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Effect of Dietary Microalgae, Diatom-Dominant, Oil Extracts on
Growth, Body Composition and Shell Color of Juvenile Abalone Haliotis
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Effect of dietary inclusion of microalgae, diatom-dominant, oil extracts (MOE) on growth, body composition and
shell color of juvenile abalone Haliotis discus was investigated. One thousand four hundred and seventy juvenile
abalone were distributed into 21 plastic rectangular containers. Seven experimental diets were prepared: MOEOQ,
MOEO0.01, MOEO0.05, MOEO0.1, MOEO.5, MOE1 and MOE2 diets containing MOE at the concentrations of 0, 0.01,
0.05, 0.1, 0.5, 1 and 2% at the expense of mixture of squid liver and soybean oils, respectively. The experimental diets
were fed to abalone in triplicate once a day with a little leftover for 16 weeks. Weight gain and specific growth rate of
abalone fed the MOE1 and MOE?2 diets were higher than those of abalone fed the all other diets. The shell length and
soft body weight of abalone fed the MOE2 diet were longer and heavier than those of abalone fed the all other diets.
Crude protein and ash content of the soft body of abalone were affected by dietary inclusion of MOE. The shell color
of abalone fed the all experimental diets was different from that of wild abalone. In conclusion, dietary inclusion of
MOE improved growth of abalone, but did not shell color of abalone.
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H(FAO, 2017), o] 213t =i o] A& FAALSE S7F A=

2016\ =) =5 (Haliotis spp.) FA1AAFFLS oF 12,000
o2 uf|FokA] FAAFS 9F 362,000 2] 3.3%0l E1}5}A]
gk, 7HA] woll A= A5 A AAE o] oF 3,500 0 =2 =
o FoFa] FAYARFAL oF 6,300 2] 55.5% oA AFA|5}
£ AR YehbA ] i FA ol QlofA] o] duht
Fa3 YAS AL QA S A HojZT QItHKOSIS,
2017). A&7 AlA FAFYAFE 200019 o= 2,540E9]

HORE A&E Z o7 o FErt.

o] 4ol 4 F04 v Fjeld oz A8 Qo g
—=F(Uki et al., 1986a, b; Mai et al., 1995a, b; Britz, 1996; Lee
and Park, 1998; Gémez-Montes et al., 2003; Thongrod et al.,
2003), A& wlgtAl= 7ieH(Viana et al., 1993; Britz et al.,
1994; Lee, 1998; Garcia-Esquivel and Felbeck, 2009), 28
v ghALE U] o B3} 714 91 (Uki et al., 1986; Lee et al., 1998a;
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Shipton and Britz, 2001; Cho et al., 2008; Cho, 2010; Jung et
al., 2016; Myung et al., 2016) ¥ 3| =F(Kim et al., 2015; Jang
etal., 2017) thA| L 7H Foll theh vhelzt -7 =28l 3l
of dubA o2 QAL AELS ApAqt HEO] sz A 2}
ofof] w2 AB[AHE2] A3 L7} wolxith, wheba] FAAE A&
o] sfjzto AAAE AR} FARBHA WHE7] f1RE AL 7HA A
Hl Sof gt A= 4345l v} ¢l 2 1(Cho et al., 2006; Ju et
al., 2016), &3], Lim and Lee (2003)+= #7445 Haliotis discus
hannai)®] 73-%- Spirulina®} Porphyra powders &A= of 3
7FA] s ZEo] 7L Apd 4t A ET} fAkSHA Lepdthar Han
gkl Qlet.

Aol Q1o Al ml A 25 (microalgae)= o] v 2iF2] 14
b O, S 2ERel Y ofF Y] AR 27] Hol e
| SEAEE] vo|2A B4 AHEE T Ur(Brown
al., 1997; Brown, 2002; Spolaore et al., 2006). £-3], T]A| =
T TR E(6%-52%), BHEEHE(5%-23%) T} X2 (7%-23%)
& TFFsHA eHsh, Be S50] FARE ofnAt 24
BT gl WerobulwAto] FHak Ao ol 9tk
(Brown et al., 1997). =3}t t|¥|Z=F-ofl+= chlorophyll (0.5%-
1%)3} carotenoids (0.1%-0.2%)E $7-31, Dunaliellax °F
14% pB-carotene= F--sh= A2 4 A rh(Spolaore et
al., 2006; Christaki et al., 2013). Christaki et al. (2013)2 1] A
2ol thgo = o A-8/3E4 < carotenoids®] 54, 5
= W Ao A 9] S8 S AW o e 3HE
Jub oFE A 2 A0 A 7hs/d W L 7k of] eisiA A H
05 Th wheba] ThekFst carotenoidsS 3HG-5F n) | 2 7S oF
A4t Ao a7k AR A4S AR B ARA o8 7HsE A
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2| u|A| 27+ biofuel AY4ES 913t AR EZA = B2 4
S 931 gl oW (Lietal., 2008; Lam and Lee, 2011), 53| Nan
nochloropsis= A Ujol| 4] ti5f i & vio] o] At A gHgh
A 272 dHA ti(Moazami et al., 2012). E3} H}o] 2 T
A A At o] 8- 11 -2 v )| 27 Nannochloropsis oceanica)
ZAH(biomass residue)i= THF] Tl A-E SH{-51aL §17] Wi
of HEL vidALEY of & HA YL =A o} fsirtar
B 1% v} Itk (Myung et al., 2016). TehA] & dLof| A= 7h
s X8 siEARY vAl 2T 2 FEE(Microalgae
oil extracts, MOE)®] 3717} 7P &0] 474, A2/ 2 gz}
A F Ao ml 2] = Fake 2AFSEAT

Mz H A
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ARESEDEE T

(2006)2} Lee et al. (2010) 2] o

AT (AL 71 2ANA AF Bkt nHER 2

22 WPye 83} 2ok MOE: #3257 58 nlHzR 2
(Navicula, Melosira, Stephanopyxis®} Odontella $-73%) 500
g2 SLu|o]7 o] H 5 hexane 3.5 LS H7Fsl it wit7| &
o]-g-3to] 2o A 3AIRE F4E 2 Aol By Zu) 7| 5 4
QF Sk of 2o o IR E E1l aspirator (Eyela, A1000S,
Japan)E o]-§-5to] o35t & 2745571 (Buchi, Vacuum
controller V-850, Rotapor R-215, Vacuum pump V-700, Heat-
ing bath B-491, Refrigerator Eyela cca-111, Japan)S 50°C,
241 mbar, 120 rpm 2.2 A 3}o] MOES 4+~743}% .

=9l Als & &2

o, 25 712t Eetol= Anl oS 19 13] AAIS9] 2-3% 7
T FFetch 21709 70 L Z28tAE 487 |(VI2 X A= X 35
0], 120 cm X 36 cm x 30 cm)ol] 2+ 70ut2] 2] A5 2| 9 (H o
upelg 7, 1.68 g 83t &tag 87]= 3719
9E ZIYE raceway (57, 3E)ol| #4835t A FET
¥ airs S UL, A42He] SRt E 4§70l shelter
£ gof FolM A& SAIAE Algsl 7oAk Sri 482
L/min/raceway©| 3L, AF2 2] F5-2 19 12](17:00) S5t
Fel HolE FF(HAF 2.5%-3.5%)3I A 2™, H2 Hol=
i AAs] Fek. 1653 AR 7IRE St 22
14.8C-17.1C (Mean + SD, 16.6 + 0.527C)2] H¢]o]3jom,
Sl ARG S with

=9 ZH

HE§ AR AR EAIE Table 13} 20, o7 4}
F(MOEO)= F4 thl g 9] 0 & o] 20%, thF8} 10%2} 7}
Al 10%E F7stgon, 38 eatado g o-A 5 20%
£ A7FHeh 2t AbR o] =8 AU @A oj7kRot
o (11 £ 2%E Hrekglen, o] £
0.01,0.05,0.1, 0.5, 12 2%E MOE=Z ZZ} tj A g MOEO0.01,
MOEQO0.05, MOEO.1, MOEO(.5, MOE1 ¥ MOE2 A& & 77}
FHEIGIT e AR E A5 dYa 879 555t
EE A7 A 23FFTHUKI et al., 1986a; Mai et al., 1995a, b).
AEE iR AR AES 4o Alr dRE F St &
o= 100 g3 = 100 g 7Fsto] thA] 2 E3st 5, Qiztstod
ZF2 1eom, A2 1 em, £ 0.15 cm7| S =5 AFAEE &
wate] 5%9] Hakdw e F VA ERS w9
o= g Fth Al APANRE TEolA AERAZ o] %
WEIL(-20T)0l AGBHHA AL FEAl 2 ARk
ME9| Biological index &4 2! LHMEEM
165:740) AL A B A Z17ke] AgTol A AET 1%
200}2] € 9|2 A stol WERHT0C) SHAow, A
£9] 717}, 712 4 Z}il = digital caliper (Mitutoyo Corpora-
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tion, Kawasaki, Japan)2 o|-83}o] 431301, Ao o & T AwFel AL, E-2 105°C dry ovenoll A 24417 AZRA]
oF 7FA R0 HleS Atekeinh. Aol AU d-E(Specific =S4k

growth rate, SGR)-2 Britz (1996)2] WHoj wjata] AlAkslS FEO| Tz AxH A

t}: SGR=[(Ln(Wf)-Ln(Wi))/days of feeding]x 100, where

Ln(Wf)=natural log of the final mean weight of abalone and A TRA| 4 2l PR 30uk|(HEAtE T F 90
Ln(Wi)=natural log of the initial mean weight of abalone. ue))9] due MEste] A o] A FE2E o= B

o T
of| whe} gkl Al e Kjeldahl method (Auto Kjeldahl System, of 78 RIHRh 491 3714 &) Aot 2 RIS S7dsto] A

= TE

Buchi B-324/435/412, Switzerland)#} 22| (o] €] 2 =& Ab 53} v aste] MOE %7tol wh& A5 i zko] M) vt
% B 0]'0:] ° D:] _l_gl-‘l_‘: 550°C Qp}ic’”/\i 4/\12_]_' ]’ EH E—Z\—*}g]‘(ﬁ‘:}

A ALzl A shalR o] oHbAE B e AOAC(1990) Az (A o]0l & = A4, 1991)0] 275k Z2] 5t

Table 1. Ingredients (%, dry matter basis) and nutrient composition of the experimental diets

Experimental diets
MOEO MOE0.01 MOEO0.05 MOEO0.1 MOEO05 MOE1 MOE 2

Ingredient (%)
Fish meal 20 20 20 20 20 20 20
Soybean meal 10 10 10 10 10 10 10
Casein 10 10 10 10 10 10 10
a-starch 20 20 20 20 20 20 20
Sea tangle 10 10 10 10 10 10 10
Mixture of squid liver and soybean oils (1:1) 2 1.99 1.95 1.9 1.5 1 0
Microalgae' oil extracts (MOE) 0.01 0.05 0.1 0.5 1 2
Sodium alginate 22 22 22 22 22 22 22
Mineral premix? 4 4 4 4 4 4 4
Vitamin premix® 2 2 2 2 2 2 2

Nutrients (DM, %)
Dry matter 85.4 85.4 86.9 85.3 87.2 86.7 87.7
Crude protein 354 35.8 354 35.8 35.1 35.2 35.1
Crude lipid 3.3 3.4 3.2 3.6 3.5 3.2 3.1
Ash 13.5 13.9 14.1 14.3 14.2 14.4 14.5

'Microalgae dominantly composed of Navicula, Melosira, Stephanopyxis and Odentella oil extracts (MOE) was supplied by NLP Co. Ltd
(Busan, Korea). Mineral premix and *Vitamin premix were same as Jung et al. (2016)’s study.

Table 2. Survival, weight gain and specific growth rate of juvenile abalone Haliotis discus fed the experimental diets containing various
levels of microalgae oil extracts for 16 weeks

Experimental diets  Initial weight (g/abalone) Final weight (g/abalone) Survival (%) Weight gain (g/abalone) SGR' (%/day)

MOEO 1.68+0.006 4.86x0.100 97.1£0.822 3.19+0.095¢ 0.930.015¢
MOEO0.01 1.67+0.002 4.87+0.090 98.6+£0.822 3.20+0.089¢ 0.930.016¢
MOEO0.05 1.67+0.004 5.05£0.103 97.6£0.95° 3.37+0.105% 0.960.019°
MOEQ.1 1.68+0.001 5.3210.069 94.3£1.432 3.65+0.070 1.00+£0.012°¢
MOEO0.5 1.68+0.002 5.42+0.089 97.1+0.822 3.74£0.091° 1.02+0.015°
MOE1 1.68+0.002 5.79+0.061 97.1£1.43° 4.12+0.061° 1.08+0.009°
MOE2 1.68+0.001 5.99£0.114 96.7+1.26° 4.31+0.1132 1.11+0.016°

MOE, microalgae, diatom-dominant, oil extracts. 'Specific growth rate (SGR) = [(Ln(Wf)-Ln(Wi))/days of feeding]x100, where
Ln(Wf)=natural log of the final mean weight of abalone and Ln(Wi)=natural log of the initial mean weight of abalone. Values (means of
triplicate+SE) in the same column sharing the same superscript letter are not significantly different (P>0.05).
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One-way ANOVA<} Duncan's multiple range test (Duncan,
1955)2 4] SAS version 9.3 program (SAS Institute, Cary, NC,
USAYS ol 510l Ag729] 9142 2gstsict.

Zn o o3

MOES =32 37Het oAt & 1653 Fasto] A%
3t A7H(Table 2), 7FAE 2|0 o] 28-S 94.3%-98.6%2]
9124 MOE 37} s mhE 244l 2kl il
(P>0.05). ZLefuf 5] SAH(Weight gain)¥} AL+
(SGR)}& MOE1H MOE2 A} 377} The AR E37E
Ho} oA o2 A YeRd o m(P<0.05), HigtAR= W MOE
St o] SAUT AUAFLS 27 A A
£ K Oom(Y=-0.3257X>+1.1578X+3.2922, R>=0.8427, Y=
SAE, X=MOE 3%, Y=-0.0551X>+0.1896X+0.9457,
R>=0.8290, Y= U 44-&, X=MOE %), Xt ZA|%
MOE % 1.78%2} 2|t o U752 MOE 3+ 1.72%9°]
.

M 3 Q170 4] MOES] eFstal £4.8 o]2oix7] g3
QLA 2§ WiZALE L MOE 7t w2 A%l 44 7

A A= o5 wA| 2R 3RE ol 7] 784 24, &
3| DAoL X84 carotenoids = 2|84 H|EH &
o] FgFsH Ao A 711t Ao r wetE) 559 2R
(Alaria esculenta, Laminaria digitata, L. saccharina, Palmaria
palmatu, Ulva lactucays 252 ZE(H. discus hannai, H.
tuberculata)©l| 5=*] eicosapantenoic acid (EPA, 20:5n-3)
7} 2%0] AE gl BeAollen, E 18:3n-35 g
3}t n-37] polyunsaturated fatty acid (PUFA)%} 18:2n-65 3
3ket n-674 PUFA7} o]5 A&9] w2 4ol 7]ofgitial B
st vl Qlck(Mai et al., 1996). 2= (Crassostrea gigas)} vf
A 2H(Ruditapes decussatus)y} -2 wfj5712] Wo| 2 A n|H|25F
o Al e Hlwgk Ay}, v R S A4
£3] 20:5n-39} 22:6n-39} 22 n-3 PUFAS] S o4o] & &
A lth(Knauer and Southgate, 1997; Fernandez-Reiriz et
al., 1999). 18] 11 wljgtatz Y] 284 8IEMI(A, D, E, K)o] %+
o] =g olut 4ol vl A ol thalA we v} 9l
TH(Tan, 2001; Zhou et al., 2001; Fu et al., 2006; Zhang et al.,
2007). Dang et al. (2011)2 dE(H. lacvigata) *|9l|-& v gtAL
FY w272l Dunaliella salina ®+= Arthrospira maxima
< 10% H7HA] 7ol 7w thar B a1skgich. T8k Duong et
al. 2016y 3UA] HE(H. laevigata)] 743 A& vighAt=

Table 3. Shell length, shell width, shell height, soft body weight and the ratio of soft body weight to total weight of juvenile abalone Haliotis
discus fed the experimental diets containing various levels of microalgae oil extracts for 16 weeks

Experimental diets Shell length (mm)  Shell width (mm) Shell height (mm) Soft body weight (g) Soft body weight/total weight

MOEO 34.7+0.17 24.10.07¢
MOEO0.01 34.9+0.14¢ 24.4%0.01¢
MOEO0.05 35.1£0.03¢ 24.4+0.16°
MOEQ.1 35.8+0.08¢ 25.3+0.09°
MOEO0.5 36.6+0.07° 25.6+0.08%
MOE1 37.0+0.08° 25.9+0.45%
MOE2 37.9+0.06° 26.4+0.54°

7.1£0.05° 2.6+0.03° 0.61+0.007¢
7.2+0.05° 2.7£0.13¢° 0.62+0.009°
7.3+0.03° 2.9+0.09¢ 0.65+0.004¢
7.3+0.05° 3.2+0.06° 0.65+0.001
7.2+0.02° 3.4+0.01° 0.66+0.007"*
7.3+0.06° 3.620.07° 0.67+0.006%
7.4+0.12° 3.9+0.08° 0.68+0.013°

MOE, microalgae, diatom-dominant, oil extracts. Values (means of triplicate=SE) in the same column sharing the same superscript letter

are not significantly different (P>0.05).

Table 4. Chemical composition (%) of the soft body of juvenile abalone Haliotis discus at the end of the 16-week feeding trial

Experimental diets Moisture Crude protein Crude lipid Ash

MOEOQ 25.4+0.092 21.44£0.03° 1.4£0.032 3.2+0.06°
MOEO0.01 25.6+0.082 21.910.05° 1.5£0.042 3.2+0.05%
MOEO0.05 25.6+0.062 21.4+0.07¢ 1.5£0.072 3.2+0.04%
MOEQ.1 25.6+0.092 21.8+0.02° 1.540.062 3.3+0.022
MOEO0.5 25.6+0.122 21.1£0.05¢ 1.4£0.032 3.3+0.052
MOE1 25.6+0.072 21.1+£0.03¢ 1.5+0.072 3.110.07°
MOE2 25.7+0.042 20.8+0.03¢ 1.5£0.062 3.2+0.04%

MOE, microalgae, diatom-dominant, oil extracts. Values (means of triplicate+SE) in the same column sharing the same superscript letter

are not significantly different (P>0.05).
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Table 5. The hue of shell of juvenile abalone Haliotis discus at the end of 16-week feeding trial

Most abundant color of shell Frequency
Abalone
1 2 3 1 2 3

Wild 7.5YR-10YR! 2

MOEO 5GY2-7.5GY 7.5GY-10GY 2.5GY-5GY 34 33 16
MOEO0.01 5GY-7.5GY 7.5GY-10GY 2.5GY-5GY 38 24 17
MOEO0.05 5GY-7.5GY 2.5GY-5GY 7.5GY-10GY 29 25 23
MOEO.1 5GY-7.5GY 7.5GY-10GY 2.5GY-5GY 36 23 21
MOEQ.5 5GY-7.5GY 7.5GY-10GY 10GY-2.5G® 36 29 1
MOE1 5GY-7.5GY 7.5GY-10GY 2.5GY-5GY 30 25 20
MOE2 5GY-7.5GY 7.5GY-10GY 2.5GY-5GY 41 29 10

MOE, microalgae, diatom-dominant, oil extracts. 'YR, yellow red-orange. *GY, green-yellow. 3G, green.

of ZEFEE(FAISIAY} catechins T} 22 polyphenol $H)
I} =252 (catechins 1} -2 polyphenol $-7)2] 74| 12
T2(25C)0) == AR HEEO| A=Y, FTFE
Soft}vitamin C 710l TH2 H%.0] AE% 4 = 912
thal B8k
16527t 7P 5 ARSAE SEAl 59 2} 7Ha

A= MOE2 Atgga ol o AlRES 3a A9
TFHEO folHog AAY A% em(P<0.05), MOE &&=
of weba] ZojAAY FALA = A= e th(Table 3).
7FES MOE2 Ala3++7F MOEO, MOE(.01, MOEO0.05
9} MOEO.] AFRE-32HTh G008 =okoLHP<0.05),
MOEO0.5 E= MOE1 Ate3d7-2h= #924Ql 2kel7h §f
oIk, i ALl felHel Afol7} Lehix) ety
(P>0.05). 1|5 Tgt 7412 Seke] vl MOE2 Al 2
7} MOEO, MOEO0.01, MOEO0.05, MOEO.12} MOEO.5 A&
SE RO A S ® =L 0K (P<0.05), MOEL AFR 5
SH= o122l Holt= GALP=0.05). AAZ That 7H4 %
9] Hl-&%= MOE 7ol whetA F71she 432 2loh 2t
15 A2 gt ALE-9] biological index (214, ZrZ, 7}A1 5 £
o Ao et 7hAI ] B 8 AR AL A
QoL Sl Ao = e o, AR A+t A2k H s vf
¢lth(Bautista-Teruel et al., 2003; Cho, 2010; Lee et al., 2017).

PR FpA| o) S8 gleknt 274 B MOE A7l
w2 -014Q1 2ol 7k LrebLbA] 9EQItH(P>0.05) (Table 4). %
Tl ok MOE0.01 AlR3g-17F T AlRsa1Ek
ok oA o2 = YR 2 H(P<0.05), MOE2 Abms+
oA 7H ZA vrebsitt. 34 32 MOEO. 13 MOEQ.5 A}
22377} MOE0 %= MOEI Al# 237wt sogos
=7 YERE S LH(P<0.05), MOEO0.01, MOE0.05 E+= MOE2
AR ETeHE 194 Q1 Akl 7} gl EH(P>0.05).

AHrk o] 74 w22 2 yellow red-orangeAiZ
A|2KTable 5), MOES 713t AbmgatollAl LA ==
green-yellow 2 == 71 © 2 Ueit) 2 AL A MOE7}

I ARE S E s A5 w2 A7 SR green-yel-
low® U 12 efat o) Akelat de] szt a7} &
AR A5 7H mN| 2575 A7 5] 0|59 MOEES A58
BERALE ) B7RA] AHRIAE R g2k Aol 717 A A
AIE 7| 4= 90& A0 = FekEh Lim and Lee (2003)
o wF2 wygbALE Y 2(Porphyra) 23 Spirulina 27kt
ApE BT AR 37 A7) paprikadE 0|t yeast
astaxanthing 3713t AFRE 353 A59] sz A} 2}
it A B} FAFSHA ek om, 3z A $Stell = phyco-
erythrin®|u} phycocyaniny} 72 48/ Tl MA7} kS
u] Zchal A3k Bl Qo T3 Juetal. (2016) ZAE-8- )
AR Y carotenoid A 47} 553t oleopaprika carotenoid <=
& 0.5%%F H7Fsto] T7HE S5t A3t sigAka Y o2
71A] kATt | Z5 Ho|Ql Pacific dulse Palmaria mollisk-
o} Spgholl = ekl WAL R E 3ueh Aol ¥& A%
S 291, 0.5% oleopaprika carotenoid &&= %715t Hf
RS FEU ARl W2 AL S 2RE Bae Hue)
|zt A e} o2 7] LERA oleopaprika carotenoid FE&
H7lol w2 A wjzre] A A FIRe gl ASE Ut
Sron, S| 5g o A 12}e) S8 A4 biliverding}
cysteine-biliverdin®| 2kl B 175},

oY AutE T off, & A o] 8H 2 F ST E
o] nylf 0.9 FEBMOE)E wahits 2401k
o} 762 T34 thAlof 1.72%7FA] H7FA] 712 2| of
O A& FNAAIR o, sz A Al E ke VbR oF
pl

Al AL

o] =2 20179= AR(HFRIsHYS] Ao
=AFAEY] AYe ol #yH 7]2AFARIY(No.
2017R1A2B4009773)0]H, o]o]] ZrAF= YTt
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