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184.85 mg/kg"*! 20 , (131 , ,
L16(4%) (4.9~18.6 g) @ 0.5~1.0 mm ,—20C
Zn 20 mg/kg 1.2
) 2 )
Z/n ,
Zn 12 (500L) |,
, , 4
Zn , [ (3.6+0.1) ¢] 21
, 40 7
1 3 , 7 , 3
(8:30~9:30, 12:30~13:30, 16:30~17:30),
1.1 8 1,
- ( 1/3 12
, 1:1) ; 25~32°C, pH 7.1~7.3,
(ZnSO4-7TH,0)  Zn 50mg/L 0.5 mg/L, Zn
7 , 1.4~1.7 pg/L,
1, Zn 0 10 mg/kg 1.3
20 mg/kg 40 mg/kg 80 mg/kg 160 mg/kg 320 , 24 h,

mg/kg (ZnSO4 7H,0
) Zn
7.4 mg/kg 20.3 mg/kg 32.1 mg/kg 51.0 mg/kg

(initial body weight, IBW)
(final body weight, FBW)
(weight gain rate, WGR)

B

84.4 mg/kg 169.7 mg/kg 332.4 mg/kg (survival rate, SR)
0.246 mm , , (feed conversion
F1 EMANEAREEREFEN(TE)
Tab.1 Formulation and proximate analysis of the basal diet (on dry weight basis) %
ingredient content proximate composition
casein 32 moisture 9.7
glutin 8 crude protein 31.0
dextrine 36 crude lipid 7.9
corn oil 3.5 ash 2.9
soybean oil 3.5
choline chloride 0.25
Y vitamin premix" 1
? mineral premix” 5
micro-cellulose 10.75
1) (U  mgkg' ) A 4500 IU; D 1000 1U; E 100; Ks5; B, 10; B,
20; B¢ 10; B, 0.05; 25; C 400; 100; 5; 1; 500. 2)

[14]
P

Note: 1) Vitamin premix (IU or mg~kg’1 dry diet): vitamin A 4500 IU; vitamin D 1000 IU; vitamin E 100; vitamin K; 5; thiamine 10; ribofla-
vin 20; pyridoxine 10; cyanocobalamin 0.05; Niacin 25; vitamin C 400; calcium pantothenate 100; folic acid 5; biotin 1; inositol 500. 2) Mineral

[14

premix refers to Literature!"! without Zn.



6 1169
rate, FCR); 5 , , P<0.05
[15]; )
3 , 2.1 Zn
(condition factor, CF); , 4°C
2 h, 3000 r/min 10 min, 12 , 7Zn
Sysmex (Chemix-800)
(albumin, ALB) (total protein, TP) ,
(alkaline phosphatase, ALP)
(urea nitrogen, BUN) Zn ,
(high density lipoprotein cholesterol, HDLC) ( 2
(total cholesterol, TCHO) Zn 32.1 mg/kg
(triglyceride, TG) ; 3 Zn
. , (hepa- , Zn 32.1 mgkg
tosomatic index, HSI) (viscerosomatic
index, VSI), -80°C , Zn
(superoxide dis- (P>0.05) Zn ,
mutase, SOD) (catalase, CAT) ,
(malonaldehyde, MDA) 169.7 mg/kg (P<0.05)
(P<0.05),
(P>0.05) ,
14 100%, (P>0.05)
+ , SPSS Zn
18.0 One-Way ANOVA R , 7Zn
Tukey’s 32.6 mg/kg( 1)

F2 BIRATE zn FE2EARMEA LG E 12 BEKEEFIKER
Tab.2 Weight gain, feed efficiency and body indices of blunt snout bream, Megalobrama amblycephala fed different Zn diets
for 12 weeks

/(mg-kg™") dietary zinc level

item
7.4 20.3 32.1 51.0 84.4 169.7 332.4

/g IBW 3.6+0.0° 3.6+0.0° 3.6+0.0° 3.6+0.1° 3.7+0.0° 3.7+0.0° 3.6+0.1°

/g FBW 21.240.4° 23.1+0.4° 26.0+1.3° 25.7+0.9° 26.7+0.2° 26.7+0.2° 26.6+1.2°
/% WGR 485.2423.6°  545.4+17.7°  624.9+26.8°  609.9+35.0°  605.7+11.7°  630.248.4°  637.7+24.3°

/g FT 21.7+1.2° 23.7+1.2% 28.142.3° 27.9+1.2¢ 27.3+1.5% 27.3+0.6" 28.0+0.7°

FCR 1.2+0.0° 1.2+0.0° 1.3+0.0° 1.2+0.1° 1.240.0° 1.2+0.0° 1.2+0.0°

/(% -d"") SGR 2.1+0.0° 2.240.0° 2.3+0.0° 2.3+0.1° 2.340.0° 2.4+0.0° 2.4+0.0°

/(g:cm™®) CF 1.90.1%° 1.940.1%® 1.9+0.1% 1.940.2% 1.9+0.1% 2.0+0.1° 1.8+0.1°

/% HSI 1.4+0.2° 1.2+0.2% 1.1£0.2%° 1.00.3% 1.0£0.1% 0.8+0.1° 1.0+0.1%

/% VSI 7.1+0.8 7.6+1.8 7.1%1.2 7.4+1.7 7.240.8 7.3+1.2 7.5+1.4

(P>0.05, Tukey’s ); , (P<0.05).

Note: Values in the same line sharing a same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and values

with different letters are significantly different (£<0.05).
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250 169.7 mg/k 7.4 mg/k
241 / o y=235 . . g/kg . gkg

[ ] .
231 T e * Zn
a5} L4
S E 221
> = 51.0 mg/k
< g2l $=00104 x (x-32.6) +2.35 ’ ge
¥ 820t #=09297 Zn Zn
w2 1or 47.6 mg/kg Zn
g 181 - ol ’ O merke
# 2 9L x=32.6 mg-kg 7n ( 2)
1.6 -
1‘5 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 160
Bk Zn fiA(mgke™) 140 * y=1287
dietary Zn level —~F 3 ° ]
Tcn_g 120 ° °
e =
=% 1 H
1 Zn ﬂﬂ?ﬂ/ Lé 00
Fig. 1 Broken-line analysis of the relationship between die- {E é 807 y= 0.86126 x (x—47.6) + 128.7
Q =
tary Zn level and specific growth rate of blunt snout bream, N‘ ‘g 60 r=0.9695
Megalobrama amblycephala 2‘; = 40
N x=47.6 mgkg™"
20+
2_2 Zn 0 1 1 1 1 I )
0 50 100 150 200 250 300 350
Zn Tk Zn A B /(mg kg ™)
dietary Zn level
¢ 3)
(P>0.05), Zn Zn 2 7Zn 7n
(P<0.05) 7.4mg/kg 332.4 mg/kg
(P<0.05), Fig. 2 Broken-line analysis of the relationship between die-

(P>0.05) 20.3 mgkg

BRA

&3 HRAE Zn

tary Zn level and fish Zn content of blunt snout bream, Mega-
lobrama amblycephala

# 12 F K4 & KRR 5 A

Tab.3 Proximate composition of blunt snout bream, Megalobrama amblycephala fed different Zn diets for 12 weeks

item Zn /(mg-kg™") dietary zinc level
7.4 20.3 32.1 51.0 84.4 169.7 332.4
/% moisture 73.3+1.0°  70.5+0.4° 70.3+0.4° 70.3+0.3° 70.7+0.2° 70.4+0.7° 70.3+1.8°
/%  crude lipid 6.8+0.3" 7.60.1° 7.6%0.3° 7.840.1° 7.840.1° 7.840.2° 6.7£0.2°
/% ash 3.7+0.2° 4.0£0.1° 3.9+0.1*° 4.0£0.2* 3.9+0.1% 4.0£0.2° 4.0£0.1*
/% crude protein 14.4+0.7° 16.8+0.2° 17.0+0.4° 16.7+0.3° 16.4+0.5° 16.7+0.8° 16.3+0.6°
Zn/(ng-g ") whole body zinc 94.8+2.9°  105.0+2.0°  113.9+2.4°  132.1+3.5°  128.3+3.3°  125.9+3.6° 128.1+5.1°
(P>0.05, Tukey’s ); s (P<0.05).

Note: Values in the same line sharing a same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and values

with different letters are significantly different (£<0.05).

2.3 Zn
Zn R
, =51.0 mg/kg <
32.1 mg/kg (P<0.05)( 4)
(P>0.05)
24

/n

(P>0.05),
(P<0.05)( 5)
20.3 mg/kg , (P<0.05);
32.1 mg/kg  169.7 mg/kg 7.4 mg/kg
(P<0.05)
2.5 Zn
Zn

(P>0.05),
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(P<0.05)( 6) , ,
,  51.0 mg/kg 51.0 mgkg (P<0.05) Zn
, 7.4 mg/kg 169.7 mgkg 332.4 mgkg , ,
(P<0.05) ,  51.0 mg/kg
, (P<0.05) 169.7 mg/kg (P<0.05)

x4 HBRBELRRE zZn FEER 12 AALGHRIMENIERSE
Tab.4 Some hepatic antioxidant indices of blunt snout bream, Megalobrama amblycephala fed different Zn diets for 12 weeks

) Zn /(mg-kg™") dietary zinc level
1item
7.4 20.3 32.1 51.0 84.4 169.7 332.4
/[nmol-(mgprot) '] MDA 8.6+0.4°  9.0+0.7° 9.4+0.9° 4.2+0.7° 5.2+0.6° 4.8+0.4° 5.3+0.1°
/[U-(mgprot) '] CAT 25.7¢1.6  26.9%1.7 26.2+1.7 25.240.4 24.9+0.2 25.9+1.6 24.9+0.2
/[U-(mgprot) '] SOD  14.5£1.2  14.4+13 13.1£0.9 15.0£1.4 14.5+1.6 14.7£0.5 14.2+1.12
(P>0.05, Tukey’s ); , (P<0.05).

Note: Values in the same line sharing a same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and values
with different letters are significantly different (£<0.05).

x5 HBRAE Zn TR 12 B F k80575705 E# B LR BT IS B B & 14
Tab. 5 Activities of amylase in serum and liver, and hepatic lipase of blunt snout bream, Megalobrama amblycephala fed
different Zn diets for 12 weeks

/(mg-kg™") dietary zinc level

item
7.4 20.3 32.1 51.0 84.4 169.7 332.4
/[U - (gprot) '] hepatic amylase  0.47+0.0°  0.51+0.01°  0.48+0.02%° 0.48+0.01°® 0.43£0.05*  0.46+0.02°" 0.36+0.04°
/(U-L") serum amylase 784.6+14.1 786.9+12.0 790.4+13.5 792.3+6.4  789.9+6.7  793.5+2.6  793.9+3.3
/[U-(gprot) '] hepatic lipase ~ 147.2423.1* 243.8425.5° 200.6+22.0° 184.1+6.9%° 183.2+1.7%° 191.5+11.7° 187.1+12.9®
(P>0.05, Tukey’s ); s (P<0.05).

Note: Values in the same line sharing a same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and values
with different letters are significantly different (£<0.05).

*6 H/IRAE zZn FEER 12 AALGHH) MBENEREE

Tab. 6 Some serum biochemical indices of blunt snout bream, Megalobrama amblycephala fed different Zn diets for 12 weeks

item Zn /(mg-kg ") dietary zinc level
7.4 20.3 32.1 51.0 84.4 169.7 332.4
/(mmol-L™") ALB 3.3+0.6 3.740.6 4.0+1.4 4.0+1.0 43+1.2 4.5+0.7 3.7+1.2
/(mmol-L™") TP 20.0£1.7°  29.0+1.0°  28.5+2.1%°  31.3+42° 237415 17.5+0.7° 18.0+1.4°
/(IU'-mL™") ALP 116.7£16.0  124.745.0  112.5£9.2  122.7+15.4 112.3+5.5  108.0+1.4  117.3£12.0
/(mmol-L ") BUN 23.9+0.7° 17.4+0.4° 17.1£0.9%  16.9+0.5*  17.1£0.3° 17.1£0.0%  22.0+£2.1%
/(mmol-L™") HDLC ~ 2.4+0.2° 2.0£0.2"° 2.1x0.2* 2.2+0.1° 2.1£0.1%° 1.70.1% 2.10.1%
/(mmol-L™") TCHO 7.6+0.4° 9.7+0.0° 9.2+0.4° 9.5+0.6" 9.1+0.4° 9.3+0.8" 9.3+0.1°
/(mmol-L™") TG 10.3+1.3* 8.1+0.0° 6.6+0.5° 7.4+0.4° 6.2+0.2° 4.140.1° 6.6+0.7°
(P>0.05, Tukey’s ); s (P<0.05).

Note: Values in the same line sharing a same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and values
with different letters are significantly different (£<0.05).

7Zn ,
3.1 Zn 7n /n
Zn s

7o 0617 Z[18] (Oreochromis aureus)!"”
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Zn (320 mg/kg, , Zn
Zn 332.4 mg/kg) ,
’ ’ ’ (1]
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(211 7n , (Haliotis discus hannai Ino)
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Zn Zn , (Rachycentron canadum)
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(50 g) (184.85~190.39  Zn , (1]
mg/kg) ( i fim =",
) , (Scophthatmus maximus)®*!
Antony Jesu Prabhu % 37 Zn Zn Zn ,
> Zn
Zn (321 Zn
, Zn ; 7Zn
3 3170
20.5% , 33 Zn
Zn , Zn , Zn
7n [23-24] ’ ’
Zn [33] Hidalgo 1341 Zn,
: SOD  CAT Luo !
Zn Zn Zn , SOD
, fili(5~10 mg/kg)" , MDA (3] Zn
(17.12~20.86 mg/kg)"” (15~30 mgkg)" (Cyprinus carpio var. jian)
(Sciaenops ocellatus) (20~25 mg/kg)[zs] MDA SOD
(30 mg/kg)!"'®! , CAT 1351 Zn
(53.2~87.6 mg/kg)"! (Lateolabrax ja- Zn Cu-Zn
ponicus)  (102.9~103.4 mg/kg)*®! SOD,
/n , MDA

Zn
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, Zn
CAT SOD ,
CAT (ALP) Zn
Zn (7.4 mg/kg) ,
34 Zn s ,
Zn ,
7n [22]
[36] 7n [6]
Zn (Oncorhynchus mykiss)[40] [t [30)
b b Zn
20.3 mg/kg 32.1 mg/kg 169.7 mg/kg (P>0.05)
7n [37]
Zn(0~91 mg/kg) ,
Zn , Zn (74 mg/kg)
/n ALP
Zn
[35] 4
35 Zn , Zn
2 B > Zn >
R /n Zn
, Zn , Zn
381 32.6 mg/kg 47.6 mg/kg
Zn &%k
[1] National Research Council (NRC). Nutrient Requirements of
Zn Fish and Shrimp[M]//Minerals. Washington, D C: National
Zn Academy Press, 2011: 176.
[2] Maage A, Julshamn K. Assessment of zinc status in juvenile
Atlantic salmon (Salmo salar) by measurement of whole
’ (39] ’ body and tissue levels of zinc[J]. Aquaculture, 1993,
i 117(1-2): 179-191.
s [3] Kuz’mina V V. The influence of zinc and copper on the
s , latency period for feeding and the food uptake in common
carp, Cyprinus carpio L.[J]. Aquat Toxicol, 2011, 102(1-2):
[38] 7n 73-78.

7n

[4] Bervoets L, Knaepkens G, Eens M, et al. Fish community
responses to metal pollution[J]. Environ Pollut, 2005, 138(2):
338-349.
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Effects of dietary zinc on growth, serum biochemical indices, and an-
tioxidant responses in juvenile blunt snout bream, Megalobrama am-
blycephala

JIANG Ming" %, HUANG Feng', WEN Hua', WANG Weimin”, WU Fan', LIU Wei', TIAN Juan"?,
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Abstract: Zinc (Zn) is an essential trace element in fish. It functions as a cofactor in several enzyme systems and is
involved in many important physiological processes, including improved growth and development, immune function,
and defense against free radicals. Signs of impaired growth, increased mortality, cataracts, short body dwarfism, and
low tissue Zn may occur in fish fed a Zn-deficient diet. In contrast, excessive dietary Zn can negatively affect the nutri-
tional status of other elements, such as iron, cadmium, and magnesium. Therefore, it is necessary to ensure minimal
dietary levels to meet the requirement and be certain that levels do not exceed the maximal limits, which can affect
growth and other responses in fish. Blunt snout bream (Megalobrama amblycephala) is in the Cyprinidae family, which
is one of the largest fish families in the world. Production of cyprinids reached about 0.71 million tons in 2011, which is
the seventh most freshwater-cultured fish species in China (Bureau of Fisheries of the Ministry of Agriculture , China,
2012). The blunt snout bream has become an important and popular freshwater species. The dietary zinc requirement
forblunt snout bream is reportedly 20—184 mg/kg. We conducted a 12-week growth experiment to quantify the optimum
dietary Zn requirement of juvenile blunt snout bream and evaluated its effects on antioxidant responses in this species.
Seven experimental diets were formulated to contain graded levels of Zn (7.4 mg/kg, 20.3 mg/kg, 32.1 mg/kg,
51.0 mg/kg, 84.4 mg/kg, 169.7 mg/kg, and 332.4 mg/kg diet, supplied as ZnSO,7H,0. Casein and gelatin were used as
dietary protein sources). Each diet was assigned to three replicate groups of 40 fish [initial body weight, (3.6+0.1) g]
cultured in 500-L aquaria (=0.9 m, #=0.75 m). The results showed that the rate of weight gain increased linearly with
the increase in dietary Zn level, then remained nearly unchanged in the high Zn treatment groups (=32.1 mg/kg). Spe-

cific growth rate and fish Zn content showed a similar tendency with rate of weight gain. Whole body moisture content
of blunt snout bream decreased significantly in the supplemented groups compared to that in the un-supplemented
group (P<0.05), whereas whole body crude protein content increased significantly in the supplemented groups com-
pared to that in the un-supplemented group (P<0.05). No significant difference was observed in the food conversion rate
among the treatments (P>0.05). The serum chemistry analysis showed that dietary Zn had significant effects on contents
of total protein, urea nitrogen, high density lipoprotein cholesterol, total cholesterol, and triglycerides (P<0.05), but no
effect on albumin content or alkaline phosphatase activity (P>0.05). Hepatic malondialdehyde content decreased sig-
nificantly (P<0.05), whereas superoxide dismutase and catalase remained unchanged with increases in the dietary Zn
supplement rate (P>0.05). A broken-line regression analysis showed that the optimum dietary Zn requirement of blunt
snout bream was 32.6 mg/kg for maximum growth and 47.6 mg/kg for maximum fish Zn concentration. These results
increase our knowledge of the zinc requirement in blunt snout bream to enhance the feed quality and discover the versa-
tile functions of Zn in blunt snout bream.
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