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Effects of artificial diet and live fish
on growth and hatching rates in

mandarin fish, Siniperca scherzeri

Dal-Young Kim

Department of Fisheries Biology, Graduate School,

Pukyong National University,
busan 608-737, korea

ABSTRACT

This study was carried out to investigate the effect of artificial diet
and live food diet on fertility, hatchability of eggs of broodstock
mandarin fish and growth performance, feed utilization, whole body
amino acids, whole body free amino acids and whole body fatty acids
composition of growing mandarin fish, Siniperca scherzeri. The first
experiment was designed to compare artificial diet and live food diet as
promoter on fertility and hatchability of eggs of broodstock mandarin
fish for 10 months, Two groups (five fish / group) of fish with mean
body weight of 892+65.7g¢ (MeantSD) were fed artificial diet(eel
commercial diet) and live food (carp fish fry) diets respectively. Fish

were cultured in running water fish culture system and water



temperature was Kkept at 3.9+04°C to 23.5£1.7°C. Average of
fertility(74.5+4.7%6) and hatchability(68.6+1.1%6) of eggs for broodstock
mandarin fish fed artificial diet were significantly (p<0.05) higher than
those of fish fed live food diet (fertility; 57.3+4.4%, hatchability; 51.8+3.3%).

In the second experiment, the domestication effects of artificial diet
were studied on growth, feed utilization, whole body amino acids, whole
body free amino acids and whole body fatty acids composition of
growing mandarin fish with an average body weight of 54.3£54g
(MeanSD). Fish cultured in freshwater were randomly assigned to each
of 4 tanks (two tanks per group, 20 fish/tank) and fed artificial diet or
live food diet to apparent satiation every other day for 9 weeks.
Average weight gain of fish fed artificial diet were significantly lower
than those of fish fed live food diet (p<0.05). Average feed efficiency of
fish fed ariticial diet or live food diet were not significantly different
(p>0.05). Average specific growth rate of fish fed artificial diet were
significantly lower than those of fish fed live food diet (p<0.05). Fish
fed artificial diet showed higher crude protein and crude ash levels of
whole body proximate compositon than did fish fed live food diet
(p<0.05). Also, amino acids and free amino acids of whole body from
fish fed artificial diet were significantly higher than those of fish fed
live food diet (p<0.05). Fish fed artificial diet showed higher EPA
(C20:5n3) and DHA (C22:6n3) of whole body than did fish fed live food
diet (p<0.05). These results suggested that artificial diet could improve
fertility and hatchability of eggs in broodstock, and improve growth

performance, feed utilization and whole body composition in growing

mandarin fish.
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Table 1. Statistics for production of inland fishery for three years(2012 to 2014) *

(Unit : M/T)
2012 2013 2014
Total Wkl 25,414 29,774
Fishery 10,221 7,179 9,017
Aquaculture 17,910 18,236 20,757

* Ministry of Oceans and Fisheries(http://www fips.go.kr/)

Tahle 2. Statistics for production of mandarin fish for three years(2012 to 2014) *

(Unit : M/T)
2012 2013 2014
Total 140 99 107
Fishery 139 98 106
Aquaculture 1 1 1

* Ministry of Oceans and Fisheries(http://www.fips.go.kr/)
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Table 3. Rearing condition of adult mandarin fish

Type of Diets sex individuals
Live food diet
) i female 28
(Live fish)
Live food diet
) i male 32
(Live fish)
Artificial diet female 35
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ZA% (WG weight gain), A2 &4 (FE: feed efficiency), 97k

o]l A =8 =As= HAlo =z A 7|7h

intake), 714

HJE:

AxE (SGR: specific growth rate) 2 A& (SR survival rate)& U2 2)S
ol-g&ate] Akt

1) Feed intake (g/Av. Wt/d) = (feed intake/((initial wt. + final wt.)/2)
Jexperimental days.

2) Weight gain(g/fish) = (final wt. (g/fish) — initial wt. (g/fish)

3) Feed efficiency (%) = wet wt. gain (g)x100/feed intake (g, DM).

4) Specific growth rate (%) = (Ln final wt. (g)- Ln initial wt. (g))
Jexperimental daysx100.

5) Survival rate (%) = survived fish/initial fishx100
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ofF| bRt e AFEFE oA ARE AFHSIY] g & &9
AX Amino acid analyzer S433 (Sykam, Germany)Z ©]
om fFEoln =t B8 Amino acid analyzer S433 (Sykam, Germany)

& ol&skaurh AR GC-FID (thermo/USA)E o] -&3fo] #4330t
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Agatgoe| thak 7 @9l e SPSS VER. 10.0 (Michigan Avenue,
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Stk 40 kA 2E A7 F4HTAA (Homogeniety of variance)-
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Table 4. Proximate composition of the experimental diets(%6 of dry matter basis)*

Diets
Nutrient contents
Artificial diet Live food diet
Moisture (%) 4.41+0.04° 69.27+0.27°
Crude protein (%6) 52.76+0.10™ 54.78+0.19
Crude lipid (%) 5.48+0.02" 27.35+0.18"
Crude ash (%) 9.89+0.05" 12.51+0.03*

! Values are means from duplicate groups of fish where the means in each row
with a different letters are significantly different (p<0.05)

9 e .
ns = no significant differences
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HAALR ] R E4Z23 dwAe BAE S 5478+0.19%, HiRAE

52.76£0.10%= =}e]7F filem (p>0.05), AW AR 27.35+0.18%, ®1F
AFR 548+0.02% % AR wigAlEHET folEt A Ee Aow Uehga
(p<0.05), Z3)F2 AALE 1251+0.03%, WIFHALE 9.80+0.05%= AJAE 7} wl3)
APEEY o8 E& AR 4T (p<0.05).
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Table 5. Fatty acids composition of whole body from fish fed the experimental diets'

Fatty acid(%) T Diets : :
Artificial diet Live food deit
C10:0 0.13 0.00
C11:0 0.15 0.29
C12:0 0.00 0.05
C14:0 6.19 4.06
Cl4:1 0.26 0.21
C15:0 0.71 0.55
Cl51 0.07 0.00
C16:0 21.97 20.24
Cl6:1 7.85 8.98
C17:0 0.50 0.34
C17:1 0.31 0.73
C18:0 5.15 3.48
C18:1n9c,1n9t 14.277 28.63
C18:2n9¢c 1.59 249
C18:3n6,9,12¢ 0.11 0.18
C18:3n9,12,15¢ 0.85 217
C20:1 39 2.4
C20:2 0.00 0.63
C20:3 0.00 0.15
C20:4 1.49 0.97
C20:5 11.26 4.69
C22:0 4.25 0.09
C22:1 0.13 0.00
C24:1n:15¢ 0.11 0.00
C22:6n3 18.71 8.23
Total 100 100

! Values are means from duplicate groups of fish

_‘]3_



A ofAle] AuAE F4E 9 557 7522 Oleic acid (Gsi1n9c,1nt) 2]
shefo] HIRMALR 14.27%, AAFR 2863%= AAMEZF WigAlE Hoh Eokow,
Linoleic acid (Cig:2,9¢) &aFo] wlstAtE3 7 1.59%, A= &5 7-7F
12.79% =2 AR F579 ofA7 w-¢ = B¥
shA ARl EPA (C20:5)9] ks mi@ALE &7 11.26%, AR &7
4.69% =2 WiALE w77k 2¥ o] A YERE e, DHA (C22:6n3) &
Fe AR 1871%, AALE 823%2 EPAS 22 43S BTt (Table 5).
AR ofH 9] oAt AL F AR FARRE AREE WERAIT (Table 6).

flo
o
offt
o
b

Atk EF 1%

Table 6. Amino acids composition of whole body from fish the experimental diets'

diets
Amino acid(%6) - : :
Artificial diet Live food diet
Aspartic Acid 0.47 494
Threonine. 2.58 2.09
Serine. 2.20 p. 17
Glutamic acid 7.45 7.44
Proline 2.65 2.81
Glycine 3.40 3.94
Alanine 3.13 3.43
Valine 2.79 2.70
Isoleucine 2.38 2.38
Leucine 3.98 3.87
Tyrosine 1.60 1.34
Phenylalanine 2.10 2.04
Histidine 1.82 1.60
Lysine 4.55 3.91
Arginine 3.42 3.28
Total 49.53 4793

! Values are means from duplicate groups of fish
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LHRH-a®} HCGE o|&3F &7tg] 4R 4beh fo| Zit= Table 73
Table 8 Z+7z+ YeRASIT

Table 7. Egg production of female mandarin broodstock fish fed artificial diet

Female mandarin broodstock fish

meantS.D

1 2 3 4 5
Fish weight(g) 860 860 940 980 820  892+65.7
Fish length(cm) 37.0 38.0 38.5 39.0 375 38.0£0.8

Total egg weight(g) 72.2 70.5 78.9 78.4 67.2 73.4£0.51

Average weight of

0.0050 0.0050 0.0055 0.0055  0.0049  0.0052
egg(g)

Diameter of

1.96 1.94 2.12 2.07 1.91 2.00+0.1
egg(mm)

Number of egg 14,448 14057 14450 14373 13650 14195+345
taking
Egg collection

+
rate(%6) 8.39 8.19 8.39 8.00 819  8.23x0.16

=

o
>~
>
il
oH
il

T 271 A9 Hit o)A E=L 892+65.7g0] 91, F It
2o 380+0.8cmo. 2 UERGTE AW A@d & A= 67.2~789g29] W
ol om 1gw 2o F= 183~20071¢ W) & 1719 FAE 0.0049

Wt
=
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~0.0055g2 W= AR, FALS 1.91~2.12m= vebgel A x)
S 13650~1445071 2 WlFALE T gAe] AE-e 8.00~8.39%3 vk

Table 8 Egg production of female mandarin broodstock fish fed live food diet

Female mandarin broodstock fish

meanS.D
1 2 3 4 5
Fish weight(g) 840 940 980 880 860 900+58.3
Fish length(cm) 385 39.5 39.5 385 39.5 39.1£06

Total egg weight(g)  64.7 67.7 72.5 68.6 61.9 67.1+4

Average weight of

0.0049 0.0054 0.0055 0.0051 0.0051 0.0052
egg(g)

Diameter of 178 198 201 184 187  190+0.
egg(mm)

Number of egg

. 13,173 12588 13,223 13,453 12,240 12,935+503
taking

Egg collection 770 720 739 779 719 7.45:028
rate(%)

AR FET arte] GAe FE olAFS 900+58.3g oI, A Al
e 39.1+0.6cm= YEFSETE

AAE AdE & FAE 619~725¢0 WAL, 1gW 2 FE 182~
20470 = vhebEETE o) A= 0.0049~0.0055g 2 FAE oM, ¢
178~2.01mel vk AAE A@FL 12240~13453719) W& HArh A

_‘]6_
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A7), 1INF &e] FACdE Fog Zolrt e, MEAtE F AT
A9 A g Wit 823+0.16% % 745023% 2 HQ AR BHT
Ao AFEHT =& AH}E WA

12

o

&
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g A4S 3H&

w3Atg FETe AAE T A& g A= Table 99
Table 100 e ST

Table 9. Fertility of mandarin fish fed artificial diet

Egg sampling Eyed egg stage Fertility(%6)*

Female 1 133 94 70.7
Female 2 127 105 82.7
Female 3 109 78 71.6
Female 4 122 91 74.6
Female 5 138 101 73.2
meantS.D 125.8+11.2 93.8+£10.4 74.614.8

"Fertility (%)=(Eyed egg stage / Egg sampling) x 100

_‘]7_



WAl s BT SR Hi AL 0] 74.624.8%(70.7~82.7%)F e
oA Ht FALL 57.3+4.4%(51.9~62.0%)2 H) T
AR TRl vlE] foEkA v AaE B ATHR<0.05).

Table 10. Fertility of female broodstock fish fed Live food diet

Egg sampling Eyed egg stage Fertility(%)"

Female 1 106 90 51.9
Female 2 ] et 65 o8.6
Female 3 142 88 62.0
Female 4 138 74 53.6
Female 5 134 81 60.4
meantS.D 126.2£16.5 72.6£13.0 57.314.4

"Fertility (%)=(Eyed egg stage / Egg sampling) x 100

HWighAts EE et AR ST Al &ty oA sviee A F
5Y 587129 A9 Ay} Table 113 Table 120 WeRY AT

WAt s FE T GHOA AT o] Mz fuao 2 ukly] 7] 9
2o AR 52:28A7HAS~B6AI Ol 1T, HEAA AT 107.243.34)
H104~11247D0] ek, o ReA 7 A 2R ATHE 1160£26417F
(112~12071 7 o2 yetwt o, HFE F37bA QAR 134.4£2.243F
(132~136A1 Dol HE H-35 & #Apgk o] FA= 231+1.6g0.2 535}

_‘]8_



Aojel = 9,738+278vtE| o, WIFAIE Ty FEee Hit
68.6+1.19%(67 ~70%) A t}.

Tabel 11. Hatchability of broodstock female fish fed artificial diet

Female
meantS.D
1 9 3 4 5
Eyed stage(h) 52 48 56 52 52 52.0+2.8
nitial hatching 0 00 18 108 112 107.243.3
time(h)
Mass hatching 10 130 195 190 116 116.0+2.8
time(h)
Final hatching 00 109 199 135 135 134.442.2
time(h)
Weight of death g0 019 o045 943 o915 231416
egg(g)
Nurnbe;g‘;f death oo 4017 4479 4456 4368 4458+202
Nmﬁe;v‘j final —ge00 9840 9970 9918 9982 9738+278

Nurrber of egg taking 14,448 14,057 14,450 14,373 13,650 14195+345
Hatchability(%6)” 67 70 69 69 68 68.6+1.1

Egg color white white white white white

'Hatchability (%) =[(Number of egg taking - Number of death egg)
/Number of egg taking]<100
AALE T GACA AT o] 2L Fe Fyow wigAE ¥
wrET Ze S Hor EebbA A8 ¥ ARHE 52.8+3341%F (48~
56417l ar, F3l A AR 107.2£3.3A1 K104~ 11241 7 e & eyt
i AN AA L AL 11764464 7H112~1244 31 0] 9 o1,



F B3tA 28" A 136.0:4.047H(132~14041 D)0l Atk HE B
A= et 32.3£24g 0.2 F-3} Ao = 6,695+407v}
B8} g-o 51.8+3.3% (49~56%) 2 MIEALE EFT
T-o] Fehguth fosiA H& AIE Bth

Bl
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S,
2
1

L

o

JALE T
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il

Table 12. Hatchability of broodstock female fish fed live food diet

Female
meantS.D
1 9 3 4 5
eved stage(h) S P52 —z—— 0. ff 5 52.8+3.3
initial hatching 0 106 04 112 108 107.2+3.3
time(h)
Mass hatching 100 100 199 194 116 1176446
time(h)
Final hatching 40 40 199 140 136 136.0+4.0
time(h)
Weight of death 430 916 919 357 991 32.3+9.4
egg(g)
Numm;g‘;f death 016 5917 5818 6996 5753 6240+575
Nmﬁeaivf final  ooe Ge72 7405 6458 6487 6695407

Nurrber of egg taking 13,173 12,588 13,223 13,453 12,240 12,935+503
Hatchability(96)" 49 o3 o6 48 o3 51.8+3.3

egg color vellow yellow yellow yellow yellow

1Hatchabﬂity(%) =[(Number of egg taking - Number of death egg)
/Number of egg taking]*100

_20_
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F74017] &7re]e] wigatR et AR AMEAE Ak Table 1391 o

B ATt
Table 13. Performance of mandarin fish fed the live food and artificial diets'

Diets
Artificial diet Live food diet
Initial weight(g/fish) 54.3£0.8 54.3+0.3
Final weight(g/fish) 73.946.0 85.5+5.8
Weight gain(g/fish)” 19.6+5.9" 31.2+5.7°
Survival rate(%6) 525+ sk 72.5+31.8
Feed intake(g/fish, DM) 28.0+5.0" 48.8+6.9"
Feed efficiency (%) 71.2£12.6™ 64.6+9.1
0.49+0.07" 0.72+0.06"

Specific growth rate(%s)4

! Values are means from duplicate groups of fish where the means in each
row with a different letters are significantly different (p<<0.05)

? Weight gain(g/fish) = final wt.(g/fish)-initial wt.(g/fish)

% Feed efficiency(%) = Fish wet wt. gain/Feed intake (dry matter)=x100

* Specific growth rate (%) = (Ln final wt. (g)- Ln initial wt. (g))/experimental daysx100

® ns = no significant differences
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AAE A (g/fish) ZAFAIE WAL E 577 19.6459g, AR
FHT7F 31245 7g 02 AALE T F HIRHALE St foE A =
A e (p<0.05). AdTdE 2vtEe] AEEe ddArE TE Tt
525+35%, AR FFTIF 725£31.8% % 28k AFol7b 1tk (p>0.05).
ANETFEFS IR THFTUF 28015.0g, AR THTUF 4881690 %
AAE Tt AR SR fo kAl A JERETE (p<0.05). A
7} 71.2+12.6%, BALE S5 T7F 646+9.1% = 9]
3k Zol7k et (p>0.05). AL MFAE FH 7T 049+0.07%, A
APE FETIE 0.72£0.06% % BAE FE TV AR TR f-ol S
A YERET (p<0.05).
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Fig. 2. Average weight gain(g/fish) of fish fed the experimental diets for 9 weeks
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Fig. 3. Average survival rate of fish fed the experimental diets for 9 weeks
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Fig. 5. Average feed efficiency of fish fed the experimental diets for 9 weeks
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Fig. 6. Average specific growth rate of fish fed the experimental diets for 9 weeks
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Table 14. Whole body proximate composition of growing mandarin fish fed

two experimental diets for 9 weeks(% of as is basis).

. 3 i .1
Contain of moisture, as is basis

Nutrient contents

Tnitial® Live food diet Artificial diet
Moisture (%) 71.21£0.12" 71.26£0.25 71.50£0.27
Crude protein (%) 452£0.02" 4.37+0.02° 4.83+0.03"
Crude lipid (%) 5.45£0.00" 6.69+0.01% 4.66£0.02°
Crude ash (%) 17.63£0.02" 17.55+0.05" 18.35+0.05"

! Values are means from duplicate groups of fish where the means in each
row with a different letters are significantly different (p<<0.05)
® Initial body composition of fish

3 . .
ns = no significant differences
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Table 15. Fatty acid composition of mandarin fish fed two experimental

diets for 9 weeks(% of as is basis).

. . . 1
Contain of moisture, as is basis

Fatty acid

Tnitial® Live food diet  Artificial diet

C11:0 0.083 0.082 0.086
C12:0 0.244 0.104 0.147
C13:0 0.030 0.000 0.000
C14:0 5.809 4.685 5.645
Cl4:1 0.245 0.164 0.282
C15:0 0.958 0.622 0.655
C15:1 0.082 0.036 0.086
C16:0 23.527 20.208 21.657
Cl6:1 16.469 10.626 12.662
C17:0 0.545 0.312 0.345
C17:1 1.250 0.849 0.612
C18:0 4.585 3.913 3.915
C18:1n9t 23.891 28.209 27.482
C18:1n9¢ 7477 10.931 6.008
C18:2n9t 0.053 0.000 0.110
C18:3n6,9,12¢ 0.418 0.212 0.294
C18:3n9,12,15¢ 3.251 1.739 1.261
C20:0 0.179 0.120 0.124
C20:1 0.995 2.660 2.827
C20:2 0.429 0.491 0.395
C20:3 0.359 0.303 0.239
C20:4 1.784 1.179 1.203
C21:0 0.247 0.176 0.136
C20:5 3.086 3.728 4.177
C22:0 0.000 0.251 0.000
C22:1 0.107 0.061 0.193
C22:2 0.147 0.309 0.224
C23:0 0.304 0.203 0.219
C24:0 0.000 0.000 0.000
C24:1n'15¢ 0.184 0.088 0.062
(C22:6n3 3.261 7.741 8.954
Total 100 100 100

! Values are means from duplicate groups of fish
® Initial body composition of fish

_26_



ddofo At E4d3 wishtE Ede AmaEdt ARakdd
EPA(C20:5) 3F& 4.177%, DHA(C22:6n3) FHeF 8.954% = AJAF
wnep =4 vepsTh

il
o
zy
-4

Table 16. Whole body Amino acid composition of mandarin fish fed two
experimental diets for 9 weeks(% of as is basis).

. . . .1
Contain of moisture, as is basis

Amino acid

Tnitial® Live food diet  Artificial diet

Aspartic Acid 1.74 T4 1.71
Threonine. 0.83 0.74 0.80
Serine. 0.79 0.71 0.77
Glutamic acid 2.68 g AN 2.61
Proline 0.85 0.86 0.98
Glycine 1.39 1.42 1.65
Alanine .22 1.13 1.26
Valine 0.91 0.82 0.87
Isoleucine 0.80 R 72 0.75
Leucine 1.34 1.20 1.28
Tyrosine 0.51 0.23 0.48
Phenylalanine 0.74 0.66 0.72
Histidine 0.53 0.48 0.51
Lysine 1.52 1.36 1.48
Arginine 1.16 1.08 1.19
Total 17.01 15.40 17.06

! Values are means from duplicate groups of fish
® Initial body composition of fish
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Table 17. Whole body free amino acid composition of mandarin fish, fed
two experimental diets for 9 weeks(% of as is basis).

. . . .1
Contain of moisture, as is basis

Free amino acid

Tnitial® Live food diet  Artificial diet
Taurine 0.045 0.043 0.044
L-Aspartic acid 0.002 0.002 0.002
L-Threonine. 0.004 0.003 0.006
L-Serine. 0.002 0.002 0.003
Asparagine 0.039 0.038 0.035
L-Glutamic acid 0.003 0.003 0.003
L—-Proline 0.003 0.003 0.002
L-Glycine 0.003 0.004 0.009
L-Alanine 0.010 0.007 0.009
L—-Valine 0.002 0.001 0.001
L-Cystine 0.000 0.000 0.001
L-Isoleucine 0.001 0.001 0.001
L-Leucine 0.002 0.002 0.002
L-"Tyrosine 0.001 0.001 0.001
L-Phenylalanine 0.001 0.001 0.001
L-Histidine 0.005 0.006 0.005
L—-Orinithine 0.002 0.001 0.003
L-Lysine 0.003 0.004 0.007
Total 0.130 0.124 0.135

! Values are means from duplicate groups of fish
® Initial body composition of fish
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