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Evaluation of Black Soldier Fly Hermetia illucens and Mealworm Tene-
brio molitor as a Fish Meal Substitute in a Low-Fish Meal Diet for Juve-
nile Olive Flounder Paralichthys olivaceus
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This study aimed to evaluate the effectivity of full-fat black soldier fly Hermetia illucens (BSF) and defatted meal-
worm Tenebrio molitor (MW) larvae meal as a fish meal (FM) substitute in a low-fish meal (LFM) diet for juvenile
olive flounder Paralichthys olivaceus. The LFM diet comprising 45% FM with tankage meal, poultry byproduct meal,
soy protein concentrate and wheat gluten was the control diet. Three experimental diets were 10% FM in Con with
BSF, MW and a mixture of both at the same ratio (designated as B10, M10 and B5MS5, respectively). Four hundred
and forty-fourth juvenile P. olivaceus (34.3£0.1 g) were randomly distributed into 12 tanks (425 L) in three replicate
groups per treatment and fed the experimental diets for 15 weeks. At the end of the feeding trial, growth performance,
survival, biological indices (condition factor, viscerosomatic index, hepatosomatic index), non-specific immune re-
sponses (lysozyme, myeloperoxidase) and intestinal histology (villi length and goblet cells) were not significantly
affected by treatments. Feed utilization was significantly decreased in M10 compared to the control group. Alanine
aminotransferase level was significantly higher in M10 than in the control group. Glucose level was significantly
lower in B10 than in the control group. These results suggest that BSF and MW can be used as FM substitutes. How-
ever, considering feed conversion ratio and AST level, MW availability is thought to be lower than that of BSF, and
feeding fish with a diet containing MW for an extended period is thought to adversely affect fish growth.
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Solselle T Folleolld LFolm, Tl ke A
5 o 71202 oF 30-58%0| ™, A g oF 11-40%0]
o]2t}(Nogales-Mérida et al., 2019). 5ol 5ol & o83+ A+
£ =), W= W) 5% o490 0(Tippayadara et al.,
2017; Takakuwa et al., 2022), ZHA 7 2 2|2} F-ALSHA] Z514]
ARS] SFeke: - A9, TR lauric acid 2 ©]F01A 2l
7] Wizl o 7o oYU o ® A o] &EE= Ao w dHA
21 tH(Stubbs and Harbron, 1996; Galigiani et al., 2018). o}u]
A ZAE o} Bk §A187] o] ool Az PREHO| o]
Aol 2 Z o2 Hrleal Qlck(Fisher et al., 2020). &3], Eu-
ropean seabass Dicentrarchus labrax, Atlantic salmon Salmo
salar, 3-5(Pagrus major)3t 22 54140 o] Fof| A o] & tiA| 7}
7}sslthal B a1 E] QI t(Magalhées et al., 2017; Li et al., 2020,
Takakuwa et al., 2022).
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2 EEI AAANA AT 9L, e R3S g
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2Fo] oF 16-40%= H 115 % 31 (Nogales-Mérida et al., 2019),
Z| A 2] 75-78%7} oleic acid2} -2 thel B Slx|HpALO &2 L
A %o} Qlth(Sankian et al., 2018). ZHA A A 2l+= @ | (Parali-
chthys olivaceus)2t W€ et3] ol Oreochromis niloticus)©]|
A AR U o 2 A7} 7sslohar B a1 E 9l th(Sanchez-Mur-
osetal., 2016; Jeong et al., 2021).
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(20202 53t U7 T ALgao] Y] AR U ol g
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Al Tl AR E o83t o] & thA| At B E AAIRE,
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= Kim et al. (2020)2] $-< A=A o]-8A4Jo] HFH HA|

of Mol B0} 5 T, 45%) AN F7hAIQl ol AL
24 SjellA] Sxgo] Golgh HEA] Fololet A 24

A2l ol g 7H5AL B7Fel] 91 SISk

ol ¢19h+= Kim et al. (2020)2] 3 A--= 4] o]-8/do] 4
SH FAY] Aol R (o= FF 45%) AR A 71 Q] o] &
AL 2 75 THA O] BIEA] Sollsolet 2 AR 2] 9] o]
| 7Fs/d= B7ksl7] Yol A= Sl AR = ARSE A
2] Follsolleh BA] ZA A 2] o] URPE, AAF 243
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Wtk th2AFE(Con)= Kim et al. (2020)< 7]8EO.2 5-4]
=4 o AR (AR 7 RARE R, s s T, U2
H)E ALg5}o] o] B kS 45%7HA] Wi Aol ALRE AL
83}9ict. w1 ol solol BA] A A e 217} Rl
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of A9lof| ARGE| ek AeAE = A Folsoll(eh A g
o 42.6%, A 2 32.8%, B10), DA 24 A A 2 (il gF
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AR ZHE(1:1. BSMS)E ARg-she] theakz W of & o
Fe 10% Rk of & A = QI opr|=Ake] A S o
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of, AF=A|2H7](SP-50; Kumkang engineering, Daegu, Korea)

Table 1. Proximate composition and fatty acid profiles of black sol-
dier fly Hermetia illucens and mealworm Termetia illucens larvae
meal for experimental diets

Ingredients
BSF' MW2

Proximate composition (% of dry matter)

Crude protein 42.6 67.3

Crude lipid 32.8 7.24

Ash 9.04 8.34

Moisture 277 7.07
Fatty acid (% of lipid)

Cc12 45.6 0.12

C14 5.90 0.93

C16 14.6 21.8

C16:1 1.75 1.41

C18 4.34 14.4

C18:1n9 15.5 33.7

C18:2n6 12.3 27.7

IBlack soldier fly. 2Mealworm.
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Table 2. Dietary formulation of the experimental diets for juvenile
olive flounder Paralichthys olivaceus

Ingredients Diets

Con B10 M10 B5M5
Sardine, FM' 225 175 175 175
Anchovy, FM' 225 175 175 175
Tankage meal? 8.00 950 950 9.0
Poultry by-product meal® 450 450 450 450
Soy protein concentrate* 550 6.00 4.60 5.30
Wheat gluten® 450 470 330 4.00
Tuna by-product meal® 0.00 1.00 1.00 1.00
Starch 380 263 263 263
Soybean meal* 120 120 120 120
Wheat flour 7.00 7.00 7.00 7.00
Black soldier fly larvae’ 0.00 10.0 0.00 5.00
Mealworm larvae® 0.00 0.00 10.0 5.00
Fish oil® 430 130 410 270
Lecithin 050 0.70 0.70 0.70
Betaine 1.00 120 120 1.20
Taurine 0.50 0.80 0.80 0.80
Methionine® 0.00 0.07 0.07 0.07
Monocalcium phosphate 0.70 0.70 0.70 0.70
Mineral mix" 1.00 1.00 1.00 1.00
Vitamin mix'? 1.00 1.00 1.00 1.00
Vitamin C 0.10 0.10 0.10 0.10
Vitamin E 0.10 0.10 0.10 0.10
Choline chloride 0.50 0.70 0.70 0.70

'Fish meal, Orizon S.A, CO., Ltd, Chile. Hanla Industrial Co.,
Ltd., Jeju, Korea. *Woosin Food Co., Ltd., Pocheon, Korea. *Solae
LLC Inc., Saint Louis, U.S.A. °CJ CheilJedang Co., Ltd, Seoul,
Korea. “Wooginfeed Industry Co. Ltd, Incheon, Korea. "Black
soldier fly, Co., Entomo, Siheung, Korea. *Mealworm, KEIL, Co.
Ltd, Cheongju, Korea. °Fish oil, E-wha oil Industry, Busan, Korea.
"Methionine, Corp. Evonic rexim pharmaceutical. "Mineral mix-
ture contained the following ingredients (g/kg, mixture): MgSO,,
80.2; C,H,FeO,, 12.5; KCI, 130; FeSO,. H,0, 20; CuSO,. 5H,0,
1.25; CoSO,, 0.75; Ca(10,),, 0.75; AI(OH),, 0.75; ZnSO,.-7H,0,
13.75; MnSO,, 11.25; CoCl,.6H,0, 1. "*Vitamin mixture contained
the following amount which were diluted in cellulose (g/ kg, mix-
ture): L-ascorbic acid, 6.4; DL-a tocopheryl acetate, 37.5; thiamine
hydrochloride, 5.0; riboflavin, 10.0; pyridoxine hydrochloride, 5.0;
niacin, 37.5; Ca-D-pantothenate, 17.5; myo-inositol, 75.0; D-bio-
tin, 0.05; folic acid, 2.5; menadione, 2.5; retinyl acetate, 1.72; cho-
lecalciferol, 0.025; cyanocobalamin, 0.025. Con, Contains 45%
fish meal; B10, Contains 35% fish meal and 10% black soldier
fly meal; M 10, Contains 35% fish meal and 10% mealworm meal;
B5MS, Contains 35% fish meal, 5% black soldier fly meal and 5%
mealworm meal.
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Table 3. Proximate, amino acid and fatty acid profiles of the ex-
perimental diets for juvenile olive flounder Paralichthys olivaceus

Diets
Con B10 M10 B5M5
Proximate composition (% of dry matter)

Crude protein 58.7 59.4 57.7 59.3
Crude lipid 12.5 12.3 12.8 12.2
Crude ash 10.0 10.3 9.09 9.80
Moisture 8.61 1.2 10.5 11.8
Essential amino acid (% of diet)
Arginine 3.59 4.09 4.02 412
Histidine 1.64 1.63 1.64 1.67
Isoleucine 2.62 2.57 2.52 2.61
Leucine 445 4.36 4.28 4.39
Lysine 4.08 3.92 3.82 3.90
Methionine 1.47 1.42 1.34 1.41
Phenylalanine 2.60 2.59 2.50 2.58
Threonine 2.43 2.37 2.33 2.38
Valine 3.06 3.05 3.05 3.12
Fatty acid (% of diet)
12:0 0.00 1.68 0.00 0.85
14:0 0.58 0.57 0.54 0.55
16:0 3.09 2.75 3.12 2.93
16:1 0.71 0.47 0.61 0.52
18:0 1.04 0.88 1.14 1.07
18:1n9 2.38 2.33 2.50 2.34
18:2n6 1.25 1.79 1.58 1.62
18:3n3 0.68 0.39 0.66 0.45
20:4 0.97 0.31 0.95 0.59
20:5n3 1.18 0.72 1.06 0.83
22:6n3 0.71 0.40 0.61 0.45

Con, Contains 45% fish meal; B10, Contains 35% fish meal and
10% black soldier fly meal; M 10, Contains 35% fish meal and 10%
mealworm meal; BSM5, Contains 35% fish meal, 5% black soldier
fly meal and 5% mealworm meal.



864 N )

LA E T dHIAE F, YA(G43£0.1 gy 127]9] g4
2425 Lyol| 242t 370te] ¥ 22ke] = w2l sk qieh. AdAtw s
1% 23](08:30, 16:00 h) THe FF5F3lom, ARS A 15
T A= QI Ak RejolatE AAseS ARsl
o §47e 4-5 Lmino. 2 FA =l 2 gz 4
231} 8-ZAA(dissolved oxygen), pH, ¢ = (salinity)= 1€ 1
3] AU 23 FEAE Pro20 Dissolved Oxygen
Instrument (YSI, Yellow Springs, OH, USA)E A3l =
A o™, pHE Seven Compact (METTLER TOLEDO,
Columbus, OH, USA)E 53l A=At 2 Ad4x0] 42
22394227 CE AAp20] o|E3IGith. &A= 7 2
of &7y 7] (aeration) 5 Ax|5te] FAIEoH, AH7|7
Eol @2 AbAL 8674041 mg/L, pHE 8.49+0.239} r
30.3+0.31 psuz A = i}

OfF| % MEstH KIE 55

AT £2 F, Aniole] AEUAS Hastels] Sl 24
h A% F 5% vhel S 24stel, 2% 7 (final body
weight, FBW), A4 4-&(weight gain, WG), Y 7Hd A& (specific
growth rate, SGR), AF& 087 &(feed conversion ratio), T}
2 A3Ld S(protein efficiency ratio), AEE(survival)= A4k
siolct. A 2 7, S o ulel (e o ovt))e)] A
olE FA9|2 AWste] 200 ppm 52 2-phenoxyethanol
(Sigma-Aldrich, St. Louis, MO, USA)& ¢FehA} A]71 3, 5L
Aol AA-S Z75ke] B]RkE(condition factor, CF)E A4ks}
Lt o] %, sfjitsto] 7k ko] FAIE S8t (Al
(hepatosomatic index, HST)Q} Uj%5oF]4>(viscerosomatic
index, VSI)& A4k}t

J

Samplingzt £

7} 2 3up| (AT G omke)e] ARolE FAE A
#H3}0] 2-phenoxyethanol 200 ppm< #|]s}o] QFFAL & 1
o)A QEskiet. AFEH 4] ARk heparin©] 20
uL® #2]% 1.5 mL eppendorf tubeol| ¥ o] hematocrit¥} he-
moglobin =7 o ARE-E| AT} A (plasma)S H41E2(5,000
pm, 15 min, 4°C)3}t.2 1, & A (serum)> 30 min 5+ AR
ol A SLAR] 2 A4 Eesttt. 22l @ dHS 24
A7 YE5HH-80°C) = 3ich

Hematocrit->- & N2tk A]2.2] 7] (Micro Hematocrit VS12000;
Vision Scientific, Dagjeon, Korea)= Z7%31%1. 2™, hemoglo-
bin, aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), glucose, cholesterol> Al kitS Alg-5}o] A3}t
E47](CH 100°; RADIM company, Firenze, Italy)= &-4]
=] %lt}. Lysozyme¥} myeloperoxidase (MPO)2] 2442 Mo-
hammed et al. (2018)2} Kumari and Sahoo (2005)2] HH S
= 245k

AR EEAI2 AOAC (2005) o]l et BAjskolet. 4
B ARPIAAZY(125C, 3 ), 23)Ee AHFshey
(550°C, 4 h, LF-MS627; LKLAB KOREA Inc., Namyangju,
Korea), Z2TH 22 252 ohEl B4 7] (Kjeltec™ 2300; FOSS
analytical, Hillered, Denmark)® A% on, ZzzLe
Folch et al. (1957)2] B of| w}a} F-45}] ).

A 222 10% formalin®] 24 h 5o 114 & EXH7}A]
70% ethanol §-of] B E| Qi 1A H A 2 2]-2 tissue pro-
cessor (TP1020; Leica, Wetzlar, Germany)E A3l &5
o0, sampleS paraffind] Zufst F 7 um YH|2 AHs}
o] fe]&eto| 2ol AL 0] periodic acid Schiff ¢
AE 222 skdn) 74 (DM750; Leica, Wetzlar, Germany)-S-
= Wi

o}r] ;= ARS ninhydrin method (Rosen, 1957)2] B4 w}a}
AT APAR, sERE AojAl= Asobr]| it &
417](S433; Sykam GmbH, Fuerstenfeldbruck, Germany)E
ol g:3fo] 2819,

AofA, AgArR 2] A4S Garces and Mancha (1993)
o] whiof whet &= ik =55 A4S gas chromatog-
raphy (6800GC; Agilent Technologies, San Francisco, CA,
USA)<} capillary column (112-88A7, 100 m X 0.25 mm, film
thickness 0.20 um; Agilent Technologies)= ©]-8&-5}0] EA443}
Sttt Carrier gast= 45 AFESFITE Oven?] 2= 140°C
o A 240°C7HA] 4°C/min®.2 Z57}A| 7T}, Injector?} detector
9] L& = 240°C=E 473}3tt. Standard sample-> PUFA 37
component FAME Mix (Supelco, Bellefonte, PA, USA)E A}
g9

S7stx A

BEXAT= SPSS (version 24.0; international Business
Machines Co., New York, NY, USA) =2 1348 0]8-5]¢]
One-way ANOVA= 57| ZA5F3itt. glofE ghe] fojak=
Tukey's HSDE AH8-5ke] B+t 719] §-9]/(P<0.05) B] s}
St glolE= g EEH A (meantSD) 2 LUERH o o, 1Y
=& H|o|E= arcsine H1E L2 Aiksto] FA 4= AT

g

155 5019 AR3-4As AiNTable 4), FBW, WG, SGR, A}
A5 AEES e A olA FoA QL Aol 7t §lSiTh
AEAZEREEMI0 A7 2 H ey froj A o g &9ke
o, Tl o] 8582 MI0 A7 2R} fo8o=
whekot AESHA | % &4 AN Table 5), CF, HSIL, VSI&= &2
= AP FolA FoJA Q1 Aol 7t QISITE. ENHSHA x| £ A
7K Table 6), @4 ALT % %= M107} Cona} BI0A &L ch
G o g =9ttt 84 glucose %=+ Cono| B10 A
Hrp 7o 02 g3k} 5ol 4 vy 242 lysozymed}
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Table 4. Growth performance, feed utilization and survival of the juvenile olive flounder Paralichthys olivaceus (initial mean body weight,

34.3+0.05 g) fed the experimental diets for 15 weeks

Diets FBW! WG? SGR3 FI* FCR® PER® Survival’
Con 218+14 53742 1.80+0.06 1393 0.59+0.02° 2.91+0.11° 94.610.0
B10 214+16 52444 1.78+0.07 1453 0.62+0.03% 2.70+0.13* 92.8+3.1
M10 1959 468+17 1.69+0.03 1401 0.66+0.032 2.58+0.11° 93.7£1.6
B5M5 2059 499+26 1.7420.04 142+9 0.63£0.01% 2.70+0.05% 93.7+1.6

'Final mean body weight (g). *Weight gain (%)=(final body weight-initial body weight)x100/initial body weight. *Specific growth rate (%/
day)=[(log final weight-log, initial weight)/days]. *Feed intake (g/fish)=dry feed consumed (g)/fish. *Feed conversion ratio=dry feed intake/
wet weight gain. ‘Protein efficiency ratio=wet weight gain/protein intake. "Survival (%). Con, Contains 45% fish meal; B10, Contains 35%
fish meal and 10% black soldier fly meal; M 10, Contains 35% fish meal and 10% mealworm meal; BSMS5, Contains 35% fish meal, 5%
black soldier fly meal and 5% mealworm meal. Values are mean of triplicates and presented as mean+SD. Values in the same column hav-
ing different superscript letters are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among

treatments.

Table 5. Biological indices of juvenile olive flounder Paralichthys
olivaceus (initial mean body weight, 34.3+0.05 g) ed the experi-
mental diets for 15 weeks

Diets CF! VS|2 HSI®

Con 0.93+0.08 2.91+0.19 0.78+0.10
B10 0.92+0.04 2.81£0.11 0.79+0.06
M10 0.88+0.05 3.25£0.13 0.79£0.05
B5M5 0.93+0.05 3.06£0.25 0.79+0.04

!Condition factor=100xfish weight (g)/(fish length) (cm)’. 2Vis-
cerosomatic index=100x(visceral weight/body weight). *Hepa-
tosomatic index=100x(liver weight/body weight). Con, contains
45% fish meal; B10, contains 35% fish meal and 10% black sol-
dier fly meal; M10, contains 35% fish meal and 10% mealworm
meal; BSMS5, contains 35% fish meal, 5% black soldier fly meal
and 5% mealworm meal. Values are mean of triplicate groups and
presented as mean+SD. The lack of superscript letter indicates no
significant differences among treatments.

MPOS| B4 wE Aol A ol2el Hol7} glgich. A
of ] Uk EEA AaK(Table 7), BE 3HEo|4 A7 77k

FrolA el ol 7k fllet. 2 28H4] 14] AiK(Table 8, Fig 1),
villi length®} goblet cell®] = L& AlgLof| A 3-2]%] 9] 2}
o7} gt
i

o[l o] At vjEA| Folsolet A AR = A
o17] Y2 &] Aol AR Ui o oAl o= o 10%71A] AF
& 7153 Ao & B Seo et al. (2022)9] AL A 84
7] FA(Z27] 57, 365 g)9] Aol AR (ol ¥, 35%)°
A AR AL O & ARGE Tha AR, AL s ST,
HAFAREES HiAIste] FollselE 3.5% H7stalol= 1
ol AbR (o1 TR, 70%)E aet ARt Aol zto| 7t
GloiTt. Jo et al. (2021)9] Aol = 2]017] PX|(27] FA,
7.86 )] AojE AR (O] T, 35%)0A] ol A Yo R
AR s, 7R, AR S Sollsol2
hA5EA7% d71eks W, aLoj AR (o= TR, 70%)%t
vl usto] A, AFRAE, A%k 84(trypsin, chymotryp-
sin, lipase)oll Al Zko]7} Q11T Jeong et al. (2021)2] ¢17-9
A= H o7l G271 7, 33.5 g) A= W o FH(65%)

Table 6. Hematological parameters and non-specific immune responses of juvenile olive flounder Paralichthys olivaceus (initial mean body

weight, 34.3+0.0 5g) fed the experimental diets for 15 weeks

Diets Hemoglobin'  Hematocrit? AST? ALT* Glucose® Cholesterol®  Lysozyme’ MPO?

Con 3.6310.13 32.740.9 22.242.8 40.9+4.3° 57.8+4.4 11248 29.6+10.8 1.30£0.23
B10 3.77+0.09 35.6+1.2 24117 45.4+4.9° 48.5+0.3° 10417 28.6+11.1 1.32+0.24
M10 4.33+0.09 36.210.4 19.243.7 93.7+3.6° 51.0+3.8% 9315 28.9+8.5 1.3040.22
B5M5 3.62+0.54 34.240.8 27.241.9 82.349.2% 52.241.1% 9916 28.618.9 1.27+0.30

"Hemoglobin (g/dL). ZHematocrit (%). *Aspartate aminotransferase (U/L). *Alanine aminotransferase (U/L). *Glucose (mg/dL). ®Cholesterol
(mg/dL). 'Lysozyme activity (ug/mL). *Myeloperoxidase (absorbance). Con, Contains 45% fish meal; B10, Contains 35% fish meal and
10% black soldier fly meal; M10, Contains 35% fish meal and 10% mealworm meal; BSMS5, Contains 35% fish meal, 5% black soldier fly
meal and 5% mealworm meal. Values in the same column having different superscript letters are significantly different (P<0.05). The lack
of superscript letter indicates no significant differences among treatments.
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Weththasinghe et al. (2021)2 Atlantic salmon AF& U] o3& g+
SH25%) S BHA] FolSollE AHgate] 21.5% 7] Zolt 4%
T AR G820 A5t 9l ltkal B 175)% T European seabass
(271 77, 50 gy o= 3t AtoA= AR W o2 o
F(32.4%)= GA| FollsolE ARE-Ste] 17.8%7H4] Fol%® 4
ol 2191 FaFol it Harw glch(Magalhaes et al.,
2017). Taconisi et al. (2017)& B|E2] ZAA % 2] & o]-&5}o]
blackspot seabream Sparus aurata (7] 37, 111 g)¢] At=
W o2 FH61%)= 31%7HA] S0 = Aol g4l &
o] kil 159 et Red seabream (7] 71, 24.9 g)&
o g gt Aol 2R ZAAAYZ AR W o] o
(65%)S A A 0] 281 o] fo)4 .02 27kt

Table 7. Whole body proximate composition of juvenile ol-
ive flounder Paralichthys olivaceus (initial mean body weight,
34.3+£0.05¢g) fed the experimental diets for 15 weeks (% of wet
basis)

Diets Crude protein Crude lipid  Crude ash  Moisture
Con 21.2+0.6 0.73+0.10 1.26+0.02  76.9+0.2
B10 21.6+0.7 0.95+0.11 1.44+0.10 77.3%0.0
M10 21.7+0.2 1.06+0.04 1.45+0.07 77.4+04
B5M5  20.5+0.2 0.78+0.09 1.45+0.15 77.3x0.7

Con, Contains 45% fish meal; B10, Contains 35% fish meal and
10% black soldier fly meal; M 10, Contains 35% fish meal and 10%
mealworm meal; BSM5, Contains 35% fish meal, 5% black soldier
fly meal and 5% mealworm meal. Values are mean of triplicate
groups and presented as mean+=SD. The lack of superscript letter
indicates no significant differences among treatments.

Table 8. Histological results for intestine of the juvenile olive floun-
der Paralichthys olivaceus (initial mean body weight: 34.3+0.05g)
fed the experimental diets for 15 weeks.

Diets Villi length’ Goblet cells?
Con 7401105 26041467
B10 72748 26094385
M10 778453 23414362
B5M5 671485 24851354

Values are mean of triplicates and presented as mean + SD. The
lack of superscript letter indicates no significant differences among
treatments. Con, contains 45% fish meal; B10, contains 35% fish
meal and 10% black soldier fly meal; M 10, contains 35% fish meal
and 10% mealworm meal; BSMS5, contains 35% fish meal, 5%
black soldier fly meal and 5% mealworm meal.

Villi length (um).

2Goblet cells=average number of cells.

Fig. 1. The intestine histological parameters of olive flounder
Paralichthys olivaceus (initial mean body weight, 34.3+0.05 g) fed
the experimental diets for 15 weeks. a, Villi length (um); b, Gob-
let cells. Representative histology images of periodic acid-schiff
(PAS) stained sections at 40xmagnification, Scare bar=200 pm.

1 2= 9ckIdo et al., 2019). o] Lol A= Aol AlR
W 45%9] o s BlEA| Follsolu EA AR Y&
o]-g-sto] Aol FAHZ Q1 F3F lo] ol S 35% 7AW
= 7 U o Aol A o] 2] X] o] A of E A Hj ]
£ o] &3, HIEA] Follsollut T ZAA A 2= Aol
At o] o] A Yo 2 F55] ARG 7He e A o= TekE T
1efu, ol Aol A F o thAlES FEEHA Rlen, &
& AFE 53 2 A& FEo] 2o Ao AR ETh

At B8 A ALR O o] 84S H7tehe 5a% 8420
th ol Al W o] &2 oY e AR 2 oA A5, ARt
ofu|teAke] Aol A 4= glrkar ¢ A qlrk(Barroso et al.,
2014). o Aol A o] AP o= AHEE Folisolet 4
A7 A 2= o] &o|| |3l methionine?] FFFo] Rrh(Nogales-
Meérida et al., 2019). ' #] A& 2] methionine Q52 1.44-
1.49%= X 1% © 1, methionineo] Z2F %912 49 F 29
A AFRAEC] YA o sk Aor HAEGH
(Alam et al., 2000). o] Lol A= o) G| ZA A A 2
2 °F30% )AMI0) H2 1) AHR 8o] G050 2 743
HaL Ak Wf B[EA] Follsoll o Shego] oA A AR A&
o] 7= it AE At o] g ofm| Ak A At A M10
9] 7-] methionine FHd- Thax Wekow, o] = 2] 247
A e|7F vl ] Foli5-oll itk methionine 3ol W] wjizol|
M10A}E 0| 27}t methionined=Fo| HE3ME 7 0 &2 A7 EH
o} whEhAl, M10 A9]ol A Ak Ago] ZHas 9l I
ofn] ARl methionine®] 2 o] YUY AOR FZE]H, H]
7] Folisolet GA] ZAMAXF of & A PR o§T
79 methionine2 L7 0 & H7)sjjo oF Ao & AFRET]
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71el7] $3) o]-&-¥lth(Song and Lee, 2013). AST2} ALT= ©f
T 7Hp Alo] EAEISIE A9l 5 =Tt STk A
o g d# A Qltk(Casanovas et al., 2021). Brown trout Salmo
trutta A5 U] o1 FHF(36.4%)S BIEA ZAAAEE o&
sto] 28.6%71A] YE=3lS W EF ALTY] =7 o8 o=
Z7Fsk chi(Hoffmann et al., 2021). o] A-Lo| A Abw W] &
A 27 A o] ko] S7hekol et B ALT 527} Ak
SEICE whebA, B3] AR E Aof& AR W 10% H =
ARg3to] 4717 B Aol WA Aojol AEw| A7}
T = Ao AR E 0172 5 glucose= Hol, 84 &
cheFgt QRlof oJgf Pk wh= A0 &2 I A )t} Falwole
et al. (2020)2] 9110 w2 H, African catfish Clarias gariepi-
nus®| AbR o2& HEA] s sol(2A1E o 23.0%)=
At wll, o2 thAleo] S7He 5 25 glucose®] 5=
7F Ash= ik, 12|y, tambaqui®] AR W o] R EA| 5ol
Soll(zAA g 5.5%)2 dhAs9S ®, % glucose i
of 2Fo]7} igitkal B % ¢ick(Monteiro dos Santos et al.,
2022). @A7HA] ol AR W Folsolet @5 glucose®] ¥
Slof| thgt 15k HALEA] Febeh ey Alghe thAt e = oF
Aol A lauric acid®] AF =2 ¢18 EF glucose®] 2|71 7+
28Tkl 2% 9 thMalaeb and Spoke, 2020). o] 1+
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FO] 45.6%= mi%- =okom, AYAtR W T T2 AEA
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AR F ot A o= 55

BE o B0l FaT 3 st
A Wshs ool o AHIE BASH: AEZ AMgHct
(Raskovi¢ et al., 2011). §X Zol= FUALE T45k= A9
FAS el goblet cell % kS Hujsto] o &
e AS JAIskE A o= A A St Gomez et al., 2013;
Gupta et al., 2020). 414 o] FollA A4 YuE 0§35}
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of 9Jaff A3kgo] Holx|al ¢F WO R QIFh 431]9
HI7T YehE 102 B 11 E It Martinez-Llorens et al.,
2012). o] gt FFUdeNAl= AU EiiFF B A}
T2 22 7k Fol AAE 4= ek & A Ack(Buttle et
al., 2001; Refstie et al., 2005). o] Ao A] T 2712 o] £
ALog 2 2 7k BRI eSS ARSIl
o, & 220 A= FeieZ Q] HElrp BAER] oktt) BE
A9l Hol| Al g1 0] Z o]} goblet cell 2] =l A 2kl 7} Gl
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