(11'C and 14C). At 1
1C, weight gain, specific growth rate and protein efficiency ratio of
fish fed the each of 3 and 4 meals daily with satiation was the highest

among treatments, but was not significantly different to that of fish fed



the diets 2 and 5 meals daily with satiation feedng. Feeding efficiency
of fish fed the each of 1 and 2 meals daily with satiation at 11°C was
the highest among treatments, but was not significantly different to that
of fish fed the diets 3 meals daily. Feeding efficiency of fish fed the
each of 1, 2, 3 and 4 meals daily with satiation at 14°C was higher
than 5 meals daily. At 14C, weight gain, specific growth rate and
protein efficiency ratio of fish fed 4 meals daily with satiation was the
highest among treatments, but was not significantly different to that of
fish fed the diets 2, 3 and 5 meals daily withsatiation feedng. Feeding
efficiency of fish fed the each of 1, 2, 3 and 4 -meals daily with
satiation at 14C was the higher than 5 meals daily." Weight gain,
specific growth rate, feed efficiency, protein efficiency rate at 11 C were
higher than at 14TC.

Whole body contents of crude protein, crude lipid and ash were not
significantly ‘affected by feeding frequency. These results indicate that
optimum and economical feeding frequency is 2smeals a day for the
optimum growth of juvenile.masou-salmon grown from 8 to 25 g under

the experimental conditions.
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Aol E Aof, Fof, 2ol E FANAel T3 A Aol Hsi=
A4, Oncorhynchus o}FolE Ao, FAMA

o], &¢o] 5 12%F°] o (Kendal, 1988), $-2lt}etollE 7F0] 7] o
AT, 1977 ; A3 Hh 2002). A ket o] AAsAY o
2 FHsts dolE ofFL Aol FAUNE Zla AHHo|(Awtde] x
gh 3F Mol Aol WS Oncorhynchus masouZz A o] & A|vrpd o]
= Akl A R, O. masou masou)o]il &3] 2HHojgt A &
5

B (FEE, O. masuou ishikawa)S B3ttt Elygto A= X059

A2 Fdskes shdol BEFTHA, 1977 ; &3 = 2002).
2ol F A& (Onchorhyncus mykiss)$F 7 W He] 2 Y4
4 FHoFE HAZ FAMNS] delddA AHEE Y g4 =24
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L ]
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d S w$ Fasta ofFolA AEd g TEH TS AsA
+ AHdg +E FFsol dth(Andrews and Page, 1975; Chua and
Teng, 1978; Kayano et al.,, 2000; Dwyer et al., 2002). &, Al FF3FE
z-std o7 AT HAE Fo F7]% gth(Jobling, 1983; Wang et
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7}
E 43599 AFSAY T8 F S ﬂ%[waght gain(WG), %], ¥3t4
ZE [specific growth rate(SGR), %/day], @& & & [protein efficiency
ratio(PER, %], A58 & [feed efficiency(FE), %] ¥ A<E& (survival rate,
%)= ZAEIAT A7 A FESY AL S e 2.

- Weight gain (%) : [final wt.(g) - initial wt.(g)] x 100 / initial wt.(g)
- Feed efficiency (%) :-(wet weight gain / dry feed intake) x 100
- Specific growth rate (%/day): (log. final wt. - log. initial wt.) / days

- Protein efficiency ratio : wet-weight,gain / protein intake
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(Association of. Official Analytical Chemists, 2000)%
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5. SAAE
Aze] FAAHE = SPSS Version 10 (SPSS, Michigan Avenue,
Chicago, IL, USA) program< A}8-3le] #AHEA(ANOVA test)S A

%, Duncan’s multiple range test2 #H1te] F94dES AA A
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zFol 71 L ATHP>0.05).
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Table 1. Growth performance and survival of juvenile masu salmon, Oncorhynchus

masou fed experimental diets for 10 weeks at 11T

Experimental groups Pooled
11-1 112 11-3 11-4 11-5 SEM’
Initial wt. (g) 8.26 8.30 8.30 8.28 8.30 0.01
Final wt. (g) 26.4° 29.8% 3.7 31.0° 28.6% 0.68
WG (%)’ 217.3° 259-5i0 282.2° 274.5° 244.2% 8.08
SGR (%)’ 1.65" 1.79® 1.91° 1:89" 1.77" 0.03
FER (%) 119.5° 117.4° 112.6% 103.1° 90.2° 3.29
PER (%)’ 3.29° 3.83" 425" a1z 3.71° 0.27
Survival (%) 100 100 100 100 100 0

1 Y . .

Values are means “of triplicate. groups, values in the same-~row not sharing a common
superscript are significantly different. (P<0.05).

*Weight gain: [(final body weight =-initial body weight)/ initial weight] x 100.

*Specific growth rate: [(In(final weight =initial weight) / days] x 100.
“Feed efficiency ratio: (wet weight gain / dry feed intake) x 100.
*Protein efficiency ratio (%): wet wt. gain / protein intake.

%Pooled standard error of mean: SD/+/n.



Table 2. Whole body proximate composition of juvenile masu salmon, Oncorhynchus

masou fed experimental diets for 10 weeks at 11°C

Crude protein Crude lipid Crude ash
(% of dry matter basis)

Initial 76.0 12.0 10.1
11-1 66.0 20.4 9.39
11-2 65.8 19.7 8.38
11-3 66.4 20.8 7.96
11-4 66:6 204 8.27
11-5 65.8 21,1 8.58
Pooled SEM' 0.27 0.96 0.24

'Pooled standard error of mean: SD/A/n.
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Fig.2. Weight gain (WG, %)-from different frequencies at 11C for 10
weeks. Values are means from triplicate groups where the bar

have  different superscript is significantly different (P <’ 0.05).
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Fig.3. Feed efficiency (FE, %) from different frequencies at 11C for 10
weeks. Values are means from triplicate groups where the bar

have different superscript is significantly different (P < 0.05).
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Specific growth rate (% per day)

Fig.4.

Protein efficiency ratio (%)

Fig.5.

a
b .—I—I .
1 2 3 4 5
Feeding frequency (per day)
Specific growth rate (SGR, %) from different frequencies at 11T

for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).

a
ab a
b ab
b I
1 2 3 4 5

Feeding frequency (per day)

Protein efficiency ratio (PER) from different frequencies at 11T
for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).
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2)017] Aojo] o] F& 141TolA  105F7He] HF 57 (Final weight,
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FAY A5, 19 13], 23], 33, 43] 28] 53] A5 Fwol wet 2
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Table 3. Growth performance and survival of juvenile masu salmon, Oncorhynchus
masou fed experimental diets for 10 weeks at 14C"

Experimental groups

Pooled
14-1 14-2 143 14-4 14-5 SEM°
Initial wt. (g) 8.27 8.28 8.29 8.25 8.30 0.01
Final wt. (g) 27.6 29.8 29.3 % 25.5 0.55
WG (%)’ 205.3° 234.4° 253.3" 261.9° 2329 6.80
SGR (%)’ 1.59° | T 30 1.84° 1.72* 0.03
FER (%)’ 104:9% 107.4* 102.6" 100.2° 91.8° 1.73
PER (%)’ 3.09° 3572 3.82" 4.00" 3.53% 0.10
Survival (%) 100 100 100 100 100 0

'"Values are means of triplicate groups, values in the same row not sharing a common
superscript are significantly different (P<0.05).
2Weight gain: [(final body weight - initial body weight) / initial weight] > 100.

*Specific growth rate: [(In(final weight - initial weight) / days] x 100.
“Feed efficiency ratio: (wet weight gain / dry feed intake) x 100.
*Protein efficiency ratio (%): wet wt. gain / protein intake.

%Pooled standard error of mean: SD/+/n.
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Table 4. Whole body proximate composition of juvenile masou salmon, Oncorhynchus
masou fed experimental diets for 10 weeks at 14°C

Crude protein Crude lipid Crude ash
(% of dry matter basis)

Initial 76.0 12.0 10.1
14-1 66.4 20.7 9.14
14-2 65.6 20.8 10.9
14-3 66.3 20.7 9.68
14-4 65.4 20.6 9.00
14-5 66.0 20.8 9.17
Pooled SEM' 0.29 0.98 0.24

'Pooled standard error of mean: SD/+/n.
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Weight gain (%)
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250 -+ ab ab

b
200 -
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50 -
0 L

1 2 3 4 5
Feeding frequency (per.day)

Fig.6. Weight gain (WG, %) from different frequencies-at 14 for 10
weeks. 'Values are means from triplicate groups where the bar

have different superscript is significantly different (P < 0.05).

150

120 -

a 2 a n
b
90 -
60 -
30 -
0,
1 2 3 4 5

Feeding frequency (per day)

Feed efficiency (%)

Fig.7. Feed efficiency (FE, %) from different frequencies at 14 for 10
weeks. Values are means from triplicate groups where the bar

have different superscript is significantly different (P < 0.05).
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Specific growth rate (% per day)

ab ab < ab

b
1.5
1.0
0.5
0.0 -

1 2 3 4 5

Feeding frequency (per day)

Fig.8. Specific growth rate (SGR, %) from different frequencies at 14C

for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).

a
4 ab ab ab
b
3 -
2
1 -
0
1 2 3 4 5

Feeding frequency (per day)

Protein efficiency ratio (%)

Fig.9. Protein efficiency ratio (PER, %) from different frequencies at 14C
for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).
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300.0

250.0 7

VIG( %

200.07 = Tenp 14°C

=8 Temp 11°C

150. 0
1 neals daily 2 neals daily 3 neals daily 4 neal s"dai ly 5 neals daily

Feedi ng frequency

Fig.10. Weight gain (WG, %) from different frequencies at 11°C and 14C
for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).

130.0
| ¢ Tenp 14°C
120.0
B 7erp 11°C
110.0 7
S
("]
L
100.0
9.0
80.0
1 neals daily 2 rneals daily 3 neals daily 4 neal s daily 5 neals daily

Feedi ng frequency

Fig.11. Feed efficiency (FE, %) from different frequencies at 11°C and 14C
for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).
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2.0

167 ¢ Tenp 14°C

SGR( %9

== Terp 11°C

14
1 neals daily 2 neals daily 3 neals daily 4 neal s daily 5 neals daily

Feedi ng frequency

Fig.13. Specific growth rate (SGR, %) from different frequencies at 11C and 14C
for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).
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$4.007
N
o
L
o
3.50 7
¢ Tenp 14°C
B Tenp 11°C
3.00 T T T T
1 neals daily 2 neals daily 3 neals daily 4 neals daily 5 neals daily

Feedi ng frequency
Fig.14. Protein efficiency rate (PER, %) from different frequencies at 11C and 14C

for 10 weeks. Values are means from triplicate groups where the

bar have different superscript is significantly different (P < 0.05).
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HAth SRR AZAETH d

UAH 7L At AY AR SFol ol e ALRAHFHAEY Aol YEA]
oW ARG XolE HolA & AFoe fro

olE UEA %= ASZ Ht(Lee et al; 2005).

T oFY uirh, 4%, &asE 2 ARY HFH AFAJ] AE&E
st o] /7o A AIVIEE AFE g HAHFR0] ¥slsle Ao0E 4
A ) th(Ishioka, 1980; Davis and Parker 1990; Ryan, 1995). & o/ ©]%
o] A7|e} AFEAH JFgFS Wt HiEa Qth(Gershanovich and
Taufik, 1992; De silva and Anderson, 1995). &= o}/ AlgdFHF 4
&S vE 4 duh(Brett and Higgs, 1970). olFo} A2 &3}, &, =
AejAbel wjd o] EZ <l e A A8 Aio]H(Brett, 1979), 9174 A
23 7L F2o g ot aadgoz FAHEU(Pelletier et al,
1995). o|Ad F&L& ofFe AZES Aojete F 8002 AE&E FJEE
Hs FHAE Tas FB A eoEAN BE ATVt

r
e
(=
o
A
K3
4
Lo
N
0,
N

A5 A58 =
Aol grh B 1295 2498 MnBAsd 110 ZA &, A7
F % AbRESo] 14T Huste] BE e e uEhfe] abdel o]

71(8~25g) 2] ARFFEL 14THTE 1NTAA AS3E Ao e o=
BT} ol Y Oncorhynchus 1 FolH WgadolEd FAMNE
(Oncorhynchus mykiss) 21~ 7] A& HHFLA 14~16 CHT= @& Ao
2 Yey AHoje S A8 o He S 878 dem Bel
ol ARt HAFF MAstE A7 B ATk ALdA N HS5T A
2 Holn HAUWAGS AT HAHFdd g A7 ALHoor & Aew
dorEh

el Mzﬂ ARFFAE AN FAE AEARE 2
%4 A
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& ztel7b glol =4 vyetwtey 23)d A 7HE =2 @S BT whEbA,
SAE, TS, AR E S 9 ASEES 1Hste] 23] B 33
THote Aol F& ZAoE yewen AAAHJ] SHolA 23] FFst=
Aol A Aow dAddn
T UTCAA AAG AlRTFIAT AFPAA FAS, dHdgEs o
AR A &L 23] A 53]7HA] Fok Aolvt fle AHOE UEHo
43] FFA HA A4S Bk v, ALERE &L 1394 43713 f9
gk ztol7b glol A vYEtg oy 23)dA 7Y w2 @S BT whebA,
SAE, TS, AR E S 9 ASEES 1Hste] 23] B 33
THote Aol F& Aom yuwen AAHQ WA 23] FFst=
Aol EHAY AoR AdHATt
2719l ARE Festo 11T, 14 Cﬂ%ﬂ*ﬂ«l E%d AtEE Sl
gk 2bdole) 10573 SAE (WG, %) AFE 858 (FE, %), 4 EE
(SGR, %) & @A 3§ & PER, %) F A 7&-91 fFrolde ATty ¢35
o Fig 10, 11, 12 % 139 Yehlide. SAlS, L dE 2 @dds
AEoA 11T 14T 24 ARSI BmE A& FFLS FASHA Y
1

Blgton 11T & 3o =2 &S &
1T} 14T9 2t AR 3ge] mE AARE &S] #3L fASH Yelgte
11C7F =2 g& Yelie.

geps B Aol ostE A oly) Adlele) ZAH ALBAE A%
APAFRAL F& 11TCAA A2E I 23] FFehe o] EnHY
Aog @At
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V.8 ¢

B AF= A7l Ao AA AEFF AFE A sk 11T
¢ 14TColAM e SHE AIVN7F HaFA 8g9 HFolE 3004 PVCF=x
of z+ x49 10ve]y 3htEo g B9 wixsly AlREH FE
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