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Comparative study on Growth of Leafy Vegetables Grown in a Hybrid
BFT-Aquaponics using Yellow Koi Fish, Cyprinus carpio and Hydroponics

Dong-Hoon LEEf

Gyeonggi Province Maritime and Fisheries Research Institute(researcher)

Abstract

Aquaponics is a cultivation system that combines aquaculture and agricultural hydroponics. This study

investigated the productivity of leafy vegetables cultivated in the hybrid biofloc technology-aquaponics
(HBFT-AP) and hydroponics (HP). Yellow koi fish (Cyprinus carpio) were fed an EP diet containing 3%
MKP (monobasic potassium phosphate, KH,PO4) for 10 weeks in the HBFT-AP. Leafy vegetables of 2
cultivar (ovired lettuce, volare lettuce) were employed in the experiment and water quality [dissolved
oxygen (DO, mg/L), pH, water temperature (C), electrical conductivity (EC; g s/cm), turbidity (NTU),
TAN (NH; + NHy") (mg/L), NO»-N (mg/L), NOs-N (mg/L) and POsP (mg/L)] was measured 6 times a
week. Leafy vegetables in HBFT-AP using yellow koi fish fed the EP with MKP 3.0% had a productivity
somewhat higher (2 kinds of cultivar) compared to those in HP, and the pH in the HBFT-AP was
maintained at the range around 6.0 for 7-10 week. During the 10-week feeding trial, concentration of

NO,-N was kept low in variability while total TAN, NO;-N and PO4-P levels increased with time in
HBFT-AP. Higher values in hematocrit (PCV, %), hemoglobin (Hb, g/dL) and inorganic phosphorus
(mg/dL) were found (P<0.05) in fish at the end of the experiment compared to the fish at the beginning
of the experiment (initial fish: 27.45%, 12.19 g/dL and 6.39 mg/dL; final fish: 36.26%, 14.52 g/dL and

11.21 mg/dL).
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Kim and Lee, 2015).
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& §}013Jr 1 ¥ 2 (recirculating
system, RAS), H}o] 2 Z2HoF2 (biofloc technology,
BFT), ool R ERSNe
(Rakocy et al., 2006; Mariscal-Lagarda et al., 2012;
Rijn, 2013; Avnimelech et al., 2015).
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1. MgAlE Zu| Y 24

Aol AHEE AtRe ARREordR) FRALR
FTHEHEE DA A 6 mm e F
AF EP (extruded pellet) A= AZtd HoZ
Lee et al. (2019a)°] 23 Az}l R MKP3
(monobasic potassium phosphate 3% in diet)E |
Zeto] ALE-SHITH<Table 1>). AbR2 AWt AL
[4(moisture), Z=H9 A (crude protein), =AW
(crude lipid), Z=%]¥-(crude ash), = fr(crude
fiber)] Ca, P B F&Ed A2 FAHStw AR
FFAT 2ol ofFste] A5k TH(<Table 2>).

2 AR TN o 29

=

obFolEy s AL o A A W
v AARS fst Ay AA®e [Figo 1] 2t
(Lee et al., 2019b). BFT F2JA| A3} =73 Au) A
do] Al ofFolxr YA A3 FH(hybrid biofloc
technology-aquaponics, HBFT-AP )= ©o]&F A3
Z@ 45 m x HO07 m) 17], AZFZL 2 0 m
x W 1.0 m x H 09 m) 17], 25 7329 2%
EAL 29 m x W 0.6 m x H 0.1 m) 207, 680
Lufo] @& A~ o§3}7|(Isan M Tech. Ltd., Korea)

A

my ox

170, 985z AEH=A B £ 9%
H3X(1.5 HP) 17/, o1 4% BFT A3 %

g ool Fg AlAE =2HE 2.0 HP) 174,
Al ] shde] W Fas 9%k FEE 4070

Z AEAT A A 2EE WHEA 4
Ne & 8807}14 AuA = g E e, gl
THEE & 75 PVC HHJ?&% 25 mm, ¥
&+ 40 mmE *}ﬁo} i, HE A ofF
AR FYEHE HHL% 100 mmE ARE-3F3L
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<Table 1> Ingredient composition of the experimental
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<Table 2> Chemical composition of the experimental

diets. diets'
Ingredient MKP 3% Composition MKP* 3%
Fish meal 37.00 Moisture (%) 6.24
Soybean meal 15.00 Crude protein (%) 45.56
Corn gluten Meal 10.00 Crude lipid (%) 7.21
Blood Meal 5.00 Crude ash (%) 10.64
Wheat flour 21.70 Crude fiber (%) 1.98
Fish Oil 4.80 Ca (%) 2.38
Dried Yeast 1.00 P (%) 2.24
MKP' 3.00 Mg (ppm) 2,125.60
Vitamin. mix’ 0.50 Fe (ppm) 462.30
Methionine 100% 0.22 Cu (ppm) 15.40
Salt 0.20 Mn (ppm) 39.20
Choline-Liquid (50%) 0.20 Zn (ppm) 98.30
Taurine 0.20 K (ppm) 15,548.70
Mineral. mix’® 0.10 Walues are means of 2 determinations. “MKP,
Antioxidant(BHA)* 0.05 monobasic potassium phosphate.
Stay C 0.03
Oraganic Fe 0.50
KCl 0.50

'MKP, monobasic potassium phosphate.

Vitamin added to supply the following (per kg diet):
vitamin A, 22,000 IU; vitamin D3, 4,400 IU; vitamin
E, 320 IU; vitamin K3, 24 mg; thiamine HCl, 50
mg; riboflavin, 60 mg; D-Ca pantothenate, 120 mg;
biotin, 2 mg; folic acid, 20 mg; vitamin B12, 100
mg; niacin, 300 mg; pyridoxine HCl, 30 mg; inositol,
600 mg; ethoxyquin, 67 mg.

*Mineral added to supply the following (per kg diet):
copper sulfate (25.4% Cu), 10 mg; zinc sulfate
(22.7% Zn), 60 mg; manganous sulfate (32.5% Mn),
50 mg; magnesium sulfate (24.3% Mg), cobalt
chloride (24.8% Co), 2 mg; potassium iodide (76.4%
I), 2.0 mg; sodium selenite (45.6% Se), 0.75 mg.

“BHA, butyl hydroxyl anisole.

22 57 A vl (hydroponics, HP) A3+
FoIFH A2HE oleHRI, T FHL 9
T UN1E), < AsEE71] Nutrient
system Agronic 54 model (HANGARAMPONICS
Ltd., Korea) 1tl], %F4-8(0.1%) 37H(A, B and C

solution), M ~Z+Z(@L 1.0 m x W 0.5 m x H 1.0

[Fig. 1] Compartments and water flow of the
experimental  design: (A), HBFT-AP
(hybrid biofloc  technology-aquaponics)
system: fish tank (¢ 4.5 m)— sump tank
(2x1 m) — pump (1.5 HP) — biohelix

filter(680 L) —  vegetable  bed
(2.9%0.6x0.1 m, No. 20) — fish tank;
(B), HP (Hydroponics): nutrient solution
tank — pump (1 HP) — sump tank
(1x0.5x1 m) — pump(l.5 HP) —
vegetable bed (2.9x0.6x0.1 m, No. 20)
— sump tank. Lee et al. (2019b).
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<Table 3> Chemical composition of nutrient
solution for growth of leaf vegetables
in HP'
Nutrient tank Nutrient Weight
(2
KNO; 2,525
A solution tank
* 4H,0 3,540
(0.1 ton) CalNOy). - 4H, :
Fe-EDTA 160
KNO; 2,525
MgSO, - TH,O 1,850
H;BOs 30
B solution tank MnSO, - SH,O 877
(0.1 ton) ZnSO; * TH;0 0.9
CuSO; - 5H,0 04
Na;MoO; * 2H,0 0.13
NaCl 16.4
C solution tank NH.H,PO; 1,380

(0.1 ton)
'HP, hydroponics.

o
Aol AHEE S Hdol=
Akt quru\oﬂ/q /\}0 et %%—QE ol A

A 17614?4 100 kg HBFT-AP A4 28 to|
wj x| ako] o}t Atel] o] g-3k3lTt.
< FAREY 43 A=E JdE AT B
LO%E Algtate] 1Y 23] F5ste] 1077 %138
EPeA=g

/\].E T

4. FAF HHX|

Adde] A JAFE A7|E ofFA] ofFot
Folx YA FAeA Hobd 25 R FHAL
F(Lactuca sativa) #E<Q1 2B E(ovired lettuce)
9} Ee}e(volare lettuce)7} AHE-ESITE GAAF S
22 HBFT-AP A3d79 NO;-N9 L7 25

mglL o1 A5sHe AREIRAY F 13l T

o

A G- HBFT-APF, HPH) GAlF 4ol

Alo] o]Fojxlty.  HBFT-APT-9} HPT- R

T 40AE dAste] T AR 8807RA
o] & ATt () B shk(Fde)e &
ZFo] (4=t 15,000 lux, 3FEH 9,000 lux)= A+
7} FFd A ehds wakeke] FEF xfole] 9
sk A eabE MAIES wjx] skl

I o ﬁ\L o ot

5. Az

HBFT-AP AT FAAZE Lee et al
(2019a)°] K 313t 243 T}
EUE7] 27 nAES AEE 8RR AE
¢l BFT-ST (EgeeTech, Ltd., USA) 7.6 L& A}&-3}
Fom ofF 24 F 15 7+ Emerenciano et
al. (2017)2] el F3] AR Fgol wE &
9 TAN %A se] yrFo] f7eiddl] 4
5t ? CN(6:)H S o] A
THE 'R F9
%OE CO (B2
pH7} 6.50]3t% Wojd wj7lx] A &EH o7 ARS
Tz Fsien, oF 44 47 F FHH
Atk GAF U2 ¥ pHZF 6.0 ©]stE Bgel
whet Z92to e 7k dshA] W] E(Hae Gwang
Co., Korea) 10 kg2 60 L =°] 24 h &<+ ¢
o] 7} 2% 1.5 LY FH7keke] pH 6.0 W] W
5 FABHATE

H
"
~
i, {‘_Vﬂ_‘

TASELE 17 63 §FAA(DO, mg/L), pH,
7717 %= % (electrical conductivity, EC;
us/em), BFS(NTU), TAN (NH; + NH;") (mg/L),
NOz-N (mg/L), NOs-N (mg/L)¢} PO,P (mg/L)E
4 }-031:}- DO, pH, _{[: ECQ]- Br= z‘;j];d— 2=
7] YSI PRODSS (YSI Inc., USA)S AL}
, TAN, NO,-N, NO;-N&} PO,P= 4A]eF
(NltraVerG)X Reagent Set 2605345-KR, Low Range
Ammonia Reagent Set 2604545-KR, NitriVer™3

] =
=
R

@ _1
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Reagent Set 2608345-KR, PhosVer™3 Phosphater
Reagent, HACH Ltd., USA)¥} 57 F=4=747]
¢] DR5000 (HACH Ltd., Love land, USA)S ©]&
g owAio e EAEGITE mE AEAA A
£ 3 HBFT-AP ¥ HP AT wZFALrs
A8kt K (mg/L), Ca (mg/L), Mg (mg/L), Na
(mg/L), Fe (mg/L), Zn (mg/L), Mn (mg/L) % Cu
(mg/Lye FrZddZet=ul 33357 ICP-OES
Optima 8300 (Perkin Elmer Co., USA)XE, Cl
(mg/L) ¥ SO, (mglL)E °l&IAZwFETHT 930
Comact IC Flex (Metrohm Co., Switzerland)S A}
g3to] EA3kqlch

F

He o

7. ARFT ZA}

AAF 25 WA Fers ST AR
2 gl JAE B & 47 FAS
sklom, 0.1 g9 54 9= Hd 12 keZhA
=74 7Fs % A& AND GP-12K (AND Korea Co.,
Korea)= ©]-&-3}3iTh.

oxl oX

AN Iy

Wl 2AME 913l 24417 Ats Ao o]
ot o FuE A (C8392-100 mL,
Sigma-Aldrich Co., USA)E ©|£3}% 50 ppm &
T2 mEAZ te skl o K3333-10KU
(Merck KGaA Ltd, Germany)= AZ| 3t 5 cc FA}
715 AHgste] AEE entE] o] iAol dis) v
FAMA At FHE N AE F A
& (whole  blood)& (Hb, gdL)¥}
hematocrit (PCV, %) w4 AMg3s}sia, o] &
HAE2]7] Centrifuge 5415 R (Eppendorf Ltd.,
Germany)°llA] 4T, 12,000 rpmS 2 10%7+ &%

clove oil

hemoglobin

< 23y %2 glutamic  oxaloacetic
transaminase  (GOT; U/L), glutamic pyruvic

53 HITIY0IS 0188 Hybrid HIO|2B2f OFROLEY AIARDE SR AIAHS AT AN vlD AT

transaminase (GPT; U/L), albumin (ALB; g/dL),
glucose (GLU; mg/dL), inorganic phosphorus (Pi;
mg/dL), Na (mEg/L), K (mEq/L)?} Cl (mEq/L) &
Ao ARE-ESItE PCVEA]elli= HAEMATOKRIT
210 (Hettich Ltd., Germany)S ©]£3}31°m™, Hb
T OE 89 o4 AlEE JARIRIE Fuji
DRI-CHEM slide (Fuji photo film co. Ltd., Japan)
9} gNE-27] DRI-CHEM 3500 I (Fujifilm Ltd.,
Japan)E ©]-8-3t] A3

9. EAXZ

offF AFAoA dojxl A dAn Ay
o] AeEFHTAZE, PCV, Hb, GOT, GLU,
Na, K 2 CI)2 SPSS Version 10 (SPSS, 1999)
23] YR (one-way ANOVA)S ©]&
sto] B3I oM, FARAY foFFEE %

(P<0.05)°l14 A7 = et

| =2 o

m. Zzp & nE

= =

—_—

HBFT-AP A]2~®] 4 Hp Al~H"l 2977k
(HBFT-AP 1-105%, HP 7-105F) ¢ +4& %A
3 A3}= <Table 4, 5> YERAATE HBFT-AP
0 A% DO AHE 1573l 8.67£0.32 mg/Lel
A A" FHEA0F)ONE 7.87+0.09 mgLo S

-~

Kol o, A= 9 wAESY kA Anle] wet
Tadhe Ao Yehd Aoz Almdrh £
< At 23.2-245C9 e Kol dASHA FA
How, ANAETE AF 15 Pt

151.347.4 ps/em® #e& HG O Al7ko] Aol
wep  AEstod] 717H10F) 0l =

4412495 ps/em® S YERASITH
B %27] 04 NTU #2 Yepjiglont, A
3 15713k BFT A& A7l B9k s
(2.13£0.56 NTU)3ISI L. o] f7|eka oo} 3
7l CO, &woll wet 45 7177HA] Akl o,
i

SFRE ARTFO A%l et g5a] A4

AlAx=a
2 " O 2

k

~
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<Table 4> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NO,-N, NOs;-N and PO,-P) in HBFT-AP for 1-10 weeks'

Culture Week DO pH Temp?rature EC Turbidity TAN NO,-N NOs-N PO,-P
method (mg/L) (C) (s/em)  (NTU)  (mgL) (mg/L) (mg/L) (mg/L)
initial 9.14 7.69 22.6 138.7 0.4 0.11 0.063 249 1.05

1 8.67x032  7.81x0.11 23.2+1.6 151.3+74 2.1340.56  1.56£0.64  0.087+0.021 1.25+0.48 0.72+0.24

2 843021  7.63+0.12 23.3+1.2 187.8+145  1.6240.42  0.68+0.18  0.405+0.214 425+1.97 2.48+0.84
(}113113:;3 3 8.56+0.18  7.14+0.31 23.8+1.1 229.7+12.4  0.88+0.26  0.59+0.09  0.742+0.115 8.57+£2.21 6.4442.49

4 827+0.15  6.71+£2.45 243409 267.9+18.8  0.69+0.19  1.01+0.39  0.258+0.187  13.70+2.19 9.49+0.56

5 8.34+0.18  6.38+2.16 23.7+0.6 2945+11.9  1.01£0.34  1.25+0.11  0.074+0.012  1845+2.12  11.42+0.24

6 8.29+0.17  6.04+0.09 24.5+1.1 3324143  1.07£0.17  1.43+0.13  0.058+0.009  26.34+3.11 14.57+1.59

7 8.11+0.11  6.08+0.05 23.4+0.8 367.1£104  1.12£0.08  1.74+0.18  0.028+0.008  29.24+2.41 16.21£1.23
;I:?SiT;AP 8 7.98+0.09  5.94+0.12 23.9+0.7 396.5£12.7  121+0.11  2.15£021  0.034£0.007  31.69£1.99  17.14+0.72 o
Leafy 9 7.94+0.04  6.01+0.08 24.1£0.8 42734104 1544017  3.07+0.62  0.022+0.004  35.42+1.57  18.54+0.38 %
R 10 7.87:0.09  5.98+0.09 23.8+0.6 4412495 1.69£0.08  3.68+0.19  0.031£0.011  37.48+1.12  18.57+0.16 For

Walues represent the means+SD of the values for 7 days: HBFT, hybrid biofloc technology; HBFT-AP, hybrid biofloc technology-aquaponics; DO, dissolved oxygen; EC,
electrical conductivity; TAN, total ammonia.

<Table 5> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NO,-N, NO;-N and PO,-P) in HP for 7-10 weeks'

Culture Week DO Temperature EC Turbidity TAN NO,-N NOs-N PO,P

H 5
method (mg/L) : (C) (ss/em) (NTU)  (mgL) (mg/L) (mg/L) (mg/L)
7 9.60£024  6.31+0.12 232404 1,021.4+8.5 0.77£0.11  3.28+0.06 0.026+0.005 6821+3.11 20.26+1.05

Hp 8 9.34+0.11  6.18+0.11 23.1+0.7 1,109.3£54.4  0.84+0.09 2.71£0.50  0.010+£0.004  65.13£1.22 19.88+1.75
(Leafy
vegetables) 9 9.29+026  6.04+0.07 23.0£0.5 1,161.8+14.3  0.95+0.07 0.42+0.35  0.005£0.001  71.18+3.63 22.86+1.38

10 9.24+039  5.64+0.35 23.1+0.3 1,197.3£21.5 12320.12  0.14+0.10  0.007£0.001  70.43+1.14 20.49+0.29

Walues represent the means+SD of the values for 7 days: HP, hydroponics; DO, dissolved oxygen; EC, electrical conductivity; TAN, total ammonia.
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37.48+1.12 mg/Le #= YERSITE POsP
NO;-N (mg/L)¥} FAFE S7 dgls Holow,
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o} pHO| A9 A& 4 1574k9] 631+0.12 Fkell
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ah= Aol 92l ECE 152F 1,021.448.5 us
fem oA AEEFE Aol 1,197.3+21.5 ps/em %
o7 Frheke AEE JERITE 95 s 153k
0.7740.11 NTU°|A AFE 457k 1.2340.12
NTU #2 2o F7kshs 43S Holth TANS
NO»-N<> 3.28 mg/L(1F72h el A 0.14 mg/L(4T4}),
0.026 mg/L(152H)llA 0.007 mg/L(A52H2] <
el AE 7]zt wEt st AEFE o
ER St

HBFT-AP-8} HP7T-9] A7 A vl 4
Y= <Table 6> % [Fig. 2]¢F ok JAF 25l
gk 473 AA FFFelA HBFT-APT+=
91,320 g HPT&= 86440 go & AAatyo]
HBFT-AP77} 2 M-S Btk FEdo=
AuRw F el HBFT-APT7F AR o]
o, el FEdAE HPF 52 AT
Yepdth FAMED 2 E0] $ o
Hj == ofFtolazy A AJAElo|A] oFE o] 4=
S A=A A Ul A4 HIARE fAS
& FQ3(FAO, 2014), 53] pHE AEA4

Aol 7 23 o4 F sz 259

A

ol
of o rlr g w2

2 3 e 3L e
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micro nutrient) &7 &
of Afdez JF& vXTHFAO, 2014). +
AWolA AAEE Aze) AS do tagE
AN, P, K, Ca, S ¥ Mg)Z pH 65914 7.0 W9
ol & F4Ee wbd u|EsdEZAFe, B, Cu,
Zn, Mn @ Mo)+= pH 6.5 olslelA 571 & §
= Aoz d#HA STKFAO, 2014; Thorarinsdottir

%% (macro nutrient !

o

R, 2015).

Ankz o7 wjokee] pHi= 55914 6.57F FO
™, pH7}F 4.50]8t2 oW Ca, Mg, K 53 &
& Y AR 283850, RidE pHYF 7
174 well= A2FFSHTS Slo] =] 2
o] o]gst & A FT}(Moore, 1974; Islam et
al, 1980).

o

it

<Table 6> Growth of two leafy vegetables in HBFT-AP and HP for 4 weeks'

Culture method

Growth factor

Initial mean weight (g)

HBFT-AP Individual No. (No. = 12 individuals) Total weight (g) Root weight (g) Leaf weight (g)
Ovired lettuce 440 1.78+0.32 44,120 1,144 42,976
Volare lettuce 440 2.01+0.27 47,200 1,276 45,924
Sum 880 91,320 2,420 88,900
HP Individual No. Total weight (g) Root weight (g) Leaf weight (g)
Ovired lettuce 440 1.81+0.24 41,360 1,364 39,996
Volare lettuce 440 2.04+0.19 45,080 1,496 43,584
Sum 880 86,440 2,860 83,580

'HBFT-AP, hybrid biofloc technology-aquaponics; HP, hydroponics

o),

¢

[Fig. 2] Growth of four leafy vegetables in HBFT-AP and HP system during 7-10 weeks. (A) HBFT-AP
Ist week, (B) HP 1st week, (C) HBFT-AP 4th week, (D) HP 4th week.
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otol

g= HIHLolE 0|88 Hybrid Blo|2E2

15

2

HBFT-AP1-8} HP7-¢] A7 42 + 4
T B HAe] pH &AM FE A,
‘:‘0% HBFT-AP?LPJ A5 obFterE A A5
F3H %9 300 ps/em oA F
EZﬂ—% Zk29& o 24 H 3 th(Rakocy et al,
2006). é}%ﬁj%} 717K7-107) &< 54 ¥ NOs-N
T APTOA = FhE HelomH,
0572 dea
Ao APT7F BE FddielA =2 #HS
YER S TH<Table 7>).

10 o O ¢

<Table 7> Nutrient concentrations in HBFT-AP
and HP at the end of the triall

Water quality Culture method

parameter HBFT-AP HP

K (mg/L) 9.8 23.6
Ca (mg/L) 45.6 67.4
Mg (mg/L) 5.0 7.5

Na (mg/L) 13.6 16.8

Cl (mg/L) 12.0 17.0
SO4 (mg/L) 20.0 27.0
Fe (mg/L) 0.0610 1.0743
Zn (mg/L) 0.3320 0.6900
Mn (mg/L) 0.0090 0.0100
Cu (mg/L) 0.0130 0.0170

'HBFT-AP, hybrid biofloc technology-aquaponics; HP,
hydroponics.

a9y, HE 9AF o] 4] HBFT-APT-7}
tha 9 olfe At Al vlE w@
ETE AHEshE ofFfolxd Al 54 wEow
Atz et 2 AEolA = HBFT-APT 16, HP
oAl 4229 &7 AHE-E STt ¥]E HBFT-AP
7F BE FSaolAl HPel vls] gl =Tt
soront, AA kow FAF Al HPF Huf =8k
Ch(<Table 7>). B8t @A ofFofxr X Aok
oA Arbdol FA A el vlE] "WolAA] ok=
ol HEAAH £X ulAE(PGPM, plant growth
promoting microbes)®] &® AT E L 3THYep

and Zheng, 2019). 53] o}Folxdx o ZEx)|3}

A )\]_/ﬂ

9_
U
o
H
1
>
[>
it
i
-|>
X

=
=
z
)
E
lo
e
2
T
0=
rz
0x
=
El
|'O
e

%
N
)
=
@
=R

= s HrpE FdE1 3l
2016; Bartelme et al., 2018). & %

TolA= 27 FEMAAE 1057 3 AlRte]
Ashgtol wel chokat vl Aol MANASS *
A glon, ozt nAES] o] HAF

o Mpol| ke n]ﬂ HP+ Rt} tha AAH

HBFT-AP* W /\P %bﬂﬂ e Aol
A2 AZAE stehs &) FARAS 13yt
A¥= <Table 87 Zrh x7] §52 #gel

vl Ad FRo|x= PCV (%) Y Hb (g/dL)9
FA7F FoF AolE Koy ArHE AT
ERIQ a(P<0.05), B FEolM=
phosphorus (mg/dL) %! K (mEq/L)% <7} 79
st 2lo]E YERY SITHP<0.05). Lee et al.(2019a,b)
9} Lee et al(2020)= 7|9} WA= o] &3k
HBFT-AP A4t AJdellA olF "o wigte] 7p4
2 E3Ho=x 8 Hb (hemoglobin) % PCV
(hematocrit) 2] %] ‘s ¥ gk 2 AR
A% o] A3l FASHA HBFT-APT-llA]
*P% dEE Fenjdadole] A9 x7]e] Hls|

< = Btk ole ?1 o] PCVSl HbY
% 62} 2 F2 oA Atk RbeE I JoFst
X

A wge] wdo] ¥ ]EE, HHe 279

inorganic

o QU BEot ol BY fA FTFL
Aow G A5A AT FikEojor

Ao AtgHE,
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1]
Rl

<Table 8> Hematological analysis of yellow carp in HBFT-AP'

Experimental period (10 weeks)

Blood parameters

Initial Final

Average Fish weight (n=6) 634.12+28.96™ 665.32+18.05
PCV (%)’ 27.4543.16" 36.26+2.47
Hb (g/dL)’ 12.19+0.74° 14.52+1.23
GOT (UL 26.87+5.47" 28.50+4.35
GPT (U/L)’ 9.1442.58™ 11.34+3.98
GLU (mg/dL)° 74.40+10.48™ 84.12+14.05
Pi (mg/dL)’ 6.39+1.92" 11.21+1.37
Na (mEq/L) 141.2443.17™ 142.12+42.14
K (mEq/L) 1.87+0.34" 1.02+0.37

Cl (mEq/L) 139.24+1.82™ 140.10+1.67

'Walues (means+SD of six individuals) with *superscripts in the same line are significantly different (P<0.05): HBFT-AP,
hybrid biofloc technology-aquaponics; ns, nonsignificant. *Hematocrit. *Hemoglobin. “Glutamic oxaloacetic transaminase.

>Glutamic pyruvic transaminase. ‘Glucose.

T o}FolE YA ARl dA = U HE
A712 R IEA ARdstE wekstr] 98k AF

T, 74 vAE 9 AAE 5o gRekst Fold
A e A7) FaEojor & Ao R gkt
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