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1. Experimental Design 

Three hundred and sixty of juvenile groupers with initial average weight of 11.00±0.12 g 

was randomly allocated to 12 glass fiber plastic barrels (0.5m3) with 30 groupers each. Four 

treatment diets were prepared by adding55 ppm Zn equivalent of zinc sulfate (ZnSO4), zinc 

hydroxy sulfate (Zn4(OH)6SO4), zinc glycine chelate (Zn-Gly) or zinc hydroxy methionine 

analogue chelate (Zn-MHA) to a basal diet formulated based on Zn requirement of E. coioides. 

(Samples are supplied by Xingjia Bio-Engineering Co., Ltd ) The actual total Zn content of 4 

treatment diets were 118.85, 116.92, 120.66 and 119.23 mg/kg, respectively. Each treatment diet 

was fed to 3 barrels for 8 weeks. 

2. Results 

Table 1. Effect of supplemented Zinc forms on growth performances in juvenile hybrid grouper 
(Epinephelus fuscoguttatus♀×E. lanceolatu♂) 

Treatment WGR (%) SGR (%/d) FCR SR 

ZnSO4 361.86±40.21a 2.89±0.08a 1.27±0.31b 93.33±0.00 

Zn4(OH)6SO4 453.83±23.12b 3.17±0.09b 0.90±0.04a 90.00±0.00 

Zn-Gly 440.51±11.02b 3.13±0.08b 0.96±0.07a 90.00±0.00 

Zn-MHA 474.87±32.95b 3.20±0.10b 0.87±0.03a 96.67±3.36 

Note: values in the column with different superscripts mean significant difference (P<0.05). 
 

  



 

 

Table 2. Effect of supplemented Zinc forms on MDA content and enzymatic activity in liver in juvenile 
hybrid grouper (Epinephelus fuscoguttatus♀×E. lanceolatu♂) 

Treatment 
MDA 

(nmol/mg 
proten) 

Mn-SOD 
(U/mg protein) 

CuZn-SOD 
(U/mg protein) 

Total SOD 
(U/mg protein) 

ZnSO4 24.51±2.95b 68.83±5.49a 149.69±7.27a 217.53±4.79a 

Zn4(OH)6SO4 22.84±3.97b 83.48±5.58b 179.47±2.47b 255.31±13.71b 

Zn-Gly 13.64±2.00a 86.67±17.33b 167.51±16.25b 247.09±3.12b 

Zn-MHA 11.23±1.84a 67.61±8.11a 195.85±11.21c 260.83±3.06c 

Note: values in the column with different superscripts mean significant difference (P<0.05). 
 

Table 3. Effect of supplemented Zinc forms on histomorphology of the foregut in juvenile hybrid grouper 
(Epinephelus fuscoguttatus♀×E. lanceolatu♂) 

Treatment Plica height Plica width Muscle thickness 

ZnSO4 365.00±1.43a 61.44±5.75 113.17±4.80a 

Zn4(OH)6SO4 603.17±71.73b 59.88±4.40 148.97±8.76b 

Zn-Gly 545.90±16.57b 64.20±2.26 113.45±15.13a 

Zn-MHA 557.99±40.88b 64.19±4.26 124.88±2.75a 

Note: values in the column with different superscripts mean significant difference (P<0.05). 
 

3. Conclusions 

Compared with ZnSO4, Zn4(OH)6SO4 significantly improved the growth performance and 

SOD activity in the liver of the juvenile groupers; Zn-Gly and Zn-MHA significantly improved 

the growth performance of the juvenile groupers, reduced the content of malondialdehyde in the 

liver, increased the height of the foregut folds and promoted the intestinal development. The 

bioavailability of Zn4(OH)6SO4, Zn-Gly and Zn-MHA relative to ZnSo4 were 119, 118 and 122%, 

respectively, for weight gain ratio (WGR), and were 111, 114 and 131%, respectively, for CuZn-

SOD activity. In overall, Zn-MHA is the best Zn source among the four forms of zinc in 

promoting growth, feed conversion and survival rate, therefore, is high beneficial in aquaculture. 


