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ABSTRACT

Chapter 1

Effects of dietary supplementation of a citrus by-product on growth performance, innate

immunity and tolerance of low water temperature in red sea bream Pagrus major

Our aim was to determine the effects of a citrus by-product (CBP) and CBP fermented by
Lactobacillus palntarum (LP-CBP), provided as dietary supplements, on the growth performance,
feed utilization, innate immunity and temperature tolerance of red sea bream. A diet without inclusion
of CBP or LP-CBP was used as a control and four other experimental diets were formulated to replace
wheat flour by 4% and 8% of either CBP or LP-CBP (designated as Con, LP-CBP4%, LP-CBP8%,
CBP4% and CBP8%, respectively). Experimental diets were fed to triplicate groups of 25 fish (initial
body weight, 55.0 g) for 9 weeks. Growth performance and feed utilization were not significantly
different among all the groups. Bone collagen content was significantly increased by supplemention
with CBP and LP-CBP. Vitamin C concentration tended to be higher in livers of fish fed the
supplements than in those of the control group. Myeloperoxidase, lysozyme and superoxide dismutase
activities were higher in fish fed CBP or LP-CBP than in those fed the control diet. When fish were
exposed to low water temperature, cumulative mortalities of those fed CBP or LP-CBP supplemented
diets were lower (29%, 33%, 34% and 33% mortalities for LP-4%, LP-8%, CBP4% and CBP8%,
respectively) than the control group (58%). Therefore, inclusion of either CBP or LP-CBP at up to 8%
in red sea bream diet brings benefits through enhanced innate immunity and better tolerance of low

water temperature.



Chapter 2

Evaluation of dietary citrus by-product as an L-ascorbyl-polyphosphate substitute for juvenile

olive flounder (Paralichthys olivaceus)

This study investigated the effect of partial and/or whole replacement of dietary l-ascorbly-
polyphosphate (LAPP) by citrus by-product (CBP) on growth performance of the juvenile olive
flounder, Paralichthys olivaceus. Triplicate groups of juvenile olive flounder (initial weight of 46.4 g)
were fed one of five experimental diets which were formulated to replace LAPP by CBP at 0%, 25%,
50%, 75% or 100% (designated as LAPP100/CBPO, LAPP75/CBP25, LAPP50/CBP50,
LAPP75/CBP25 or LAPPO/CBP100). During 6 weeks of the feeding trial, feed intake and survival
were not significantly different among all the fish groups. However, fish fed LAPPO/CBP100 group
had significantly higher final body weight and feed conversion ratio than the LAPP100/CBPO group.
Immune response and histological parameters were not significantly different among all the groups.
The results suggest that LAPP can be replaced in diet for the olive flounder by eco-friendly CBP to

maintain their normal growth and health status.

VI



Chapter 3

Replacing vitamin C source, L-ascorbyl-polyphosphate, with citrus by-product and digestibility

in diets of Korean rockfish Sebastes schlegeli

The present study examined the effects of replacement of dietary vitamin C (VC) source (l-ascorbyl-
polyphosphate, LAPP) by citrus by-product (CBP) on growth performance, feed utilization, innate
immunity and disease resistance of juvenile Korean rockfish. A diet without LAPP and CBP was used
as a control diet. Four other experimental diets containing two different levels of either LAPP or CBP
equivalents of 90 and 360 mg/kg diet (designated as Con, LAPP90, LAPP360, CBP90 and CBP360
respectively). At the end of 13 week feeding trial, growth performance, feed utilization and survival
rate of fish fed LAPP and/or CBP supplemented diets were significantly higher than fish fed the
control diet. The VC concentration in the liver and bone collagen content were correlated positively
with the dietary VC levels. Fish fed LAPP and/or CBP supplemented diets were significantly higher
lysozyme and total immunoglobulin activities than those fed the control diet. In the challenge test
against Streptococcus iniae, cumulative mortality of fish fed LAPP and/or CBP supplemented diets
were significantly lower (8-40%) than the control group (61%). The findings in this study show that

the CBP can be promising VVC source for LAPP replacement in diet for Korean rockfish.

VI



Chapter 4

Replacing vitamin C source with citrus by-product or fermented citrus by-product in diets of

Korean rockfish Sebastes schlegeli

This study was conducted to investigate the dietary supplementation of citrus by-product
(CBP) fermented with probiotic bacteria on growth performance, feed utilization, innate
immune responses and disease resistance of juvenile Korean rockfish Sebastes schlegeli.
Triplicate groups of juvenile Korean rockfish (initial weight of 22.9 g) were fed one of five
experimental diets which were formulated to replace LAPP by CBP and/or fermented CBP with
Bacillus subtilis and B. pumilus. A diet without LAPP and CBP was used as a control diet (Con, LAPP,
CBP, BS-CBP or BP-CBP). At the end of 13 week feeding trial, growth performance, feed utilization
and survival rate of fish fed control diet was significantly lower than fish fed the LAPP, CBP and/or
fermented CBP supplemented diets. Fish fed control diet was significantly lower lysozyme activity
than those fed the LAPP, CBP and/or fermented CBP supplemented diets. In the challenge test against
Edwardsiella tarda, cumulative mortality of fish fed LAPP,CBP and/or fermented CBP supplemented
diets were significantly lower (20-30%) than the control group (60%). The findings in this study show
that the CBP and/or fermented CBP can be a promising VC source for LAPP replacement in diet for

Korean rockfish.

VIII
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Table 1-1. Historical vitamin C diagnostic signs reported in fish.

Deficiency signs

Species

Abnormal swimming (ataxia)

Dark skin coloration

Deformities (spinal, jaws, or shout)
Eye pathological changes (cataract)
Hemorrhage

Poor appetite (anorexia)

Scoliosis

Korean rockfish

Korean rockfish, Yellowtail

Olive flounder, Korean rockfish, parrotfish
Olive flounder

Olive flounder, Korean rockfish, yellowtail
Olive flounder, Korean rockfish, parrotfish

Olive flounder, Korean rockfish

(Source: NRC, 2011)



Table 1-2. Vitamin C requirements for growing fish with chemically defined diets in a controlled

environment.

Species Vitamin C Requirement Response Reference
P source (mg/kg diet) Criteria
AA 250-500 WG, ADS McLaren et al. (1947)
100 WG, ADS Halver et al. (1969)
40 WG, ADS Hilton et al. (1978)
Rainbow trout
(Oncorhynchus mykiss) 20 WG, ADS Sato et al. (1982)
5-100 C/H Sato et al. (1982)
500 MLS Sato et al. (1982)
20 WG, ADS Grant et al. (1989)
(Salmo salar) C2MP-Ca 10 WG, ADS  Sandnes et al. (1992)
(Oplegnathus fasciatus) C2MP 118 WG Wang et al. (2003a)
AA 144 WG Lee et al. (1998)
100-102 WG, SGR, PER  Bai (2001)
Korean rockfish
(Sebastes schlegeli) C2MP-Ca 112 WG Wang et al. (2003b)
C2MP-Na/Ca 101 WG Wang et al. (2003b)
Cc2D 50 WG, ADS Wang et al. (2003c)
(Paralichthys olivaceus) C2PP 91-93 WG, PER  Wang et al. (2002)
Tiger puffer
(Takifugu rubripes) C2MP 29 WG, SGR Eo and Lee (2008)
Cobia .
(Rachycentron canadum) C2PP 44.7-53.9 WG, MLS Xiao et al. (2010)
AA 45.3 WG Lin and Shiau (2005a)
Grouper . .
. - . L h 2004
(Epinephelus spp.) C2MP-Mg 17.9 WG in and Shiau (2004)
C2PP 17.8 WG Lin and Shiau (2005b)

(ZX: NRC, 2011)

AA: L-ascorbic acid; ADS, absence of deficiency signs; C2D, L-ascorbyl-2-glucose; C2MP, ascrobyl-
2-monophosphate; C2PP, L-ascorbyl-2-pholyphosphate; C/H, collagen or hydroxyproline
concentration; MLS, maximum liver storage; SGR, specific growth rate; PER, protein efficiency ratio;

WG, weight gain.
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Figure 1-1. A process of citrus by-product pre-treatment.
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Table 1-3. Chemical composition of some citrus by-product I.

Citrus by-product Dried citrus pulp Er;ﬁ%r?:;gz Citrus seed meal
Calcium(g/kg DM) 20.7 19 12.5
Phosphorus (g/kg DM) 13 14 7.5
Magnesium (g/kg DM) 1.6 0.8 6.8
Potassium (g/kg DM) 7.7 - 14.9
Sodium (g/kg DM) 1.0 - -
Chlorine (g/kg DM) - - -
Sulfur (g/kg DM) 0.7 - -
Cobalt (mg/kg DM) 0.155 - -
Copper (mg/kg DM) 6.3 - 7.5
Iron (mg/kg DM) 170 - 330
Magnaese (mg/kg DM) 7.2 - 8.5
Zinc (mg/kg DM) 14.4 - 8.0
Arginine (g/kg DM) 25 - -
Cystein (g/kg DM) 1.2 - -
Lysine (g/kg DM) 2.2 - -
Methionine Lysine (g/kg DM) 1.0 - -
Tryptophan Lysine (g/kg DM) 0.7 - -
Vitamin A (IU/kg DM) 400 - -
Choline (mg/kg DM) 884 - -
(Source: Ensminger and Olentine, 1978)



Table 1-4. Chemical composition of some citrus by-product I1.

Citrus by-product Citrus pulp Citrus pulp dried
DM? (g/kg) 183 900
OM (g/kg DM) 923 930
CP (g/kg DM) 66 69
Crude fat (g/kg DM) 33 38
ADF (g/kg DM) 160 230
NE, (MJ/kg DM) 7.91 7.36
NE, (MJ/kg DM) 6.65 4.89
NE, (MJ/kg DM) 8.28 7.36
Calcium (g/kg DM) - 20.7
Phosphorus (g/kg DM) - 1.3
Magnesium (g/kg DM) - 1.6
Potassium (g/kg DM) - 6.2

- 10 -

(Source: Bath et al., 1980)
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=28 gfstn JAo{(Bampidis and Robinson, 2006), 7tsAlES| =R} S|z
A= 10 RACHBraddock, 1983). CBP2| AEREt 7= HAE HMCE ARIEJLD, O F
Crefel sty MEEMZS Sal A 2 = ARAME AR JAEE2MO 0|&
7tsMo| s+ Hch(Mead and Guilbert, 1926; Cullen et al., 1986). SHX|2F AO{AIR S| I ZE
o840 &M= HXE =28t AFEJLD, O 2 ZAoBoM= HFet

AlXo|CHSong et al., 2002; Seo et al., 2010; Lee et al., 2013).
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Wang et al., 2009).
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Table 2-1. Formulation and proximate composition of experimental diets for red sea bream, Pagrus

major (%, DM)

Experimental diets

Ingredients
Con LP-CBP4%  LP-CBP8% CBP 4% CBP 8%

White fish meal 49.0 49.0 49.0 49.0 49.0
Soybean meal 15.0 15.0 15.0 15.0 15.0
Wheat flour 23.0 19.0 15.0 19.0 15.0
Squid liver oil 10.0 10.0 10.0 10.0 10.0
Vitamin mix* 1.0 1.0 1.0 1.0 1.0
Mineral mix? 1.0 1.0 1.0 1.0 1.0
LP-CBP? 0.0 4.0 8.0 0.0 0.0
CBP* 0.0 0.0 0.0 4.0 8.0
cMmc® 1.0 1.0 1.0 1.0 1.0

Proximate composition (%)

Moisture 21.5 23.6 25.4 24.1 24.8
Crude protein 47.0 46.9 46.7 45.1 47.6
Crude lipid 13.3 12.6 13.6 13.7 13.6
Crude ash 12.8 13.1 14.0 12.8 13.2
TAA(mg/kg)® 64+0.1° 98+0.3" 149+1.9° 111+0.3° 146+6.8°

!-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68;
p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.

2MgSO4.7HZO, 80.0; NaH,P0O,.2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate,
356.5; CuCl,, 0.2; AICl;. 6H,0, 0.15; Na,Se,03, 0.01; MnS0O,4.H,0, 2.0; CoCl,.6H,0, 1.0.

®Citrus by-product fermented with Lactobacillus plantarum.

*Citrus by-product: ILHAE Corporation.

>Carboxylmethyl cellulose (Sigma, USA).

®Total ascorbic acid.
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f. Sodium

St

HelE ZH5IUCE Blanke dimethyl formamideE A& S
& Wl lysozyme =412 Sankaran and Gurnani (1972)2| ##HoZ EAMSIQIC
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Bl
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I = HMEE

e QIE=INE]

to{ 22CollM 302

SHICHB000 x g). HAEE2 = MSA
=75t 430 nmollM SHEE SHSIULCH
X Ul superoxide dismutase (SOD)&A 2 SOD assay kit (Sigma, USA)Z &4 5}t Ct
228 F2 AEHA WM
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AS ol b x| = 2 2HEH & (Completely randomized design)2 2 AMA|5 D, ME
2 EMZDE SPSS (Version 120) Z2IMES 0[23510{ One-way ANOVAZ S
=Mstict  fole gtel  ®elAt=  Tukey’s HSDE  HluwsIQUCh  ClO[H=

g+ EFH X (meantSD) 2 LIEFY AT,
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23 & 1}
AR Ul CBP % LP-CBP X7iol w2 zhEe|l MAAINL= Table 2-20i LIERASALCE
oF7tel AE3ZZ F TR, ARHEEs, CHEolgsgs ¥ MEgSE ZE
JE0M Feldel xto|7t iUk
St 222 CBP £+ LP-CBP7t HJtEl ZE& I&O0| thx70ol dHlah Rexe=
=2 S ECHP<0.05)(Table 2-3). AEO| ZtollAel HIEEl C &2 ZE IO
Fel&el xto| 7t i Ch(Table 2-3).
MEHAR ZZo| e ZEe H[50|d HoALts A= Figure 2-10 LIERHSACE
MPO2} SODEAJ0lME CBP =& LP-CBPZF AIbEl aF0| th=Fol d|sf RelXo=z
M3 HCHP<0.05). Lysozyme EAMo|M= LP-CBP4% 1&0| CH=To| H|af}
oMoz =2 42 EUCHP<0.05). tHAIM =AM 3! anti-protease AMOM= ZE
JE0AM Fel&el xto|7t ALt
+2 XNsto w2 METE HAtg 5 ZI= Figure 2-20 LIERHACH AEEA
A= 22dmi(11.6C) CH=T7F 10%, LP-CBPE #X7tst OE2 5%, CBPE dItst OE2
12-18%2 HAIEE EIch AEA X2 12-1429(7.6-6.8TC)oll=  CH=T0l A
SATHE5.7%) HAIS0| ZHEE|0{ LP-CBP4% (19.8%)E H7Ist O&oll Hla| RelMe=z
=2 HASES 2ot
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Table 2-2. Growth performance of red sea bream (initial body weight, 55.0+0.5 g) fed five
experimental diets containing two different levels of either citrus by-product (CBP) or citrus by-

product fermented with Lactobacillus plantarum (LP-CBP) for 9 weeks.

FBW! (g) FCR? PER? Survival (%)
Con 83.3£1.5 1.29+0.15 1.66+0.20 89.3+10.1
LP-CBP4% 85.5+1.8 1.21+0.05 1.76+0.07 96.0£4.0
LP-CBP8% 87.743.4 1.14+0.11 1.89+0.19 93.3+2.3
CBP4% 86.3£1.9 1.24+0.15 1.80+0.20 90.7+8.3
CBP8% 86.51.0 1.20+0.04 1.75+0.06 86.0£8.5

Values are means of triplicate groups and presented as meanSD.
'Final body weight (g).
*Feed conversion ratio = dry feed fed/wet weight gain.

*protein efficiency ratio = wet weight gain/total protein given.
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Table 2-3. Bone collagen and total ascorbic acid concentration in the liver of red sea bream (Pagrus
major) fed the experimental diets containing two different levels of either citrus by-product (CBP) or

citrus by-product fermented with Lactobacillus plantarum (LP-CBP) for 9 weeks.

Bone collagen (%) Total ascorbic acid (mg/kg)
Con 19.6+1.0° 43.617.2
LP-CBP4% 26.60.9" 54.9+16.7
LP-CBP8% 30.3+2.9° 58.3+5.9
CBP4% 22.4+2.5% 50.5+7.9
CBP8% 25.242.3" 55.7+5.2

Values are mean of triplicate groups and presented as mean+SD. Values in the same column having

different superscript letters are significantly different (P<0.05).
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Figure 2-1. Myeloperoxidase (MPO) activity (A), lysozyme activity (B), superoxide dismutase (SOD)

activity (C), Nitro blue-tetrazolium (NBT) assay (D) and anti-protease activity (E) of red sea bream

(Pagrus major) fed five experimental diets containing two different levels of either citrus by-product

(CBP) or citrus by-product fermented with Lactobacillus plantarum (LP-CBP) for 9 weeks. Values

are mean of triplicate groups and presented as meanSD.
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Figure 2-2. Cumulative mortality of red sea bream (Pagrus major) fed five experimental diets
containing two different levels of either citrus by-product (CBP) or citrus by-product fermented with

Lactobacillus plantarum (LP-CBP) after exposure by low temperature for 15 days.
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2 A7 FEel MEES CBP X LP-CBP M7l HES 9X| Lgct HRE
Mo Z SF Lee et al. (2013)2] 90l A= Bacillus subtilis, Enterococcus faecium, L.
rhamnosus, L. plantarum #3F 2 2aAlZl CBPE 3% #HIislo] 1052t =235 S o,
= Agn skl 2 OEMAM MZEXO[Z7L glct Estch gHH,) Song et al.
(2002)2 YG=XIALZO| ZH2LaAS 02% HII5I0] 16572 225U S mf H2LEHO|

HIM=[R &2 of=7o| dl|s| |z

R

2 MHFE, ALZEAS(feed coefficient)
L AHO|M F Z(daily feeding rate, %)= ZE115IUCE Seo et al. (2010)2 CBP, I &, A=,
D242 HxIAL=Rol ZtZ HIlsto] 15572 52619 S i, CBP A7} O&o I
HItaE0 dlol RelMezE =2 MEES EQctl J|S5Ych 2 ATt Lee et al
(2013)e] E M=27((12-16TC) 2tHolM Algo| MEM=JD, FXte| H HYF+2(20C

eyl  aedo] Aot HEF2olMs= AtR HolFo|l BItste] dEEO|

—

o

= X2, 20| Holx|H Atz Ho|Fo| E0{=0] M E0| A5 = CH(Iwataetal,

-,

1994). m2A, 2 Also|A= CBP = LP-CBPO| o8t asHECHE XM42 3tzol| 2|3

gtatdol RtckeElof £2E€ 3 e odstel 42 I[EH Z A0
LIEF-FCH(Lovell, 1973; Wilson, 1973). Yellow croaker2t AtF=& Ao 2 Atz Lf H|EFRI C
qHF2 sEEHE Jget T AW St HEFS 2AMSI¥ S W, 20-30%2 =HEFS Eo]
2 M FAISH 482 EQICHAI et al., 2006; Eo and Lee, 2008). t2tA{ CBP HE+&= LP-
CBP= ZHE AMUolM Z2td =Hdoll 2822 o|8Hc AW2E ALRECE ARE

sof 3= HIER Cce & Sof ZHll MZEECH(Xiao et al, 2010). 7H2 H|EIZl C
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CHALO| 09 B2 A2 5, ol /el HUAE] X|Z =2 0| ZE CH(Dabrowski et al., 1994;
Gouillou-Coustans et al., 1998). CobiaE CHat2=Z H|EFZI C (35% ascorbic acid equivalent,
China) & &X£H(0, 10, 30, 90, 270, 810 mg/kg)Z2 H7Iet AR E 1052t S=¢F 23, 7+ o
HIEIZI C &=HE FolsHl S7Ists 225 EcH(Xiao et al, 2010). 2HH, 2 AMSHolM=
CBP = LP-CBP HJtol mE 2+ W HIEIR C FHolM= welet xtol= @AAX|2
Eotste d&€2 EQUch w2l CBP E+= LP-CBPO|l 2tiE HIEIRI C7t &E2| ZHol[A
E8MoE F7E0 2 ME=US A2E ALRECH

Lysozyme= Ctet #o| &d&ES LIEH= 2402AM, M MzHe| FHMHEQ
peptidoglycan2| B-1,4 A= Jtr2olistd &dRZES LIEFMHCHGrinde, 1989). CobiaE
HAato 2 AZ Wf H|EIRI CE SEH(0, 12,5, 25.0, 50, 100, 200, 400 mg/kg)E 8F 7t

=504 lysozyme EME FHHSIUE W, HESE(100 mokg)7txl= FHEIE 252l

z=~tof sl Feldez =2 &#428 20 = Ao sedet 482 2k (Zhou et al,,

AHCitrus junos Siebold ex Tanaka)™7IALZE 377t

N
o
H
LS
IR
o
un
>
mju
o
0z
10
ll
0

=3¢ct F lysozyme M S ZASIE S W, 5% FAIEIE AFRZE MF s OE0| of =Fof

Hlof defsez =2 #do| 291, daed2 FHSUE oz 5% I 250l

Aol wE BIEIRI C MFBVIt EH f e Zhl dEATE AS Ae=E
ZF &5l chJung et al., 2010).

SOD= ZzIfttetol25 &gt IpteteA2 B F= S4EAM, eibst 2ot
ozl oy HHof| CHet HHES UADAIA HAHE YolEs= XEEM 0[S
*UACHFattman et al., 2003). HIEtZl C= CHEZXQl &atst 222 hydroxyl radical, superoxide,
singlet oxygentt &%& HtSstHA aietM 2 2HE Sk (Vatassery et al., 1989; Padh, 1990).

CBPE ulEfEl C #pF ofla} atMEl BMo| Yste olxE s|Etel 9} BalEiolS



CH==oll s HIEIZI CIF HMIIE OFMAM FelMez2 =2 &82 EUCKEo and Lee,
2008; Zhou et al., 2012). & AISHOAAM LT CBP £+ LP-CBPO| MIIEl OF2 =70 Hsl
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hypochlorus acid (HCIO)Z ZHEAI7{ HAM o|dE2 AMHA[ZICKPalic et al, 2005).
O{22 M of MPOEAM ZJi= HHEAoo oist sSRails SEAHA HAHSES
SItAZ|= dEes st iR Eel dHlEtel ¢ 7 A2 MHEIEJ =S FOf
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o|&el ZIt2 Z W, CBP k= LP-CBPE #7Iet AEAIRS S52 XM+27(0M



o] AO{ALZ LY

7tE+5 AdgAtz o 5Et2 C 2Eol &Bts

=~
(=

CBP EE= LP-CBP7}

=
=,

(=]
e
o

AMZEIH 2M4 AL

ZM 0| E

oz

HIEF2] C CHA

Kio
Hi

I—%I:

FXI2F CBP2|

9

=k

%l:

2k CcBPel

Gl=1=g

AHEO|

BH4 vlEl C Chx

=

ofAt2 U

o0

T

Hd
ol

H
L
=

- 35 -



CHAPTER 3

X E=27]0f|M " x|(Paralichthys olivaceus) Al2 W Z=2&&4t

ool e g4 HIEZ C A& =AL

Evaluation of dietary citrus by-product as an L-ascorbyl-
polyphosphate substitute of low water temperature

for juvenile olive flounder (Paralichthys olivaceus)
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Table 3-1. Composition and proximate analysis of the experimental diets (% dry matter)

Experimental diets

Ingredients (LAPP/CBP)

100/0 75/25 50/50 25/75 0/100
White FM 48.0 48.0 48.0 48.0 48.0
Soybean meal 8.0 8.0 8.0 8.0 8.0
Corn gluten meal 8.0 8.0 8.0 8.0 8.0
Wheat flour 20.0 20.0 20.0 20.0 20.0
Squid liver oil 10.0 10.0 10.0 10.0 10.0
Mineral Mix* 0.5 0.5 0.5 0.5 0.5
Vitamin Mix (Vit C free) * 0.5 0.5 0.5 0.5 0.5
LAPP* 0.02857 0.02143 0.01429 0.00714 0.0
CBP* 0.0 1.25 2.50 3.75 5.00
Cellulose 4971 3.728 2.485 1.242 0.0
Composition analysis
Crude protein 46.4 46.6 46.8 47.1 47.3
Crude lipid 13.0 12.8 13.6 13.0 12.9
Crude ash 9.6 9.7 9.6 9.8 9.9
Moisture 7.4 8.2 8.7 9.8 9.6
Total ascorbic acid(mg/kg) 108.2 93.7 106.8 111.1 99.3

Mineral Premix (9/kg of mixture): MgSO,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCL, 130.0; Ferric
citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICI;.6H,0, 0.15; Na,SeO;, 0.01;
MnSO,H,0, 2.0; CoCl,.6H,0, 1.0.

*Vitamin Premix (g/kg of mixture): DL-tocopheryl acetate, 20.0; thiamin hydrochloride, 4.0;
riboflavin, 4.4; pyridoxine hydrochloride, 4.0; niacin, 30.0; D-pantothenic acid hemicalcium salt, 14.5;
myo-inositol, 40.0; D-biotin, 0.2; folic acid, 0.48; menadion, 0.2; retinyl acetate, 1.0; cholecalficerol,
0.05; cyanocobalamin, 0.01.

“L-ascorbic acid: Sigma Chemicals.

=Citrus by-product: ILHAE Corporation.
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Figure 3-1. Histopathological analysis of the olive flounder fed five experimental diets.
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Table 3-2. Growth performance of olive flounder (Paralichthys olivaceus) (initial body weight

46.4+0.7 g) fed the 5 experimental diets for 6 weeks.

LAPP/CBP FBW! FI2 FCR® PER* Survival (%)
100/0 95.1+4.7° 57.9+6.8 1.25+0.11° 1.73+0.15° 86.7+2.31
75/25 99.3+3.5% 63.8+3.4 1.09+0.13% 1.98+0.25% 69.3+11.5
50/50 99.1+3.4%® 61.6+2.9 1.16+0.03% 1.84+0.05% 76.0+0.00
25/75 105+1.6° 60.9+1.7 1.03+0.11% 2.07+0.21%® 82.7+4.62
0/100 107+2.3° 67.9+8.0 0.93+0.06° 2.27+0.16° 69.3+12.9

Values are means of triplicate groups and presented as mean+SD. Values in the same column having
different superscript letters are significantly different (P<0.05).

'Final body weight (g).
’Feed intake.
*Feed conversion ratio = dry feed fed/wet weight gain.

“Protein efficiency ratio = wet weight gain/total protein given.
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Table 3-3. Morphological parameters of olive flounder (Paralichthys olivaceus) fed the experimental

diets for 6 weeks.

LAPP/CBP HSI* VSI? CF® (%) Goblet cell
100/0 1.26+0.17 3.250.15 0.72+0.05 12714712
75/25 1.18+0.14 2.65+0.36 0.66+0.05 1996+437
50/50 1.16+0.24 2.89+0.06 0.71%0.02 14344142
25/75 1.47+0.10 2.75£0.11 0.72+0.02 12064304
0/100 1.61+0.20 2.97+0.51 0.7120.01 1763+328

Values are mean of triplicate groups and presented as mean£SD. Values in the same column having
different superscript letters are significantly different (P<0.05).

'Hepatosomatic index (liver weight x 100/body weight).

2Visceralsomatic index (viscera weight x 100/body weight).

*Condition factor (fish weight x 100/total body length?).
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Table 3-4. Nitro blue tetrazolium (NBT), lysozyme, myeloperoxidase (MPO), superoxide dismutase
(SOD) and total immunoglobulin (Ig) of olive flounder (Paralichthys olivaceus) fed the experimental

diets for 6 weeks.

LAPP/CBP NBT Lysozyme MPO SOD Ig
100/0 1.01+0.14 35.3+12.0 0.93+0.10 85.8+1.99 20.1+6.69
75/25 1.03+0.08 29.8+4.03 0.99+0.18 85.0£4.73 22.7+4.14
50/50 1.05+0.08 34.8+10.2 0.95+0.15 79.9£1.73 22.8+3.33
25/75 1.01+0.01 33.6x12.0 1.01+0.04 83.1+2.91 23.7£2.93
0/100 0.96+0.09 23.8+5.29 1.04+0.18 83.1£5.50 25.3£2.02

Values are means of triplicate groups and presented as mean + SD. Values in the same column having

different superscript letters are significantly different (P<0.05).
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>y

50/50

Figure 3-2. Changes in number of goblet cells in the intestine of olive flounder fed the five
experiment diets for 12 weeks; (A)LAPP100/CBPO, (B)LAPP75/CBP25, (C)LAPP50/CBP50,

(D)LAPP25/CBP75, and (E)LAPPO/CBP100.
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CHAPTER 4

Z= 1| 2 &}(Sebastes schlegeli) Atz W Z+2=t&4E HItoll w2 $HA

HIEIEl C el &2 & 2318 ot

Replacing vitamin C source, L-ascorbyl-polyphosphate, with citrus by-

product and digestibility in diets of Korean rockfish Sebastes schlegeli
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Table 4-1. Formulation of the experimental diets (% DM).

Experimental diets

Ingredients

Con LAPP LAPP CBP CBP

90 360 90 360

Defatted fish meal* 10.00 10.00 10.00 10.00 10.00
Casein® 42.00 42.00 42.00 42.00 42.00
Dextrin 25.00 25.00 25.00 25.00 25.00
Squid liver oil 11.00 11.00 11.00 11.00 11.00
Vitamin Mix® (vitamin C free) 1.00 1.00 1.00 1.00 1.00
Mineral Mix* 1.00 1.00 1.00 1.00 1.00
LAPP® (mg/100 g) 0.00 0.026 0.103 0.00 0.00
CBP® 0.00 0.00 0.00 2.00 8.00
cMmc’ 0.50 0.50 0.50 0.50 0.50
Taurine 1.00 1.00 1.00 1.00 1.00
Cellulose 8.50 8.47 8.40 6.50 0.50

'Fish meal were extracted by 70% aqueous ethanol (water:ethanol=3:7) for 48 h.

“United States Biochemical (USB), Cleveland, OH, USA.

SVitamin premix (g/kg of mixture): retinyl acetate, 1.0; cholecalciferol, 0.05; menadione, 0.2;

thiamine hydrochloride, 4.0; riboflavin, 4.4; D-pantothenic acid hemicalcium, 14.5; pyridoxine

hydrochloride, 4.0; cyanocobalamin, 0.01; miacinamide, 30.0; folic acid, 0.48; D-biotin, 0.2; myo-

inositol, 40.0; a-tocopherol, 10.0.

*Mineral Premix (9/kg of mixture): MgSQ,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCL, 130.0; Ferric

citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AlCl;.6H,0, 0.15; Na,SeOs, 0.01;

MnSQO,H,0, 2.0; CoCl,.6H,0, 1.0.
>_-ascorbyl-2-polyphosphate.
®Citrus by-product: ILHAE Corporation.

"Carboxylmethylcellulose.
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Table 4-2. Proximate analysis of the experimental diets (% DM).

Experimental diets

Ingredients
Con LAPP LAPP CBP CBP
90 360 90 360
Moisture 10.2 7.8 8.1 8.7 10.4
Crude protein 48.0 48.1 47.5 48.5 48.8
Crude lipid 111 10.2 11.0 10.4 10.2
Crude ash 4.6 4.3 4.7 6.0 6.2
Total ascorbic acid (mg/kg) 22.3 123.3 334.2 98.3 262.2
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Figure 4-1. Feces collection tanks (Guelph system) used for the apparent digestibility test of citrus

by-product containing diets.

". \

Figure 4-2. Fes collection for the apparent digestibility test of citrus by-product containing diets.
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Table 4-3. Growth performance of Korean rockfish (initial body weigh 4.5+0.01 g) fed 5

experimental diets containing two different levels of either L-ascorbyl-2-polyphosphate (LAPP) or

citrus by-product (CBP) for 13 weeks.

FBW" (g) FCR? PER® FI* Survival(%)
Con 10.8+0.56° 1.63+0.09" 1.01+0.17° 9.7+0.64° 52.5+2.5°
LAPP90 15.0£0.37° 1.21+0.09™ 1.50+£0.12" 12.3+0.52% 87.5+7.5°
LAPP360 16.0£0.82° 1.04£0.04% 1.76+0.08% 11.7£1.35% 90.8+1.4°
CBP90 14.8£1.17° 1.33£0.07° 1.36+0.08° 12.8+1.48° 73.8+8.8%
CBP360 18.8+0.62° 0.96+0.06° 1.88+0.14° 12.7¢1.11° 80.0+8.7°

Values are means or triplicate groups and presented as mean+SD. Values in the same column having

different superscript letters are significantly different (P<0.05).

'Final body weight (g).

*Feed conversion ratio=dry feed fed/wet weight gain.

*protein efficiency ratio=wet weight/total protein given.

“Feed intake (g/fish).
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Table 4-4. Liver ascorbic acids and vertebral collagen concentrations of Korean rockfish (Sebastes
schlegeli) juvenile fed the 5 experimental diets containing two different levels of either L-ascorbyl-2-

polyphosphate (LAPP) or citrus by-product (CBP) for 13 weeks.

Vitamin C content in liver Bone collagen
Con 7.2+3.4° 15.7+1.65°%
LAPP90 36.7+10.8" 18.8+1.05
LAPP360 117.3x11.5° 17.8+0.88%
CBP90 14.2+3.9° 19.0£1.01°
CBP360 14.3+4.4° 17.0+£1.05%

Values are means of triplicate groups and presented as meanSD.
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Table 4-5. Lysozyme and immunoglobulin (Ig) activities of Korean rockfish (Sebastes schlegelii)
juvenile fed the 5 experimental diets containing two different levels of either L-ascorbyl-2-

polyphosphate (LAPP) or citrus by-product (CBP) for 13 weeks.

Ig (mg/ml) Lysozyme (ug HEWL/ml)
Con 12.9+0.4° 92.6+4.2°
LAPP90 19.2+0.1° 112.6+8.6°
LAPP360 16.6+1.9° 112.7+¢1.1°
CBP90 16.7+1.7° 115.3+7.5°
CBP360 17.5+1.5° 120.6+8.0°

Values are means of triplicate groups and presented as meanSD.
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Table 4-6. Apparent digestibility of coefficient (%, ADC) of dry matter and protein in the test diets

determined by fecal collection method (Guelph system) for Korean rockfish (Sebastes schlegeli).

Diets Con LAPP90 LAPP360 CBP90 CBP360

ADC of test diets
Dry matter 82.8+0.02 80.3+7.27 84.0+1.31 85.2+4.32 84.3+2.57

Protein 98.1+0.12 98.0+0.73 98.1+0.17 96.9+0.87 98.0+0.32

Values are means of triplicate groups and presented as mean+SD. Values in the same row having

different superscript letters are significantly different (P<0.05).
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Cataracts in the control group

Hemorrhage in the control group Control group without vitamin C

Figure 4-3. Vitamin C deficiency symptoms (cataract) of fish fed control diet without vitamin C

sources.
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Figure 4-4. Cumulative mortality of Korean rockfish (Sebastes schlegelii) juvenile fed the 5

experimental diets containing two different levels of either L-ascorbyl-2-polyphosphate (LAPP) or

citrus by-product (CBP) after challenge with Streptococcus iniae by immersion.
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Replacing vitamin C source with citrus by-product or fermented

citrus by-product in diets of Korean rockfish Sebastes schlegeli

- 75 -



|22 OfE7 BT ofRe| WS XMIHAIZ & Uch ol 22 2A sHHMo=

Hl

ofFel XM os=HE2 TAI|I= HASZHe Jin FEAXMel FdF=ZEOo[L
S EAHAM Felish 7|sM M Me|gs 2o st A7 = A= Act
T HaAel MEl7|lse wXIst7| fIstod M Ee|l dHlEt2l ¢ E M F[ ok
st=ol, H[EIZI C TAMZ2 28t L-gulonolactone oxidase Z=A7F ZEEO HEEA]
Ho|Z5E M aloF Stok(Sato et al., 1982; Soliman et al., 1986; Dabrowski, 1990). H|EFZI C

TE2 ol 7ol w2t F2tXle x[07|7F 07| 2ot HEfRl ¢ RTE0| FCtn

& 11 = cH(Dabrowski et al., 1988; Dabrowski, 1990).

M3 (probiotic)= AtotU= DIYERA HEsH sz FoEHIJIS of MEE,
H[S0|& HHgutg 3 AHNM Mo Ml Je2 o|zlctn 2 IE[ACHGatesoupe,

1994; Robertson et al., 2000; Bakke-Mckellep et al., 2007Lee, 2008; Nayak, 2010; Cha et al., 2012).
UrojZof mal MAMe s ol thEe] i gelgel MAoH 2 el

O|CH(Gildber et al., 1997; Robertson et al., 2000). A4 #xlof =&t

0l
AN
N
2
Ft|
r2
fol
or

>

ATE2 TE2 SEARE M2 MMMHE Z0[7] flet Aol F& = AckPoliman et
al., 1980; Saartchit and Sullivan, 1990; Xuan et al., 2001). Al Zol| JUAHME= YRS
Moz Al2 U Bacillusgel X772 ols| HelMd o|MZof cfst ZexsAol

St 0 2R Q{CHChaetal., 2012). otX|2F (2] AR =2 AlZ W Bacillussp. #F &

2F FHIlst Agol|Xx|ot o|H AlEHo|M= Bacillus sp. @#FE 7K1 Z-2EHE EH(Citrus



CBP X 7}of

=22 tjA 22 CBP2l B. subtilis == B.pumilus # T2 HaAlZl &5

g

-77 -



= Agol ALZE CBP AR (F)YalsEEH T =85 «A=Z2)lM 72 &HE

2
=

o]

Of
n
kA

s HjBEE 2AES HIwol MENED LojAIRHASHTAZ 2utsio]

=25t ALZSIQC A Eoll ALEE ZLYEle| CBP = 5.6%2 ZCHEA SHE

ol

1.7%2| =X\ o2k, 2.6%2| == 6.0%2 T2 RSIUL CBP W HIEZ C

S5 = 1,500 mg/kg Ol Ct.

CBP & 2= A[7]7] 2/5+04 B. subtilis @ 32F B. pumilus 7+ & Nutrient broth(NB, Difco,

USA)O| Hiekstol ZEZHiX|o T Esto] LS A|FCEH 5= CBP & SZUAx =
2M3t0] Agol AlZ5ICH

5.2.3. AEAIR
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Table 5-1. Formulation of the experimental diets (% DM).

Experimental diets

Ingredients

Con LAPP CBP BS-CBP BP-CBP
Defatted fish meal 26.00 26.00 26.00 26.00 26.00
Casein? 30.00 30.00 30.00 30.00 30.00
Dextrin 16.30 16.30 16.30 16.30 16.30
Squid liver oil 11.80 11.80 11.80 11.80 11.80
Vitamin Mix® (vitamin C free) 1.50 1.50 1.50 1.50 1.50
Mineral Mix* 1.50 1.50 1.50 1.50 1.50
LAPP® 0.00 0.028 0.00 0.00 0.00
CBP® 0.00 0.00 6.67 0.00 0.00
BS-CBP’ 0.00 0.00 0.00 10.10 0.00
BP-CBP® 0.00 0.00 0.00 0.00 10.90
CcCMC? 1.00 1.00 1.00 1.00 1.00
Taurine 1.00 1.00 1.00 1.00 1.00
Cellulose 10.90 10.88 4.23 0.80 0.00
"White fish meal, Rukoss, Russia. Fish meal were extracted by 70% aqueous ethanol (water: ethanol =
3:7) for 48 h.

“United States Biochemical (USB), Cleveland, OH, USA.

*Vitamin premix (g/kg of mixture): retinyl acetate, 1.0; cholecalciferol, 0.05; menadione, 0.2;
thiamine hydrochloride, 4.0; riboflavin, 4.4; D-pantothenic acid hemicalcium, 14.5; pyridoxine
hydrochloride, 4.0; cyanocobalamin, 0.01; miacinamide, 30.0; folic acid, 0.48; D-biotin, 0.2; myo-
inositol, 40.0; a-tocopherol, 10.0.

*Mineral Premix (g/kg of mixture): MgSO..7H,0, 80.0; NaH,P0O,.2H,0, 370.0; KCL, 130.0; Ferric
citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICl;.6H,0, 0.15; Na,SeO;, 0.01;
MnSQO,H,0, 2.0; CoCl,.6H,0, 1.0.

°L-ascorbyl-2-polyphosphate.

®Citrus by-product: ILHAE Corporation.

"Fermented CBP with Bacillus subtilis.

®Fermented CBP with Bacillus pumilus.

Carboxylmethylcellulose.
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Table 5-2. Proximate composition of the experimental diets (% DM).

Experimental diets

Ingredients

Con LAPP CBP BS-CBP BP-CBP
Moisture 7.7 7.0 7.4 7.5 7.1
Crude protein 46.8 46.4 47.1 48.3 48.4
Crude lipid 12.8 12.7 12.8 13.8 13.7
Crude ash 5.7 5.6 5.8 5.9 6.1
Total ascorbic acid® (mg/kg) 11.9 110.0 90.1 100.3 103.3
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(125C, 3 AlZhH, =322 Z2FE3|HHEBE0TC, 6 0 AlZh, HHHEAE
WAL EAM7|2 EAslend, X|22 Folch et al. (1957)2 ol 2t

FEHYXE 0|85t FAMsIQUCE AtRsg R T, OFe =T FAE

Z7 5l Al2M 35 S(feed conversion ratio, FCR), T 20|25 S (protein efficiency ratio,
PER) & MZ=Z(survival)S Fd st Ch
Feed conversion ratio = dry feed fed/wet weight gain
Protein efficiency ratio = wet weight gain/total protein given
-HIEFZ C B4
AEAIZ b Mo Zho Mol HIERRI C EA12 Dabrowski and Hinterleitner (1989)2|
utHo 2 2MSIQCE A|Z2} precipitation solution & =&sto 2 272 AZ&sist &
&l =2/7((15,000 rpm, 4T, 30 2)E 0|85t 4FHZ FE5IYUCE FEFE H4ESHS(250
ul) FElF20l &2 F 0.2% dichlorophenolindophenol (Sigam, USA)Zt S/ +E 25 uL 4
HM7tsto] M20llM 20 27t BHSAIZACE BFEAIZI 23H=0ll 2% thiourea (Sigma, USA)2t 5%
metaphosphoric acid (Sigm, USA)2 250 uL ‘211 2% 2,4-dinitrophenyhydrazine (Sigma, USA)=
250 uL €2 F,60C 270 3AIZE ot BhSAIFICE BEAIZI 22 S HZAA
18 M H,SO, = 2 I(500 uL) 524 nm Ol A ST T2 =X 3519 Ch,
-Collagen &4
22t 2 Wilson and Poe (1973)2| o=z FEASIQCE HMOA ARE Ee
of 12 27t &2 T HFFHo Z|]E MHAHSIH Hold= #HE 0.1 M NaOH o
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Table 5-3. Growth performance of Korean rockfish (initial body weigh 22.9+0.01 g) fed the 5

experimental diets containing L-ascorbyl-2-polyphosphate (LAPP), citrus by-product (CBP), Bacillus

substilis fermented CBP (BS-CBP) and B. pumilus fermented CBP (BP-CBP) for 13 weeks.

FBW" (g) FCR? PER® Survival (%)
Con 52.6+0.8° 1.08+0.02° 1.98+0.04* 92.245.1
LAPP 59.01.7° 0.98+0.03* 2.19+0.06" 90.045.8
CBP 60.9+0.4" 0.91+0.04° 2.32+0.09° 94.445.1
BS-CBP 59.9+5.2" 0.92+0.05" 2.26+0.13° 83.3£5.8
BP-CBP 56.9+1.3% 1.06+0.01™ 1.94+0.02° 84.4+12.6

Values are means or triplicate groups and presented as mean+SD. Values in the same column having

different superscript letters are significantly different (P<0.05).

'Final body weight (g).

*Feed conversion ratio=dry feed fed/wet weight gain.

*protein efficiency ratio=wet weight/total protein given.
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Table 5-4. Hematological parameters of Korean rockfish (Sebastes schegeli) fed the 5 experimental
diets containing L-ascorbyl-2-polyphosphate (LAPP), citrus by-product (CBP), Bacillus substilis

fermented CBP (BS-CBP) and B. pumilus fermented CBP (BP-CBP) for 13 weeks.

Hemoglobin (g/dL) Hematocrit (%)
Con 6.81+0.43 50.0£5.0
LAPP 7.17+£0.31 50.7+£3.0
CBP 7.55+0.27 51.8+1.4
BS-CBP 6.89+0.41 49.2+1.4
BP-CBP 7.57+1.50 51.1+1.4

Values are means or triplicate groups and presented as mean+SD. Values in the same column having

different superscript letters are significantly different (P<0.05).
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Table 5-5. Nitro-blue tetrazolium (NBT), lysozyme and total immunoglobulin (lg) activities of
Korean rockfish (Sebastes schlegeli) fed the 5 experimental diets containing L-ascorbyl-2-
polyphosphate (LAPP), citrus by-product (CBP), Bacillus substilis fermented CBP (BS-CBP) and B.

pumilus fermented CBP (BP-CBP) for 13 weeks.

NBT Lysozyme Ig
(absorbance) (ug HEWL/mI) (mg/ml)
Con 1.10+0.05 60.4+5.6% 23.0£7.1
LAPP 1.11+0.07 119+12.7° 23.9+2.8
CBP 1.08+0.09 114+12.0° 25.6+2.6
BS-CBP 1.08+0.08 115+8.6° 27.6+1.9
BP-CBP 1.08+0.04 107+23.1° 25.8+3.5

Values are means or triplicate groups and presented as mean+SD. Values in the same column having

different superscript letters are significantly different (P<0.05).
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Figure 5-1. Cumulative mortality of Korean rockfish (Sebastes schlegeli) fed the 5 experimental diets
containing L-ascorbyl-2-polyphosphate (LAPP), citrus by-product (CBP), Bacillus substilis fermented
CBP (BS-CBP) and B. pumilus fermented CBP (BP-CBP) after challenge with Edwardsiella tarda by

immersion. Data represents the averagexSD from triplicate groups.
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5.4, 1 &t
B. subtilis #FE= CHEE Esjgac 2|2 HZXAHA ARl CHHE 4sigs

S A ZIctn 21054 X|2HRychen and Nunues, 1995; De Schrijver and Ollevier, 2000; Mohanty
etal., 1996; Aly et al., 2008; Zhang et al., 2010), & Al &ollA CBPOEZI MEES H|WsIF 2

moll= welxMel xto|7h eiict. HESH BS-CBPIEDF BP-CBPIES H|WSIRES M

Atz El CHMerrifield et al., 2009; Sun et al., 2010). Jeon et al. (2013)2 HX[(16 g)E &2

AR U AR R HIZE S 0%, 0.1%, 0.2%, 0.5%% FIlstod 8F7Zt FZeh Zo
MEE 2 AlR2as8o olFd &50| ot HIO3IE T, Lee et al. (2013) £ ¢
ol&2l Yx|E CHaSZ B. subtilis, Enterococcus faecium, Lactobacillus rhamnosus, L.
plantarum @wF2 LEAZI CBPE 3% XISt 355t E2 WMol 4zl otFH
Pekg O|A[X| pEUACtD EOSICE o AFAILE HIESZ X 07| ZU|ESEF AR
L &M H[EFDI C2l LAPPE CBPE HHAISI¥ S 49 238 MdEE0| SIt== 42
Hon] waAlZl CBPEZ HHSI¥ S miol= B. pumilis2Cl B. subtilis2 2&Al7|=

7ol o 7&% ZAo|2t ELrElch ®E o F(probiotics)= el FolMdS daAl7|12

2009; Lauzon et al., 2010). F3dF= 2 S8 % 24 MAS Nallgr = U= E2
st AHE-EHS XY pH 7t R2 flet €2 HEoME dEe = Aofof sich Bt

?1E Sotetct stHztE FufolM dd=z= 2=t 84 5o FEz4An oY X=2E

ol
f

0

P E| FoF AlZ[ofl = MES 5 A0{0F THCH(Verschuere et al., 2000).
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N E2 52 ofZol2kE Holt MFBO w2t waks WO La HokGarido

A

et al.,, 1990; Jeong et al., 2006). HM7A| HESHE MM LS| J|FO| =& =X LU0

AEE MEUERS B8 EWSN 2Moz Hlusrlol= A UAXIEE o dFtol|

O

AtEE CBP X & CBPol Il =ZuE=ho| ME|7|sol FHAHel ek o|x|X|

o}

LS

o
S
|0
Hu
r
n

LIEt = F20|Ct(Jolles and Jolles, 1984). Lysozymee 130097{2| ofo| =it =2 O|F0{Zl
F71d =z =9 A, ==, A
M=ol ool Exjetct "ol cfet g@d HAUES2 Md MEzE=He| 2AMEC

peptidoglycan2|  N-acetylmuramic acid2} N-acetyl-D-glucosamine ZXt7|=  AlO[2]  B-1,4-

FRIANE ZYE Tirdlistod Mol MzsHg oiigtec2M S8 LIEHHCH

HAUIZS S ZHM™ole 2EMAzZ 0= Uct 2 AFel HAZEAM ZIL lysozyme
gMo|ME LAPPL} CBP 3 etE-CBP(BS-CBP, BP-CBP)7} ®7IEl I1Z0| H[EIR C
ZEas0l dls <F 2df oMo =2 ZMES LIERHACE JHE HEZXHC OlREs
HIEIZI C ZHEol 2lsf ofF<e| H[E0[& m=do| M3l (X pf2 W= HehElch

olz{et Z1t= FF(Orthuno et al., 1999)2t CHA{2FO10{(Hardie et al., 1991)0i H|EIZI CE

AXISEE A7 W20l ofF2l H|S0|H HAHZ S BIHAZ A2z EHEICKL and
Lovell, 1985). tE8h, LAPPE CBPR} & CBPZ Cixlst IF0Al= IlysozymeZAof

weldel xto[7h 810 T4 H|Et2l CQl LAPPE CBP E= ZECBPE A stHEIZ

O
o

LA of

o

o

ol a1 o= EEHEICH

2
12
ok
o
4o
riy
4o
0
il
e
mjo

8&

re



E. tarda®| Z4FS4&=2 o7t =& F SHEIHAMO| LiEHD S{EA| Roist HME
ShHtet €4 S ZH 4|z 32 M| dHltiet ZAEE M SC(Thune et al., 1993).
HdEol= Ho|E & HX| Xotl MAMo| HoiX|o{, o|H{FE M0 EHAOA Ll 5tod
= Ho FU|zhol AX XEZHe=ER  HAE 2lstod ESHAZ[of  of Zofl
dHxecz Z msiE Ysich Fu F2YA ofFof AdgE AFZIIt EnE orE
Ay gHE0| =2 WM Mdo|Ch(Nakatsugawa, 1983). Jung et al. (2010)2 FAtZtIE
HX|AL20| =28t ¥ E. tardalb Streptococcus iniaedl QUIZE AlFHES mf Hx|e

MZES0| S7t=ACtT 20510, Taoka et al. (2006)2 159 2l HAIX|O{E ALz AlR

LH S. cerevisiaeES 1% A7tsto] 7327t

OH
Id

St & Vibrio anguillarume &2 A|ZHS

FBRFE AIIBIA| 22 tzTof vlsh ReMoz MES0| BIIEINCtD 2IEYCH
olzfet flele REB8FF0l ol OfFel MEBMS HFAIA H|SOH HAUSO|

S =ACLD 7[F5I%ct = dE€d Mz AR W LAPP, CBP tE= Za CBP7F M7tE
O&2 =70l Hlsi E. tardaoll tigt AHA Mol 7=l AS &elstict shx|gt

T 5729 MAH(B. subtilis % B. pumilus)Z &= CBPE 2t CBPRl H|WSIHS

eelez =rZStcKPanigrahi et al, 2007; Das et al., 2008). [M2iM Mol H=

sFolzts BE ofB0| SYsH MEsE ol ool MAMe FF, Mrbwy o

als

ST d2|n e xdo w2t O Zaes "

u

&

*0
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fjo

Ro2 AtzElch

—
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12
Mo

ol AFE Eafl Zr2EHE9H(Citrus by-product, CBP)2| J st =M Z 215510

dHHoln 7[sHel A0 E HiEtAtRr FEE MAISH gie|# gt H[EtRI C o FZ

wEDTE 0[85t0{ LaAlZl 2€E ZZE S (fermented citrus by-product, F-CBP)2|

Mzet O 7|sde 43351 208 gz W HYSZ HIMEZE A8 JIsstES
B |2 XZ2E MAISHICE

1xF Aol = &5 Xo(Z=7|H 35 559)E CHASZ CBP2} Lactobacillus
plantarumm F 2 LEA|7Z]l U5 CBPL 252 2otE7| £I5t0{ ti=AL=0| CBP2t LP-
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ol A Felxel xto|7t 1AL, Lysozyme, SOD X MPOZollA{= CBP2f LP-

H
rn
I
ig]|

CBP7I ®7tEl O&0| thx=7ol sl deN L= olHez 2 +XE 2t ol

st olf+& CBPet LP-CcBPoll ZetEl HIEIDI cof ofe| Mg ZZof osh 2oz met

ECoh M52 AE A 119, HEFI7F 245 HALS(60%)2 2R X2 CBP2L LP-CBP

7t ot 352 25% Wielel HAtE0| RHEE At o|dte| ZEE So ZHMAel 20

o ol 5k Al

22t ded2 AR Wi CcBP E7toll e gtd HIER Cof tAdE2 YotEr| 2let A

oz Atz uf H|EZI ¢ S22 100 mg/kg2 2 A5kl A H|EFZI C(L-ascorbyl-2-
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polyphosphate, LAPP)2t CBPE 0|&3t0{ tiM &2 =7H st ChLAPP100/CBPO,

LAPP75/CBP25, LAPP50/CBP50, LAPP25/CBP75, LAPPO/CBP100). &l &oll AtEE HX| %[0

y
k>
b
ol
0

(Z71E 77 46.49)= M Fzoll fIxIgt SR LEoAM FI5H0] Mo st

DEATLE 2BBGUCL AFS2S AETIZH SoF 11TISTHIIR M52 SN

of Wxl Mzl M5 ATl 92 ok oll2} 25|8 M427| HHo| it A A
ULAIA MTES £ HOR BlECh HARMD TASN 24 AuoME BE

OE0AM FolXel Xto|7F giUCh BiEALE W giB|W ghd BIERR Cof FE 2 2
HHdE2=2 CBP7F AFSE ALeE J7HEE ML SYUHEHEM 4 dLke| 60%01 0|2

= AIRH|ES EHY 5+ AUAS A2 J|tig 5 AUCh

3t MEoME =aE2 Xo(X7|8 37 459)5 tHatez dH|EHE ot Z2E &
O =AL=o0ll LAPP2} CBPE 0|&3101 90 mg/kg % 360 mg/kgll == & 571XK[e] AIEHA}
2 E X =H(Con, LAPP90, LAPP360, CBP90, CBP360)5l04 1357t AlRS = A S S TIastA
CHAFS T2 20C-247C). =57 2o 2% HIED CIF ZEHE HEFII RelH22 JHE

22 $=XE E% 10 CBP360 10| CtE &0l H|G| RelMoz =2 MAES HICh

MEMBEST CHITOIBERUME MET 8IS HETIL IHE W2 %S BY
Ch MESES HZTI 50%2 FOANOR W2 32 EYD LAPPLL CBP7L HIIE BE

Zhol ZE=E AKX LAPP E£= CBP7H E7tel OFoAM= HEotetan daglol Z2ES

—

r

o] LA=KX ZEUACE AR Wi H|Ef

g
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HA AX
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