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Evaluation of mass balance model for olive flounder (Paralichthys olivaceus) at

different water temperatures and feeding frequency

JAEMAN LEE

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

Abstract

Olive flounder (Paralichthys olivaceus) is one of the most important
aquaculture fish species in Korea and has the advantage of being
fast growing and farmed at high density. It accounts for about 56%
of domestic farmed fish production, which is of great importance to
the domestic aquaculture industry. However, due to persistent
pollution in coastal areas, the mortality rate in flow-through fish
farms, which produce aquaculture organisms by taking a large
amount of natural seawater, i1s increasing sharply. Similar problems
are occurring all over the world, and to solve them, research is
being conducted on a recirculating aquaculture system (RAS) that is
not affected by the environment Ilike existing marine cages or
flow—-through water methods.

In designing a RAS, the water flow rate of the system is
determined by calculating the mass balance based on the biological
load for various water quality factors. One important factor

affecting water quality and fish productivity is total ammonia



nitrogen (TAN). Accordingly, an experiment was conducted in this
study to derive a TAN mass balance model for olive flounder as a
function of water temperature (20, 23, 26 C) and feeding frequency
(1, 2, 3, 4 times/day).

As a result, the higher the water temperature and the lower the
feeding frequency, the higher the TAN excretion of flounder. In this
way, a specific TAN mass balance model for olive flounder was
developed as a function of water temperature and feeding
frequency. The weight-specific TAN excretion model formula for
olive  flounder =~ was  Z=348.82+(-6.8538214e+10) ¢ *-0.57Y".  The
model formula for specific excretion of ingested nitrogen TAN was
7-63.06-18320.04/X?-0.0412Y>. In both models, the X value is
water temperature and the Y wvalue is feeding frequency. A model
predicting the ratio of excreted nitrogen to ingested nitrogen and a
TAN mass balance model were used to establish a design criterion
for predicting the water flow rate to maintain the appropriate TAN

concentration required in the aquaculture system.
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Figure 1. The schematic drawing of the experimental flow—through water aquaculture system.
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Figure 2. The schematic drawing of the experimental recirculating aquaculture system.



Table 1. Characteristics of bio—media

Media Kaldnes K1
Type Flat cylinder
Quality of material High density polyethylene
Density 0.92~0.96 g-cm *
Diameter 10.0£0.2 mm
Height 7.0£0.2 mm
Specific surface area (m%m?) 500450 m*m*®
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Table 2. Ingredient of commercial feed

Ingredient Content (%)
Crude Protein = 63
Crude fat > 10
Calcium > 2.7
Phosphorus < 18
Crude fiber <1
Crude ash < 13
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At 2 A17F & TAN A 2 (mg TAN-kg feed *hr?)
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Figure 3. TAN concentration changes at 20°C with four different feeding frequencies.
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Figure 4. TAN concentration changes at 23°C with four different feeding frequencies.
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Table 3. The results of two-way ANOVA on the effect temperature (T), and feeding frequency (F) for TAN
excretion rate (mg TAN-kg flatfish '-day ') of Olive flounder (Paralichthys olivaceus)

Temperature Feeding frequency
. Pooled mean
() 1 2 3 4
20 178+24.9 192+29.6 199+49.9 203+20.6 193+30.0%
23 373+35.8 301+17.6 367+7.2 275+8.95 329+47.44
26 378+19.6 296+49.8 373+24.0 284+17.1 333+£52.14
Pooled mean 310<£101* 263+61.17 313+39.9° 254+40.9 285+78.6
Analysis of variance
squSalirren rggan df square mean P value
Overall 196,472.02 11 17,861.09 0.000
T 151,738.05 2 75,869.02 0.000
F a6y 2022 8 8,573.407 0.000
TxF 19,013.75 6 3,168.959 0.008
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Figure 10. TAN excretion rates(mg TAN-kg

feed “hr'!) at 23°C with four different feeding frequencies.
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3. TAN £2 % 24

HAe s AAgeEslaol g TAN =2 4 2d5 TAN HjAd

Z(mg-kg flatfish -day ) HH3 DAL= wjde @49 v &(%) F 7

TAN excretion :
7 = 34882 + (-6.8538214e+10) e X - 0.57Y° (X: 20~26, Y: 1~4)

Excreted nitrogen to ingested nitrogen :

7 = 63.06 - 18320.04/X* - 0.0412Y° (X: 20~26, Y: 1~4)
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Z = 348.82 + (-6.8538214e+10)e™- 0.57Y? (R = 0.7343)
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Z =63.06 - 18320.04/X? -0.0412Y° (R*=0.8670)
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n to ingested nitrogen
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Figure 13. Prediction model for the excreted nitrogen to ingested

nitrogen based on temperature and feeding frequency.
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I9k2] 0 2 o] fFo] TAN HjA 2 F0o] ZotxW F7FekAl =W (Forsberg

and Summerfelt, 1992), t¥3st ©o]& (Areolated grouper (Epinephelus
areolatus, Leung et al., 1999), ZrX=t}e] (Platichthys stellatus, Oh et al.,
2009), &2 (Sebastes inermis, Oh and Choi, 2009), pikeperch (Sander
lucioperca, Frisk et al., 2013))| 4] G=0] ETolpd 45 TAN ujd ko] &
btk AT A ATE vk o] AL Fo] AsetiA Alme AFHF el F
7bet7] wiiEolw o] ESFE TAN wjd o] S7kehes 2 239
A= 2 12, 15, 20, 25Tl M HA o] A TAN wjd Zol tgt Lee
(2015)9] Ardete A&

ra

o %
ol FHaAS W 20, 28CNA Haghol 23] vhehdon T WA A
sgtel o w7 vehgeh olel# AFe FwErkelOh et al, 2000), o]

(Dicentrarchus labrax), seabream (Sparus auratus), B %(Scophthalmus
maximus), FA W& (Oncorhynchus mykiss)| A= Hi® = <l
(Dosdat et al., 1996). + HA S Hagtel ¥ =4 YEIE ol f& AHe &+
v AR E AFA s vk TANS 3ol 3] AFAAl & 4
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2 AztE.
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Table 4. Simulation conditions for calculating flow rate

Water volume (m?) 50
Stoking density (kg/m?) 25
Individual fish weight (g) 1000
Total fish weight (kg) 1250

Daily feeding rate (%)

201C(0.5%), 23T (0.8%), 26T (1%)

Total feed amount (kg)

20T (6.25kg), 23C(10kg), 26°C(12.5kg)

Protein content in feed (%)

o3

_33_



Table 5. Simulation value of flow rate(LPM) using model equation by the TAN concentration

difference
Cout = GCin Temperature Feeding frequency
(mg/L) (C) 1 Y 3 4
20 31.69 31.16 29.72 26.91
2.0 23 83.58 82.74 80.43 75.94
26 132.20 131.14 128.26 122.65
20 42.25 41.54 39.62 35.88
15 48 111.45 110.31 107.24 101.26
26 176.26 174.85 171.01 163.53
20 63.37 62.31 59.43 53.82
1.0 23 167.17 165.47 160.86 151.88
26 264.40 262.27 256.51 245.29

_34_



b

. S
AAH =

SRS

°

7}

==

(e

o
A4 o]
o =7

2.9

o

=

-
R

.

R

b}

°©

o

1

olivaceus)

o] 7}
ol A H AL

Al
2

=

=

A | (Paralichthys
56%

ok

=

0

B

AR RAS)O #3E A7) o] Foj A AL

Al
A

%

]

A
o

7}

=

o]
RAS

B
e

total

=
3

o o

7

S

g

T4 2%l

o o

=

sk

A7
ojt}. oo wal E AFME (20, 23, 26TC)F A

|

o

ammonia nitrogen (TAN) &3 ofF

8

el
oS
<

o
oF

:
Ny

el
Gl

b9

e

43])°l

3,

7=348.82+(-6.8538214e+10) e *-0.57Y"

1o

A
A

]

1=l
=

5

d

A
=2

A €]

Fsiet.
2k,
TAN

°

A3
SED

o)

—

m

B
s

ZdoA X

=
-

7=63.06 - 18320.04/X> - 0.0412Y° o]t}

,ﬂl

il

)

—
file)

A

o

_35_



i
o)

2

mj
—_

Fru 2

el

apmal o} o]

seg Aguy

9l

]_

A

Jow A=Y, 27

Z14

A AR AE

¥ A7)

o
of

b
<o
Mo

o

o
Tor

=

Tor

froa
3|
ol
ojn

Ae] v

o] g, A=oldAE

g AE el A 1

of
{Jo

™

N

e
K

M Apa A7 A

B A AR

o

N
W

<H

™

<H

i
=

o] Gl Al = ZHALE]

==
&

_36_



ki3

g ST =7 ASS Bl O 44§ UrhAsUTh ol

-
R

el

_37_



231

i
rl

Aslam, S. N., Navada, S., Bye, G. R.,, Mota, V. C., Terjesen, B. F., &
Mikkelsen, @. (2019). Effect of CO2 on elemental concentrations in
recirculating aquaculture system tanks. Aquaculture, 511, 734254.

Balami, S. (2019). Recirculation aquaculture systems: components,
advantages, and drawbacks. Education, 2021.

Boyd, C. E. (2013). Ammonia toxicity degrades animal health, growth.
Global Aquaculture Advocate Dec.

Cai, Y., & Summerfelt, R. C. (1992). Effects of temperature and size on
oxygen = consumption and ammonia eXcretion by walleye.
Aquaculture, 104(1-2), 127-138.

Dosdat, A., Servais, F., Metailler, R., Huelvan, C., & Desbruyeres, E.
(1996). Comparison of nitrogenous losses in five teleost fish
species. ‘Aquaculture, 141(1-2), 107-127.

Hur, J. W., Park, 1. S, & Chang, Y. J. (2007). Physiological responses
of the olive flounder, Paralichthys olivaceus, to a series stress
during the transportation process. Ichthyological Research, 54(1),
32-37.

Handeland SO, Imsland AK and Stefansson SO(2008). The effect of
temperature and fish size on growth, feed intake, food conversion
efficlency and stomach evacuation rate of Atlantic salmon
post—-smolts. Aquaculture, 283, 36-42.

Kang D, Han H and Jun C(2004). Influence of water temperature on

growth of yearling sea bass, Lateolabrax japonicas in indoor tank.

_38_



J. Aquaculture, 17(4), 240-245.

Kim, H. S, Kim, H. Y., & CHIN, P. (1997). Effects of Ammina on
Survival and Growth of the Flounder Larva, Paralichthys
olivaceus. Korean Journal of Fisheries and Aquatic Sciences, 30(3),
488-495.

Kim, J. H, Kang, Y. J, Kim, K. I, Kim, S. K., & Kim, J. H. (2019).
Toxic effects of nitrogenous compounds (ammonia, nitrite, and
nitrate) on acute toxicity and antioxidant responses of juvenile
olive flounder, Paralichthys olivaceus. Environmental toxicology
and pharmacology, 67, 73-78.

Kim, K. D.,, Nam, M. M. Kim, K. W, Kim, D. G, & Son, M.
H.(2010).Effects of Feeding Rate and Frequency on the Winter
Growth and Body Composition of Olive Flounder, Paralichthys
olivaceus. Korean Journal of Fisheries and Aquatic Sciences,
43(3), 217-222.

Kikuchi, K., Takeda, S., Honda, H., & Kiyono, M. (1992). Nitrogenous
Excretion of Juvenile and Young Japanese Flounder. H AJKpEEL@r
i, B8(12), 2329-2333.

Kadowaki, S. (2018). Influence of Displacement Behavior on Nitrogen
Excretion by Starved Flounder Paralichthys olivaceus. Mem. Fac.
Fish. Kagoshima Univ, 67, 13-20.

Lee, J. (2015). Postprandial Ammonia Excretion and Oxygen
Consumption Rates in Olive Flounder Paralichthys olivaceus Fed
Two Different Feed Types According to Water Temperature
Change. Fisheries and Aquatic Sciences, 18(4), 373-378.

_39_



Lee, S. M, Cho, S. H, & Kim, D. J. (2000). Effects of feeding
frequency and dietary energy level on growth and body
composition of juvenile flounder, Paralichthys olivaceus (Temminck
& Schlegel). Aquaculture Research, 31(12), 917-921.

Martins, C. I. M., Eding, E. H., Verdegem, M. C., Heinsbroek, L. T,
Schneider, O., Blancheton, J. P., ... & Verreth, J. A. J. (2010). New
developments in recirculating aquaculture systems in Europe: A
perspective on environmental sustainability. Aquacultural
engineering, 43(3), 83-93.

Myeong, J. I, Pack, S. Y., & Chang, Y. J. (1997). Effects of water
temperature and feeding rate on growth and feed efficiency of
korean rockfish Sebastes schlegeli.. Journal of Aquaculture, 10(3),
311-320.

Oh, S. Y, & Choi, S. J. (2009). Effect of water temperature on
ammonia excretion of juvenile dark-banded rockfish Sebastes
inermis. Ocean and Polar Research, 31(3), 231-238.

Oh, S. Y, Jang, Y. S., Park, H. S., Choi, Y. U.,, & Kim, C. K. (2012).
The Influence of Water Temperature and Body Weight on
Metabolic Rate of Olive Flounder Paralichthys olivaceus. Ocean
and Polar Research, 34(1), 93-99.

Oh, S. Y., Jang, Y. S., Noh, C. H., Choi, H. J., Myoung, J. G., & Kim,
C. K. (2009). Effect of water temperature on ammonia excretion of
juvenile starry flounder Platichthys stellatus. Korean Journal of
Ichthyology, 21(1), 1-6.

Person-Le Ruyet, ]J., Chartois, H.,, & Quemener, L. (1995). Comparative

_40_



acute ammonia toxicity in marine fish and plasma ammonia
response. Aquaculture, 136(1-2), 181-194.

Priestley, S. M., Stevenson, A. E. & Alexander, L. G. (2006). The
influence of feeding frequency on growth and body condition of
the common goldfish (Carassius auratus). The Journal of nutrition,
136(7), 1979S5-1981S.

Randall, D. J, & Tsui, T. K. N. (2002). Ammonia toxicity in fish.
Marine pollution bulletin, 45(1-12), 17-23.

Rurangwa, E., & Verdegem, M. C. (2015). Microorganisms in
recirculating aquaculture systems and their management. Reviews
in aquaculture, 7(2), 117-130.

Riche, M., Haley, D. I, Oetker, M., Garbrecht, S., & Garling, D. L.
(2004). Effect of feeding frequency on gastric evacuation and the
return of appetite in tilapia Oreochromis niloticus (L.).
Aquaculture, 234(1-4), 657-673.

Ruohonen, K., Vielma, J., & Grove, D. J. (1998). Effects of feeding
frequency on growth and food utilisation of rainbow trout
(Oncorhynchus mykiss) fed low-fat herring or dry pellets.
Aquaculture, 165(1-2), 111-121.

Tchobanoglous, G., & Schroeder, E. E. (1985). Water quality:
characteristics, modeling, modification.

HA FA EE ARAL 2006, = HgEA

g2 FA 2+ Wi, 2016, = HFANGE

gk (2018). kol kA Aladle] A 2 AL 24 AA W

oh @ abaels A Rl s E, 356356,

_41_



	I. 서론
	II. 재료 및 방법
	1. 사육 시스템
	1) 해수 유수식 시스템
	2) 해수 순환여과 시스템

	2. 생물 사육
	3. 넙치의 TAN 물질 수지 모델
	4. 통계 분석

	III. 결과
	1. TAN 농도변화
	2. TAN 배설량
	3. TAN 물질 수지 모델

	IV. 고찰
	1. TAN 배설
	2. TAN 물질 수지 모델

	요약
	감사의 글
	참고문헌


<startpage>11
I. 서론 1
II. 재료 및 방법 4
 1. 사육 시스템 4
  1) 해수 유수식 시스템 4
  2) 해수 순환여과 시스템 4
 2. 생물 사육 9
 3. 넙치의 TAN 물질 수지 모델 11
 4. 통계 분석 13
III. 결과 14
 1. TAN 농도변화 14
 2. TAN 배설량 18
 3. TAN 물질 수지 모델 26
IV. 고찰 29
 1. TAN 배설 29
 2. TAN 물질 수지 모델 31
요약 35
감사의 글 36
참고문헌 38
</body>

