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Effects of Dietary Antioxidant Supplementation on the Growth, Serum
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The effects of dietary antioxidant [saltwort (SW), leek (LK), and dandelion (DD)] supplementation on the growth,
body composition, serum chemistry, and challenge test results of juvenile rockfish, Sebastes schlegelii, were deter-
mined. In an experiment, 320 fish were randomly distributed into eight, 50-L flow-through tanks (40 fish per tank).
Four experimental diets were prepared: the control diet (Con) with synthetic antioxidant: and diets with SW, LK, or
DD from natural sources. Each diet was randomly assigned to duplicate tanks of fish, which were hand-fed to satia-
tion twice daily for 8 weeks. After the 8-week feeding trial, 20 fish from each tank were artificially infected with
Streptococcus iniae and monitored for 6 days. The dietary additives did not affect survival, weight gain, specific
growth rate, feed efficiency (FE), protein efficiency ratio (PER), or plasma chemistry. However, the cumulative
mortality of fish fed the SW, LK and DD diets was lower than that of fish fed the control diet beginning 4 days after
infection. In conclusion, dietary supplementation with SW, LK, and DD did not affect the growth, FE, PER, or plasma
chemistry of rockfish. However, dietary inclusion of SW, LK, and DD lowered the mortality of rockfish following

infection with S. iniae.
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ARE-S AW FR]81AL Q= A o|cH(Tang et al., 2001). $-2| 1t
ol A = AL S| Aol A Fol&- vl kALE Al EE AT o=
PIFIA(EEE OoFR)E AMESHA] ot Wt 1+
wo] glom, A= B oA Fol7k7t ol Fske] el st
o] ARg-SHeS g o] itk

weha] 2ol ol ITAAE HAE 4= e HA &
A o] Thekgt 27 Fdro|ut oFg-AlE(herb)& 7Hsto] AR
T2 3G R A of 78] A, Ak 0] 8 W AR A
A} & K (Turan and Akyurt, 2005; Turan et al., 2007; Galina
et al., 2009; Soosean et al., 2010; Dada and Oviawe, 2011;
Deng et al., 2011; Cho and Lee, 2012; Kim et al., 2013) 5|
ofet 177} S vl 9l wEhA o] o] ALY RS 915
o] o} 9] 47 Aho] o] 84 9 o] chal UL a4 2
% Sl TR A2 A AAe) AR ke A4
o= o|FojAo} gk,

$+z[Saltwort (SW), Salicornia herbacea L.+ 2|24
E749] sterols (Lee et al., 2004), polysaccharides (Lee et al.,
2006), flavonoid glycosides (Park and Kim, 2004; Kong et al.,
2008) 4! chlorogenic acid -F-=4|(Chung et al., 2005)E g7
sho, £3] Ak}t 24 =4 flavonoid HiEA] BFHE isor-
hamnetin 3-O-B-D-glucopyranoside, quercetin 3-O-3-D-glu-
copyranosideHtungmadic acid (3-caffeoyl-4-dihydrocaffeoyl
quinic acid)E 73} lo](Hwang et al., 2009; Kong et
al., 2009) g;tsh, 3l W Wl x| Ayt Qlrkal ity
"} QJcH(Rhee et al., 2009; Shin et al., 2002; Kim 2007; Song
etal., 2007; Im et al., 2003; Jo et al., 2002). -5=[Leek (LK),
Allium tuberosum Rottler]+= A=A 2 4% flavonoid
3}5HE3} B-carotene 2! A]0]4d phenol?! B-sitosterol, querce-
tin, phenolic acid, kaemperol 5-& t}EFo 2 -5kl Qlom
(Wenzel et al., 2000; Jung et al., 2003) A 22A| 2} 5-E=A] o]l o]
93t S 28-S Urepici 8 v} 9ITH(Abn et al,
2001; Jung et al., 2003). W= [Dandelion (DD), Taraxacum
mongolicum H.]+<= gARFEEA 2 483 #=2l3E1] flavo-
noidE t}ef o 2 7513l 312 (Heo and Wang, 2008), 5=
of| 4] &9H(Takasaki et al., 1999), ™ & 2H4J(Yoon, 2008)
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Table 1. Ingredients (%, DM basis) and nutrient composition of the
experimental diets

Experimental diets

Con SW! LK! DD!
Ingredients (%)
Fish meal? 58 58 58 58
Defalled soybean g5 8.5 8.5 8.5
Casein 4 4 4 4
Wheat flour 219 21 21 21
Ethoxyquin* 0.1
Additives 1 1 1
Squid liver oil 25 25 25 25
Soybean oil 2.5 25 25 25
Vitamin premix® 1.0 1.0 1.0 1.0
Mineral premix® 1.0 1.0 1.0 1.0
Choline 0.5 0.5 0.5 0.5
Nutrients (%)
Dry matter 90.0 92.9 91.7 91.8
Crude protein 51.2 50.8 51.2 50.9
Crude lipid 10.9 10.7 10.9 10.7
Ash 10.3 10.1 10.0 10.2

ISW (Saltwort), 'LK (Leek), and 'DD (Dandelion) were purchased
from Tojongherb Co Ltd. (Dongdaemun-gu, Seoul, Korea). *Fish
meal and was purchased from Abank Co Ltd. (Seocho-gu, Seoul,
Korea). *Defatted soybean meal was supplied by CJ Cheilledang
Corp. (Jung-gu, Seoul, Korea). “Ethoxyquin was supplied from
Chunhajeil feed Co Ltd. (Daedeok-gu, Daejeon, Korea). *Vitamin
premix contained the following amount which were diluted in cel-
lulose (g/kg mix): L-ascorbic acid, 121.2; DL-o-tocopheryl acetate,
18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hy-
drochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-ino-
sitol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid,
18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003;
cyanocobalamin, 0.003. ®Mineral premix contained the follow-
ing ingredients (g/kg mix): MgSO,-7H,0, 80.0; NaH,PO,-2H,0,
370.0; KCl, 130.0; ferric citrate, 40.0; ZnSO,-7H,0, 20.0; Ca-lac-
tate, 356.5; CuCl, 0.2; AICL,-6H,0, 0.15; K1, 0.15; Na Se,0,, 0.01;
MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0.
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W W RS AOAC EEWH(1990)0] uet Asielet
A2 Kjeldahl method (Auto Kjeldahl System, Buchi
B-324/435/412, Switzerland)?} Z AW ether-extraction
method © & 2A5}¢] 0.0, 23|52 550°C 3] 3t= o) 4] 44]7F
B Bl & AeFellar, -2 105°C dry ovenof| ] 244]7k
A2A7 F 2459,

=
ge7ko] A1 FRAl 1207 AN ol 2 SzollA
o2 T2 R suke 4 AESke] 50 ppme] of
odsgoor npRgt & n|E oA HE
stol WAL Hejsiglon], welE BHS ol gslo] WolgAr
EXo| ARg-slst). 2uE2ke] g8 Automatic Chemistry
System (HITACHI 7180/7600-210, Hitachi, Japan)2- ©]-8-5}
o] Zohl A (total protein), glutamic oxaloacetic transaminase

(GOT), glutamic pyruvic transaminase (GPT)} triglyceride
e skt

Mz 344 AlSi(challenge test)

857 A FRA| ZH2H0] Absap ol A AETH )
oS FARIR 20k Adsto] 7.9 x10° CFU/L 559
Streptococcus iniae (FP5024)E 0.1 mLA &7 FAISEo] Q1
A= HAAZTE A o]F F 6Y7E HARE HESIS
], 7 o5 12417 HA . & )52 0] HAl of .5 HEs)
o FARRE WA= W SA] A AT Alat 54748 A3
712k &t Aol AAAF o, XAl o' FAAIZ T

A =4

=~

One-way ANOVA<2} Duncan’s multiple range test (Duncan
1955)=2 4] SPSS program version 19.0 (SPSS Michigan Av-
enue, Chicago, IL, USA)S o|-85}o] ZF A3 17ke] §-o04S
78kt
2 Y ;3

252 AR AR 75 ALRAZHAIE St
AAR S 87 T3 Al 2 ESO HEE(%), o1AlIF 57K
fish) 2 A AAA-E(SGR)S Table 20 YeFY Qi) 21]&
O] MELL 97.5-100%2] HAZA AL} 75 AR H7HA
Tl W F2AQl Zol= FIATHP>0.05). 12]aL 2u&
o) ntef o] A|F S7k= 11.2-12.4 g&f ¥glo|lar, 44
A2 2.30-2.43%/day 2] ol oL}, ofAF ke 4
AR aARt 7| AR EZM SRl T fol 2l Aol
7} hEREA] SESETH(P-0.05). 12} fATs}A AR et AL
ST FEA o 7o AEEC U A= oA el Apol &
o] 9FtH(Choi et al., 2004; Kim et al., 2005; Cho and Lee,
2012; Cho et al., 2013).

87ke] AFeAlE FRA| Zulsere] Alrilek(e/fsh),
Al dS(feed efficiency, FE), TH2A#3Ld S (protein effi-
ciency ratio, PER) & thill 2124 8-(protein retention, PR)<
Table 3¢ Urebf Siet. mhef @ Ab A F - F-5+(LK) At &

i1t

/

BT

Table 2. Survival (%), weight gain (g/fish) and specific growth rate (SGR) of rockfish Sebastes schlegelii fed the experimental diets contain-

ing various sources of antioxidants for 8§ weeks

Experimental diets ('3}71?5.335’35 (Z'/Tr?é.vvv.ﬁ'ﬁgf) su(?//:;/al (Z,V/ﬁiﬂf‘vt.c?ﬁé'?) (5535;)

Con 4.3+0.02 15.540.41 97 5+2.50° 11.240.43° 2.3040.056°
sw 4.3+0.00 15.540.02 100.00.00° 11.30.02° 2.3120.003°
LK 4.340.01 16.740.06 100.00.00° 12.4+0.07° 2.4340.011°
DD 4.340.01 15.840.03 100.0£0.00° 11.6£0.02° 2.340.002°

Values (means of duplicate+SE) in the same column sharing a common superscript are not significantly different (P>0.05). 'SGR (%/day) =
(Ln final weight of fish - Ln initial weight of fish)x100/days of feeding trial.
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Table 3. Feed consumption (g/fish), feed efficiency (FE, %), pro-
tein efficiency ratio (PER) and protein retention (PR) of rockfish
Sebastes schlegelii fed experimental diets containing various
sources of antioxidants for 8 weeks

Experimental Feed

diets consumption FE (%)’ PER? PR3
(gffish)

Con 10.9£0.32° 103+1.1% 2.01+0.0192 45.4+0.28°

SW 11.2+0.05> 100+0.6° 1.97+0.0132 45.2+0.29?

LK 12.3+0.018  101£0.5% 1.97+0.010° 42.0+0.35°

DD 11.6+£0.05*® 10040.6% 1.96+0.0112 44.0+0.542

Values (means of duplicate+SE) in the same column sharing a
common superscript are not significantly different (P>0.05). 'Feed
efficiency (FE, %) = Weight gain of fishx 100/feed consumed. *Pro-
tein efficiency ratio (PER) = Weight gain of fish/protein consumed.
3Protein retention (PR) = Protein gainx100/protein consumed.

F7F 2T (Con)ok FH2(SW) AL TF TRt folH 0w
=) LR O LK (P0.05), 1IS#(DD) LR Fg7oks #2
el zjo] 7} LhebUbA] Rk (P>0.05). Lt ALR E-£(100-
103%)3} Tl 2 4 3L 8 81(1.96-2.01)2 3HAKE} 7]%5 ALE A7
Al S5l ThE AR 792191 Aol 7k ek A] skt
(P>0.05). A S22 LK AL 37 F A thE A9
A& FFFRLE §21H 02 WA UeTHP<0.05). 012} &
AFsHA AbE W Fat E2(Cho and Lee, 2012), 7¢F=(Choi
etal., 2004), 7] EAHKim et al., 2005) E+= &= F=E(Cho et
al.,, 2013) H7FA| o §7-0] AkR o]-§/dolli= 2ol 7} glolTh. 919
ATebe 2ol 2ulEehg wikakE W 0.5%9] Chiorella %
A7) At A Eo] /A E QI th(Bai et al., 2001).

FAtst 715 ARV SR A8 WRAES 857
e zojere] HojA| AuhR B4 ATE Table 40|
Uk i), Hol 9] 4 kS LKSF DD Ale 2 et 4
7t 2o SW AR S BT AT felHoR =
Al SERTH(P<0.05). ol o] 2kl gkl SWARE
st A7 LKeF DD AFR S Sath Ad R 914
©2 57 LER 0 L(P<0.05) T2 7= 30149l 2ol 7} )
SATK(P>0.05). HolA|9) 241 e SW Al BT} o

vl ChE APARR FETHE £95 0 2 9HOLHP0.05),
£ AGAR FFF2 5 Aol 19
CHP>0.05). & Ao} F-AFSHA| AL Chiorella 2 71|
w2 xvjEet A48 Jol S B erkBai et al, 2001). 2]
U2 7 Anole el AujRerg gAY Ao A7t
of wfet £, 7k W 9 HojA o] ki Heli o 2al
Ao 7k LFERAA] 94 TH(Seo et al., 2009). B ALE Y S5
ARH7H 9] Bsolu 7162t ol Folu AL A7 A & F
Fu FH, AR, ol 7o ARG B AR E S Tl
utebA] o2 Yehus Aoz Az 2T Galina et al.
(2009)= oFo]-g ™ GFAA|(immunostimulant) 2 A ThoFst
79 S oF824E] 87 (Astragalus membranaceus), S
= (Scutelaria baicalensis), 21-5(Lonicera _japonica), Ganoder-
ma lucidium ¥ 1= 9] oF8-41:52] holy (Ocimum sanctum),
amla (Phyllanthus emblica), neem (Phyllanthus emblica)x}
Solanum trilobatum -2 t}eFst Gyle} g o tiajA 2 =
ofk vl Sl
87k0] ARG AR FRA| Z23]Beke] 849 total protein,
total cholesterol, glutamic pyruvic transaminase (GPT), glu-
tamic oxaloacetic transaminase (GOT) 2! triglyceride ] &=
= Table 5o e Itk S4 ¥ 2= 50 Fhs H4le} 7]
S ARAZHA F50) thE 4G 059l o7 919
cH(P0.05). oligt AThe FAT ABTY ZHZHE] 2
o] Hfolef 2 21 0.2 FeElck. i Aol G Zof et
Az 23} chalate] Hole) mhe Agate) goldel 2ol

Table 4. Chemical composition (%) of rockfish Sebastes schlegelii
fed experimental diets containing various sources of antioxidants

for 8 weeks

Ei’(‘e‘t’:”me”ta' Moisture ‘Srg:gli Crudelipid  Ash
Con 62.90.47° 21.140.01® 6.2+0.07° 6.0+0.04°
SW 62.1£0.04> 21.30.00° 65:0.04° 6.2+0.08°
LK 64.8+0.58° 20.30.08° 6.3:0.03 6.0+0.05°
DD 66.10.13° 21.0+0.11° 6.3£0.00° 6.1+0.04°

Values (means of duplicate+SE) in the same column sharing a
common superscript are not significantly different (P>0.05).

Table 5. Serum chemistry of rockfish Sebastes schlegelii fed experimental diets containing various sources of antioxidants for 8 weeks

Experimental diets ~ Total protein (g/dL) Total cholesterol (mg/dL) GPT (IU/L) GOT (IU/L) Triglyceride (mg/dL)
Con 4.2+0.192 192.0+3.00° 2.0£1.00° 66.5£8.502 265.5+38.50°
SW 4.0£0.112 188.5+8.50° 2.0£0.00° 45.0£6.002 312.0+£26.00°
LK 4.4£0.042 196.5+6.94° 2.5+0.41° 42.5£6.122 307.5% 2.042
DD 4.5+0.182 208.5+7.50° 3.0+0.00° 62.5+£5.502 303.0+ 9.00°

Values (means of duplicate+SE) in the same column sharing a common superscript are not significantly different (P>0.05). GPT, glutamic

pyruvic transaminase; GOT, glutamic oxaloacetic transaminase.
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7} YeRtA] 9Fkth(Jeon et al., 2013). 12U ALY 429
2% A7HA 20 &2 @4 glucose T2 F7HEQI tR
of| H]ato] =LA 745 tH(Bai et al., 2001).

geqke] il Bet ARG ALY FRA| ATt 2918 200}

£ FAQE FE519] S iniaeZ A9 A 4 o]
A ARE HIE Fig. 10 Yeh leh Al 7He$- LKA
5 Bt AR 364120 AR ) Al
O}, Aot 7 o] 5 4L AR e 2 SR A 6 A 7HA] t 2
Tol A SW, LK % DD Ab& FH7-H0 Fo 4 o g 58 w4
HAREo] TEE ATk T3 o] T 4UA FE B FEAIQ
647712 SWeF LK At 5ol A DD Atz 3+ ok
o)A o & W2 A HARg o] THAHE QUTH(P<0.05).

ool JlojAl Theket SFu FEI S AR 7HAI7E ol 79 |
o1 aArol L U Aol B3} Q1 A2 WAt glr, %
g EZE wjgARY 0.5% L2l H7}A] Vibrio alginolyticus
©] 2191413] ZH1F F A1 2T 0.1% ol W7
of Hlsf & FAFHAREo] IEE UTHKim et al., 1999). g
Z)E v AR Y ot B 0.5-5% F7HA| Edwardsiella tarda
of 1917191 71 0| 60AIZHA|RE] Bo] H71E|A] ke o
Zof| vl A S A H|Akgo] 22 ¢l o™ (Cho and Lee,
2012), 3+ 0.5% 5732Fs H7HA] E. tardaol] 7ol st &
2 EA AR o] TEE A FTHChoi et al., 2004). 3(Scutel-
laria baicalensis) 3252 AFR U A7HA] G329 A $-o= E.
tarda®} W 719) 4% V. anguillarum} S. iniae®] Q1912 <1 Al
o ol a7} 9l AL & YERGTHCho et al., 2013; Kim
etal., 2013). T+ J %] vl gtz glucan A 7}A| E. tarda 7t
A ol FHZFER] 2 to] BlsiA W A A B3
TH(Won et al., 2004).
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Fig. 1. Cumulative mortality of rockfish Sebastes schlegelii fed
the experimental diets containing various sources of antioxidants
for 8 weeks, and then infected by Streptococcus iniae (means of
duplicates + SE).

S o] uifgbAbE ) 7 M B eto] Ayt ol e vl
sfolls vt gl A0 Uehgeh Do gk, 55 9 v
Sao] ARy WM S, iniae 719 ol 27} Heke] waux}
2 FaA7|e wAQl Ao Beret,

Al AL

o] =2 2014 sjfARE Ao R Shegately)E
Y] A Ye whop 3 H AF(CILHE Fof nyA =
Z1AkE ) 9 (o] BB fARE AEFEES ol%
ot o 7ol Mg AA AFRHZMAIL o, Egt
o] =1 20029 % FR (WSS |ER)] QYo R =i
TFAE] A LS o =3 7|2 Ao H(No. KRF-
2012R1A1A2003937), o]ol| ZFAF =y}
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