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Effects of the Dietary Inclusion of Porphyra and Sea Tangle Laminaria
Jjaponica on the Growth, Feed Utilization, Body Composition, and
Plasma Chemistry of Juvenile Korean Rockfish Sebastes schlegeli

Gyu Ho Jeon, Sung Hwoan Cho*, Sang Min Lee', Tack Jeong Nam? and Dong Soo Kim?

Division of Marine Environment and BioScience, Korea Maritime University, Busan 606-791, Korea
!Department of Marine Bioscience and Technology, Gangneung-Wonju National University, Gangneung 210-702, Korea
’Depratment of Food Science and Nutrition, Pukyong National University, Busan 608-737, Korea
’Department of Marine Bio-materials and Aquaculture, Pukyong National University, Busan 608-737, Korea

This study examined the effects of the dietary inclusion of Porphyra and sea tangle Laminaria japonica on the growth, feed utilization, body
composition, and plasma chemistry of juvenile Korean rockfish Sebastes schiegeli. Eight hundred and forty juvenile fish averaging 5.0 g
were allocated 40 fish per tank to 21 180-L flow-through tanks. Seven experimental diets were prepared: control (Con) without additive, 0.5
and 1% Porphyra extract (PE), 3% Porphyra powder (PP), 0.5 and 1% sea tangle extract (STE) and 3% sea tangle powder (STP), referred to
as PE-0.5, PE-1, PP-3, STE-0.5, STE-1, and STP-3, respectively. Each additive was included in the experimental diet at the expense of the
same amount of wheat flour. Each experimental diet was fed to triplicate groups of fish. The experimental diets had no effect on the survival,
weight gain or specific growth rate of the fish, feed consumption, feed efficiency ratio, protein efficiency ratio, protein retention, hepatoso-
matic index, condition factor, moisture or crude protein content of the entire body excluding the liver or moisture, crude protein or crude
lipid content of the liver. None of the plasma parameters were affected by the experimental diets. Based on these results, the dietary inclusion
of Porphyra and sea tangle did not affect the growth, feed utilization, body composition or plasma chemistry of juvenile Korean rockfish.

Key words: Korean rockfish (Sebastes schlegeli), Porphyra extract (PE) and powder (PP), Sea tangle (Laminaria japonica) extract (STE)
and powder (STP), Additive
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ol Rehe yx|oh o] S of RS sk St

FHOIFE] ALY Tt o)A Y BY EE W PHS ANl FORA 20121 ZulBet GFAAIRS 222,351

SJ3t ChFR AL A/ AZ L A Qoo B AR RIS Eol ol ZANKKOSIS 2013) Q1% WAl A WlvtalA Hals)

R o, AR 24, A FUHEE ), A 5E £ 290) Baolt A8k e] Fulsiel] T2 oFAlolRE

E2 ARAE 271 5o vehs oA deldth(Lindsay et el A4 A0 2 ek 9)] Wi o]t i
4

al. 1984; Shiau and Yu 1999; Park et al. 2003; An et al. 2012). AFS Zo)7] 95t thokst ALR A 7EA 9] ZiHEe X457
2T o4t o 78 AFRHZHAIRA FFA(Kim et al. 1998, a3},

2000), Chlorella (Bai et al. 2001; Kim et al. 2002), %F3KCho |25, £3] A(Porphyra) polysaccharides®] A} & 1)
et al. 2011), glucan (Kim et al. 2006) E+= &%l (Lee et al. (Zhang et al. 2003, 2004), cholesterol 8% 7H4x(Hong et al.

Article history; Kor J Fish Aquat Sci 46(5) 546-551, October 2013

Received 14 May 2013; Revised 19 July 2013; Accepted 5 September 2013 http://dx.doi.org/10.5657/KFAS.2013.0546

*Corresponding author: Tel: +82.51.410.4755 Fax: +82.51.404. 4750 pISSN:0374-8111, eISSN:2287-8815

E-mail address: chosunh@kmou.ac.kr (© The Korean Society of Fishereis and Aquatic Science. All rights reserved

546



AR A3 ohAoE H7E7E 2 g Zlof o v A= 9% 547

1998; Jung et al. 2001)2} et & 71(Shin and Bae 2005) &
o] dHA Qlow, tyA|ul(Laminaria japonica) fucoidans®]
A} 43K (Xue et al. 2001; Wang et al. 2008), =5 a1+
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g4 glom o]F sjxfR AFRHZH=A I 7FsAol =
o} AR H7HAIZ A 12 25 (Acanthopagrus schiegeli)©]
A AbR o] 84 g4 (Khan et al. 2008)3} == Pagrus major)
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Table 1. Ingredient and chemical composition (%, DM basis) of
the experimental diets

Experimental diets
Con PE-0.5PE-1 PP-3STE-0.5 STE-1 STP-3

Ingredient (%)

Fishmeal 56 56 56 56 56 56 56
Dehulled 7 7 7 7 7 7 7
soybean meal

Wheat flour 275 27 265245 27 265 245
Squid liver oil 3 3 3 3 3 3 3
Soybean oil 2 2 2 2 2 2 2
Choline 05 05 05 05 05 05 05
Vitamin premix' 2 2 2 2 2 2 2
Mineral premix? 2 2 2 2 2 2 2
Porphyraextract 0 05 1 0 0 0 0
Porphyrapowder 0 0o 0 3 0 0
Sea tangle

ot 0O 0 0 0 05 1 0
Sea tangle 0 0 0 0 0 0 3
powder

Nutrients (%)

Dry matter 93.3 934932934 933 933 934

Crude protein ~ 46.9 46.9 47.0 471  47.0 469 47.0
Crude lipid 104 104 10.1 10.0 103 10.1 10.3
Ash 158 157 163 16.2 158 16.5 164
'Vitamin premix and *Mineral premix were the same as Cho et al.
(2011).
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A3k kol 2w tfAle] H7tal F=odch A AR o]
TS 8 Yo g o] gslglon, AR B
A AR} FE AAYeRE 77} o]8513]
1P AR Hae 319 &2 &3 4lo] BElA 27| & o
[FA AR E Azttt Al2st ddAbaes A-20A

N

ﬂll

0

E
ng ﬁ £ oft
o

e

o % op A oo L o nf
_OL
o M
e

ZAZ F-207C Y aro] HakshaA DA ubch ATy AL
ShRAt e Aol 150l 747 1 28](07:00, 17:00)
Y &0 2 WHEAZRA] AR S FEEte] Folom, ARG A
717+ & 8570 gt
UHEE BN
AU R BAS 9J5te] 877 ARG AY R F AR 2



548 AFE - 24 - o

Table 2. Survival (%), weight gain (g/fish) and specific growth rate (SGR) of Korean rockfish Sebastes schlegeli fed the experimental diets
containing Porphyra extract (PE) and powder (PP), and sea tangle Laminaria japonica extract (STE) and powder (STP) for 8 weeks

Experimental diets Initial weight (g/fish)  Final weight (g/fish) Survival (%) Weight gain (g/fish) SGR!

Con 5.01+0.01 23.81+0.52 97.5+2.50 18.8+0.52 2.94+0.04
PE-0.5 5.01+0.01 24.21+0.92 96.7+1.44 19.2+0.90 2.97+0.07
PE-1 4.99+0.01 23.74+1.04 96.7+2.89 18.8+1.02 2.94+0.08
PP-3 5.02+0.01 24.39+0.50 96.7+2.89 19.4+0.51 2.98+0.04
STE-0.5 4.99+0.01 23.52+0.56 95.8+1.44 18.5+0.57 2.92+0.05
STE-1 5.01+0.01 24.00+0.65 95.8+3.82 19.0+0.64 2.96+0.05
STP-3 4.99+0.01 23.68+0.51 99.2+1.44 18.7+0.53 2.94+0.05
Probability P>0.7 P>0.7 P>0.8

Values (means of triplicates + SE) in the same column sharing the same superscript letter are not significantly different (P>0.05)
'SGR = (Ln final weight of fish - Ln initial weight of fish)x100/days of feeding trial.

5
]

o8 7t Aol Skl S| A Esto] g
Z7J3}o] B]YE(Condition factor, CF)E AlAls19 0™,
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1ndex HSDE AAlslgich T3t 7k Asto)A 3ule]s &
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A7 ether-extraction method .2 HA3}¢ o, 235
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Table 3. Feed consumption (g/fish), feed efficiency ratio (FER), protein efficiency ratio (PER), protein retention (PR), hepatosomatic index
(HSI) and condition factor (CF) of Korean rockfish Sebastes schlegeli fed the experimental diets containing Porphyra extract (PE) and pow-
der (PP), and sea tangle Laminaria japonica extract (STE) and powder (STP) for 8 weeks

Experimental diets Feed consumption (g/fish) FER' PER? PR3 HSI* CF®
Con 21.3+0.65 0.88 £ 0.01 1.89+0.02 27.96+021 369+026 1.65+0.03
PE-0.5 21.6+0.84 0.89+0.01 1.90+0.02 27.76+056 3.98+0.52 1.63+0.02
PE-1 21.0+£1.20 0.89+0.00 1.90+£0.01 2967+181 3.75+0.16 1.60+0.05
PP-3 21.6£0.76 0.90 £ 0.01 1.91+£0.02 2894+099 4.08+044 1.61+0.06
STE-0.5 20.8 £ 0.62 0.89+0.00 1.89+0.00 2886+1.17 4.01+£0.22 1.63+0.03
STE-1 21.3+0.64 0.89+0.00 190+0.01 2842+058 3.95+0.39 1.64+0.06
STP-3 21.1+£0.52 0.89+0.00 1.89+0.01 2826+0.19 3.78+0.13 1.69+0.01
Probability P>0.8 P>0.2 P>0.5 P>0.2 P>0.8 P>0.2

Values (means of triplicates + SE) in the same column sharing the same superscript letter are not significantly different (2>0.05)
'Feed efficiency ratio (FER) = Weight gain of fish/feed consumed
“Protein efficiency ratio (PER) = Weight gain of fish/protein consumed

3Protein retention (PR) = Protein gainx100/protein consumed.

“Hepatosomatic index (HSI) = Liver weightx100/body weight.
>Condition factor (CF) = Body weightx100/total body length?
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Table 4. Chemical composition (%, wet weight basis) of the
whole body excluding liver and liver of Korean rockfish Sebastes
schlegeli at the end of the 8-week feeding trial

Whole body excluding liver

E.xperimental Crude
diets Moisture . Crude lipid Ash
protein
Con 71.7£1.91 152+0.06 8.1+0.72° 3.8+0.10%
PE-0.5 70.0+1.62 15.1£0.15 9.241.35®® 4.0+ 0.122
PE-1 70.2+0.90 15.8£0.70 8.7+0.57%° 4.0+0.15°
PP-3 69.0£0.72 15.4+0.35 10.120.67°  3.6+0.06°
STE-0.5 71.0+2.32 15.5+0.46 7.7+0.56° 4.1+0.15°
STE-1 72.1+£0.71 15.2£0.21 8.1+0.40° 4.1+0.172
STP-3 69.8+0.91 15.3+0.06 9.6+0.61° 3.8+0.26%
Probability P>0.4 P>0.2 P<0.02 P<0.02
Liver

Moisture  Crude protein Crude lipid
Con 55.4+0.51 10.0+0.31 21.2+1.67
PE-0.5 54.5+0.15 10.2+0.20 22.9+1.70
PE-1 52.7+1.63 9.8+0.5 21.1£1.33
PP-3 53.2+2.23 9.940.32 22.8+0.68
STE-0.5 53.8+1.41 10.2+0.28 21.9+0.31
STE-1 54.2+1.77 10.0£0.15 22.5+1.61
STP-3 54.8+1.58 9.8+0.06 22.6+1.71
Probability P>0.3 P>0.2 P>0.5

Values (means of triplicates + SE) in the same column sharing the
same superscript letter are not significantly different (P>0.05)

A SR FEH(EY B FEE) U HbF) wE Ab
O] 5 HolA]| QFUTHP>0.05) (Table 2). & A Ao} AR}
Al A 1%9] 7 B H7k= g2 209 AdAke| ek v
2] 7] ¢k3ko1(Seo et al. 2009a, 2009b), Park et al. (2003)2] &1
oA AR m]e 5940k 10% A7k W] o] Aol Lt
A2 o] g4 MATIE 1ol okt Tejit Anetal. (2012)
2 AbEY uS tfAle)] n]e 2l S 0.5%4 1% 3
7HA @219 A, AR o84 E YA S SVHAIA 1Y
2L gl xF B A AR YO R Ttk A Bk 1]
o o] ekl A S =Esho] AlRol F7FgHO R A o 77 3T

Y
o Aoh 8 FE S vt e ed E3o] of el At

ARESE WAL 4 9L A2 A7t B sl
ZujEg}t fo]o ALrAdF|(g/fish), AL A3 A E(Feed ef-
ficiency ratio, FER), T 24213 -&(Protein efficiency ratio,
PER), tH 2 22 &(Protein retention, PR), 7H4| 4] 4=(Hep-
atosomatic index, HSI)2} H]9H=(Condition factor, CF)= 8¢
ol Al Ae] FRAl AALR g F-2 22 Aol e
LHA] QEXTEH(P>0.05) (Table 3). 2 AA-9}F ASHAl AR 4
T 1% H7HA A Z ol o Ab= o] 8ol whE Aol (=
A0 2 YEFTH(Seo et al. 20092). 1L 7H352] 4 AR
W 3%7kA] 9] A B H7RA] A A E TR QA AL
Agtaay) childdelba 80 A avprh #EE lth(Khan
etal. 2008). 1L A= 7 5% H7HA] Fs] AR JHA &
skt o) o) Afz o] § 4% 5914 0.2 414 2 ehKalla et
al. 2008). 3t 1]} T Alo] ]e] 22l Theh A S AR
THA 2 S Al E X 2] AT Ak o] 8 o] ol F o2 R
ATHAn et al. 2012). o]/F2] AvE oS wf ALz s+
H7IA] o 78] Aol ARR o] 84 5ol M= FF2 0%
ojuf H7H| FEl(F= M), W7 =, Abm 2 Be AR
A 27 Fol webs 24 th2A s A o' ke
z2uEeo] 7+ AlQfRt HojA|e} 7he] dnbdEEA At
Aof A o] et} 2l ok gl 7he) 7, ekl ol 2
A e AAbR] T FolA2l Aol Holz] gkgk
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Table 5. Plasma chemical composition of Korean rockfish Sebastes schlegeli at the end of the 8-week feeding trial

Experimental Total protein Glucose Cholesterol Triglyceride

diots i) (mg/dLy  GOT(IUL)  GPTAUL) = ) (/L) IGF!
Con 3.240.32 65.7+7.51 91.0+50.57  10.0+3.00 124.0+2.65 246.3+81.21 104.1£9.13
PE-0.5 3.2+0.31 110.3£40.72 74.3+ 26.95 9.0£2.00 132.3x15.14  218.0+£33.60 98.5+4.15
PE-1 3.2+0.40 78.3£23.54 70.0£25.51 8.0£1.73 134.0+44.03 235.7£168.42 105.8+13.28
PP-3 3.2£0.00 79.3£16.50 66.0+£15.72 8.3£0.58 131.719.07 210.7£30.60 136.3+67.14
STE-0.5 3.3£0.40 75.7+£32.13 58.7+12.34 7.7+0.58 130.3x17.62 208.3+44.28 98.2+8.77
STE-1 3.8+0.07 62.5+7.78 101.5+4.95 10.5+0.71 161.0£11.31  304.5£102.53 110.8+21.85
STP-3 3.2+0.38 107.71£75.64 85.0+£18.25 10.7£1.53 142.0£21.00 238.7+54.64 98.2+12.44
Probability P>0.5 P>0.9 P>0.8 P>0.6 P>0.8 P>0.9 P>0.6

Values (means of triplicates + SE) in the same column sharing the same superscript letter are not significantly different (2>0.05)

'IGF (Insulin-like growth factor)
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Hg R WSt ke 1] %)% okkrK(Kalla et al. 2008). 1
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