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This study investigates the effectd of substituting Undaria pinnatifida with a laver Porphyra tenera by-product (LB)
on the growth performance, and soft body composition of juvenile abalone Haliotis discus hannai. A total of 750
juvenile abalones were evenly distributed across 15 tanks with 90 individuals per tank. Five diets were formulated;
a control diet (Con) containing 30% U. pinnatifida and four experimental diets in which 25%, 50%, 75%, and 100%
U. pinnatifida were substituted with equal amounts of LB (LB25, LB50, LB75, and LB100, respectively). The feed-
ing trial lasted for 6 weeks, with daily feeding at 16:00. Survival rate, growth performance (weight gain and specific
growth rate), and soft body composition of the abalones were not affected by the substitution levels (P>0.05). There-
fore, this study concluded that complete replacement of LB with 100% U. pinnatifida in the abalone diet did not
adversely affect survival, growth performance, or soft body composition.
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3L Qlek. o] 2Rt Al A AAIA R B FA FaS R
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A A QAT 717 252-36.6%2}F 3.11-7.09% H = LA
Ao}, a2 Fel g 2 HEY 284 A4S G4t
7] S15k A (opn] eAhk 2| A (R4 FFa Tl F
SFR] oto, A& 7hsskal g ARl HE A fIgh viet
Al 7iEEe] H @ o] TS QIth(Mai et al., 1995a, 1995b;
Bansemer et al., 2016). E3F, A5 x| 9|8 i3 Al= ] | 257
(1%, TR O] ARE-S OFA] A HI 8-S A7 = 8 Y
ol Z sholtt. ofof whe}, & ¢FA] A4 HI-8-& EHstaL s
F A A AMS = R5H] ff8f, A& viekAbE W s =
FE A o ols PR oA It A Y= 9] Zfdo] Ha
Zoltt. ol A= A& Aol A] 1| & tiA|sh] 13t ok
S A7) 2w AT Jeong et al. (2023)2 & ALR U o]
10%2} 71912 30% FHrohale wf Ay o] AR Sargassum
horneri) .2 20%7}A] A 7Fs-3Fchal B 11}t Ansary et
al. (2019b)2} Ansary et al. (2019¢)2] ¢1-to]| w2 A& Al=
W o 25%%t v19)E 20% ot o LA utE(Ulva
australis)@} WAYo| AP0 2 717 100%2}F 80%7HA] A4+
Ak glo] thA| 7Hsskairt. Eeh, A& Abm ] v] 9 Ay o]
TRk S delel o] Sk (1:1) 2= 100% thAsk3S v,
37| =5 AEY A HAEA Aot Sy )y
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CHAnsary et al., 2019a). =] Zl(Porphyra tenera) Atk
20234 F 27 AR 1747HE 5 30.5%9] 530HES A4
310(KOSIS, 2024) AA A 0.2 543+ A& Holal glom,
= 7 AFe LF AR Qe /o] Frf e o] FEF g4t
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& % H71%= A A= (laver by-product, LB)2 8% 222 7]
2 e de s, siRAbg o) S Aol fQle
2 285431 QIth(Kim et al., 2005).
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173%2 29 thl Ao g 611, AmE 204%9} BAEe
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o 13%E AHESIACE 2T AFRE 0]2S 30% T45t
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7 Axslgrh. BE ARgRe B2 1119 g H7lsl]
vertical mixer (HY VM-1214; Hanyoung Co., Hanam, Korea)
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25°C W ao] BESc,
HASE Az
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FAATF40] P25 Wot YA AR ATAE 2 0]
& 5 ARSI A48 29l 3= FRP (fiberglass reinforced
plastic) AFZt2oll Al 2557 A 9 o |ARS-E AAISHITH
A2 A CH A%, 101 @) 909121E 20 L 454 A2k

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

Experimental diets
Con LB25 LB50 LB75 LB100

Ingredients (%)
Fish meal 10.0 100 10.0 10.0 10.0
Undaria pinnatifida® 300 225 15.0 7.5 0.0

Laver by-product? 0.0 75 150 225 300
Corn gluten 135 135 135 135 135
Soybean meal 173 170 16.7 163 16.0
Wheat flour 204 206 208 210 212
Dextrin 1.6 1.6 1.6 1.6 1.6
Vitamin mix® 0.9 0.9 0.9 0.9 0.9
Mineral mix¢ 20 20 20 20 20
Choline 0.5 05 05 05 05
Calcium carbonate 20 20 20 20 20
CMC 0.5 05 05 05 05
Fish oil 1.3 1.4 1.5 1.7 1.8
Nutrients (%)
Dry matter 87.0 864 876 889 875
Crude protein 312 336 347 361 372
Crude lipid 7.8 7.6 68 70 70
Ash 152 142 126 1.2 9.6

aU. pinnatifida (crude protein, 20.04%; crude lipid, 2.54%; ash,
29.93%). ‘Laver Porphyra tenera by-product (crude protein,
34.09%; crude lipid, 0.96%; ash, 11.68%). “Vitamin mix (Aqua-
best-V, FEEDBEST CO., LTD. Cheonan, Korea). ‘Mineral mix
(Aquabest-M, FEEDBEST CO., LTD. Cheonan, Korea). CMC,
Carboxy methyl cellulose; LB, Laver by-product.
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o AT 3ubE 0. 242t 157) 4ol Hulste] 48319
o AAYRT) 2AOR A 7IZHE B 631 AAlskgom,
ARG 7170 B2t B 422 22.0+2.14°C2] W ioi). A AL
24w 16:004]o] 4] A5 297} £| w2 FFakl, o)
21 09:004]0] AH% 42 Ak Ul 15 X|) Al S T

M2 Y 5

657712 Ak AR = &, SR (weight gain, WG} &
A XIS (specific growth rate, SGR)S 24313t +2E2
20mt2]4) 72 digital vernier caliper (CD-P15S; Mitutoyo
Corporation, Kawasaki, Japan)g ©]&3}o] ZF(cm), 2=
(cm), ZF3(cm), 7FA Al (g) B S woll thelt 7hA R vl

<)

o] YWHdE-S EASIoIh AR i, A AR A5 7H
o] oubA R B0 AOAC (1990) HHof| whaf 452 AFet
7HAAER(135C, 2417, ZAHCIEZ F51), 209
2 AR HN X 6.25) Automatic Kjeldahl (Kjeldahl 8400;
FOSS, Hillerod, Denmark)S AR8-50] 415191 o0, 235
< Z13]2H(600°C, 6417h) 2= ZA4 5T

s &M

o

A3 ZAto] A 2 2] SPSS version 24.0 (SPSS Inc., Chi-
cago, IL, USA)E ARg-sto] A8ttt 2 574 gh=ol thsf
One-way ANOVAE A A3 &, Duncan’s multiple range test
£ olgsto] ZF A 7] ol AASHE A dlolH

Wi+ BEEAE EH5PO0H, P<0.05S GO pxo

ARAEE 677 B HEe] A ATHE Table 201 et

Wolch Ao 22 HE A olA 100%Sch HEe
WG SGRE H= AR 1tol 1721291 Zpo] 7k vrehb ] oF
UTHP>0.05). o]= A59] HEE&T} o] 2ot FAls
Al e A& AR v 9s AERARER 100% A 7153t
A = e

AR Abm W off AbmoA FAeS S8k A2 e A
ShAo]ar, A AR g E7he 4= 9l shupolch A
& ALRY si2F H oS tiAIsH] el F+ Faiks, WA
&, AR, R AR, I o AR, O AN 5 TR
FARES 283 A9 2 a1E vl 1ok (Jung et al., 2016; Kim
et al., 2016; Lee et al., 2017, 2018; Choi et al., 2018; Jang et
al., 2018; Baek et al., 2019; Jeong et al., 2020). 5} | Z & A}
Y 27 QAP 24 LBE &-83F A+ A3k= BIlE A
ek A2 Aoldfet wlvgo] FRs5hH, thE 2R (vl
o, thAlah)o] Hsl A4 o= =2 Tl shekS 7HA AL 9L
THMok et al., 2011). E3SF T2721 72 polyphenol, carot-
enoid, tocopherol, phlorotannin, fucoxanthini}- 22 Tkt 5+
7183} f71EA o] fHrE o] Qlof HAtEkA| o] TR dH e
2 dHA 9o FQ e43E-2l isofloridoside} floridoside
e oere] 3ol 5] ith(Chanda et al., 2010; Lee
etal., 2021). Mai et al. (1995b)2] 110 wh=H A EX|w)(H.
discus hannai, 27157 0.38 )] A4 thala @ JLeke 23}
39 E4(quadratic regression analysis) A3} 23.3-35.6%%z}
AL B E QI 25% ARl 7HE e WGZF dEe.
W, 25% Ao} GelHel Aol herA) gkokAlut chal
2 ghgo] okl Ao WG7F 23|18 Hadhs A
(30.4%>35.3%>40.0%)°] FEFATHMai et al., 1995b).

ESE 2x}T}8 3] #1454 (second order polynomial regression
analysis)ol| W2 AE(H. discus hannai, 27|57 2.7 g) vt
At THEA @ A1eES 33.0%eHal HAlE| ¢l om, 7 thulg
FEE(25, 30, 35, 40%) A7) M &0 SR04l
2}o]7} LheRLFA] 9kekeh(Back and Cho, 2021).

o] Atol A HFAR S Th A kS 31.2-37.2%51 0.1,

Table 2. Survival (%), weight gain (g/abalone) and specific growth rate (SGR) of abalone Haliots discus hannai fed the experimental diets

substituting Undaria pinnatifida with lavar Porphyra tenera by-product for 6 weeks

Experimental diets  Initial weight (g/abalone)

Final weight (g/abalone)

Survival (%) Weight gain (g/abalone) SGR' (%/day)

Control 1.01£0.003° 2.48+0.069°
LB25 1.00+£0.004° 2.53+0.032°
LB50 1.00+£0.0012 2.52+0.022°
LB75 1.00+0.004° 2.55+0.056°
LB100 1.02+0.002° 2.58+0.049°
P-value P>0.1 P>0.5

100.00+0.000° 1.48+0.0672 2.15+0.0612
100.00+0.000° 1.53+0.0312 2.20+0.029°
100.00+0.000° 1.51+£0.0222 2.19+0.0212
100.00+0.000° 1.55+0.0522 2.22+0.0422
100.00+0.000° 1.57+0.049° 2.22+0.045°
P>0.3 P>0.6 P>0.8

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. LB, Laver by-product. 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 3. Shell length, Shell width, Shell height, soft body weight and ratio of soft body to total weight of abalone Haliots discus hannai fed
the experimental diets substituting Undaria pinnatifida with lavar Porphyra tenera by-product for 6 weeks

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

5.68+0.047° 1.58+0.0872 0.66+0.006°
5.69+0.049° 1.60+0.0212 0.67+0.006°
5.70£0.093° 1.78+0.0882 0.67+0.003°
5.49+0.070° 1.80+0.0382 0.67+0.003°
5.70£0.030° 1.84+0.0242 0.67+0.003°
P<0.3 P<0.2 P>0.3

LB, LB, Laver by-product. Values (means of triplicate + SE) in the same column sharing the same superscript letter are not significantly

Control 26.08+0.502°2 17.57+0.3012

LB25 26.25+0.3062 17.57+0.1732

LB50 26.70+0.430° 18.09+0.220°2

LB75 26.90+0.300° 18.16+0.076°2
LB100 27.1840.260°2 18.51+0.1432
P-value P>0.6 P>0.2

different (P>0.05).

AR e AR T Fepol T e WA gk

_]
o
Ao ApREl). o] ejgt AukE mefat o) 47|7ke] AL A
A LBl 129] 4/ s} el Slo 2 A,
0| 24, 24, k3, FA5 FA 9 R4 vl Table
30 hehiglet. 204, 2%, 2k mE Ayt f212el
XPOV} UERFA] 9R4TH(P>0.05). A &) 7FA1 R 217 ol 7}A]
M S-S WE U] §2]219l Zol7h e epotet
(P>0.05). 7A%0] 24, 715, 7k31 9l 744 e A=) 4
Zholl uheh ghe = 208 Bl Qlck(Ansary et al., 2019a,
2019b, 2019¢; Baek et al., 2019; Jeong et al., 2020). 241 A+
S g8}, o] A EF AFZ7Ie} SGR) ATE v
og—a—].o:l [¢] u:] e 7} 71—1]- 71-_—.L_ 7k 9 7PAI R B 5} 0]
= AR A S 52 237 et A7 AR A
A foH O 95 ATt ek Ao AR,
HE ARG F2 A A2 7P| bR 2 Ak
Table 4] LFER 91k, 25 7} 4| 30] - H52k8 76.7-78.0%,
2ol SheFL 14.0-14.7%, A4 $hFe 1.8-2.1%, 3&
ke 22-27%¢) WHRM RE NPT Re)Hel o]
= UERIA] QRLTH(P>0.05). o] A2} SA81A, A Ee) AR

ot o

Table 4. Proximate composition (% of wet weight) of abalone Hal-
iots discus hannai fed the experimental diets substituting Undaria
pinnatifida with lavar Porphyra tenera by-product for 6 weeks

Eizpt):rimental Moisture rgroL:gii Crude lipid Ash

Control 76.7+0.14% 14.6+£0.07¢ 2.0+0.02¢8 2.7+0.012
LB25 77.5£0.01% 14.7£0.128 2.1+0.02¢ 2.3%0.00?
LB50 77.8+0.07% 14.7£0.13* 1.9+0.07¢8 2.2+0.012
LB75 78.0£0.03* 14.0£0.012 2.0£0.03* 2.3+0.01°
LB100 78.0£0.04* 14.5+0.03* 1.8+0.012 2.3+0.01°
P-value P>0.4 P>0.5 P>0.4 P>0.4

LB, Laver by-product. Values (means of triplicate + SE) in the
same column sharing the same superscript letter are not signifi-
cantly different (P>0.05).

o= tfAstole
W 7}44-‘%4 ol 2 a8 oA ek el
9.2 (Baek et al., 2019; Jeong et al., 2020), AE-2] ALZ U 1
o1& e} WAo| Ak 2 77t o lelolE e
7HAI RO BlekA 2/l ke wIAIA] Skth(Ansary et al.,
2019a, 2019b). 1&|u} 2 ket whe] AE AR | A7t 3
AR Ao SR (o, TAmhE AR A A
IR LS EREET L IR
th(Lee et al., 2017, 2018; Jang et al., 2018).

o] A= A& viALE oA 1] Y-S LBE thA|gt s A E
Tl B O] AEE, AR U 7FAIR b AT o)
o} slmsto] §9121¢] 2ol LiehtA] gt olaiat Ak
LB7} A5 A= 9] A A o] L A& 7hsgt sl 257 (7] o) A
B2 A e s s o) dF Aoz 8
o et A2 £2S 96 27 ARLR, AR 9 dEe) %
HEAL o] 1Al E/ﬁ" ALR O] 20t A] B0 A7 E HU)
471700 4 A 8 st ol B 2 4
Qo] vlg 4 % shof AU BEH AHGS ERY S U
Aole A,

Al AL

o] =H o 24 A E 22 AkalEtY ulo| g e B AF

& AFH8F A5H(R2024037) | Hof| o] sf = = 5T
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