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Tab. 1 Effects of different C/N ratios formed bioflocs on aquaculture water quality

¥ehrIndex X HRZH 1§ JLIEE VA
7K B Water temperature (‘C) 18.54 £2.03 18.67+1.54 19.06£1.32 18.97+2.12
pH 7.5240.36" 7.25£0.31° 7.2120.29° 7.20£0.27"
iR 4 Dissolved oxygen (mg/L) 6.02+0.14° 5.49+0.11° 5.48+0.07" 5.41+0.09"
% % Ammonia nitrogen (mg/L) 0.43+0.05° 0.15+0.04" 0.12+0.06" 0.14+0.07°
Al R £hNitrite (mg/L) 0.13+0.03" 0.03+0.01° 0.01+0.01° 0.01+0.01"
A B§Total phosphorus (mg/L) 0.65+0.17° 0.61+0.18" 0.55+0.17" 0.58+0.2"
iﬁﬁﬂ}gTransparency (cm) 19.5443.08° 14.7742.56" 12.96+2.82° 10.47+2.19°
S Bioflocs volume (ml/L) 28.88+3.11° 33.18+2.96" 55.69+5.61° 68.73+5.19°
SR B Y Total suspended matter (mg/L) 324.98+17.93" 378+23.46 580.6:40.26° 642.72437.25°
A INCuSO,i#K & Add concentration (mg/L) 1.030 1.030 1.030 1.030
M CuSO,¥K FEReal concentration (mg/L) 1.010:£0.020 1.007+0.031 1.020+0.020 1.013+0.021
JHriLJ5 CuSO 4 JZ After stress concentration (mg/L) 1.009+0.014 0.997+0.152 0.980+0.026 0.987+0.152

T RIBUE RIS N T BEAREZE(n=3), [T HHRARA A FRVNG RS FORE 7 B35 (P<0.05), MRS TR iR

RERAREP>0.05); TR

Note: Values were expressed as “mean + standard deviation” (n=3), and different lowercase letters were significant different (P<0.05).
The same lowercase letter or no letter indicates not significant (P>0.05); the same applies below
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Tab. 2 Effects of different C/N ratios formed bioflocs on growth
performance of R. lagowskii

FabrIndex SRR JIE:ES TII4H. V4
VIR Enitial body  10.05+  10.11+  10.04+ 10.10+
weight (g) 0.09 0.10 0.12 0.15
AR AKF & Final body 2071+ 33.12+ 39.58+ 40.17+
weight (g) 207" 285° 372" 244"
TAEHFE 1L Feed 1.88+ 174+ 125+ 136+
conversion ratio 0.11° 0.17° 0.12° 0.09"
5 A K # Specific 1.94+ 212+ 246+ 247+
growth rate (%) 0.08° 035" 022" 029
4 Weight gainrate  195.62+ 227.59+ 29422+ 297.72+
(%) 2037°  24.16"  30.11°  32.66°

ER : 0 90.00& 97.50+ 99.17+  90.00+
1735 % Survival rate (%) 2 50° 550" Ladb 2500
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PROTECTIVE EFFECTS OF DIFFERENT C/N RATIOS FORMED BIOFLOCS ON
ACUTE COPPER EXPOSURE OF RHYNCHOCYPRIS LAGOWSKII DYBOWSKI

2

YU Zhe"?, WU Li-Fang’, LI Liang"” and ZHU Rui"

(1. College of Life Sciences, Jilin Agricultural University Changchun, Jilin 130118, China; 2. Key Laboratory of Animal Production,
Product Quality and Security, Ministry of Education, College of Animal Sciences;
Jilin Agricultural University, Changchun 130118, China)

Abstract: This study combined BFT with waterborne copper to explore the protective effects of different C/N ratios
formed bioflocs of R. lagowskii on immunosuppression, inflammation and oxidative stress in acute copper exposure.
The results showed that with the increase of C/N ratio, the activities of antioxidation, immune enzymes and anti-inflam-
mation factor of each group increased at first and then decreased. Compared with the control group, the levels of serum
alkaline phosphatase (AKP), acid phosphatase (ACP), lysozyme (LSZ), nitric oxide synthase (NOS), complement C3,
C4 and immunoglobulin M (IgM) increased significantly in III and IV groups (P<0.05). However, there was no signi-
ficant difference in complement C3 and C4 content between III and IV groups (P>0.05). The activities of serum
catalase (CAT), ascorbic acid (ASA), superoxide dismutase (SOD), total antioxidant capacity (T-AOC), glutathione
peroxidase (GSH-PX) and glutathione reductase (GR) enzyme in III and IV groups were significantly higher than those
in the control (P<0.05), while the content of malondialdehyde (MDA) was significantly lower than that in the control
group (P<0.05). At the same time, the activities of SOD and CAT in treatment II were significantly higher than those
in the control group (P<0.05). The serum levels of tumor necrosis factor-o (TNF-a), interleukin-1  (IL-1p) and inter-
leukin-6 (IL-6) in III and IV groups were significantly lower than those in the control group (P<0.05) without signifi-
cant difference between III group and IV group (P>0.05). However, the content of interleukin-2 (IL-2) in II, III and IV
groups were significantly higher than that of the control group (P<0.05) with the highest content in group III. Overall,
these findings suggest that bioflocs can effectively enhance the activities of immune and antioxidant enzymes under
acute copper exposure when C/N=15 with the most significant effect at a 20:1 C/N ratio. Therefore, this study
provides a new idea for in-depth exploration of bioflocs, a new mitigation scheme for water environmental pollution
and biological toxicity caused by heavy metals, and a theoretical basis for promoting the healthy and stable develop-
ment of aquaculture.

Key words: Bioflocs; Copper exposure; Immunosuppression; Inflammation; Oxidative stress; Rhynchocypris lagowskii
Dybowski



