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Effects of dietary supplementation with citrus pomace and Ecklonia

cava residue on the physiological changes and growth
of disk abalone, Haliotis discus discus

Min-Seok Jwa and In-Kyu Yeo'

Department of Marine life Science, Jeju National University, Jeju 690-756, Korea

Here, we report the physiological changes and growth in disk abalone, Haliotis discus discus, in
relation to dietary supplementation with citrus pomace (CP) 6%, Ecklonia cava residue (ECR) 6%,
and CP + ECR (3% + 3%). The composition and nutrient content, survival rate and growth rate
were measured 0, 4, 8 and 12 weeks after feeding the supplemented diets of CP and/or ECR. Moreover,
the experiment of low salinity stress (25psu) for environmental resistance was examined for a period
of 48 hours after feeding the supplemented diets for 12 weeks. The activities of superoxide dismutase
(SOD), catalase (CAT), lysozymes, respiratory burst, and phenoloxidase were measured. The moisture
content and crude protein condition of the body were increased with the addition of ECR only (P<0.05).
We observed higher levels of survival in the experimental group compared with the control group.
Moreover, the growth disk abalone that were fed a diet containing ECR was higher compared with
the control group. However, the growth of abalone fed a diet containing CP was similar to the control
group. With a rearing condition of low salinity stress, survival rate and lysozyme activity were
increased in the ECR group compared with the control group. Dietary ECR reduced the level of
CAT activity to approximately 30% of the control, however the level of CAT activity in the ECR
group was similar to the start level of the previous stress. These results suggest that dietary ECR
gives rise to an enhanced immunity in disk abalone, as a result of the decrease in CAT and lysozyme
activity in particular. Accordingly, the growth and survival rate were increased by feeding an
ECR-supplemented diet in the rearing of disk abalone, Haliotis discus discus.

Key wonds: Disk abalone (Haliotis discus discus), Citrus pomace, Ecklonia cava residue, Salinity stress
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ZolxE ZoZ geA Yr) kAT AR
& Hol2t F2 A, A, Aot}
Al ol AL gl 9 v
ARTIA 2 = HolE ARl Q= AR
olth. o83 HAHol= FFo| BT W o]

et al., 1998; Lee et al., 1998a, b, c; Viana et al., 1993),
AARRQ] AE 2w Al 8le] Hu
ATt olol] HE Alg Aol #ek AFEo] o]w|
oo Ui P o] gkom(Mai et al., 1995a,
b; Uki et al., 1985a, b; Uki et al., 1986a, b), =1} ol] A]
= U Aol gte AAAR] mFAIEE N Est
7] S1ElA o] AFEo] FaH o] Yrh(Lee et
al., 1997; Lee et al., 1998a, b, ¢; Lec and Park, 1998;
Cho et al., 2008).

#ele  ZXx2]EF(phacophyta)
(phacophyceae) TFA]P}5-(laminariales) THA]vlx}
(laminariaceae)ol|l &3l thdA Zdx2F=E EAHE
&3 A vl A 7t & slxoln HZ
ZE el Bo] 59 = EYuE B 22
J(phlorotannin)©] 4+s}h, a3t HAYGA
a 2 3ot &Ado] 5% Ao &
7154 AF B ookE Y T

31 1 tH(Yasantha and Jeon, 2005; Kim et al., 2006).
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T e FA) of 25%E AHAISkaL 9
E7)E 71 BAER A ol gHA X3t
Al He dAo)7] ol o] 28T

Weto]l @7 E 3 9= AA otk o#igh 7t
A= ZEdlsA =2 o3 Pk} 2go
Ao2 gl 317] W&ol (Lee et al., 2006), 3}
Z2F A4 AEF| ARE 7H FAES &8
3 Eohd, BARALE BEE N2 SIS

;0
o F R
B o ¥ S, oY
o N rr N 2

AR e g Ed
#79 7he A F PAHE PeE 4L
o2 Agska] Azl W vlgo] hasa gl
Aotk FERE AFES F2 13 A AL

22 ZrE o)+ naringin, hesperidin, naringenin,

fr g 2

hesperetin, nobiletin 2! tangeretin 5 Z2]# =/ <]
st FepR ol =gt ES sk o] A
&4 750 £ 2= g A At Mouly et
al,, 1994; Rousff et al,, 1987). ZF&7F-9] 7} A=
Q 7HaEute] Ao FeR ol dio] o
° 2 Ffruo] Fgakstatgol Atk Bl gl
om, ozt 7|5 ERE FE3] A A7)
guks] 23 =1 AT (Choi et al.,, 2006; Senevir-
athne et al., 2009). ©]2]gt 7HgHte] 7 -9-of glojA
T 2F A4 AR AR &80 T
3] 7hed Aoz FoEHG

kA B AFoAe Euete] Fa 42
E] AE wFAIR Y] HHAZA 7}

(¢}

a
=
AR BRENY] A3kl FA% 4G L A
4 AR A 2EH 20 VAL FL B}
Fafe] AFAGe] A

ust7] flske] AAssloh

4 Ol > o ot &

Ag o) A88 T A E(Halioits discus discus)
B FAGd A 7Y

stel AbgshelTh SoARe) A% BT 249 38
£0.2 cm, ZHE 2.5£0.2 cm, A H 6.4+0.1 g9l /WA



A2 o g3 ARYHA gl e 52

3 ABe W 18:03CelA 1
AN § @RI} e
25 Al ALkt olm) GELS o 335
psug FAE%IL, PVC 0] Z(2 20 em, L 20 em)
£ AE2 A3 20X (Shelten) S FolA F71E
T 339 Th g uA}LS 7] 7kl Hol= Au e A
AT %% FEIGOH, Y FEvIT 80

olele] SEAEE Fol Agadrt.

H=E MENMZ

B A ARl F 4E7 ARst 2 59
on, Zt AT e 3 HIETE Fo] AAEHT.
FQ TR0 F caseing AFEIIP LM, B3}

EY9CZ & dextrin A ZYPSZ = fish oilF soy-
bean oilS ©]-&3te] 2H3H o, 7HEuk(CP)H
e FEE A FEEECR)O Wt W3lste
g3l 50 W3ls 24d317] 9135He] wheat flourS
A7betel 2dsinh. APAFEE CP B ECRY
FTE7t 747 6% HEE H7EgE AFALE S CP
o} ECRE 1:19] HIEZ &3 & 6%/} H=F
A7kt AAAEE A AT AFAE S 24

< Table 13} 2t}

SEAIR0 [ME JtAR9| AUHLEYE E4
A B 222 AOAC (1990) ol o

A7 A2 H125C, 343, 233

5] 2 H(550C, 6217, B AL 25 2l a
122 7](Kjeltec System 2300, Sweden)Z #2] % L
_O_Uﬂ A ¥F2 Folch at al,(1959)9] ®rwlol] w2k
Soxhlet 27 *|(Soxhlet Heater System C-SH6,
Korea)E ©]-&3to] &A= At

41: s do

O}ﬁgtq «Fﬂ/\]' WA 2] 74] £ &4 (shelter) 2} &
Z Wy RS o] glu, frEleo s Uy S5
E ATt T ko] gle MAE st 24}
st g A5 A4S S5 Yt A7
MA AZ, 45, 85, RFA7IA Y] 27] WstE 7}
3} Z}# -2 Digimatic cliper(0.01 mm)Z, T F2

LA E(Haliotis discus discus)2] AA 9 A2 #H3} 55

Table 1. Ingredients and proximate analysis of the
experimental diets for disk abalone

Diets (%)
Ingredients Control CP  ECR E€1;+
CP 6 3
ECR 6 3
Fish meal 155 155 155 155
Dextrin 25 25 25 25
Wheat flour 6.5 0.5 0.5 0.5
Casein 20 20 20 20
Sodium alginate 23 23 23 23
Mineral 4 4 4 4
Vitamin 2 2 2 2
Choline 0.5 0.5 0.5 0.5
Soybean oil 1.5 1.5 1.5 1.5
Fish oil 2 2 2 2
Total 100.0 100.0 100.0 100.0
Proximate analysis(%)
Crude protein 28.8 28.8 285 28.6
Crude lipid 1.47 222 1.77 199

Crude carbohydrate 497 572 527 549

CP: citrus pomace; ECR: Ecklonia cava residue.

o]&2 A&(0.01g)E Z+7t S35t CP ¥ ECR
Ats Fael WE A zteolE Hlal £ 8T

S5 MEE ASH A0 T2 Ma|EHE M)

FHALE Y Apolo)] wE FAT AQRE ~EF
2ot FIAE] A2l wsE dolry)
Q3te] 12F 7 AFS3E 2 AY T A 50mtE] RS
T2 2 XAt 33 psud FA SR EEH o
BEerl 25 psudl 22 $7 AFL AAEA
th AQE 2EH 2 tig AyelstA wskE o,

3,6, 12,24 2 48X 7tA o] 242t WES, respiratory
burst ¥ phenoloxidase &S ZAste] YEI A

o
rtstase 3 %’1—3— #Z3}o] SOD B CAT
s A7 e o}‘ﬁﬂ} FHE AS F k0l gs

0.9% NaClell 33] xﬂz——lf& T2 KCI (1.17%) g
3} 100 mM phosphate buffer (pH 7.4)2 3 7}3}<]
w43t a, ¢ 43t @ AsEs —%_W‘ﬂa](l 000
pm, 15 min, 4C)ol] &3l A &L HHES A A}
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Aok A AL thA] AAEZ (13,000 rpm, 20 min,
| sHS st a4 SAHE AIRE AL
ol SkEke Lowry et al. (1951)2]
Holl whgl 13 @)@ Z A BSA(bovine serum al-
bumin)E A3} spectrophotometerS ©]-& 750

At} SODE pyrogallol®] A5 4F
stgo] dAE= FS ZA3h= Marklund and
Marklund (1974)¢] WHH o2 =A31902™, 50 mM
phosphate buffer (pH 8.24) 1.3 mlo] 7+& #& Y
25 pl& 9 % 45 wel 3 mM pyrogallol -2
713l spectrophotometerE ©]83}4] 325 nm]
G A S43Ha, EAEAHY 1 G = v
A Z9] pyrogallol?] 2H8HE 50% JAH= T4
Fo = AG3th CATEANE 42 HOE 714
Z AE-3FS spectrophotometerol] 2]3) 240 nm3z}H7g
AN H0.7F S H o] Taste FREEA G4
A EE S 3= Nelson and Kiesow (1972)9] W
Holl &Jste] S8R o, B4 SHES] EHe=
1#7F 1 mge] @l o] wkg-3to] g A7 Hy0,
£ nmolZ UERA A

4 W lysozyme A2 turbimetric assay® &
AVSFA Y. Micrococcus Iysodeikticus (0.1 mg/ml
PBS, pH 6.8) &g 90pl &} &3 100ulS 96 well
plateell £33t 25C HjF7]ol A 5% F<F vk
AlZl & 530nmell A FBES S48 Lyso-
zyme AL FFE ko] 0.001/ml FA3 S
lunit® 2 3 A3} T}

Respiratory burst €43-2 Song and Hsieh (1994)°]
WS &85t 5783t Hemocyte] /34F
2~ % intercellular superoxide anion (0,)2] 2%
A8 &4 s500ul 2k NBT &< (2 mg NBT, 1 pg
PMA/ml in 50 Mm Tris-HCI buffer, pH 7.5) 500 plS-
E3ste] 10T wjF7]ol A 30 & vH& Al
3, 120x g, 4C2 1087 94 #8190 4
< W3, M35 TBS buffer (pH 7.5)Z A& 3}
ZAE F ¥ WE3 5, 100% methanol 2 N XS
TASFAT} 50% methanolE 2] H A|&Hsta, &
712 SUA A AAHS. =717 LA™
Bletol] 71k pelletell 2M KOH 600 pul¢} DMSO
700 WS F7kate pellets S| A AT F=24 @
g gAs 33 620nmol A =73 T

e Y

[¢)

ol)

ol
o 2

Lof eIt

Phenoloxidase®] &2 96 well plate] 0.1M
phosphate buffer (pH 6.0) 150 plol] &3 15 uE ¥
3 # &3 3 5 0.0IM L-DAPA 150 plS &
F 25C v F7]el A 108 F<¢ vHE A7l F 490
ol A FFEE S5t YeEdT 249
F 3o FFE o] 0.001/ml A3 FHE lunito

2 EA5gh

EAIXMz|

2ol Aoz A= SPSS] ANOVA test=
o]-&3te] #4F &A% $ Duncan®] T3 H o
2 HA {FOA P<0.05 FFNA HAATH

AR Folo g TEHE
S B4t B R 49 control AE T
oA 45 o] F o] FAst=H HIst CP,
ECR ¥ CP+ECR 37
o e 2 WElE YehA &1 fAH
Aoz Yebth(Fig. 1A). o]8 st Ade= 2 4
o A18% CP ¥ ECRS ¥
FRTFo] FotA R 54
Aoz 7 HE}
, 238 o] 49 CP+ECR A3 7= 4
A A FARRE 215 YERIleH, CP
8FA 71 =& FAE YE Ao Y
= AFdTFAA F
2ol 5 YElY A= Sk tH(Fig. 1B).
e HalE A XA Al 45F A control
AF T A ECR 2@ CP+ECR 7} A& oA
st E& FAE Yo, 47 F8 AR
e BE APFAAM A FAE YERIA
hFig. 1C, P<0.05). IRtA o2 HEF A4 =4
o) e wlg 2A A E I AT 2o 7t
T AR 4#A Jom, B A7 ARdax
Hh A7} CP+ECR A AT 457 0.63+0.03 %= TF
gk g &l vlas] w9 e 25 YR
© AF A A9 Aol7} gl AdHETh whet
E AFAdes AL FH7HA| Y Abolo] e W)

x2
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Fig. 1. Variations in the composition and nutrient content in the edible tissue of disk abalone (H. discus discus) aafter
feeding the experimental diets supplemented with citrus pomace (CP) 6%, Ecklonia cava residue (ECR) 6%, and CP
3%+ECR 3% for 12 weeks. (A) moisture content, (B) crude ash content, (C) crude fat content, (D) crude protein
content. Vertical bars represent the SE of mean for 3 experiments. *P<0.05 for each control.

B fAZEe] Zpold] e UAIH Q0 HEF o
o AR

ayu 2ehiFe] Wl Aeole S49f g
< Z2A3e Tad ARoE B AYy A, =
o F o] e AMS7|Ee] et A St
3lo] AL 12FF R FANAME 15.2240.50 %S
Yeh R em, ECR A3 TE 17.90+0.45 %= 7}
A =e =712 HYy. O gLogE CP UE
A H T A 16.48+0.40 %] 2] S YERA A
th(Fig. 1D).

h

(

¢

2R T2 YES W
FEARY YES WS SR AR o
2 AESRY WREe 24 B9 027744

100%2] =82 Holtr} 35349 control 2
ToA #HARE JRAIE B AT T F 85
CP+ECR A& oA HALE WA SA A
1259 A= control A8 FANA F7IE2 HALE 7
A7 B 92 %] YEES BHPoH CPo
ECRS ©5 H7bst A@ T e HAE A8 o

o UA] & Skth(Fig. 2). ©1AH control Aol H]
3l CP ¥ ECRS H71s A FolA =2 AEE
< JE AT CPe} ECROE 34H3} 7155 7}
A =R 2 Ve 7158 AR tEe R
o] de= AoZ I A ATtHMouly et al., 1994;
Rousff et al., 1987, Kim et al., 2006). ©]=3} 7|54

100 & B
96 -
£ o ‘\
2
E ={=Control
£ 88+ =P
£ de—ECR
w2
a4 | —8—CP+ECR
80 T T T T T T 1
0 1 2 3 4 8 12

Week
Fig. 2. Effect of dietary citrus pomace (CP) and/or Ecklonia
cava residue (ECR) on survival rate(%) of disk abalone
(H. discus discus).
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EAEL FASHES vEsIY 4t 7150
S =& Aoz &4 A 9l o] (Manthey and Groh-
mann, 2001; Latorre et al., 2010), & -2 3}o)| A
e =2 AEE2 o) 7158 EZEY 2
|02 Yt ez FHHEL.

= AlRo mE YT Hat
CP ¥ ECR #7}o] W& 1254 9] zt39] =7]

H3l= Fig. 30 YER AT control A3 ol A
g =1
(A)40s -
=CmControl =@=CP =#=ECR =#=CP+ECR
400
H
£
= 395
B
g
= 390
@
&
385
380
0 4 8 12
(B) 280 -
275 -
T
g 70 e T _
E 25
S
§ 260 -
T 255 -
&
30 -
245 -
240
0 4 8 12
(C) =0

Total weight(g)
o
n

Week

Fig. 3. Variations in the growth of disk abalone (H. dis-
cus discus) after feeding the experimental diets supple-
mented with ECR (6%), CP (6%) and CP+ECR (3%+
3%) for 12 weeks. (A) shell length, (B) shell width, (C)
total weight. Vertical bars represent the SE of mean for
three experiments. *P<0.05 for each control.

215t

39.18+0.21 mm, CP AFFollA HAX]Q 3891+
0.21 mm, ECR AT oA FHHA ] 39.99+0.19
mmE 27} JEPY o H, CP+ECR A @ ol A<
39.74+0.29 mmE YER ATHFig. 3A).

control A@ 79} CP AP Fo A= 4575 o] %
Aol F3EE S AT F AJ e, ECR
AP} CP+ECR ATl e AEHR] 44
e o] iz vl&) fofstkA e 434S o
el 2L th(Fig. 3A, P<0.05).

g, 12574 9] ZH59] 712 ECR AE oA
26.97+0.36 mmE WX =S Yell o, CP 49
Toll A 25.65£0.30 mmZz HAXE YeERH AT F
XS YERA ECR @5 H7Fe] A3 FollA con-
trol A@Tl vls) W& ZhE o] JA-S vEide
ANE e Aoy fog Afole fIATHFig.
3B P>0.05).

AL FFTF] Aeole AFTEAFA
12—,—&]1 CP+ECR A& T4 7.66+0.30 g, ECR &
ol A 7.20£0.35 g2 YEIY control AT
7.15g Bt} =& #s eSO Y {FY% 2ol &
YERH A 2t Th(Fig. 30).

ol}e] AaE Tt B
FE FTHE] A F
Ao g AR 28} CPY Aol oA
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5 60

E == Control

g 401 —m=cp

w -ECR.
20|  =—8=CP+ECR
o

0 3 ] 12 24 48

Time (h)

Fig. 4. Survival rate(%) of the disk abalone(H. discus
discus) exposed to acute water-salinity stress for 48
hours after feeding the experimental diets supplemented
with ECR (6%), CP (6%) and CP+ECR (3%+3%) for 12
weeks.

T8 AAFY,

s MEE AEg A0 E MESO H3}
S ﬂ:ﬁ@_ﬂr ECPO] &5 Fgol wet &S
2 g a3t e A E YE(Fig. 2, 3),
CP 94' CRY &7 Wee] Zrtet #AAge] 9l
=Ao thste] uhetelr] 95ty QAo m A4
2 AEE—“/\E 7].0}0;] /ngzo sc}/\].§jr§_/\g g4
(SOD, CAT), lysozyme &4, respiratory burst &3
2 phenoloxidase &4 tﬂi]—‘g Zvzy B35

A3 AR Fol & F43% dEwstel e T2

Ao RS Auu AR Ws} F 484
=]

I:IEZ il

LA E(Haliotis discus discus)2] AA 9 A2 #H3} 59

3] CP+ECR AT control AT zZ+z}
70.4% 2 741%2 F& HEES JeER A tHFig.
4). o]o] W3] CP ¥ ECRS ©E0 & T3l A3
Tl M= 88.9% Z 96.3%E EFH o] control 2
TET =& AEES YEUTH

Firsta s 49 Wsle soDe] A9 A9E
ZEHAE 7S 3 BAIHA Be AT
o) gk Apol & YEF A %Sk O U(Fig, 5A), CATS
7:]_%0]]}_—. AE gﬂ)\f'—_ 7].{5]. j‘i‘ ECR 1:]-5 :V_%L /\16‘:—]
T-= A 2]3}F control, CP ¥ CP+ECR &5 A &9l
A =& FAE YE I thFig. 5B). SOD % CAT
o] A T2AEE AFEAA AASS oA HWA
O FAIL AsEe AeZ BuHA o™ (Jwa
et al, 2009), ¥ A3 AAANME= CATS 7%
Z7tsk= éﬂr% UER Atk 22y ECRE] 737
© AFHoRE Yo FXE YUEH S ZA(Fig.
5B), o ZE 29 AT it B2 &34
25 BHEoAE AS AT EZA e FX]7}
FAE I old wel AEEE Folxl 2HE 4
A}

Lysozyme &/d°] JAXNE AAE A=l o3t
of volx= AHAE e A S Y ECR &5 &+
APFAAMT 2Ed 2 oA FA& FA5=
A3E YE ATH(Fig. 6). ©12 gk A3} 3 2E
g2 ZHg-of o3l W3t CATY B4 FA1S
ANE FEAE] A& FES vHE A
o] & FoE FdHT

SFA, respiratory burst 432 A A E7} 22

2 st B9 Fo the BASH 3N AFusk

=

Fig. 5. Effect of acute water-salinity
stress for 48 hours on change of su-
peroxide dismutase (A) and cata-
lase (B) in disk abalone (H. discus
discus) after feeding the experi-
mental diets supplemented with ECR
(6%), CP (6%) and CP+ECR (3%+
3%) for 12 weeks. Vertical bars
represent the SE of mean for three

o] HALE MAZF e AFFANA RS AT &
[ control M ECR B

(A) Ccp W CPECR (B) oy

sr 1z r
= | == g
Eo T g .|
= el £ g
s ° 5
= o
= ol %
E = af
8 = o
L

5l
s
0 o]
Oh 48h Oh

Time

g experiments. *P<0.05 for control

Time level of 48 h.
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Fig. 6. Effect of acute water-salinity stress for 48 hours
on activity of lysozyme in disk abalone (H. discus dis-
cus) after feeding the experimental diets supplemented
with ECR (6%), CP (6%) and CP+ECR (3%+3%) for
12 weeks. Vertical bars represent the SE of mean for
three experiments. *P<0.05 for control level of 48 h.
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Fig. 7. Effect of acute water-salinity stress for 48 hours
on respiratory burst activity in disk abalone(H. discus
discus) after feeding the experimental diets supplemented
with ECR (6%), CP (6%) and CP+ECR (3%+3%) for
12 weeks.. Vertical bars represent the SE of mean for
three experiments. *P<0.05 for control level of 0 h.
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Fig. 8. Effect of acute water-salinity stress for 48 hours
on phenoloxidase activity of disk abalone (H. discus dis-
cus) after feeding the experimental diets supplemented
with ECR (6%), CP (6%) and CP+ECR (3%+3%) for
12 weeks. Vertical bars represent the SE of mean for
three experiments. *P<0.05 for each control level.
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