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Water Quality Change and Growth of Siberian Sturgeon (Acipenser baerii),
Basil (Ocimum basilicum) and 4 Types of Leafy Vegetables through the
Application of Auto- and Heterotrophic Microorganisms in the HBFT
Aquaponic system
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Abstract

Aquaponics is a cultivation system that combines aquaculture and agricultural hydroponics. This study
investigated water quality changes and growth of fish (siberian sturgeon) and leafy vegetables (basil and
four leafy vegetables) through the use of nitrifying autotrophic bacteria alone (Auto+CO2)and the mixed use
of heterotrophic and autotrophic microorganism (Hetero+tHBFT) in operation of aquaponic system. After
basil stocking (5-8 weeks) in EXP1, Auto+CO2 experimental groups showed rapid water quality stabilization
for about 2 weeks compared to Hetero+tHBFT groups, but the lattergroups showed significantly higher
growth of both fish and basil (P<0.05).. In EXP2 (9-12 weeks), the growth factors of fish and 4 kinds of
european lettuce cultivars in HeterotHBFT experimental groups were higher than Auto+CO, groups. In
hematological ananlysis [hematocrit (PCV, %), hemoglobin (g/dL), GOT (U/L), GPT (U/L), ALB (g/dL),
GLU (mg/dL), plasma Na, K, ClI (mEq/L) and inorganic phosphorus (mg/dL)] between two experimental
groups, all items were not significantly different at the end of the experimental period (P>0.05). This study
shows that for aquaponics water quality management, it is more effective to use it in combination with
heterotrophic bacteria rather than autotrophic bacteria alone to stabilize water quality.

Key words : Aquaponics, Basil, Lettuce cultivars, Microorganism, Siberian sturgeon.
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mm)Z, AL d¥t AE[GE(moisture), FTH
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<Table 1> Proximate and mineral composition (as-is
basis) of the experimental diets’

Composition %

Moisture 292
Crude protein 53.31
Crude lipid 9.79
Crude ash 13.42
Crude fiber 0.94
Ca 3.66
P 2.00
K 0.73
Mg 0.20
Fe 0.05
Zn 0.04
Composition ppm
Cu 24.62
Mn 46.09

'Manufactured by Cargill Agri Purina Ltd., Korea.
dglx~ o3 7|(Isan M Tech. Ltd.,
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[Fig. 1] Compartments and water flow of the

experimental design. (A) aquaponics plant
culture building (L 52 x W 1.5 m x H
04 m per bed), (B) fish rearing tanks
L 15mxWI15mxH 06 m per
tank), (C) vegetable beds injection water
flow chart, (D) vegetable beds drainage
water flow chart.

st WA Z([Fig. 2], 2k A¥E 2T 650-800
gl JHA 16mtElE FEekith Aol MM

= AR oAl Fel HATF tha 9l JAE
, &, &2 Wie §, Pt ofAllT 740-745 ¢ W
= At A Fxo WA AE
Z g2 d 24 h HASE § ofF/e] AT FHo]
FyEdom, 4= 27]  AFF(Auto+CO, T,
Hetero+HBFT ") 871 A& Fxo ztz =453
th A e WA E o{FES AEH A w

2 HEH FAE Sle 27 A Hgla, A
o

o 54 s 717
gon, A% JAF =

AL71HE AR F 5125 AA 23] AR
= APt A7 AT A 1EXPHS vk
(Ocimum ~ basilicum)ys o131, i A
2EXP2)= At AFF(Lactuca sativa) 4EF
[2-H] 2 E(ovired lettuce), |12 (fairly lettuce), ©]
Z}ll(ezabel lettuce), AFZPh(xaroma lettuce)]= A
gisto] ol ga3lth(Fig. 2. AT
28470 A7 dAlE o, JAFe A AR
B 17 HAeE FHEUY. YA F 47 ¥
e SAs Y, 549 AHS o dE

sk A4 s,

[Fig. 2] Fish and leafy vegetables used in the

experiment.  (A)  siberian  sturgeon
(Acipenser  baerii), (B) basil (Ocimum
basilicum), (C) four cultivars of european
leafy vegetables.
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HBFT-OtFot=d A|AE f =3 2 % o|dEo Mo wWE Aldz|ot Eztato] (Acipenser baerii), HIE
(Ocimum basilicum) ¥ FMF 4572 M& D F+EuEs5]

[Fig. 3] Growth measurement of basil (Ocimum
basilcum) in two experimental groups
(Auto+CO2 and Hetero+tHBFT) for 5-8
weeks. (A) Basil grown in the field for
4 weeks, (B) Whole view of basil, (C)
Separation  of  basil  for  growth
measurement, (D) The weight of basil
stem per one individual during 4 weeks
experiment period.

[Fig. 4] of four

Growth measurement
vegetables in two experimental groups
(Auto+CO2 and Hetero+tHBFT) for 9-12
weeks. (A) Four leafy vegetables grown

leafy

for 4 weeks, (B) Weighing
vegetables excluding the root part

leafy

20 AL 105 (Bacillus subtilis, B. amuloliquefaciens,

B. licheniformis, Cellumomona sp., Cellulomanas

biazotea, Pseudomonas stutzeri, P. denitrificans,
Rhodopseudomonas palustris, Nitrobacter winogradskyi
9 Nitrosomonas europaea)®] <3t AlF AlE
BFT-ST(EgeeTech, Ltd., Irvine, CA, USA) 3.8 L&
Hupze FASAL. AW AL 23

Emerenciano et al. (2017)9] ¥He uje} %o

~
EEE AR F NGRS Bo] xS
% =

=
27U AEZgxo] dAFste] YT F, pH
A FES TEEA Autot+CO, A
SHIAE 2F
(Nitrosomonas europaea, Nitrobacter winogradskyi)
o] &3%¥ AWAFE Eco-Nit (EgeeTech Ltd.,
Irvine, CA, USA) 7.6 LS AX5xo 89
i, o AT HEe] Co8 FHol ol FolH
o, A 353 FHE pH FA7F 650l8tE 8t
Agtel  weEl €O @A
Auto+CO, 7T~ 2 Hetero+tHBFT R+ A3 6+F
Bl pH 6.0 W29 gk= vebdel we} 6.0+0.2
AN FAe §A%7 98l AUZ KOH
(Samchun Ltd.,, Pyeongtack, Korea) 25 g %
Ca(OH), (Samchun Ltd., Pyeongtack, Korea) 15 g
= AEZFxel Feleke] gl

ToLo
sHE=

T S 15 63 AIsglon, F(T),
mg/L), pH, H7]HEE(electrical
conductivity, EC; gs/cm), % (Turbidity; NTU),
TAN (NH;'NH,) (mg/L), NO»N (mg/L), NOsN
(mgL) % PO,P (mgL)E F433th 42, DO,
pH, EC ¥ B+ F45%7]Ql YSI PRODSS
(YSI Inc., Yellow spring, Ohio, USA)E ©]&3}
=438tth. TAN (mgL), NO»N (mgL), NOsN
(mg/lL) 9 POsP (mgL)& A AKNitraVer X
Reagent Set 2605345-KR, Low Range Ammonia
Reagent Set 2604545-KR, NitriVer”’3 Reagent Set
2608345-KR,  PhosVer"3 Phosphater ~ Reagent,
HACH Ltd., Loveland, CO, USA)¥} thZ2 7
=747]91 DR6000 (HACH Ltd., Loveland, CO,
USA)2 ol&3to] HAaow 483tk EXPI
% EXP2 A¢ FE A39 K (mg/L), Ca (mg/L),
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Mg (mg/L), Na (mg/L), Fe (mg/L), Zn (mg/L), Mn
(mgL) ¥ Cu (mgl) ¥4 HFodsZeb=vt
T334 E=A(ICP-OES Optima 8300, Perkin Elmer
Co., Waltham, MA, USA)E °]&3t3lom, Cl
(mg/l) ¥ SO, (mgL):= ©]&AZwkE 723930
Comact IC Flex, Metrohm Co.,
Switzerland) & ©]-8-3to] #4135}t

Herisau,

24713k8] HAls IS t(Fig. 5). #A %
SRS B (C8392-100  mL,
Sigma-Aldrich Co., St. Louis, MO, USA)E ©]g-3}
o] 50 ppm =2 uFF A7) thS & 92l (Heparin

from porcine

clove oil

sodium  salt intestinal
K3333-10KU, Sigma-Aldrich., Darmstadt, Germany)
= AT 5 cc FAIE ARGkl AP 4nt
2o hAlel dhal w Aol sl
Ad dY AME F  dY(whole blood)
hemoglobin (Hb, g/dL)¥} hematocrit (PCV, %) =
Aol ARgskelar,  ol%  A4Ee]7](Centrifuge
5415 R, Eppendorf Ltd., Hamburg, Germany)®]A]
4°C, 12,000 rpm, 1027Fe] 7o) H7Aste] 4

mucosa,

(plasma)S 23 g2 glutamic
oxaloacetic transaminase (GOT; U/L), glutamic

pyruvic transaminase (GPT; U/L), albumin (ALB;
g/dL), glucose (GLU; mg/dL), inorganic phosphorus
(Pi; mg/dL), Na (mEq/L), K (mEq/L)2} CI (mEq/L)
4ol AREE ST PCVEA ol =
HAEMATOKRIT 210 (Hettich Ltd., Tuttlingen,
Germany)< ©]83tloH, Hb & e Y o4
= Ay = ARSI E(Fuji DRI-CHEM slide,
Fuji photo film co. Ltd., Tokyo, Japan)2} & <l
7](DRI-CHEM NX500 1, Fujifilm Ltd., Tokyo,
Japan)E ©]-&-3}o] F4 318l

ol

[Fig. 5] Blood analysis of siberian sturgeon in
two experimental groups (Auto+CO, and

HeterotHBFT  groups). (A) Siberian
sturgeon anesthesia operation, (B) Blood
sampling at the fish caudal arrhythmia,
(C) Blood sample collection (1.5 mL)
(D) Hematocrit analysis, (E) Hemoglobin
analysis using whole blood, (F) Blood
plasma analysis.

m. Z=t H ud
A8 T(Auto+CO, 7+, HeterotHBFTT)H 1253
AR Ao H3Re] o] A A= <Table
2>9}  Zth. HeterotHBFT A3 TolA A&
(weight gain, WG), A5 & &(feed efficiency, FE)
2 A7 AE(specific SGR)©]
Auto+CO, ATl vlal] F94 #& @S E3
O 1}(P<0.05), A=E(Survival rate)> 2 AFT 7F
2 A Q1 2ol 7F LA THP>0.05).
7 oY FHE A st 713473
AAF AFAE EXPL(5-8F) U EXP2(9-12F)2)
713t Bt £AE AR A= [Fig 6, 7, 8, 9]

growth rate,
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HBFT-OlFotz= A|AE o =3 2 % o|dEo Mo wE Aldz|ot Ezt
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o) vERg ST,

<Table 2> Growth performance of siberian sturgeon
(Acipenser  baerii) reared in  two
experimental groups (Autot+CO, and
Hetero+HBFT) for 12 weeks (EXP2)1

Culture method

Growth performance Auto+CO,  HeterotHBFT

P (AB) “(AB)
Initial average weight

44 445, 43.8+9.

of total fish (¢) 7 5.3 743.8+9.7ns
Final average weight of | ) ¢, 158 1 037.0214.5+
total fish (g)
WG (%)2 34.6+3.1 39.5+0.5%
FE (%)3 58.9+4.9 66.143.7%
SGR (%)4 0.35+0.03 0.40+0.01*
Survival rate (%)5S 100 100ns

'Values (means = SE of four replicate tank) with *
letters in the same row are significantly different
(P<0.05). ns, not significant (P>0.05).

*Weight gain (%) = [final weight (g) - initial weight (g)]
x 100 / initial weight (g).

*Feed efficiency (%) = wet weight gain (g) / dry feed
intake x 100.

“Specific growth rate (%/d) = (Ln final weight (g) -
initial weight (g)) / experimental days x 100.

Survival rate (%) = final fish number / initial fish
number x 100.

HBFT-AP, hybrid biofloc technology-aquaponics.

T Y 717HE vk o] e EXPI
Ad 7179 7+ 4 FEMDO, pH, water
temperature, EC, turbidity, TAN, NO,-N, NOs-N,
POs-P)oll ofall 418 A3 270 A3 7 (Autot+CO,
-, Hetero+tHBFT-T) AlololA DO, =&, EC &

AR Ak B o, yA 63 A
E UeRSlth 259 -9 HeterotHBFTT &
%7] BFT 4 7% 28 wet g%rt 257
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of W 94 F SEREE AuorCO T fA}

201 (Acipenser baerii), HIZ

=t
Fol 4ED FTus
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[e] [e]
HeterotHBFT1+2] 7§ %7] 25
Aol A Ao} 35 AHREE A
slo] Ad 67HEl= Auto+CO, T2 FAFSE W&
£ HS Y. TAN (mg/L)9 NO,-N (mg/L)2
z7] 125 717 B9k Auto+CO,T-ollA]
HeterotHBFT7-ol| H]&} ¥ #g H o}, A3
3F AlFele W #e UEhiSith AE 4%‘—
Aol Al Auto+CO, 2] TANE Tﬂr'\] &3kl
Hetero+HBFT-2] TAN: A3 33:HEH 55
 1.0-2.5 mg/Le WHelelA tha S7hs b
7t A3 67T FHE AutotCO 78 2ol A
7] AlEeRel Auto+CO, 7] NO»N+=
Hetero+tHBFTT-o H|&] 25+ H % 0.1 mg/L 016}
e gt sl 7Igke] dEHA, A 5T
AANAE 2 AP 25 01 mgL °l3t #t<s
FA 89 NO»-N (mg/L)2 POsP (mg/L)2l
% Auto+CO, 77} Hetero+tHBFT-1-°] H]3f A3 %
71H AY 677 = = #e el e,
O] F B frAbs W9 e BIlTh
FHA AFE 435S 423 Exp2 AE 7|z
o] Z+ 3 ¥E(DO, pH, water temperature, EC,
turbidity, TAN, NOx-N, NOs-N 4! PO,-P)ol| tfs]
A% A, 270 28] (Auto+CO, T,
Hetero+HBFT1-) AlolellA]  AAZ}FEQ]  TAN,
NO»N % NO+-NE A|9J% 635 A A
S Hlth DO A5E 14 2(Auto+CO T 29.
1C, Hetero+tHBFTT- 29.27C)Y A &of uwpet 9
o vlal 1257 A3, 53] HeterotHBFT- T
o] Fa Fol ESk=dl, oY E ol e F5HIY
AlRtel 38 E%F°] AutotCO -9 ¢-Hshd A
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7.30 5.50
1 2 3 a 5 6 7 8 1 2 3 4 5 6 7 8
~—
g 0 440 1 =
- = Auto=C02-A ——AUt0+002-A = ]
¢ 28.0 A AUto+CO2-B 300 4 ——ALTO+C02-B 2
2 370 4 Heter o+HBFT-A A — Heter o+ HBFT-A
o : = E 340 T
2 Hetero+HEFT-8 I g Hetero+HBFT-B :
] y P -
£ 260 / £ 290
g 250 1 4 —{ 5 240 A +
]
m b
= 240 / 190 < . L Basil transplantwesk
T
23.0 Fad 140
1 2 3 3 5 6 7 8 1 2 3 a4 5 6 7 8
a5 . Weeks
a5 g AL0+CO2-A
5 75 - L T —a—AL0+C02-B
E 65 4 Hetero=HBFT-A
— Hetero+HBFT-B
= 551
T 45
e
E} 3.5 ] Basil transplantweek
= 25 7 -
1.5 - L % = B .
0.5 — = b3 e &
1 2 3 a 5 6 7 8
Weeks

[Fig. 6] Change of water quality (DO; dissolved oxygen, pH, water temperature, EC; electric conductivity
and turbidity) in two experimental groups (Auto+CO, and Hetero+HBFT) for 1-8 weeks.

37 4
6.10 ——— Ao+ C02-A F 3 —a— AUto+(02-A
—e—Auto+C02-B il . 32 —a— AUto+(02-B
- 310 Heter o+HBFT-A ] 5 271 Heter o-HBFT-A
o 410 Hetero+HBFT-8 £, ] Heter o+HBFT-B
£ 3.10 =z
= T F Om 17
=
= 210 I ~1 Z 1
1.10 l)/u/ 7 4
0.10 L i 2 - Es
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
— ALTO+C02-A ——ALto=C02-4 ¥ .
. 1210 T —a—ALTO+C02-B 1250 g pvio=C02-B A—
f;n HeterosHBFT-A i‘ﬁ Heter o+HBFT-A
£ 0510 : Heter o+ HBFT-B g 9501 Heter o+HBFT-8
=z o
W 0.610 J[ L 650
(o] Basil transplantwesk o
=z &
0.310 3.50
-
0.010 — — 050 1—=
1 2 3 a 5 6 7 8 1 2 3 a 5 6 7 8
Weeks Weeks

[Fig. 7] Change of water quality (TAN; total ammonium nitrogen, NO»-N, NO;-N and POs-P) in two
experimental groups (Auto+CO, and Hetero+tHBFT) for 1-8 weeks.
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<Table 3> Growth of basil (Ocimum basilcum) in two experimental groups (Auto+CO2 and Hetero+HBFT)

for 5-8 weeks. (EXP1)'

Species (No. 40) Growth factor

Culture methode

Auto+CO2-(A,B) Hetero+HBFT-(A,B)

Basil

(Ocimum  basilicum)

Root weight(g) 57.4+0.5 59.1£0.7ns
Stem weight(g) 25.9+0.4 27.240.1%*

Leaf No. 98.3+0.2 102.9£0.1*
Leaf weight(g) 95.0+1.6 102.7+1.0*

'Walues (means + SD of 40 basil No. per each of experimental groups) with * letters in the same row are
significantly different (P<0.05). ns, not significant (P>0.05).

Auto+CO, 79} Hetero+tHBFT1olA  5-85%¢F
(EXP1)S] wpd AYAF A= <Table 3> % [Fig.
10]9} Zth. <Table 3>9 AnE A¥rw, npd
o] AAH L HeterotHBFT-T-7} Auto+CO,7-oll H]
3 Sz atAl e

Mz S3HAY. =3 Auto+CO, 7 Heterot+
HBFTol A 9-12F3HEXP2) AuEl #-HAF 43
F 4%F O A¥E  HeterotHBFTT7}F
Auto+CO, 7ol Bl Aol Sz stA JErsTh

(<Table 4>, [Fig. 11]).

[Fig. 10] Growth of basil (Ocimum basilcum) in
two experimental groups (Autot+CO,
and Hetero+tHBFT) for 5-8 weeks. (A)
Ist week, (B) 2nd week, (C) 4th week,
(D) Weight measurement of basil leaf
per one individual

Hetero+tHBFT7-ollA] A3t wlde A5
7} REE 1070 F 4070 A AER S 5
A Ay Ht 102.741.0 g0] R0, Auto+CO, T
v 95016 go®  YERHTE  dFolM=
Hetero+HBET+ 102.9+0.17H, Auto+CO,7- 98.3+0.2

M rlo

[Fig. 11] Growth of four leafy vegetables in
two experimental groups (Auto+CO,
and Hetero+tHBFT) for 9-12 weeks.
(A) and (B) 1st week, (C) and (D)
4th week.

7t F59 AYTG 142047 YA A
A8 5687MAIZE AiE SIS 477 A
HeterotHBFT 7"+ 4%% A {53 98,791 ¢
0]21al, Auto+CO,T-= 88,471 golqlch. el F-A
+ HeterotHBFT7& 11,713 g, Auto+CO, 7"

11,340 g2 Yeh fARE FAE Bt zh
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T fairly lettuce (29,897 g), ezabel lettuce (22,105 — A&o] Gxl7F2o Aol 4 ff}a " Auto+CO, T+
g), xaroma lettuce (21,097 g), ovired lettuce (15,372 XU} Aol & 7o 7 o

Ol-ﬂ _WI

g) A2 Aol #w<om HeterotHBFT - A& 7]ZHEXP1, EXP2) 0& Auto+CO, T2}
fairly lettuce (32,884 g), xaroma lettuce (24,080 g),  Hetero+tHBFT A= 9G¥ (Na, Mg, K, Ca,
ezabel lettuce (22,986 g), ovired lettuce (18,841 g) SO,4, Cl, Fe, Zn, Mn % Cu) 4 A3+ [Fig
sA 7 o] gFEqity F AP BF faply 12, 13]0] JERAQIH

lettuce”} 2 713t 7 QEFol Bol Tl theF 45 A (macro nutrient) 6% 5 Auto+CO27T
3L, ovired lettuce”t F TS 2= 3EH 4 9 HeterotHBFTT-9] AMGF Ul K 3 Cadl %
&S Bk = AR AL EXP2 71ZH9-125)°]  EXPl 7|

WA AEeA AFFol A ofFolxE A 58Tl vl A FHol Frfstalowr, ol
AT obellA JATF Aol A Al vl sk olfr= pH 6.0 WSl WHAE FASH H1E
oA o= olf= AEAF F% ulAdE KOH Y CaOH)E 2 A¥ ol A&Hoz F9]
(PGPM, plant growth promoting microbes)®] &&= & A} AR ET K& A& A7 B 2
A ¥ QltK(Yep and Zheng, 2019; Zou et al, Q3 9&& st= B¢ JUAR A E AE Alo]
2016; Bartelme et al, 2018). & AP o AF Ag W Gl AREEH, e U,
HeterotHBFT ol &= 7] F80AE 1057 7] ag g 2 e gy RS
A Alke] Aol wheh vekdt mjAEe] W gteto] A 2T ¢ vk A Al AES

Ry

= X - =2 o

<Table 4> Growth of four leafy vegetables in two experimental groups (Auto+CO2 and Hetero+HBFT) for
9-12 weeks (EXP2)'

Culture method Growth factor

Auto+CO2-(A.B) Individual  Initial mean leaf weight (g) Total weight Root weight Leaf weight

No. (No. = 30 individuals) (2) () ()

Ovired lettuce 142 2.72+0.32 18,257 2,885 15,372
Fairly lettuce 142 2.84+0.28 32,924 3,027 29,897
Ezabel lettuce 142 2.16+0.14 24,839 2,734 22,105
Xaroma lettuce 142 2.69+0.37 23,792 2,695 21,097

Sum 568 99,811 11,340 88,471

Hetero+HBFT-(A,B) Ind;\;(i)(.iual h]jt(i;lo‘mjagloleiizi \;\1&:1152}111'[5 )(g) Total( ;};feight Root(geight Leaf(;v)eight

Ovired lettuce 142 2.86+0.27 21,856 3,016 18,841
Fairly lettuce 142 2.77+0.19 35,948 3,064 32,884
Ezabel lettuce 142 2.14+0.11 25,923 2,938 22,986
Xaroma lettuce 142 2.724+0.26 26,776 2,695 24,080

Sum 568 110,504 11,713 98,791
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[Fig. 12] Macro and micro nutrient concentrations
in two experimental groups (Auto+CO,
and HeterotHBFT) at the end of EXPI
(5-8 weeks). Values (means + SD for
two replicates of experimental groups)
with * letters are significantly different
(P<0.05). ns, not significant (P>0.05).
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[Fig. 13] Macro and micro nutrient concentrations
in two experimental groups (Auto+CO,
and HeterotHBFT) at the end of EXP2
(9-12 weeks). Values (means = SD for
two replicates of experimental groups)
with * letters are significantly different
(P<0.05). ns, not significant (P>0.05).
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T oA AT Fe 9 Mn v
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T

< Fole AYA &t e AeE H 2019a,b; Lee and Kim, 2021; Lee, 2021). A 7}4o]
Sl tHMaucieri et al., 2019). = A 27F0] Ml Zo®E HIEI 9o
Auto+CO, 79} HeterotHBFTT-2] Al¥lglel & m, o] & = F FF0 Adlgol Hdoid

el AP"*‘f’ﬂ(l-lz?) T8 5, 24270 A5 WiE pevel HbY FHdE FAHE 20-30 % U
AAS Wy T FAs BAF A= <Table  3.5-11 g/dLZ Hal¥ 3l 91 ©™(Docan et al., 2011;
5>¢} Zz]":]' Gorjipour, 2014), =3+ Lee et al, (2012)= Y3k
FUSE ofFotx A AAE A W F&HA ofd} WA ow ARSE AEEl FRAtoo] A
B THE 2Est] ARSE Aldlglol A dele]  PCVSE HbY FXA = 2544167 % H 11.4+0.56
galsta Aol dAAl Aol yehdA 3t gdl el S Buskelth dAAl ofFelx
o} 28y pH 6.0 H9 UelA 9F ofFol  YiolA AMgHE AlM|glol HiPdolE oA A5
FYzolA ARgE w7, WAgo]l Eovdkole] gk Aldg|ol W A"lEl FiHde] e PCVE Hbol
A g A A At A8 B2 Pev (%) HIEl tha we FAE Hola SlEd, olw
S} Hb (g/dL)x= pH 6.5 o132 F524 2 32 offi= obA AW u}e} 2] pH 6.0 ¥ A
WAl A okAlE Aol vlEl] wS FAE RS pHolA AHKHOE AMGE Ao upeh Abh
o, PCvel HbO F FES T2 oA U At wF 5EE Fo)7] S #% e A-gd A7
SRbs I goketd My ddte] Hi AEE 2 Alrdd
H®] B4 A pH FElelA olE o7 A

<Table 5> Hematological analysis of siberian sturgeon in two experimental groups (Auto+CO, and
Hetero+HBFT) at the end of experimental trial (1-12 weeks)'

Culture method

Blood parameters

(No. —4 fish) Auto+CO-A Auto+CO,-B Hetro+HBFT-A Hetro+HBFT-B
PCV (%) 30.4+1.2% 312428 30.843.1 32.6£2.6
Hb (g/dL)’ 13.8+1.5™ 14.142.1 12.740.9 13.6£1.8
GOT (UL)* 438.4+57.4™ 462.7+62.7 482.4+49.8 47734714
GPT (UNY’ 132.4+16.2" 128.3+11.8 125.349.6 142.6421.4
ALB (g/dL)’ 0.84+0.05™ 0.87£0.06 0.810.03 0.85+0.05
GLU (mg/dL)’ 67.4+4.6™ 68.643.2 65.6£3.9 64.3+4.5
Pi (mg/dL)* 11.740.2" 11.9+0.5 12,3414 11.5+0.8
Na (mEq/L) 134342.1™ 1372432 136.4+6.4 136.744.5
K (mEq/L) 34+0.5™ 31202 3309 32405
Cl (mEq/L) 92.842.7" 90.5+1.4 923424 914422

'"Values represent means+SD of four siberian sturgeon fish. *Hematocrit. 3Hemoglobin. *Glutamic
SGlutamic pyruvic transaminase.

oxaloacetic transaminase.

SAlbumin. ’Glucose. “Inorganic phosphorus.
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