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Effects of different systems and feed types on water quality and growth

performance of Japanese eel (Anguilla japonica)

Jimin Choi

Department of Fisheries Biology, The Graduate School,
Pukyong National University

Abstract

Differences in water quality, growth, blood chemistry, and body composition
of Japanese eels (Anguilla japonica) were examined to determine the effects of
feeding different pellet types (paste type and extruded pellet type) and rearing
in different systems (recirculating aquaculture system [RAS] and flow-through
system [FTS]).

Eels (average weight 32.1+04 g) were maintained in a 0.4-ton rearing tank
and fed twice a day until satiation. The flow rate of both systems was set to
1.7 L/min, the photoperiod was set to OL:24D, and the experiment was
performed in triplicates. During the experiment, the total ammonia nitrogen and
nitrite nitrogen were significantly higher in the RAS and paste groups. The
weight gain and specific growth rates were significantly higher in the pellet
type (p<0.05), but were not significantly affected (p>0.05) by differences in the
aquaculture systems. Additionally, the condition factor and morphological
indices did not differ significantly (p>0.05) between the aquaculture systems
and feed types. Blood analysis results were significantly affected by culture
systems, but not by feed type. Cortisol and SOD levels were significantly
higher (p<0.05) in the FTS group than in the RAS group, and GPT levels
were significantly higher (p<0.05) in the RAS group than in the FTS group.
Whole-body composition was affected by feed intake and crude protein and
crude fat content differed significantly between the experimental groups
(p<0.05).

The results show that water quality management was more effective when



pellet type feed was supplied than in the paste type, and growth was improved
the most when pellet type feed was supplied in RAS. Moreover, given the low
environmental stress, it was suggested that feeding pellet type instead of paste

type could help improve eel growth.
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AR @53 ultraviolet (UV) 2t7eh 22 AtdxE S8l 48 Ast A1A
ATl HA O%E AeBAIA AREE = JAtHGreiner and Timmons, 1998
Summerfelt and Vinci, 2008; Choi et al., 2019; Aich et al, 2020; Ahmed and
Turchini, 2021).
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A E(ZAALE,  Suhyup, Uiryeong, Korea)9t 4 HIFAIS(F-GR, Purina,
Seongnam, Korea)Z #1311t} AF2.9] proximate analysisE Table 1] e
Ho| g2 A7k For 1Y 23(10:00, 17:000Z, Ho] w-go] ¢l wi7px] 74
2 FH MEAEE R B0%E AlFEte] dEelden, e 9
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Sewon OKE, Busan, Korea)& AFE-3Ith dAsH ti7]l2% A& $18iA Wi7]
(RNW2900P2S, LG Electronics, Seoul, Korea)Z o]-&3fo] 25T =2 43k A AHA]
7FstATh AT Fxrt) ooz 28 AA|skar of|o B2 9J(Hiblow
HP-200, Techno Takatsuki Co., Ltd, Osaka, Japan) & ©]-8-3}%] 6 mg/L o]’do=
AL pHe FTIS A3 Fda H9lelA wAlsl] Sls) Aok w415 7]
o2 ol RAS AdT¢] pH #ho] 1xuh shopxi FEAFESF(NaHCO; OCI
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AFEAAZIE AHstEM A= A% e AstkeR ATl Be
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Table 1. Proximate composition of paste and pellet feed used in experiment

Component Content (%)
(% dry matter) PA* PE**
Moisture 5.8 5.4
Crude protein 67.2 67.7
Crude fat 7.0 9.6
Crude ash 11.0 10.7

*PA, paste; **PE. pellet
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B Ao AR RASS] EA = Figure 1o YehlATh Al2="2 04 ton
(7 100 cm x H 50 cm) polypropylene (PP) ¥&4%2 o ARz} AESHY
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4. Water pump
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6.

Figure 1. Schematic drawing of the experimental recirculating system used

in experiment.



Jauncey(1982)2] A5 aste] 20%= A
(TAN)) =

- %(Q)S mass balance approach (4] 2)& o

QEetd oJze wWEHE TAN FECuE W4

o] 82 (Net protein utilization,

=&tk 2 5 8k TAN A s A2e

A~ (Total ammonia nitrogen,

244 (mass balance) AXHE

NPU)
F8) 515 TAN A4

Fustgon, AREZE A 95 E TAN 5Chne Al2ded AR AE
A oAntxze] Aa Akl wet Fs AAsIA okl F AS o]&sto
A F=Fs A 23, RAS AZ2" W9 f%& 17 L/min (612
rotation/day) 2 AA3sIH o™, FIS AdFE U 1S w57 3] 22
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2 1 2)
Q= 1,440 (C,,, — C,,)/1,000,000 B
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Q = % (I/min)

Cin = ¥ TAN T (mg/L)
Cot = WE¥E TAN &% (mg/L)
1,4407} 1,000,000 = k9] WS A=
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AV =4 3H4e 422 DO, pH, #713d %% (Electrical conductivity, EC),
= 85 1¥E(Total dissolved solids, TDS)S thals A=A 7(YSI-650 Inc.;
Yellow spring Instruments, Yellow Springs, Ohio, USA)Z o]-&3}e] 04 Algdo
Aol mid 13] S5tk TAN, obdAd FAINO; -N), A4 AAINOs -N)+=

Avg T Aol AfgEte] B4 Al | E(Merck KGaA, Darmstadt, Germany)®
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AR SR T oAISAE 8 248 AR 3 7 AR W=
MS-222 (Sigma-Aldrich, St. Louis, MO, USA)E °¢]-&3}4] 100 ppm FX== v g
5 B3 A% mm) B FAEE ST S87kel wel A3ole SAE
(Weight gain rate, WGR), Y45 (Specific growth rate, SGR), A&
(Survival rate), AtEA5(Feed coefficient ratio, FCR) ~1#]a B]%%=(Condition
factor, CF)& LE=Z3t9or, =¥ 5 vg]y Ui FA(g)er 1+ FA(g)E

Fod, WA (Viscerosomatic  index, VSI, %) Ig]al HEdA|S

i

=2
=

ol

(Hepatosomatic index, HSI, %0)& o}l AA$H 2oz ALkt

WGR (%) = [Final weight (g) x initial weight (g) x100]/initial weight (g) Gy

SGR (%/d) = [Log.(final weight (g)) - Loge(initial weight (g))] x100/days (2 2)

Survival rate (%6)

= (Initial individuals - Final individuals)/Initial individuals x 100 (213
FCR = Feed intake (kg)/[Final total weight (kg) - initial total weight (kg)] (2] 4)
CF = [wet weight (g)/(total length (mm))’] x 100 (21 5)
VSI (%) = [wet weight of viscera (g)/wet weight (g)] x 100 (2] 6)
HSI (%) = [wet weight of liver (g)/wet weight (g)] x 100 A7
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&9k (Sigma aldrich, St. Louis, USA) FAFde] A2jd 1 mL FAP]E ARE-ste]
Aol mRduel Fxd Sntele] dis Adsisint. IS AL 6000
pm (Rotation per minute)ol]A] 2023t A4lielst & 4S5 A3 sle] #4249
A7 SARE(RTC)HTE AR 7|(FUJI DRI-CHEM  NX 600V,
FUJIFILM,  Japan)E AFE3}o] Glutamic oxaloacetic transaminase (GOT),
Glutamic pyruvic transaminase (GPT), GlucoseZS #48}ith w3l ELISA kit
(MyBioSource, San Diego, USA)E AF&38}o], Cortisol, Superoxide dismutase

(SOD), Catalase (CAT)E EA3k5ch

7]
=4 A7 FARE(-0TV)3AUE ARENS SAAZ & FESES 135C
ey
|

H(Soxhlet extraction), T2 AGZ7H(Kjeldahl Method) 2.2 4
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8. A &4

EAAE = SPSS 24 program (SPSS Inc., Chicago, IL, USA)S& ©]&3}o]
Two-way ANOVA-test [2 (AFF A|2=El; FTS, RAS) x 2 (AF& &5 paste, pellet)]
5 Fal AdT T AEeds #4892, Bonferroni® a3 A4S E3)

AT k] Felds AASATHEL0.05).
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ZtHTable 2). A8717F &9 A2 = DO, pHe Ad2E ot Ajol7)
UERE O LHp<0.05), HHA o2 $£8 244-247C, DO 68~71 mg/l. 18]a
7z 2 FAEEE F dEYod dae)
olA A A WA AHI AlR FFH] wel folFel Aozt yEeRtoH
(p<0.06), ¥R ="} AlR FF F] FoldQ AEdAZE YERETHp<0.05).
RAS A3 oA F dXUYold A4} ofdAkd Ahe= Wit 1.00+0.64 mg/Let
0.757+0464 mg/L= FTS gl vla] o8z =4 Yo (p<0.06), 1t

Hir

AR BF A F GEUo} Ak FES obdiby Ak FEE 0859:0651 me/L,
0.485+0502 mg/L % 4 WeAtenrt Fe902 o ) Lertehp<o0p).

ZF Adgltel BCoF TDS= RAS Adelld Ado] Adds S7lsksivt
(Figure 2). 223 Aawe FTS A4 5t 4174031 mg/L= FAI=H L
S AF M= Aslo] Aadte] wet Tl 271t Figure 3).
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Table 2. Water quality of Japanese eel (Anguilla japonica) fed paste and pellet in different systems for

62 days of experiment

Syem  Feed TR gl oy (g g
*FTS paste 24.4+0.2 6.83+0.35 6.86+0.12 0.530+0.159 0.151£0.102
pellet 24.7+0.2 6.80+0.34 6.85+0.13 0.396+0.108 0.146+0.093
**RAS paste 24.5+0.3 6.85+0.41 6.81+0.22 1.28+0.78 0.852+0.435
pellet 24.7+0.2 7.06£0.30 6.77+£0.23 0.806+0.356 0.671£0.386

Two-way ANOVA

System p=0.215 p<0.05 p<0.05 p<0.05 p<0.05
*FTS 24.6+0.3 6.81£0.40 6.86+0.14 0.463£0.169 0.141£0.105
**RAS 24.6+0.4 6.96+0.43 6.79+0.27 1.00+0.64 0.757+0.464

Feed p<0.05 p<0.05 p=0.058 p<0.05 p<0.05
paste 24.5+0.4 6.84+0.45 6.84+0.20 0.859+0.651 0.485+0.502
pellet 24.7+0.3 6.93+0.39 6.81+0.23 0.599+0.344 0.410+0.401

Interaction p<0.05 p<0.05 p=0.415 p<0.05 p<0.05

*FTS, Flow through system; **RAS, Recirculating aquaculture system
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Figure 2. Comparison of EC (Electric conductivity, ps/cm) and TDS (Total
dissolved solids, g/L) concentration of Japanese eel (Anguilla
japonica) fed paste (PA) and pellet (PE) in two different systems
(FTS, Flow through system; RAS, recirculating aquaculture system)

during 62 days of experiment
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Comparison of nitrate nitrogen (mg/L) concentration of Japanese eel
(Anguilla japonica) fed paste (PA) and pellet (PE) in two different
systems (FTS, Flow through system; RAS, recirculating aquaculture

system) during 62 days of experiment.
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2. AAE B4

o] FAAlzgle] mE wisAlR el F Hdlikn el gk A Ak
Uhsd 2tHTable 3). Wdole] 4742 FAAIz=gol] we ks ] g%on
(p0.00), AH= Tl W} JFS e Aoz YEREoLK(p<0.05), FAIA 2w}
AbE FR gl oAl A ATE G ek ttH(p>0.06). HA WGR, SGRE
HEAls /o 2 Adi g s FHAS u 154+10%, 1540.1%/day 2 el 2 o=

=A eSS H(p<0.05), FCRE 4 AdilaE
= oot

ju s

HH‘

%

H3S W 1.23:0062 914
2 ghol YERATHp0.05). A7 B9 FAA R ALgF el wef
o] A el FeolAQl Ael7t YeRg 2k (p<0.06), FAAI =8 AbE F5 b
oAl daAAZE deRbA] UTHp=0235). RASSH WHEAlR Adolx] 2
416+0.23 kg, 420£0.25 kgO= v} AT Hla| Alw AF o] we ARt
LHERL T

Mgoie] CF, VS, HSI A3} Table 49l WEFATE A 2813} ALE Rl
el felgh Apol7h vehbA] 3o (p>0.00), A= 3he] dekacle] yehiA|
2 ITHp0.05).

o
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Table 3. Growth perfomance of Japanese eel (Anguilla japonica) fed paste and pellet in two different systems for 62 days of

experiment
Final BW Final TW 'WGR ’SGR *Survival rate  Feed intake 4

System  Teed © (kg) %) (/day) %) (kg) FeR
*FTS paste 75.4+4.8 4.67+0.30 134+17 1.37+0.11 98.9+0.9 4.08+0.32 1.54+0.05
pellet 78.9+3.4 4.91+0.11 14849 1.46+0.06 98.4+1.6 3.46+0.62 1.20+0.04
**RAS paste 75.4+5.1 4.62+0.19 135+12 1.38+0.08 98.9+1.9 4.33+0.08 1.65+0.13
pellet 83.3+1.9 5.17+0.20 15949 1.54+0.05 100+0 4.00£0.21 1.26+0.04

Two-way ANOVA

System p=0.358 p=0.435 p=0.410 p=0.399 p=0.336 p<0.05 p=0.080
*FTS 77.1+4.2 4.79+0.24 141+14 1.4240.10 98.7+1.2 3.77+0.40 1.37+0.19
**RAS 79.445.5 4.89+0.35 147+16 1.460.11 99.5+1.4 4.16+0.23 1.45+0.23

Feed p<0.05 p<0.05 p<0.05 p<0.05 p=0.721 p<0.05 p<0.05
paste 75.4+4 .4 4.65+0.23 135+13 1.37+0.09 98.9+1.3 4.20+0.25 1.59+0.10
pellet 81.1£3.4 5.04+0.20 154+10 1.50+0.06 99.2+1.3 3.73+0.33 1.23+0.05

Interaction p=0.367 p=0.243 p=0.489 p=0.561 p=0.318 p=0.235 p=0.624

*FTS, Flow through system; **RAS, Recirculating aquaculture system

'WGR, Weight gain rate (%) = [Final weight (g) x initial weight (g) x100]/initial weight (g)
2SGR, Specific growth rate (%/day) = [Loge(final weight (g)) — Loge(initial weight (g))] x100/days
3Survival rate (%)= (Initial individuals — Final individuals)/Initial individuals x 100

*FCR, Feed coefficient ratio = Feed intake (kg)/[Final total weight (kg) — initial total weight (kg)]
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Table 4. Comparison of morphological indices of Japanese eel (Anguilla japonica) fed paste and pellet in

two different systems for 62 days of experiment

System Feed 'CF 2VSI (%) SHSI (%)
*FTS paste 0.13+0.01 5.4140.23 1.67+0.07
pellet 0.13+0.00 5.33+0.17 1.33+0.13
**¥RAS paste 0.13+0.01 5.29+0.41 1.45+0.14
pellet 0.13+0.01 5.95+0.30 1.60+0.10

Two-way ANOVA

System p=0.580 p=0.175 p=0.699
*FTS 0.13+0.00 5.37+0.18 1.50+0.21
**RAS 0.13+0.01 5.62+0.48 1.53+0.14
Feed p=0.580 p=0.123 p=0.171
paste 0.13+0.01 5.35+0.30 1.56+0.16
pellet 0.13+0.00 5.64+0.40 1.46+0.18
Interaction p=0.122 p=0.061 p<0.05

*FTS, Flow through system; **RAS, Recirculating aquaculture system

'CF (Condition factor) = [wet weight (g)/(total length (mm))*] x 100

2VSI (Visceralsomatic index) (%) = [wet weight of viscera (g)/wet weight (g)] x 100
HSI (Hepatosomatic index) (%) = (wet weight of liver (g)/wet weight (g)] x 100
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Table 5. Comparison of haematological indices of Japanese eel (Anguilla japonica) fed paste and pellet in two different

systems for 62 days of experiment

System Feed Cortisol Glucose SOD CAT GOT GPT
(ng/ml) (md/dL) (ng/ml) (U/ml) (U/L) (U/L)
*FTS paste 21.149.8 114£19 150+51 44.6+12.0 73.6:18.2 7.73£0.80
pellet 16.3+9.5 121£29 107+£25 36.1+18.3 64.6+£25.6 7.73£1.03
**RAS paste 12.14£6.5 127432 85.2+23.6 41.9+13.5 59.4+45.2 9.80+1.32
pellet 7.9245.6 130+53 82.8+29.0 49.5+13.9 54.3£30.8 8.93+1.39
Two-way ANOVA
System p<0.05 p=0.213 p<0.05 p=0.290 p=0.139 p<0.05
*FTS 18.7+9.7 117+24 129+45 40.1£15.8 69.1£22.3 7.73£0.91
**RAS 10.0+£6.27 129443 84.0+£25.6 45.7£13.9 56.9+£38.1 9.37£1.40
Feed p=0.103 p=0.597 p=0.067 »=0.938 p=0.392 p=0.153
paste 16.6£9.31 121£27 120+52 43.2+12.5 66.5+£34.6 8.77£1.50
pellet 12.1£8.71 125+42 95.84£29.1 42.8+17.2 59.5+£28.3 8.33+1.35
Interaction p=0914 p=0.839 p=0.099 p=0.116 p=0.810 p=0.153

*FTS, Flow through system
**RAS, Recirculating aquaculture system
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Table 6. Comparison of whole body composition of Japanese eel (4Anguilla japonica) fed paste and pellet

in different systems for 62 days of experiment

System Feed Moisture (%) Crude protein (%) Crude fat (%) Crude ash (%)

*FTS paste 65.1+0.2 18.8+0.1 13.2+0.3 2.50+0.09
pellet 65.0+0.2 20.1+0.4 11.9+0.2 2.48+0.21

**RAS paste 65.0+£0.4 18.3+£0.2 13.9+0.2 2.41+0.05
pellet 64.6+0.3 19.740.5 13.2+0.3 2.21+0.13

Two-way ANOVA

System p=0.189 p<0.05 p<0.05 p<0.05
*FTS 65.1+0.2 19.540.8 12.6+0.8 2.49+0.14
**RAS 64.8+£0.4 19.0£0.8 13.6+0.4 2.31+0.14
Feed p=0.097 p<0.05 p<0.05 p=0.180
paste 65.1£0.3 18.5+0.3 13.6+0.4 2.46+0.08
pellet 64.8+0.3 19.940.5 12.6+0.7 2.34+0.22
Interaction p=0.462 p=0.863 p<0.05 p=0.277

*FTS, Flow through system;
**RAS, Recirculating aquaculture system
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