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Abstract

Apparent digestibility coefficients (ADCs) of dry matter, crude protein, crude lipid, nitrogen-free extract, energy and essential
amino acids in animal-based feed ingredients were determined for olive flounder (Paralichthys olivaceus). A reference diet (RF)
was formulated to contain 1.0% chromic oxide (Cr,0;) as an inert indicator. Nine test diets were formulated to contain RF and
one of the feed ingredients (pollock meal [PM], jack mackerel meal [JMM], anchovy meal [AM], cod meal [CM], sardine meal
[SM], sand eel meal [SEM], tuna meal [TM], meat meal [MM] and squid liver meal [SLM]) at a 7:3 ratio in each diet designated as
PM, JMM, AM, CM, SM, SEM, TM, MM and SLM, respectively. Olive flounder, averaging 150 + 8.0 g, were stocked at a density of
25 fish per tank in 400-L fiberglass tanks attached with fecal collection columns. Feces were collected from triplicate groups of
fish one time a day for four weeks. Dry matter and crude protein ADCs of CM and SEM wetre significantly higher than the other
tested ingredients. Lipid ADCs of JMM, CM and SEM were significantly higher than the other test ingredients. Energy ADCs of CM
and SEM were significantly higher than that of the other tested ingredients. The availability of amino acids in CM was generally
higher than the other animal protein sources. PM exhibited the lowest amino acid availability among the treatments. Interest-
ingly, MM exhibited significantly higher nutrient digestibility than several marine-based ingredients. However, CM and SEM are
seeming to be highly digestible and effective to use in olive flounder diet compared to the other tested ingredients. Overall, the
results of this study provide information about the bioavailability of nutrients and energy in animal feedstuffs to apply when for-
mulating cost-effective practical feeds for olive flounder.
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Introduction nutrient quality (Radhakrishnan et al., 2020) and digestibility

which represent the digestion and absorption of nutrients and
The nutritive value of a feedstuft depends on several factors  energy by animals (Riche et al., 2001; Tram et al., 2011; Turchini
including chemical composition (Kokou & Fountoulaki, 2018), et al,, 2019). Therefore, information on nutrient digestibility
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of feed ingredients is important for accurate diet formulations
for fish. Chemical analysis and digestibility results of ingre-
dients are also important to limit the waste produced by fish
(Borghesi et al., 2008; Hien et al., 2010; Kopriicii & Ozdemir,
2005). Amino acid digestibility of ingredients is pivotal because
the nutrient bioavailability can be affected by processing and
manufacturing conditions of ingredients (Terrazas-Fierro et al,,
2010). Moreover, the utilization of feedstuffs is influenced by
several factors, such as the raw material (Kokou & Fountoulaki,
2018), recipient species (Refstie et al., 2000), freshness (Aksnes
& Mundheim, 1997), processing (Drew et al., 2007; Opstvedt
et al,, 2003) and storage conditions (Camacho-Rodriguez et
al,, 2018) of the meal. Therefore, the determination of apparent
digestibility coefficient (ADC) values of feedstuffs is one of the
most important aspects of determining suitable feed ingredients
to formulate nutritionally efficient diets (Irvin & Tabrett, 2005).

Fish meal (FM) is the most important ingredient in aqua-
feeds. It is widely used in many formulated aquaculture diets as
a protein source because of its high protein content, essential
amino acid content and excessive nutrient digestibility and pal-
atability (Thompson et al., 2008; Zhou et al., 2004). However,
FM is a limiting factor in the aquafeed sector because of the
increasing demand, unstable supply and high price of quality
FMs in the market (Galkanda-Arachchige et al., 2020; Gasco et
al., 2018). Therefore, new FM sources and alternative feedstuffs
were used to reduce and/or replace traditional FM from aqua-
feed (Cho et al., 2005a; Ha et al., 2021; Panase et al., 2018).

Olive flounder (Paralichthys olivaceus) is considered an im-
portant marine fish species which has been successfully cultured
in East Asian countries including Korea, Japan and China. It offers
many desirable characteristics for culture such as rapid growth
rate, acceptance of dry pellet, high stocking density, consumer
preference, ease of mass production and good market price. Their
production is dependent on marine-originated protein sources as
they are carnivores (Kim et al., 2021). Therefore, different types
and levels of FMs, mainly produced using bycatch and byprod-
ucts, have been used in practical diets for olive flounder (Kim et
al., 2014; Park et al., 2021). Pollock meal (PM) and cod meal (CM)
are often used as white FM in diets for olive flounder (Choi et al.,
2004; Khosravi et al., 2015; Kim et al., 2002). Anchovy meal (AM)
and sardine meal (SM) are also supplemented in olive flounder
diets as main protein sources (Back et al., 2020; Bae et al., 2020;
Park et al., 2021). It was recently reported that jack mackerel meal
(JMM) enhances feed consumption of olive flounder due to its
high attractiveness (Jeong et al., 2020). Tuna meal (TM), pro-
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duced by tuna byproducts, is incorporated in commercial olive
flounder feed to reduce production costs as reported by Kim et
al. (2014). TM is also an efficient FM replacer in olive flounder
diet (Kim et al., 2021). Sand eels are bycatch species found in the
Mediterranean Sea and the Atlantic Ocean and are widely used
for FM production (Maynou et al.,, 2021; Rehbein, 2008). There is
a lack of information about sand eel meal (SEM) in olive flounder
diet. Meat meal (MM) is produced using inedible parts discarded
from animal slaughterhouses and meat processing plants (Ha et
al,, 2021; Millamena, 2002). Ha et al. (2021) reported that MM
replaces 60% of FM from olive flounder diet containing 650 g/
kg FM without sacrificing growth, immunity and disease resis-
tance. Squid liver meal (SLM), produced by squid processing
byproducts, is used as feed attractant in aquafeed industry (Jang
etal,, 2021). Cho et al. (2005b) replaced 10% FM with SLM from
olive flounder diet without deterioration of performance. Jang et
al. (2021) also reported that SLM improves growth performance
and feed utilization of olive flounder. Therefore, determination
of digestibility is important to formulate efficient feed containing
MM and SLM as FM replacers for olive flounder.

The nutrient digestibility might be changed with the type
and level of FM in olive flounder diet (Kim et al., 2019; Yoo et
al,, 2006). Therefore, information about the nutrient digestibil-
ity of FMs used in olive flounder diet is important to formulate
cost-effective practical diets because the nutrient digestibility
of ingredients can also be specific to fish species (Sugiura et al.,
1998). Kim et al. (2010) examined nutrient ADCs of several
protein sources and reported that the digestibility of animal
protein sources was higher in olive flounder compared to that
of plant protein sources. In a previous study, we observed high
protein and dry matter digestibility of extruded pellets con-
taining different types of FM including AM, SM, TM and PM
(Rahman et al., 2016). However, there is limited information
available on the digestibility of major nutrients and energy from
various animal protein feedstuffs for olive flounder. Therefore,
the current study was designed to assess the ADCs of dry mat-
ter, crude protein, crude lipid, nitrogen free-extract (NFE), en-
ergy and essential amino acids in a range of FMs, MM and SLM
for olive flounder.

Materials and Methods

Diet preparation
A reference diet (RF) was formulated using mackerel and an-
chovy FM (imported from Chile), and squid liver oil (E-Wha
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Oil & Fat, Busan, Korea) to meet the nutrient requirements of
olive flounder (Lee et al., 2002) (Table 1). The RF was mixed
with 1.0% chromic oxide (Cr,0,) as an inert indicator. Nine
experimental diets were formulated using 70% RF and 30% of
each of the test ingredients on an air-dry basis according to Cho
& Slinger (1978). Test ingredients for ADCs were PM, JMM,
AM, CM, SM, SEM, TM, MM and SLM. The experimental
diets were designated using same abbreviations to respective in-
gredients as PM, JMM, AM, CM, SM, SEM, TM, MM and SLM
respectively. FMs used in this study were produced by steam
drying. Proximate and amino acid compositions of the test
ingredients and diets are presented in Tables 2 and 3. All dry
ingredients were thoroughly mixed and pelleted through a meat
chopper machine after adding squid liver oil and distilled water
(40%), air-dried and stored at -25C.

Fish and experimental condition

A fecal collection system containing thirty fiberglass tanks of
400 L capacity, designed according to Lee (2002) was used for
the experiment. Olive flounder were obtained from a hatch-

Table 1. Reference and test diets formulation for the deter-
mination of nutrient digestibility coefficients of ingredients
in olive flounder

Ingredients (%) Reference diet Test diet
Fish meal (mackerel+anchovy, 1:1)" 60.0

Wheat flour 19.0

a-potato starch 10.0

Squid liver oil” 5.0

Vitamin premix” 20

Mineral premix” 20

Vitamin C (50%) 0.5

Vitamin E (25%) 0.2

Choline salt” 03

Cr,0, 1.0

Reference diet 70.0
Test ingredients 30.0

" Imported from Chile.

? Produced by E-wha Oil & Fat, Busan, Korea.

¥ Vitamin premix contained the following amount which were diluted in cellulose (g/kg
mix): DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27;
folicacid, 0.68; p-aminobezoicacid, 18.2; menadione, 1.8; retinylacetate, 0.73; cholecalficer-
ol, 0.003; cyanocobalamin, 0.003.

* Mineral premix contained the following ingredients (g/kg mix): MgS0,.7H,0, 80.0; NaH-
,PO,. 2H,0, 370.0; KCl, 130.0; ferriccitrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AICI,.6H,0, 0.15; Na,Se,0;, 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0, 1.0

* Sigma-Aldrich, St. Louis, MO, USA.
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ery (Namhae, Korea) and kept at Marine Biology Center for
Research and Education at Gangneung-Wonju National Uni-
versity. Fish (initial mean weight, 150 + 8.0 g) were randomly
captured and distributed into each experimental tank at a den-
sity of 25 fish per tank. Sand-filtered seawater was supplied to
rearing tanks at a 3 L/min flow rate. The water temperature was
20.2 + 0.4 C and the photoperiod was maintained by natural
conditions. Prior to starting the experiment, fish were acclimat-
ed while feeding the RF to apparent satiation once daily for 2
weeks.

Feces collection

After acclimation, triplicate groups of fish were hand-fed one
of the test diets to apparent satiation (once a day, 15:00 h) for 4
weeks. Fecal collection was started 4 days after feeding the fish
with the experimental diets to evacuate all previously ingested
material from the gut. About two hours after feeding, the rear-
ing tanks and collection columns were cleaned to remove any
residual particulate matter including feces and uneaten feed.
Feces were then allowed to settle overnight. Fecal samples were
collected from the fecal collection columns at 09:00 h (approxi-
mately 16 h) each morning before next feeding. Collected feces
were then filtered with filter paper (Whatman # 1) for 60 min at
4°C and stored at -75C for further analyses.

Analytical methods

Proximate composition of both diet and fecal samples were
analyzed in triplicate (AOAC, 1995). Chromic oxide levels were
analyzed by a wet-acid digestion method according to Furuka-
wa & Tsukahara (1966). Crude protein level was determined
according to the Kjeldahl method with an Auto Kjeldahl System
(Buchi, Flawil, Switzerland). Moisture content was determined
after drying in an oven at 105°C for 6 h. Crude lipid level was
measured by the ether-extraction method. Crude fiber content
was measured with an automatic analyzer (Fibertec, Tecator,
Sweden). Ash content of samples was determined by burning
in a muftle furnace at 600 C for 4 h. NFE was calculated by the
difference. Amino acid levels in the diets and fecal materials
were analyzed using an automatic analyzer (Hitachi Model 835-
50, Tokyo, Japan) consisting of an ion-exchange column.

The ADCs for the dry matter, crude protein, crude lipid,
NEFE, and energy, and the availability of amino acids for the
test ingredients and diets were determined using the following
equations:
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Table 2. Proximate and amino acid compositions of the ingredients used in test diets

Test ingredients

pMm" Mm? AM? cm? Sw? SEM? ™ MM sLm?
Proximate analysis (% of dry matter)
Moisture 78 75 79 82 44 6.9 7.0 33 7.8
Crude protein 63.4 68.1 66.5 69.5 743 68.7 59.8 594 46.6
Crude lipid 27 6.6 82 9.2 97 10.1 6.7 146 156
Crude fiber 18 16 1.1 0.5 13 09 13 15 17
Ash 212 149 14.8 126 54 13.1 211 195 7.0
NFE™ 109 88 94 8.2 93 7.2 11.1 50 29.1
Gross energy (MJ/kg)"” 17.8 20.0 204 213 228 213 185 205 220
Amino acids (% of protein)
Arg 7.0 6.9 7.1 7.0 7.0 6.9 54 49 49
His 14 26 22 14 14 15 12 12 1.1
lle 19 20 22 23 19 21 17 13 15
Leu 34 34 36 36 3.1 35 26 24 23
Lys 6.8 72 7.8 76 7.1 76 44 45 37
Met + Cys 25 18 20 23 22 20 19 1.1 13
Phe +Tyr 3.1 34 38 37 32 36 27 23 27
Thr 41 40 38 42 40 41 32 26 25
Val 49 50 53 56 47 54 42 37 34

! PM was obtained from America.

? JMM was obtained from Chile.

* AM was obtained from Chile.

* CM was obtained from Denmark.
* SM was obtained from France.

% SEM was obtained from Denmark.
7 TM was obtained from Korea.

¥ MM was obtained from Korea.

' SLM was obtained from Korea.

' NFE was calculated by difference.
' Based on 23.4 MJ/kg protein, 39.2 MJ/kg lipid and 17.2 MJ/kg NFE.

PM, pollock meal; JMM, jack mackerel meal; AM, anchovy meal; CM, cod meal; SM, sardine meal; SEM, sand eel meal; TM, tuna meal; MM, meat meal; SLM, squid liver meal; NFE, nitro-

gen-free extract.

dietary Cr,O
ADC of dry matter (%)=|100— (wj x100

feces Cr,0O,

ADC of nutrients or energy (%)

100x [1 _ dietary Cr,0, N feces nutrient or energy )

feces Cr,0,  dietary nutrient or energy

The ADCs were calculated from the respective digestibility
coefficients of the 70% RF and 30% of each of the test ingredi-
ents (Cho & Slinger, 1978).

ADC of test ingredient (%)
= [ADC in test diet — (0.7 x ADC in reference diet)] / 0.3
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Statistical analysis

All data were subjected to one-way analysis of variance, fol-
lowed by Duncan’s multiple range test (Duncan, 1955) at the
significance level of p < 0.05. Data are presented as mean + stan-
dard error of mean of triplicate groups. Statistical analyses were
performed with SPSS version 21.0 (IBM, Armonk, NY, USA).

Results

The ADCs of dry matter, crude protein, crude lipid, NFE and
energy in the test ingredients consumed by olive flounder are
presented in Table 4. ADCs of dry matter ranged from 68% to
95%. Dry matter ADC of CM was the highest among the treat-
ments. In contrast, the dry matter digestibility of PM and AM

https://doi.org/10.47853/FAS.2022.e48
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Table 3. Proximate and amino acid compositions of the reference and test diets fed to olive flounder

Reference  Test diets (70% reference + 30% ingredient)
diet PM JMM AM ™M SM SEM ™ MM SLM
Proximate analysis (% of dry matter)
Crude protein 53.1 56.2 576 571 58.0 59.5 57.8 55.1 55.0 51.2
Crude lipid 104 8.1 9.3 9.7 10.0 10.2 103 9.3 1.7 120
Ash (% DM) 15.2 17.0 15.1 15.1 144 123 146 17.0 16.5 127
NFE” 213 18.2 17.6 17.7 174 17.7 171 18.2 164 236
Gross energy (MJ/kg)” 20.2 195 20.2 20.2 20.5 21.0 205 19.7 203 20.7
Amino acids (% of protein)
Arg 6.2 6.4 6.4 6.5 6.4 6.4 6.4 6.0 58 58
His 3.7 3.0 34 33 3.0 3.0 3.0 3.0 3.0 29
lle 45 3.7 38 38 38 3.7 3.8 3.7 35 36
Leu 8.2 6.8 6.8 6.8 6.8 6.7 6.8 6.5 6.5 6.4
Lys 8.0 7.6 7.8 79 79 7.7 79 6.9 7.0 6.7
Met + Cys 4.8 4.1 39 4.0 4.1 4.0 4.0 39 37 38
Phe +Tyr 7.5 6.2 6.3 6.4 6.4 6.2 6.3 6.1 59 6.1
Thr 5.0 47 4.7 4.6 48 47 47 45 43 43
Val 56 54 54 55 5.6 53 55 5.2 5.0 49

" NFE was calculated by difference.
? Based on 23.4 MJ/kg protein, 39.2 MJ/kg lipid and 17.2 MJ/kg NFE.

PM, pollock meal; JMM, jack mackerel meal; AM, anchovy meal; CM, cod meal; SM, sardine meal; SEM, sand eel meal; TM, tuna meal; MM, meat meal; SLM, squid liver meal; NFE, nitro-

gen-free extract.

Table 4. Apparent digestibility coefficients (%) of dry matter, crude protein, lipid, NFE and energy in the test ingredients con-

sumed by olive flounder

Ingredients Dry matter Crude protein Crude lipid NFE Energy

PM 702+0.28 68.1+3.16° 58.1+127° 72.0 +5.66™ 56.5+2.12°

MM 7744146 72.9+048" 90.6 + 0.42° 79.0 £ 2.50 61.4+145%
AM 680+ 185 84.1 +1.82 78.1£234° 59.0+7.53° 743 + 438
™ 94.7 +2.34° 96.3+0.87' 86.5+1.21° 86.7 +2.28% 95.0+1.25°

SM 782 +0.55™ 86.3+0.95 544+137 62.3+246™ 730+ 1.47%
SEM 88.4+ 1,63 92.1+157¢ 88.8+2.12° 94.1 +2.00° 927 +207°

™ 79.7 £0.83° 87.8+067" 67.5+094° 73.2 42,09 776+201

MM 751 +1.14° 85.2+0.95 76.1 +2.06° 75.0 +2.96™ 79.2 +3.24°

SLM 80.3+1.77° 80.1+1.50° 746 £ 144 784+531¢ 68.7 251

“Values (mean + standard error of mean) within the same column with different superscripts denote significant differences (p < 0.05).
PM, pollock meal; JMM, jack mackerel meal; AM, anchovy meal; CM, cod meal; SM, sardine meal; SEM, sand eel meal; TM, tuna meal; MM, meat meal; SLM, squid liver meal; NFE, nitro-

gen-free extract.

were significantly lower than the other ingredients tested (p <
0.05). Dry matter ADC of JMM was comparable with SM, TM,
MM and SLM. MM exhibited significantly higher dry matter
ADC than PM and AM while the result of SLM was significant-
ly higher compared to MM (p < 0.05).

Protein digestibility of feedstuffs ranged from 68% to 96%.

https://doi.org/10.47853/FAS.2022.e48

Digestibility of crude protein was higher for CM and SEM than
those of the other ingredients. Protein digestibility of TM was
comparable with SEM, SM, AM and MM. MM exhibited signifi-
cantly higher protein digestibility than PM, JMM and SLM (p <
0.05). The values observed in SLM group were also significantly
higher than PM and JMM (p < 0.05). PM showed the lowest pro-
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tein digestibility value among all the tested ingredients.

Crude lipid digestibility ranged from 54% to 91%. The
highest lipid digestibility coefficient was exhibited in JMM, CM
and SEM and the lowest ADC for lipid was observed in PM and
SM. MM and SLM showed comparable lipid digestibility which
were significantly higher than PM, SM and TM.

The NFE digestibility of SEM was significantly highest
among the test ingredients and the significantly lowest ADC for
NEFE was observed in AM (p < 0.05).

Energy digestibility of the animal protein feedstuffs test-
ed in the current study ranged from 57% to 95%. The highest
energy digestibility coefficient was observed in CM, followed
by SEM and the energy ADC of PM was significantly lowest
among those tested (p < 0.05). Energy digestibility values ob-
served in AM, SM, TM and MM were comparable while that of
SLM was comparable with SM and AM.

The ADC of amino acids of the tested ingredients are pre-
sented in Table 5. Generally, amino acid availability exhibited
a similar pattern to crude protein digestibility. The ADC of
amino acids in CM was generally higher than those of the other
ingredients tested. The availability of essential amino acids in
PM was the lowest for olive flounder compared to that of other
ingredients.

Discussion

The actual ADC of feed ingredients provides insight to identify
ingredient alternatives much more precisely for fish species.
Digestibility of nutrients can be different based on the chemical
composition of a particular ingredient. ADC of dry matter is

Animal feedstuff digestibility in olive flounder

more useful than ADC of individual nutrients to estimate the
amount of indigestible material contained in feedstufts (Yuan et
al., 2010). In our study, dry matter digestibility of CM exhibited
the highest values among all the tested ingredients. Cruz-Sudrez
etal. (2009) reported that dry matter digestibility appeared to be
related to the fiber and ash contents of the material. In the pre-
vious study, we observed that dry matter digestibility was lower
in feed ingredients containing high ash levels when feeds were
prepared as extruded pellets (Rahman et al., 2016). Stone et al.
(2000) reported that high protein content resulted in high dry
matter digestibility in MM. SM contained the highest protein
level and the lowest ash level although the dry matter and pro-
tein digestibility were significantly lower than CM and SEM in
present study. Supportively, Sugiura et al. (1998) reported that
dietary protein level had no significant correlation with protein
digestibility. The proximate and amino acid composition of CM
was also not considerably different from other ingredients (Table
2). Therefore, the high soluble nutrient content in CM which
matches the requirement of olive flounder might be the reason
for high dry matter digestibility. Nutrient absorption through
the gastrointestinal tract can be accelerated by several factors
including pH and ion concentration (Bucking & Wood, 2009).
The CM and SEM might provide favorable levels of pH and ions
to improve digestion and absorption of nutrients in olive floun-
der intestine. Therefore, further studies should be conducted to
evaluate the factors affecting digestion and absorption in olive
flounder fed diets containing CM and SEM. Moreover, MM and
SLM exhibited higher or comparable dry matter digestibility to
conventional FMs such as PM, JMM, AM and SM in the pres-
ent study. Both MM and SLM contained high lipid levels (Table

Table 5. Apparent availability coefficients (%) of amino acids in test ingredients for olive flounder

Ingredients Essential amino acids
Arg His lle Leu Lys Met + Cys Phe +Tyr Thr Val

PM 836+1.14°  860+078  799+095  81.8+092°  831+069°  800+171° 794+125  804+1.13  80.2+097°
JMM 875+060°  89.8+006™  849+044™ 860+049°  877+042°  826+067™ 839+060° 848+027°  842+045
AM 90.7+1.88"  907+040  877+022" 89.0+040° 9114038 796+453"  840+191°  866+150° 874£0.12
™ 934+035° 935+027°  91.0+043°  919+027°  935+047°  91.1£0.12°  904+040°  913£045  91.0+047°
SM 916+0.18"  91.0£0.15° 869+025™ 885+038  91.0+017° 855+095 869+035° 885+029° 873+032°
SEM 900+0.12  915+026° 867+061°" 885+035  90.1+027°  87.1+083“ 867+028" 87.8+022°  87.0+049
™ 9164017 9224019  886+0.15 900+0.15"  921+0.10° 805+1.11° 88.1+022° 892+043" 882+0.13
MM 9124024  915+023%°  826+475° 889+031° 908+024° 843+101™ 869+047° 876+031° 874+037
SLM 878+050 887+072°  846+079™ 856+009°  881+048" 831135 854+140° 850+023°  845+062°

*9Values (mean + standard error of mean) within the same column with different superscripts denote significant differences (p < 0.05).
PM, pollock meal; JMM, jack mackerel meal; AM, anchovy meal; CM, cod meal; SM, sardine meal; SEM, sand eel meal; TM, tuna meal; MM, meat meal; SLM, squid liver meal.
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2) compared to FMs used in the study. Especially, MM contains
high oleic acid level (Ha et al., 2021) which are easily absorbed
and stored in olive flounder liver (Medagoda et al., 2022). Ha et
al. (2021) observed significantly higher monoene fatty acids in
whole-body samples of olive flounder fed MM. SLM also rich in
oleic acid and DHA (MoonLee et al., 2012). Therefore, these fat-
ty acids might be responsible for high dry matter digestibility of
MM and SLM in olive flounder. Fatty acid digestibility of both
ingredients should be tested in future studies to prove the as-
sumption although the lipid digestibility was higher in MM and
SLM compared to PM and SM. However, high level of dietary
MM was reported to decrease the growth of fish while high
dietary SLM resulted in significant cadmium accumulation in
organs (Jang et al,, 2021). Therefore, these phenomena should
be considered when using MM and SLM in olive flounder diet.
The results of protein digestibility revealed that CM and SEM
possess a protein content that is highly digestible in olive floun-
der indicating that each of these animal origin feed ingredients
is suitable protein sources for olive flounder. The protein ADC
for JMM (73%) is lower than that reported in white leg shrimp,
Litopanaeus vannamei (89%) (Lemos et al., 2009). Protein ADC
for AM (84%) is higher than that reported in sunshine bass, Mo-
rone chrysops x Morone saxatilis (79%) (Thompson et al., 2008)
and it is slightly lower than those reported for AM in Atlantic
cod, Gadus morhua (92%) (Tibbetts et al., 2006), coho salmon,
Oncorhynchus kisutch (91%) and rainbow trout, Oncorhynchus
mykiss (94%) (Sugiura et al., 1998) and Nile tilapia, Oreochromis
niloticus (91%) (Kopriicii & Ozdemir, 2005). The protein ADC
for SM (86%) is slightly lower than values reported for rainbow
trout (90%) (Gaylord et al., 2008). The lower digestibility of pro-
tein in JMM, AM and SM reported in the present study might be
a result of species and/or size differences (Thompson et al., 2008).
The protein quality of FM depends both on the freshness of the
raw material and the processing conditions in the manufacturing
of the FM (Anderson et al., 1995; Serensen, 2012). Some studies
have reported that the effect of the processing condition of FM
may lead to reduce in protein digestibility due to changes in the
chemical composition or shape of proteins (Anderson et al., 1993;
Opstvedt et al., 2003). Moreover, the nutritional compositions
of FM were reported to be different with harvest location and
season (Boran et al., 2008; Bragadottir et al., 2004). In the current
study, the protein digestibility of PM was the lowest among the
ingredients tested. This result may also be attributed to origin of
raw materials, location, species, catching season and processing
conditions followed to manufacture. Interestingly, both MM
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and SLM resulted in higher protein digestibility compared to
PM and JMM. Also, result of MM was comparable with AM,
SM and TM while protein digestibility of SLM was comparable
with AM. It has been previously reported that MM exhibited
comparable protein digestibility to FM in Labeo rohita (Hussain
et al,, 2011). Stone et al. (2000) reported that digestibility of MM
was improved in silver perch, Bidyanus bidyanus, when product
contain high protein level. However, protein level of MM was
comparatively lower than in other ingredients used in the pres-
ent study (Table 2). However, the RF in this study contained FM
making a mixture of FM, MM or SLM in MM and SLM diets.
Therefore, total FM level was also reduced in both MM and SLM
diets. It was well documented that efficiency of a diet is enhanced
when contains a mixture of protein sources (Bae et al., 2020). Ac-
cordingly, we assumed that proteins in MM and SLM diets were
efficiently digested by olive flounder in the present study.

The lipid digestibility of fish diets was usually reported
from 85% to 95% in previous studies (NRC, 1993). The ADC
of lipid value for AM (78%) is lower than those previously ob-
served in Nile tilapia (98%) (Képriicii & Ozdemir, 2005) and
sunshine bass, M. chrysops x M. saxatilis (82%) (Thompson et
al.,, 2008). The lipid digestibility is influenced by lipid levels and
different other factors including unsaturation level and chain
length of fatty acids in particular ingredients (Yuan et al., 2010).
Olive flounder has a low ability to utilize dietary lipid compared
to other marine carnivorous fish (Lee et al., 2000). However,
JMM, CM and SEM exhibited higher lipid digestibility com-
pared to the other ingredients tested in the present study. MM
and SLM contained high lipid levels although the lipid digest-
ibility was lower compared to JMM, CM and SEM. Therefore,
the lipid digestibility of ingredients tested in the current study
might not be correlated with dietary lipid levels. Lipid digest-
ibility is dependent on the lipid source (Caballero et al., 2002).
Accordingly, it is assumed that JMM, CM and SEM contain
highly digestible lipids for olive flounder. In the case of MM and
SLM, we assumed that efficiently digestible fatty acid in both
ingredients were responsible for the high lipid digestibility com-
pared to PM, SM, and TM.

The ADC of energy value for AM (74%) is lower than val-
ues recorded in Atlantic cod (86%) (Tibbetts et al., 2006) and
Nile tilapia (92%) (Képriicii & Ozdemir, 2005). Several studies
have revealed better energy utilization of animal products in fish
species (Gaylord & Gatlin, 1996; Lee, 2002; McGoogan & Reigh,
1996; Zhou et al., 2004). Carnivorous species can efficiently
utilize energy in FM and other animal protein sources than in
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plant protein sources (Kim et al., 2010; Lee et al., 2020; Sullivan
& Reigh, 1995; Yu et al., 2013). According to Yu et al. (2013),
digestibility of energy in selected ingredients is dependent on
the chemical composition and quantities of each ingredient are
responsible for the total energy digestibility of diet. Further, they
mentioned that utilization of carbohydrate energy in snakehead,
Ophiocephalus argus, can be maximized by supplementing the
proper ratio of dietary carbohydrate and protein. In the present
study, CM and SEM contained approximately similar levels of
protein, lipid, ash and moisture indicating that both diets exhib-
ited proper carbohydrate and protein ratio to increase the ener-
gy digestion in olive flounder. Energy digestibility of MM was
significantly higher than PM and JMM indicating that MM was
efficiently utilized by olive flounder. Similar trend was observed
in dry matter, protein and lipid digestibility of MM. The in-
creased nutrient digestibility might be associated with increased
energy digestibility in MM. Moreover, differences in the energy
digestibility of the feed ingredients tested for olive flounder may
be due to differences in the source, freshness of the raw mate-
rials and processing conditions involved in the production of
the final meal (Maina et al., 2002). High ash content of FM was
also reported to decrease the digestibility of energy according to
Gomes et al. (1995) although it was not obvious in the present
study. Those phenomena should be examined in future studies.
The availability of amino acids reflected the protein digest-
ibility of ingredients. The higher availability of amino acids rep-
resents high-quality protein sources for fish. On the contrary,
low amino acid availability indicates poor utilization of dietary
protein (Halver & Hardy, 2002; Lee, 2002). Therefore, Allan et
al. (2000) reported the importance of amino acid availability
data when formulating efficient diets for fish. In the present
study, the availabilities of measured amino acids were variable
although the present data suggest a fair agreement concerning
protein and amino acid digestibilities. The amino acid avail-
ability coefficient for CM was significantly higher than the
other tested ingredients, indicating that CM is a good quality
feed ingredient that contains highly digestible protein for olive
flounder. PM had a lower availability coefficient of essential
amino acids than the other ingredients tested. However, ADCs
of essential amino acids in FM are generally higher (> 90%) in
some fishes, such as Atlantic salmon, Salmo salar, (Anderson
et al,, 1995), common carp, Cyprinus carpio (Yamamoto et al.,
1998) and striped bass (Small et al., 1999). The low amino acid
availability of PM in this study could be due to differences in the
meal processing conditions or the differences in the quality of
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the raw material processed. Supportively, Mu et al. (2000) sug-
gested that some amino acids of FM are inadequately utilized or
made unavailable because of the manufacturing process of FM.

In conclusion, the results of this study provide informa-
tion about the bioavailability of nutrients and energy in tested
feedstuffs. The amino acid digestibility coefficients are useful
for accurate and economical feed formulation for olive flounder
because of variation of amino acid availabilities among tested
ingredients. MM and SLM exhibit similar or higher nutrient
digestibility than conventional FMs except CM and SEM. How-
ever, effects of both MM and SLM on growth performance of
olive flounder should be considered to formulate efficient feed.
Overall, CM and SEM are seeming to be highly digestible and
effective to use in olive flounder diet compared to the other test-
ed ingredients.

Competing interests
No potential conflict of interest relevant to this article was re-
ported.

Funding sources

This study was supported by a grant from the Korean National
Institute of Fisheries Science (No. R2022016) and the Basic Sci-
ence Research Program through the National Research Foun-
dation of Korea (NRF) funded by the Ministry of Education (No.
2018R1A6A1A03023584).

Acknowledgements
Not applicable.

Availability of data and materials
Upon a reasonable request, the datasets of this study can be
available from the corresponding author.

Ethics approval and consent to participate
This article does not require IRB/TACUC approval because
there are no human and animal participants.

ORCID

Sang-Min Lee https://orcid.org/0000-0001-5746-391X

References

Aksnes A, Mundheim H. The impact of raw material freshness
and processing temperature for fish meal on growth, feed

https://doi.org/10.47853/FAS.2022.e48



Md Mostafizur Rahman, et al.

efficiency and chemical composition of Atlantic halibut
(Hippoglossus hippoglossus). Aquaculture. 1997;149:87-106.

Allan GL, Parkinson S, Booth MA, Stone DAJ, Rowland SJ,
Frances J, et al. Replacement of fish meal in diets for Aus-
tralian silver perch, Bidyanus bidyanus: 1. digestibility of
alternative ingredients. Aquaculture. 2000;186:293-310.

Anderson JS, Lall SP, Anderson DM, McNiven MA. Evaluation
of protein quality in fish meals by chemical and biological
assays. Aquaculture. 1993;115:305-25.

Anderson JS, Lall SP, Anderson DM, McNiven MA. Availabil-
ity of amino acids from various fish meals fed to Atlantic
salmon (Salmo solar). Aquaculture. 1995;138:291-301.

Association of Official Analytical Chemists [AOAC]. Official
methods of analysis. Washington, DC: AOAC; 1995.

Back SJ, Park SJ, Moon JS, Lee SB, Jo SJ, Nam TJ, et al. The
effects of dietary heat-killed probiotics bacteria additives
in low-fishmeal feed on growth performance, immune re-
sponses, and intestinal morphology in juvenile olive floun-
der Paralichthys olivaceus. Aquac Rep. 2020;18:100415.

Bae J, Hamidoghli A, Won S, Choi W, Lim SG, Kim KW, et al.
Evaluation of seven different functional feed additives in a
low fish meal diet for olive flounder, Paralichthys olivaceus.
Aquaculture. 2020;525:735333.

Boran G, Boran M, Karacam H. Seasonal changes in proximate
composition of anchovy and storage stability of anchovy
oil. ] Food Qual. 2008;31:503-13.

Borghesi R, Portz L, Oetterer M, Cyrino JEP. Apparent digest-
ibility coefficient of protein and amino acids of acid, bio-
logical and enzymatic silage for Nile tilapia (Oreochromis
niloticus). Aquac Nutr. 2008;14:242-8.

Bragadottir M, Palmadoéttir H, Kristbergsson K. Composi-
tion and chemical changes during storage of fish meal
from Capelin (Mallotus villosus). ] Agric Food Chem.
2004;52:1572-80.

Bucking C, Wood CM. The effect of postprandial changes in pH
along the gastrointestinal tract on the distribution of ions
between the solid and fluid phases of chyme in rainbow
trout. Aquac Nutr. 2009;15:282-96.

Caballero MJ, Obach A, Rosenlund G, Montero D, Gisvold M,
Izquierdo MS. Impact of different dietary lipid sources on
growth, lipid digestibility, tissue fatty acid composition and
histology of rainbow trout, Oncorhynchus mykiss. Aquacul-
ture. 2002;214:253-71.

Camacho-Rodriguez J, Macias-Sanchez MD, Cerén-Garcia
MC, Alarcén FJ, Molina-Grima E. Microalgae as a potential

https://doi.org/10.47853/FAS.2022.e48

Fisheries and Aquatic Sciences FA S

ingredient for partial fish meal replacement in aquafeeds:
nutrient stability under different storage conditions. ] Appl
Phycol. 2018;30:1049-59.

Cho CY, Slinger SL. Apparent digestibility measurement in
foodstuff for rainbow trout. In: Proceedings of the Finfish
Nutrition and Fishfeed Technology; 1978; Hamburg, Ger-
many. p. 239-47.

Cho SH, Lee SM, Lee SM, Park BH, Park IS, Choi CY, et al.
Effect of partial replacement of fish meal with Squid Liver
Meal™ in the diet on growth and body composition of ju-
venile olive flounder (Paralichthys olivaceus) during winter
season. Fish Aquat Sci. 20052;8:65-9.

Cho SH, Lee SM, Park BH, Park IS, Choi CY, Lee SM, et al.
Effect of partial dietary substitution of meat meal for fish
meal on the growth and body composition of the juve-
nile olive flounder Paralichthys olivaceus. Fish Aquat Sci.
2005b;8:138-41.

Choi SM, Wang X, Park GJ, Lim SR, Kim KW, Bai SC, et al. Di-
etary dehulled soybean meal as a replacement for fish meal
in fingerling and growing olive flounder Paralichthys oliva-
ceus (Temminck et Schlegel). Aquac Res. 2004;35:410-8.

Cruz-Sudrez LE, Tapia-Salazar M, Villarreal-Cavazos D, Bel-
tran-Rocha ], Nieto-Lopez MG, Lemme A, et al. Apparent
dry matter, energy, protein and amino acid digestibility of
four soybean ingredients in white shrimp Litopenaeus van-
namei juveniles. Aquaculture. 2009;292:87-94.

Drew MD, Borgeson TL, Thiessen DL. A review of processing
of feed ingredients to enhance diet digestibility in finfish.
Anim Feed Sci Technol. 2007;138:118-36.

Duncan DB. Multiple range and multiple F tests. Biometrics.
1955;11:1-42.

Furukawa A, Tsukahara H. On the acid digestion method for
the determination of chromic oxide as an index substance
in the study of digestibility of fish feed. Bull Jpn Soc Sci
Fish. 1966;32:502-8.

Galkanda-Arachchige HSC, Wilson AE, Davis DA. Success of
fishmeal replacement through poultry by-product meal in
aquaculture feed formulations: a meta-analysis. Rev Aquac.
2020;12:1624-36.

Gasco L, Gai F, Maricchiolo G, Genovese L, Ragonese S, Bottari
T, et al. Fishmeal alternative protein sources for aquacul-
ture feeds. In: Gasco L, Gai F, Maricchiolo G, Genovese L,
Ragonese S, Bottari T, et al., editors. Feeds for the aqua-
culture sector: current situation and alternative sources.
Cham: Springer; 2018. p. 1-28.

https://www.e-fas.org | 545



FA S Fisheries and Aquatic Sciences

Gaylord TG, Barrows FT, Rawles SD. Apparent digestibility
of gross nutrients from feedstuffs in extruded feeds for
rainbow trout, Oncorhynchus mykiss. ] World Aquac Soc.
2008;39:827-34.

Gaylord TG, Gatlin DM 3rd. Determination of digestibility
coefficients of various feedstuffs for red drum (Sciaenops
ocellatus). Aquaculture. 1996;139:303-14.

Gomes EE, Rema P, Kaushik SJ. Replacement of fish meal by
plant proteins in the diet of rainbow trout (Oncorhynchus
mykiss): digestibility and growth performance. Aquacul-
ture. 1995;130:177-86.

Ha MS, Cho SH, Kim T. Dietary substitution of fish meal by
meat meal: effects on juvenile olive flounder (Paralichthys
olivaceus) growth performance, feed utilization, haema-
tology, biochemical profile and disease resistance against
Streptococcus iniae. Aquac Nutr. 2021;27:1888-902.

Halver JE, Hardy RW. Nutrient flow and retention. In: Halver
JE, Hardy RW, editors. Fish nutrition. 3rd ed. Amsterdam:
Academic Press; 2002. p. 755-70.

Hien TTT, Phuong NT, Le Tu TC, Glencross B. Assessment
of methods for the determination of digestibilities of feed
ingredients for Tra catfish, Pangasinodon hypothalamus.
Aquac Nutr. 2010;16:351-8.

Hussain SM, Afzal M, Salim M, Javid A, Khichi TAA, Hussain
M, et al. Apparent digestibility of fish meal, blood meal and
meat meal for Labeo rohita fingerlings. ] Anim Plant Sci.
2011;21:807-11.

Irvin S, Tabrett SJ. A novel method of collecting fecal samples
from spiny lobsters. Aquaculture. 2005;243:269-72.

Jang JW, Kim KD, Kim KW, Lee BJ, Hur SW, Han HS. Effects of
dietary squid liver powder content on the growth perfor-
mance, cadmium accumulation and nonspecific immune
response of juvenile olive flounder Paralichthys olivaceus.
Aquac Rep. 2021;21:100826.

Jeong HS, Choi DG, Lee KW, Cho SH, Lim SG, Lee BJ, et al.
Attractiveness of various crude feed ingredients to juve-
nile olive flounder (Paralichthys olivaceus, Temminck &
Schlegel) and its application to aquaculture. Aquac Res.
2020;51:4517-32.

Kandathil Radhakrishnan D, AkbarAli I, Schmidt BV, John EM,
Sivanpillai S, Thazhakot Vasunambesan S. Improvement of
nutritional quality of live feed for aquaculture: an overview.
Aquac Res. 2020;51:1-17.

Khosravi S, Bui HTD, Rahimnejad S, Herault M, Fournier V,
Kim SS, et al. Dietary supplementation of marine protein

546 | https://www.e-fas.org

Animal feedstuff digestibility in olive flounder

hydrolysates in fish-meal based diets for red sea bream
(Pagrus major) and olive flounder (Paralichthys olivaceus).
Aquaculture. 2015;435:371-6.

Kim HS, Jung WG, Myung SH, Cho SH, Kim DS. Substitution
effects of fishmeal with tuna byproduct meal in the diet on
growth, body composition, plasma chemistry and amino
acid profiles of juvenile olive flounder (Paralichthys oliva-
ceus). Aquaculture. 2014;431:92-8.

Kim J, Cho SH, Kim T, Hur SW. Substitution effect of fish meal
with various sources of animal by-product meals in feed on
growth, feed utilization, body composition, haematology
and non-specific immune response of olive flounder (Para-
lichthys olivaceus, Temminck & Schlegel, 1846). Aquac Res.
2021;52:2802-17.

Kim KD, Kim DG, Kim SK, Kim KW, Son MH, Lee SM. Appar-
ent digestibility coefficients of various feed ingredients for
olive flounder, Paralichthys olivaceus. Korean ] Fish Aquat
Sci. 2010;43:325-30.

Kim KW, Wang XJ, Bai SC. Optimum dietary protein level for
maximum growth of juvenile olive flounder Paralichthys oli-
vaceus (Temminck et Schlegel). Aquac Res. 2002;33:673-9.

Kim MG, Lee C, Shin J, Lee BJ, Kim KW, Lee K]J. Effects of fish
meal replacement in extruded pellet diet on growth, feed
utilization and digestibility in olive flounder Paralichthys
olivaceus. Korean ] Fish Aquat Sci. 2019;52:149-58.

Kokou E Fountoulaki E. Aquaculture waste production associ-
ated with antinutrient presence in common fish feed plant
ingredients. Aquaculture. 2018;495:295-310.

Képriicii K, Ozdemir Y. Apparent digestibility of selected feed
ingredients for Nile tilapia (Oreochromis niloticus). Aqua-
culture. 2005;250:308-16.

Lee S, Chowdhury MAK, Hardy RW, Small BC. Apparent
digestibility of protein, amino acids and gross energy in
rainbow trout fed various feed ingredients with or without
protease. Aquaculture. 2020;524:735270.

Lee SM. Apparent digestibility coefficients of various feed ingre-
dients for juvenile and grower rockfish (Sebastes schlegeli).
Aquaculture. 2002;207:79-95.

Lee SM, Cho SH, Kim KD. Effects of dietary protein and energy
levels on growth and body composition of juvenile flounder
Paralichthys olivaceus. ] World Aquac Soc. 2000;31:306-15.

Lee SM, Park CS, Bang IC. Dietary protein requirement of
young Japanese flounder Paralichthys olivaceus. Fish Sci.
2002;68:158-64.

Lemos D, Lawrence AL, Siccardi AJ 3rd. Prediction of appar-

https://doi.org/10.47853/FAS.2022.e48



Md Mostafizur Rahman, et al.

ent protein digestibility of ingredients and diets by in vitro
pH-stat degree of protein hydrolysis with species-specific
enzymes for juvenile Pacific white shrimp Litopenaeus van-
namei. Aquaculture. 2009;295:89-98.

Maina JG, Beames RM, Higgs D, Mbugua PN, Iwama G, Kisia
SM. Digestibility and feeding value of some feed ingredi-
ents fed to tilapia Oreochromis niloticus (L.). Aquac Res.
2002;33:853-62.

Maynou E Demestre M, Martin P, Sanchez P. Application of a
multi-annual generalized depletion model to the Mediterra-
nean sandeel fishery in Catalonia. Fish Res. 2021;234:105814.

McGoogan BB, Reigh RC. Apparent digestibility of selected
ingredients in red drum (Sciaenops ocellatus) diets. Aqua-
culture. 1996;141:233-44.

Medagoda N, Kim MG, Gunathilaka BE, Park SH, Lee KJ.
Effect of total replacement of fish oil with tallow and emul-
sifier in diet on growth, feed utilization, and immunity of
olive flounder (Paralichthys olivaceus). ] World Aquac Soc.
2022;53:558-71.

Millamena OM. Replacement of fish meal by animal by-prod-
uct meals in a practical diet for grow-out culture of grouper
Epinephelus coioides. Aquaculture. 2002;204:75-84.

MoonLee HY, Choi SM, Ji HS. Effect of partial replacement
of fish meal by new squid Sepia esculenta liver powders
on the growth and body composition of juvenile olive
flounder Paralichthys olivaceus. Korean ] Fish Aquat Sci.
2012;45:132-8.

Mu YY, Lam TJ, Guo JY, Shim KE Protein digestibility and ami-
no acid availability of several protein sources for juvenile
Chinese hairy crab Eriocheir sinensis H. Milne-Edwards
(Decapoda, Grapsidae). Aquac Res. 2000;31:757-65.

National Research Council [NRC]. Nutrient requirements of
fish. Washington, DC: The National Academies Press; 1993.
p.114.

Opstvedt ], Nygérd E, Samuelsen TA, Venturini G, Luzzana U,
Mundheim H. Effect on protein digestibility of different
processing conditions in the production of fish meal and
fish feed. J Sci Food Agric. 2003;83:775-82.

Panase P, Uppapong S, Tuncharoen S, Tanitson J, Soontornpr-
asit K, Intawicha P. Partial replacement of commercial fish
meal with Amazon sailfin catfish Pterygoplichthys pardalis
meal in diets for juvenile Mekong giant catfish Pangasiano-
don gigas. Aquac Rep. 2018;12:25-9.

Park §J, Seo BS, Park HS, Lee BJ, Hur SW, Nam T7J, et al. Effect
of fishmeal content in the diet on the growth and sexual

https://doi.org/10.47853/FAS.2022.e48

Fisheries and Aquatic Sciences FA S

maturation of olive flounder (Paralichthys olivaceus) at a
typical fish farm. Animals. 2021;11:2055.

Rahman MM, Han HS, Kim KW, Kim KD, Lee BJ, Lee SM.
Apparent digestibility coefficients of the extruded pellet
diets containing various fish meals for olive flounder, Para-
lichthys olivaceus. Fish Aquat Sci. 2016;19:27.

Refstie S, Korsgen @], Storebakken T, Baeverfjord G, Lein I,
Roem AJ. Differing nutritional responses to dietary soybean
meal in rainbow trout (Oncorhynchus mykiss) and Atlantic
salmon (Salmo salar). Aquaculture. 2000;190:49-63.

Rehbein H. Identification of the fish species processed to fish
meal. ] Aquat Food Prod Technol. 2008;11:45-56.

Riche M, Trottier NL, Ku PK, Garling DL. Apparent digestibil-
ity of crude protein and apparent availability of individual
amino acids in tilapia (Oreochromis niloticus) fed phytase
pretreated soybean meal diets. Fish Physiol Biochem.
2001;25:181-94.

Small BC, Austic RE, Soares JH Jr. Amino acid availability of
four practical feed ingredients fed to striped bass Morone
saxatilis. ] World Aquac Soc. 1999;30:58-64.

Serensen M. A review of the effects of ingredient composition
and processing conditions on the physical qualities of ex-
truded high-energy fish feed as measured by prevailing
methods. Aquac Nutr. 2012;18:233-48.

Stone DAJ, Allan GL, Parkinson S, Rowland SJ. Replacement
of fish meal in diets for Australian silver perch, Bidyanus
bidyanus: I11. digestibility and growth using meat meal
products. Aquaculture. 2000;186:311-26.

Sugiura SH, Dong FM, Rathbone CK, Hardy RW. Apparent pro-
tein digestibility and mineral availabilities in various feed
ingredients for salmonid feeds. Aquaculture. 1998;159:177-
202.

Sullivan JA, Reigh RC. Apparent digestibility of selected feed-
stuffs in diets for hybrid striped bass (Morone saxatilis @ X
Morone chrysops 3. Aquaculture. 1995;138:313-22.

Terrazas-Fierro M, Civera-Cerecedo R, Ibarra-Martinez L,
Goytortta-Bores E, Herrera-Andrade M, Reyes-Becerra A.
Apparent digestibility of dry matter, protein, and essential
amino acid in marine feedstufls for juvenile whiteleg shrimp
Litopenaeus vannamei. Aquaculture. 2010;308:166-73.

Thompson KR, Rawles SD, Metts LS, Smith RG, Wimsatt A,
Gannam AL, et al. Digestibility of dry matter, protein, lipid,
and organic matter of two fish meals, two poultry by-prod-
uct meals, soybean meal, and distiller’s dried grains with
solubles in practical diets for sunshine bass, Morone chrys-

https://www.e-fas.org | 547



FA S Fisheries and Aquatic Sciences

ops x M. saxatilis. ] World Aquac Soc. 2008;39:352-63.

Tibbetts SM, Milley JE, Lall SP. Apparent protein and energy
digestibility of common and alternative feed ingredients by
Atlantic cod, Gadus morhua (Linnaeus, 1758). Aquacul-
ture. 2006;261:1314-27.

Tram NDQ, Ngoan LD, Hung LT, Lindberg JE. A comparative
study on the apparent digestibility of selected feedstufts in
hybrid catfish (Clarias macrocephalus x Clarias gariepi-
nus) and Nile tilapia (Oreochromis niloticus). Aquac Nutr.
2011;17:e636-43.

Turchini GM, Trushenski JT, Glencross BD. Thoughts for the
tuture of aquaculture nutrition: realigning perspectives to
reflect contemporary issues related to judicious use of ma-
rine resources in aquafeeds. N Am J Aquac. 2019;81:13-39.

Yamamoto T, Akimoto A, Kishi S, Unuma T, Akiyama T. Ap-
parent and true availabilities of amino acids from several
protein sources for fingerling rainbow trout, common carp,
and red sea bream. Fish Sci. 1998;64:448-58.

Yoo GY, Choi SM, Kim KW, Bai SC. Apparent protein and
phosphorus digestibilities of nine different dietary protein
sources and their effects on growth of juvenile olive floun-
der, Paralichthys olivaceus. ] Aquac. 2006;19:254-60.

Yu HR, Zhang Q, Cao H, Wang XZ, Huang GQ, Zhang BR, et
al. Apparent digestibility coeflicients of selected feed ingre-
dients for juvenile snakehead, Ophiocephalus argus. Aquac
Nutr. 2013;19:139-47.

Yuan Y, Gong S, Yang HJ, Lin Y, Yu D, Luo Z. Apparent di-
gestibility of selected feed ingredients for Chinese sucker,
Myxocyprinus asiaticus. Aquaculture. 2010;306:238-43.

Zhou QC, Tan BP, Mai KS, Liu YJ. Apparent digestibility of
selected feed ingredients for juvenile cobia Rachycentron
canadum. Aquaculture. 2004;241:441-51.

548 | https://www.e-fas.org

Animal feedstuff digestibility in olive flounder

https://doi.org/10.47853/FAS.2022.e48



