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Influence of P, Ca, Zn, Mg, Fe, K, Mn, or Se in the Dietary
Mineral Premix on Growth and Body Composition
of Korean Rockfish (Sebastes schlegeli)

Sang-Min Let and Sung-Real PARK*
Faculty of Marine Bioscience & Technology, Kangnung National University, Kangnung 210-702, Korea
*National Fisheries Research and Development Institute, Pusan 619-900, Korea

A 10-week feeding experiment was conducted to determine the influence of several minerals from dietary
mineral premix on growth and body composition in juvenile Korean rockfish. Three replicate groups of fish
initially averaging 4.2 g were fed one of the ten experimental diets. Korean rockfish muscle and casein as
protein sources were used in the basal diet, and deleted one of each mineral (P, Ca, Zn, Mg, Fe, K, Mn,
Se or all) in the control mineral premix. Weight gain, feed efficiency and nutrient retention in fish fed the
diet not containing mineral premix were significantly lower than those in fish fed other diets (P<0.01).
Weight gain in fish fed the diets deleted each mineral (P, Ca, Zn, Mg, Fe, K, Mn or Se) was lower than
that of control diet (P<0.01). Feed efficiency and protein retention in fish fed the diets deleted each of
P, Ca, Zn or Mn were lower than those of control diet (P<0.01). Daily feed intake and lipid retention were
not affected by dietary mineral premixes (P>0.01). Proximate analysis and mineral contents in the whole
body, muscle, liver or bone of fish fed the diets deleted each mineral were not different to control diet (P>
0.01). The data obtained in this study indicate that each of the P, Ca, Zn, Mg, Fe, K, Mn or Se is essential

for normal growth of Korean rockfish.

Key words: mineral, rockfish

A =
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Ae ofFe e 250 AAHYU Hol2RH Ig
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of 9z gFton Lee et al. (1993c) % AdAlggdoez  Table 1. Chemical composition of the protein sour-

casein® gelatin BHZYELS AYA gopy Budg ces
o} 1ejA] B AH)AE Table 19] EAIS AANH F8 Protein source
mineral o] ¥& z29EY 287 caseind AR W Fish meal Rockfish muscle Casein
NAdo 2 MU 1kg A3 ¥ zvjEete]  Moisture (%) 4748 83 54-7.1
52528 283 ARAL AAS & SAsQYs §¢  Protein (%) 68.4-69.3 75.3 87.5-88.6
B5EA02 o} g AES ERA Arlsyon, o ' o
Agoz oAol H#g Akl AR Yol PR 2735 02 00308
2329 470 D=2 (Lee and Lee, 1990) AAs 02 (%) 2064 04 06
94tk (Table 2). In (mg/kg) 5093 ) &
Mn (mg/kg) 4-12 10 43
Mineral premix Table 20] vFebdl uks} Zo] wluld Mg (%) 0.2-03 0.2 0.01
QFATE AT reference premixS FHI5GE, 23] Fe (mg/kg) 160-277 800 14
2 AT (Lee et al, 1993ab; Lee et al, 1994)014  K(%) 03-09 18 001

AHg-¥ H-440 premix (NAS, 1973)s} 1 &% & wjug

A A ASER, 92 23 F, o9 dmgr w1 HoXME reference premix o P, Ca, Zn, Mg Fe, K,
oyl stek 7t 28 A4 2 mo) §3 AueA Az Mn % Sed 27 HretA ¥ A& ¢ mineral AHE
o7k AT (P>001). o)l A%E wietog 2 4 FSA @ ARE A3 mF 10%9 4¥

Table 2. Composition (%) of the experimental diet

Ingredients Control  -P -Ca -Zn -Mg -Fe K -Mn -Se -All
Rockfish muscle 50 50 50 50 50 50 50 50 50 50
Casein 8 8 8 8 8 8 8 8 8 8
a-starch 11 11 11 11 11 11 11 11 1 11
B-starch 10 10 10 10 10 10 10 10 10 10
Squid liver oil 4 4 4 4 4 4 4 4 4 4
Vitamin premix’ 3 3 3 3 3 3 3 3 3 3
Mineral premix’ 8 8 8 8 8 8 8 8 8 -
Carboxymethyl cellulose 3 3 3 3 3 3 3 3 3 3
a-cellulose 3 3 3 3 3 3 3 3 3 11

Chemical composition (dry matter basis)
Protein (%) 492 485 491 501 490 501 490 490 493 490
Lipid (%) 105 101 104 104 10.0 10.3 10.1 10.0 9.9 10.7
Ash (%) 80 6.6 70 79 84 79 73 79 84 39
Fiber (%) 45 75 74 47 52 4.8 5.1 45 45 125
P (mg) 7196 1320
Ca (mg) 618.7 2480
Zn (mg) 364 -
Mg (mg) 164.0 100.8
Fe (mg) 769 40
K (mg) 1446.6 901.1
Mn (mg) 5.3 0.1

' Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): ascorbic acid, 92.7;
a-tocopheryl acetate, 14.5; thiamin, 2.1; riboflavin, 7.0; pyridoxine, 1.4; nicin, 27.8; Ca-D-pantothenate, 9.7;
myoinositol, 139.1; D-biotin, 4.2; folic acid, 0.5; p-amino benjoic acid, 13.9; K;, 1.4; A, 0.6; D, 0.002; choline
chloride, 278.3; cyanocobalamin, 0.003.

? Deleted each mineral from reference mineral premix, which contained the following ingredients (g/kg mix): MgSQO4
« 7H,0, 80; NaH,PO, - 2H,0, 370; KCl, 130; Ferric citrate, 40; ZnSQ. * 7H,0, 20; Ca-lactate, 356.5; CuCl, 0.2;
AlCl; - 6H20, 0.15; KI, 0.1 5; Nazsezos, 0.01; MnSO, - Hzo, 2; CoCl, - 6Hzo, 1.
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Table 3. Operating condition for mineral alaysis with
atomic absorption specterophotometer

Condition K Ca Mg Fe Zn Mn

Wave length (nm) 7665 422.7 2852 248.3 2139 2795
Lamp current(md) 7 7 3 8 5 5
Airflow rate (¢/min) 14 14 14 10 12 12
Acetylene flow rate

oin 3 3 3 3 3 3
Burner height (nm) 40 40 40 40 40 40

o op
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Table 4. Performance.of Korean rockfish fed the diets containing diiferent mineral premix after 10 weeks of
the experimental period’

Diets Weiég;lt) 2galin Feed(f(e%ff;csiency Daily Ee;(;;intake Proteir(l %rt)agention Lipid(l;/et)%ntion
Control 193 £ 124 90.7 £ 24° 1.80 + 0.04° 289 + 147 6741 70
-P 118+ 4.0 683 + 1.9 1.81 = 0.05° 21.8 £ 1.99™ 550+ 3.8
-Ca 105+ 93° 63.6 + 2.3™ 1.81 £ 0.05° 199 + 1.64™ 61.1 £ 14.1*
-Zn 100  14.6° 617+ 85" 1.79 £ 0.06° 192 + 367° 478+ 66°
-Mg 151+ 82% 815+ 33%* 1.76 + 0.02° 271+ 1.80° 622+ 3.1™
-Fe 147 £ 11.6* 81.6 + 4.5% 1.72 £ 0.06° 24.8 + 2.55% 619+ 39>
-K 154 + 8.0% 81.8 £ 4.8* 1.76 £ 0.07° 253 + 1.36% 596 = 16>
-Mn 132 + 124 74.2 £ 39 1.78 £ 0.03 24.1 + 1.20% 6921 42
-Se 160 = 11.8° 828 +35° 1.79 £ 0.01° 257 + 1.21%* 716+ 98
-All 46+ 85 2648 1.89 + 0.02° 88 + 1.16° 300t 46°

! Values (mean ¥ s.d. of three replications) in the same column not sharing a common superscript are significantly
different (P<0.01).

? (Final fish weight-initial fish weight)X100/Initial fish weight.

* (Fish weight gainX100)/Feed intake (dry matter).

* [Feed intake (dry matter)X1001/[ (Initial fish weight+final fish weight)/2]Xdays fed.

> [Protein (or lipid) gainX100]/Protein (or lipid) intake.

Table 5. Chemical composition (%) of whole body, dorsal muscle and liver after 10 weeks of the experimental

period*
Diets Moisture Protein Lipid
Whole body Muscle Whole body  Muscle Whole body Muscle Liver

Initial: 756 780 155 20.2 3.6 0.9 -

Final:

Control 744 + 0.8 784 £ 0.2° 156 £ 0.3 186 + 0.4° 52+ 05° 12+ 0.2 14.0 + 16®
-P 75.0 £ 0.4® 790+ 107 155+ 05° 182+ 0.2° 451 02* 14 +04° 116 £ 25®
-Ca 748+ 06° 7881 0.7° 154+ 05 184 % 06 52+12° 10 £ 05° 119+ 13®
-In 742+ 0.8 793+ 11° 157 £ 04° 184 + 0.4° 41+03° 12+0.3 109+ 0.8

-Mg 735106 792105  160+03 18701 47%02° 12 £ 05 95+ 24°
-Fe 745207 790102 156 £ 0.6° 194 + 04° 47x01° 07017 137 £ 25™
-K 740 £ 0.3 788 £ 0.8° 154 £ 0.2° 18.7 + 04 45+ 01* 1.1£01° 102+ 1.1°
-Mn 73409 79203 158 + 0.3 189 £ 0.4° 54+03° 08 +0.1° 101 £ 22°
-Se 742171 799+05  154+02* 18707 5307 08102 125+ 23"
-All 762 £ 0.7° 791 1.0° 150 £ 0.3 182 + 04° 33+05 07101 114 £ 2.7
* Values (mean * s.d. of three replications) in the same column not sharing a common superscript are significantly
different (P<0.01).

Table 6. Ash and mineral contents of whole body after 10 weeks of the experimental period*

Ash P Ca Zn (mg/100 g Mg Fe (mg/kg K

(%of wet wt) (%of dry wt.) (%of dry wt) dry wt) (%of dry wt) dry wt) (%of dry wt.)

Control 425+ 0.18° 227+007 403+0.75 104+32° 026+002° 803+*266" 142%0.10°

-P 3621009 192+015° 378+049" 145%02% 023+002 5801504 152%010°

-Ca 420+ 031" 264 £026° 457+046° 132+06 02410028 4971329 148+ 006

-In 4271027 248 +016° 4.79 £ 058 73+09° 0231008 61.0+132° 153+0.12°

-Mg 410 £ 026 2261033 467+061° 120+08™ 025%002° 713+256° 143 %003

-Fe 403 £ 002" 223%002*° 4991048 1L7+01* 0252001° 6771255 144 £0.02°

-K 4431017 2441039 4671035 115106 027*001* 583%257* 147012

-Mn 406 £ 027" 226+029° 437+048 114108 023*001° 77.7+489° 143+0.09°

-Se 4141021 2141022* 4313048 124+05  023%003 1433+192° 141008

-All 458 +042° 283+041*° 4211043 105+09° 026%002 8.7+ 92¢0 151+ 0.08
* Values (mean * s.d. of three replications) in the same column not sharing a common superscript are significantly

different (P<0.01).

Diets
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Table 7. Ash and mineral contents of bone after 10 weeks of the experimental period*
(lipid-free dry matter basis)
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Diets Ash (%) P(%) Ca(%) Zn (mg/100 g) Mg (%) K (g/kg)
Initial: 584 83 119 11.9 043 15
Final:

Control 56.3 £ 0.6° 58+ 11° 107 £ 0.2 26.8 + 10.6* 041 £ 0.06° 0.50 = 0.10*
-P 551t 407 6.7 £ 25° 10.8 £ 0.3 228 + 10.9° 041 £ 0.02* 043 + 049°
-Ca 57924 53+12* 10.7 £ 0.3 154 £ 12.3 0.44 + 0.05* 1.10 £+ 0.60°
-In 5731 06" 58+ 15 10.7 £ 0.5 791 136* 044 = 0.03° 0.76 + 0.76"

-Mg 559+ 22° 6.0 * 3.0° 110+ 0.7 145+ 14.1° 041 £ 0.02° 0.50 + 0407
-Fe 548+ 29 6.1+23 108 £ 0.7 204 £ 134° 043 + 0.03* 0.86 £ 0.37
-K 582+ 18 4704 112+ 0.1° 223+ 139 0.43 + 0,02 0.50 £ 0.36°
-Mn 583+ 18 55+ 1.1° 114 £ 0.7 243 +13.5* 048 £ 0.02° 1.26 £ 0.76°
-Se 56.3 + 24* 53+ 21° 108 £ 04° 241 £ 11.0¢ 046 = 0.01* 020+ 017
-All 4.9+ 37 6.6 + 0.5° 109 £ 1.0° 81+ 85 041 + 0.03* 0.70 £ 0.55*

* Values (mean  s.d. of three replications) in the same column not sharing a common superscript are significantly

different (P<0.01).
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