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ME(Haliotis discus hannai) X|ElE BHRIALR LH O|=(Undaria pinnatifida)
CHAIES 2 FHZTH(Uva australis)2t Z(Porphyra tenera) F4t22]

Replacing Undaria pinnatifida with Ulva australis and Laver Porphyra tenera
By-products in Abalone Diet: Effects on Growth and Body Composition
in Juvenile Abalone Haliotis discus hannai

June Kim, Seong-Mok Jeong, Jinho Bae, Min-Gi Kim, Gi-Seung Kim' and Sang-Woo Hur?*

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, Republic of Korea
"East Sea Fisheries Research Institute, National Institute of Fisheries Science, Gangneung 25435, Republic of Korea
*Research Cooperation Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

This study investigated the effects of replacing Undaria pinnatifida with a combination of U. australis and laver by-
product (LB) in the formulated diets of juvenile abalone Haliotis discus hannai. The experimental diets replaced 25%,
50%, 75% and 100% of the U. pinnatifida in the control diet with a 1:1 mixture of U. australis and LB (UL25, UL50,
UL75 and UL100). Juvenile abalones (initial weight: 0.7 g) were reared in 15 flow-through rearing system tanks for
15 weeks. The survival rate was not significantly different among the experimental diets (P>0.05). However, weight
gain and specific growth rate were significantly higher in abalones fed the UL50 and UL75 diets than in those fed the
control and UL25 diets (P<0.05), with no significant differences from UL100 (P>0.05). Shell growth and the ratio
of soft body weight to total weight of abalones did not differ significantly among the experimental diets (P>0.05). In
conclusion, U. pinnatifida can be completely replaced with a combination of U. australis and LB in formulated diets
for juvenile abalones without compromising growth. The highest growth was observed at the 75% replacement level,
demonstrating the potential of U. australis and LB as sustainable alternative feed ingredients in abalone aquaculture.

Keywords: Undaria pinnatifida, Laver by-product, Porphyra tenera, Abalone, Ulva australis

N B o fE FEoR A 7 glon, 2a0] Z7kel g 58
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7he FabeS 283 A Abe Y=ol it dt= B8 A
gk ofujeh, bl A0 87 e AR ST M E A
o] &3}7} 9lthMulvaney et al., 2013; Kim et al., 2016, 2024;
Ansary et al., 2019a; Hur et al., 2023; Jeong et al., 2023). ¢
2] ¢ltof| w=, Tl s 2 F s TRl s 2 RS ST
ol Walo] o] A, Akm A FE, 2% a8, AES Tl
A G nA = Ao r HuEar 9lek(Naidoo et al.,
2006; Robertson-Andersson et al., 2011; Viera et al., 2011; Yu
etal., 2014; Ansary et al., 2019b).

T8Zdutel(Ulva australisy= % A|A| siete] &st= dd
A =272, 53] AT sidtol A= 2Hegt fA o= Qlsf 41
Zdatef A e} Ao FYEl= AR At oF 102 Yol E5
AL glom =27 i B2 Aakad A, Sekaeas A
T EAIE YA A A A L Aol o g L 3l
ch(Shin and Seo, 2025). 2|} -7k ake = wha ) o]y
o] 5} 48} o] §4o] ol Ak A/ § vfgHALze] 28
7hsAo] k. 3 we] 2, 9L, 39 W Fus wrt
23 SRR (ulvan)S SH43HL 9lo] HE ] Ale] 7]
5 AWAle] 71098 4= 2Jch(Ponce et al., 2020; Nagahawatta et
al., 2023; Pradhan et al., 2023).

S, Z(Porphyra tenera)> =4 sl 27 AAFFS] °F 30%
o= AAsh= F& FFOIH(KOSIS, 2025), vk 4 A
Abehe= 7k oA S B oE(F2E7)) & thY
F4iba(laver by-product)o] HAYEICE o] gt 71 FAbE-2 2]
Ao] A=A o5 79 AR sle A o2 = o] 2
2] Sl A7} 2 4= qlck 2y PRARES o H &
A 7|Eolle FehA| ghout JdetA 7HAE FAIE o AlR
AR 2 B 7Fagt Aol 2 Aol fret miv|Zo] S5
st n| oL} tha|me} ZH-E ThE sl ol Hls) AriAles
> WA kRS 7HA]AL Itk (Mok et al., 2011). E3F, &
2521 732 polyphenol, carotenoid, tocopherol, phlorotannin,
fucoxanthin?} Z-2 thefgt 77183 {7154 o] o750 9l
of gitstA| o] FHe AH o R defA glom FQ TrdhE
2] isofloridoside?} floridoside 72 t}=F2] -] go] gk ¢
Aol AE AR Y 7154 YRR B8 7HsAdol AlAE L ¢l
tH(Chanda et al., 2010; Lee et al., 2021).

o ATolAE A% Aoig WRUAR W mloEe T
sfefe} 7} HAHES] BP0 R AT A, T o2 Yol
T 7154 TR AL ARgofl ofsf] A <ol whek A
0] A7 At RAIEAY FE 7S HESISIT 0
of & A 52 A& A wiFAbE W v EEe Y
Zdupeel 7 FAbE o] S o g tiA|ekele o HEo] 4%
4 7HAEL ARt Ro] ml X = ke B7ekaL, o] & 53l o
AR aeA g A5 uigabR o] A& THs e '
k=t Qi

Lo

LN
%

r
o
&= W

slelolA] 4715t 3, Aehde oA A H @ Az 5
Bajsio] Am AR ARSI 7] BARE RAlatelA) 7]
A aA)9) A A 4718 7] 712 A dx W Hafs
of me A}, o] o] AMgE FHATE W 4 3
AFEZ-0] OJHHA - % 4)-S Table 10] PR 0], F 912 W%
B AR 9ae 98 /1e 520 JPRe gael ds
A0 EIth i AR of5(10%), 222H(15%),

FUH05%)S Fa GldYo R, AUE(113%)2} YAE
A(16%)E 20 BeslEon Agaldon, 22 A4e
0 o §(11%)S AFEIYT. AT Aol vjoRae

.‘

Table 1. Ingredient and chemical composition of the experimental
diets (%, DM basis)

Experimental diets
Con UL25 UL50 UL75 UL100

Ingredients (%)

Fish meal 10.00 10.00 10.00 10.00 10.00
Undaria pinnatifida 30.00 2250 15.00 7.50 -
Ulva australis - 375 750 11.25 15.00
Laver by-product - 375 750 11.25 15.00
Corn gluten 15.00 15.00 15.00 15.00 15.00
Soybean meal 25.00 2550 26.00 26.50 27.00
Wheat flour 11.30 10.70 10.10 9.50 8.90
Dextrin 160 160 160 160 1.60
Vitamin mix 1.00 1.00 1.00 1.00 1.00
Mineral mix 200 200 200 200 2.00
Choline 050 050 050 050 0.50
Calcium carbonate 2.00 2.00 200 200 2.00
CMC 050 050 050 050 0.50
Fish oil 110 120 130 140 1.50
Nutrients (%, DM)

Dry matter 94.08 94.03 95.51 93.93 95.31
Crude protein 40.20 40.51 40.69 41.22 41.91
Crude lipid 3.74 395 398 4.00 397
Ash 17.78 18.23 1822 19.27 18.64

2U. pinnatifida (crude protein: 20.04%, crude lipid: 2.54%, and ash:
29.93%). *U. australis (crude protein: 17.32%, crude lipid: 0.29%,
and ash: 30.88%). Laver by-product (crude protein: 34.09%,
crude lipid: 0.96%, and ash: 11.68%). ‘Vitamin mix (Aquabest-V;
Feedbest Co. Ltd., Cheonan, Korea). ‘Mineral mix (Aquabest-M;
Feedbest Co. Ltd., Cheonan, Korea).
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30% B4 3k 08, o] % FYATSH9l 1] BPEOm 2
2k 25%, 50%, 75%, 100% A SE A AR (UL25%, UL50%,
UL75%, UL100%)E Al=3t3iet. i AlrdRwet =2 101
o] v &2 H7}st T, vertical mixer (HY VM-1214; Hanyoung
Co., Hanam, Korea) & ©]-&-5}o] o+ d5}A Egsk3ict. 2ok
AlRE2 mme] F7| 2 HEiSKpelleting) et & 1 X 1 cm 27| 2
Aestod, 50°C sAME-& 7% 7|(SHI-300; Shinhanil Electric
Co. Ltd., Gwangju, Korea)ol| 4| 5A|7F59F AxAIZ] H -25°C
Y&arol 2atskoict.

HElSE A=z

o] Addol| ARGH A& A uli= Mebde sfjatatstd 4=
AEAAT L] F2E Hhof Akt AlR AAIE 2
o]&3et & ARESIITE A& *|1ji= 1= FRP (fiber reinforced
plastic) ARZF=2eo| A 2527 23] W oAH|ARSGS AAISE T
Bt AlFe] 0.7 g8l A& Ao E 2 Al 80k 4 20 L
] AMEze| 34HE A2 F 1570 ol Eefskeiot.
AR U FE52 ok o3 9 2] AR S Bl ekt
O R [ABto], A A9 o] A} 9l HAFA Q] Ado]of gk
= AR s skt AR AFAETT] 270
A F 1557 sl o, Hak 22 21.9+44°CHTt A
"B Iae 4 Ao R AR A9 o] A Al ST 9

o

ass)aL 1 A sfo] 27 Al A Askalct,
2 4% &%

15%7k0) A% A 2R T, 7 5
S gAo2 FA=H(weight gain), Y2
rate, SGR)S At&E3s| ). E3 Z+
Rl AAslel A% B A
Z(shell width), Zr31(shell height), 7}415 FA(soft body
weight) 2 2% oju] 7P R v 88 2gelolct. A4 Bl
2|3 A& g RE Hu o8] 5 (digital vernier caliper, CD-
P15S; Mitutoyo Corporation, Kawasaki, Japan) S Al-8-5}o] 4=
Waisick.

=
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M3 mE A E
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A% 200t 2

P4 (shell length), Z}
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o

AE AR Y 2 TR UbtyE By

U AR AR, AT AR L AR bR A 1A
& AN A% MR AF FR $ 2 pxue A
2 20ute] B A9l AEYstol BB BAGRS 5
=, e, 24, 23202, AOAC (1990) el wfet
SEiglt R JUTMIAZHISC, 2407, 22K

offEl 2 %), ekl A-e A2 (N X 6.25) Automatic
Kjeldahl (Kjeldahl 8400; FOSS, Hillerod, Denmark)S AR
slo] BAgOm, 28122 M HBSF(600°C, 6117102
w5t

A =4

=~

= dlo]El= SPSS version 24.0 (SPSS Inc., Chicago,
IL, USA)E AHgsto] A 42 a5ttt 2F 574 o
< One-way ANOVAE AAIH -, {-2J3F 2po]7} Q& A
Duncan’s multiple range testS ©]-&35}0] A} AALS A4
ek, A% dlolE Wt + REVUAR E7]5}501, PO,
2 fo) 402 ARstel §o41S Beralgle). Eat vjelR
Zof| gt trgdutEel 31 FAREES] 2H A& =45t
7] $J5lo] SAS software (version 9.3; SAS Institute Inc., Cary,
NC, USA)E o]-83}9] SGR A= tgl broken-line 3]7+&
42 Axserh

L & 9 Ho o

Zn Y B

APALRE 15577 5a3t A 59 4444 3E Table 20| LE}
WAk 2E0] AJEL-L 98.75-99.58] |2 HLE A7t
A B AAEES Helow, AE SAA 2 /93t Afo]
= WERA] §EITHP>0.05). 52 4557 Hweight gain)2}
SGRL UL50 & UL75 A3 7-of| 4] UL25%} ConXt} §-2] 3
0 & =0 Zro] Upel O (P<0.05), UL100Z}H= 5-2] 41 2}
o7k UEFLFA] 2E3LTHP>0.05).

SGRe]| tgt broken-line 34 A3}, v 28-S 42
apefel 7 FAkE o] SRt o g tiA|otE o 2[4 tiAlE2
54.6%= LFERGTH(Fig. 1). 184 broken-line 2 dlof| o]} AF
S 2 Al &Z 2k tiA 2521 75% 2 100% thA|
ATt M= A Ashs WRE R Gdtt. o] = A ute
o 4 Fike o] S-S o]-8-5to] m] oS 2t 100%7HA]

Specific growth rate (% day)
—

X=54.6

v
25 50 75 100

Replacement level (%)

Fig. 1. Broken-line regression analysis of specific growth rate
(SGR) in juvenile abalone Haliotis discus hannai fed diets in which
Undaria pinnatifida was replaced with combined Ulva australis
and laver by-product. The broken-line model was described as
SGR=1.5575+0.00326X (X<54.60) and SGR=1.735 (X>54.60),
indicating an optimal replacement level of 54.6%.
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Alstelet o] Aael RAA AR mAK) e uh, oS 100% SHASE A BTN A4 Aok
AAREE, wekA] OFEEA Bol ] A thA &S 0F55%  2EIA] SESLOLE, broken-line 4] AbolA] hehit it ghol
SEOR WAHA AR AR ST PP AAANS T A uRSo] 27140l F7ks ARAQ Ao et ol
o3 A9 Ao 100%7H9] A ARz s Ao TohA SRelAE 1R A0l ok B /A Ak £4

= e

& Aol A ULS0 9 UL75 ARitollA] Aoz 43t
3 A7 veRd AL, s Al el A gt ok A
bzl e 71e A Aol AEe] vt AR W A Vs
o FHH oz 27| Yo 2 FAE = Qi) g Zdut
(Ulva spp.)y= 874 Ba75 58 skl Qo] 428}

= =

g0 54 7154 Ao 319) B Gof 24 MBI Q3]
YA 571 Bk v ol F718HA o] R0 S 4
itk o] efat A ] ol ske] o YA/ AR 9 %
ol A s, A £ Frheh el 50-70% o
A S0l 74 E0b 9 Al AR,

ulol§ S5 W shof HAHRS AR ARE BT 2

T 2 rlo

S AT G A /)5S A4Sk AoZ Bug ok BRUBRAl Al A A 1§ BT 4 Gk E

Qlom o|efat EAL AR e ZAH B AN AAE el F shtolch Ff A% AR AFHE /)E 2R B
2o Aao] 251 288 4= Slrk(Holdt and Kraan, 2011; & 912 5 W 742 viEAlo] £AI5H: vhel, o gukel
Kim et al., 2011; Yaich et al., 2011). =3t 7] FAR=of $hHre 2o njo] & FRF=ATFoR o Hjg o SHE Vs
porphyrang: 584 Aol 424 4 Hupe] £ W l5e Aol Huiw 3 GIrHNIFS, 2025). A2 AR H£F 2 of &
AT, A U WS 2 V)5S B AR A A s S RIS 91 FRuk, BAlo|mAR, WA S, 7) 4

esto]] 7]ofsh= Aoz A th(Nunn and Holdt, 1957,
Kim et al., 2005; Mok et al., 2011; Lee et al., 2021; Malairaj et
al., 2023; Subbiah et al., 2023). ©] gALo|A] 50-70% A <=
oA T A H o2 =2 A% w2 o] 23t 7154 A

AV, FA RS, THAIDRANE 5 ToRe tlo] g SlAR o
) oF BAME-S 2281 A}t Bk v @itk (Jung et al., 2016;
Kimetal., 2016; Lee et al., 2017, 2018; Choi et al., 2018; Jang
et al., 2018; Baek et al., 2019; Jeong et al., 2020; Hur et al.,

219] B9l 244 A IRAE A3 gerE 2023,2025).

Table 2. Survival (%), weight gain (g/abalone) and specific growth rate (SGR) of abalone fed the experimental diets substituting Undaria
pinnatifida with combined Ulva australis and laver by-product for 15 weeks

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

Control 0.70£0.002" 3.650.043° 99.17+0.833" 2.95+0.043° 1.580.012¢
uL25 0.70+0.001 3.75+0.175° 98.75+0.000 3.05+0.173% 1.60£0.044°%¢
UL50 0.70+0.001 4.34+0.1132 99.58+0.417 3.64+0.113° 1.74+0.025°
UL75 0.70+0.004 4.46x0.239° 99.58+0.417 3.76+0.2372 1.76x0.048°
UL100 0.70+0.001 4.23+0.186° 99.58+0.417 3.53+0.186% 1.71£0.042%
P-value 0.609 0.014 0.699 0.019 0.016

ISpecific 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. *Not significant (P>0.05). Values (means of triplicate + SE) in the same column
sharing the same superscript letter are not significantly different (P>0.05).

Table 3. Shell length (mm), shell width (mm), shell height (mm), soft body weight (g) and ratio of soft body to total weight of abalone fed
the experimental diets substituting Undaria pinnatifida with combined Ulva australis and laver by-product for 15 weeks

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

Experimental diets  Shell length (mm)

Control 30.23£0.256" 20.70+0.180™ 5.96+0.200" 2.49+0.110™ 0.69+0.002"
uL25 31.39£0.715 22.390.705 6.36+0.128 2.70£0.129 0.69£0.003
UL50 32.3240.222 22.11+0.195 6.40+0.066 3.02+0.087 0.70£0.005
UL75 32.07+0.646 22.10+0.482 6.49+0.189 3.01+0.169 0.69+0.003
UL100 31.55+0.353 21.71+0.236 6.45+0.036 2.96+0.134 0.70+0.005
P-value 0.085 0.448 0.121 0.061 0.158

*Not significant (P>0.05). Values (means of triplicate+SE) in the same column sharing the same superscript letter are not significantly dif-
ferent (P>0.05).
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Table 4. Proximate composition (% of wet basis) of abalone fed the experimental diets substituting Undaria pinnatifida with combined Ulva

australis and laver by-product for 15 weeks

Experimental diets Moisture Crude protein Crude lipid Ash
Control 78.37+0.18" 14.80£0.34" 1.24+0.08" 2.33+0.07
UL25 78.18+0.39 14.99+0.32 1.11£0.08 2.2040.03
UL50 78.23+0.46 14.86+0.34 1.26+0.02 2.20+0.04
UL75 78.75+0.07 14.51+0.13 1.28+0.03 2.24+0.01
UL100 78.92+0.15 14.61+0.27 1.12+0.06 2.3110.02
P-value 0.350 0.197 0.117

"Not significant (P>0.05). Values (means of triplicate+SE) in the same column sharing the same superscript letter are not significantly dif-

ferent (P>0.05).

Kim et al. (2024)2 6571] ARSA oA H & AR 1)<
= A Ao A diAsteS o, sl a2
o] oitkal H 13}t TSt Ansary et al. (20192)2} Hur et al.
(2025)9] A4l w2, HE(Haliotis discus) X3} j
AR U 018 22} 20%8} 30% A FHLTRR A
F A7E 7hs skl e, Z42F v 9] 60%2}F 50% tHAIA] 71
A w2 A% AL vEbgTh Eg A5 X 98 s gAbR
A 1]91E 20% T, AT} BAlo| mApure] Eg
© % A hAFHAL 0 7P 943 Aol LreRgeh(Ansary
etal., 2019b).

A2 27, 2%, 231, 7PA 5 5 9 7HA R )82 Table
300 uhehgiet. 21, 243, 2k, o] ZpalR 2 1 )
B oule BE APl 5020l Zjol7} L] esreh
(P>0.05). o= thA| AR} 1] o3 ke HgAel A
& 77 o et Aot ebg Ao R RAHAEL ol
ah, ole gt Auks A8 ATE AR A0S e it
(Ansary et al., 2019a, 2019b, 2019c; Back et al., 2019; Jeong
etal., 2020).

ABo| AAGAY B2 A 4B b4 R AugR B Az
+= Table 40 YR ATh A& 7141 5L0] 4=EL(78.18-78.92%)),
Z TN (14.51-14.99%), %A (1.11-1.28%), 3]2(2.20—
233%) 91014 SHEI o, BE FReA ABFLl £
029l xFol= L] QFQFTHP>0.05). & Aol G-AleHA
Ansary et al. (20193, 2019¢)> #1=-2] ALY v] g gzt
shafje} Aol mApko & 77t g Aslol w AEo] 744l Ko 5}
SHA] 2ol o] A1Ql FE2 wIA A Fekekar Harsheich. uk
™, Jang et al. (2018)2 A& AlE | YA oGO g a2 (n]
o, ThAITh S RIS ARALR 1 Fp AR o) BhsbA] 24
o449l ek u]Hrka v stol, AHg URo] FRo} 24
o W2 e nefslor & BaAo] U A0 AR T}

AT oz, o] ATl AE waikaAA v]eS P
get 3 Fikee] Sk o2 A tiAl7E 7hsst, 53] 50%
°F 75% tAIA 7HE et A A vebdth 2 de
njol-g- s 27l Frduteel 4 FAkEol M X|uf-g- uigt

AR 7 Bl RS RIS 4 Gl WA AR AR
2 Selstgon, otz slof HAHE AFI0) BH T8 A%
7Rsh A A el 7]eig 4+ 9l Ao et of
AT 155 W] APOR S Om, FFols 7] A%
U 3, A8 37 e slel A o] AT A B}
7h AT, g ofu it Wl APAR A A, TRl
o} ) SAHEe) B3} ul g HA, SFOAA B 4848 A
d 52 Fol Bt TAAA 48 7K Sl
2 AlRgrh

o
o

Al AL

o] =2 2026 FHE4AIT X475 WA wiEtAL
=A% T EATH] AT(R2026038)0] o3 FAH UG
Yet.
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