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饲料脂肪水平对杂交鲟幼鱼生长、饲料消化率、抗氧化水平和

肌肉脂肪酸组成的影响

邢    薇1    郁欢欢1    于凤祥2    刘    洋2    李铁梁1    马志宏1    姜    娜1    罗    琳1

(1. 渔业生物技术北京市重点实验室, 北京市水产科学研究所, 北京 100068; 2. 北京京朝花园农业发展中心, 北京 100018)

摘要: 研究旨在探究饲料中不同脂肪水平对西伯利亚杂交鲟(Acipenser baerii Brandt ♀ × A. schrenckii Brandt
♂)幼鱼生长、饲料消化率、血清生化指标及肌肉脂肪酸组成的影响。以鱼油为脂肪源, 配制4种脂肪水平分

别为5%(D05)、10%(D10)、15%(D15)和20%(D20)的等氮饲料。选用初始体重为(152.83±0.67) g的杂交鲟, 随
机分为4组, 每组3个重复, 每个重复25尾鱼。养殖周期为12周。结果显示, 饲料中不同脂肪水平对杂交鲟的生

长性能有显著影响(P<0.05)。其中, D15组杂交鲟幼鱼的末均重(FBW)、增重率(WGR)和特定生长率(SGR)显
著高于D05、D10和D20组(P<0.05), 饲料效率(FE)显著高于D05和D10组(P<0.05)。随着饲料中脂肪含量的增

加, 杂交鲟幼鱼脏体比(VSI)、肝体比(HSI)及肌肉、肝脏中的脂肪含量显著上升(P<0.05)。饲料中不同脂肪水

平对干物质(ADCd)、蛋白质(ADCp)表观消化率无显著影响(P>0.05)。D10、D15和D20组脂肪表观消化

率(ADCf)显著高于D05组(P<0.05)。D15组能量表观消化率在各组中最高, 显著高于D05和D10组(P<0.05)。
随着饲料中脂肪水平的增加, 血清超氧化物歧化酶(SOD)、总抗氧化能力(T-AOC)和髓过氧化物酶(MPO)的
活性均显著升高,  谷胱甘肽过氧化物酶(GSH-Px)活性显著下降(P<0.05)。此外,  肝功能指标谷丙转氨酶

(ALT)、谷草转氨酶(AST)、碱性磷酸酶(ALP)和乳酸脱氢酶(LDH)的活性也随饲料中脂肪水平的升高呈递增

趋势(P<0.05)。肌肉中的各脂肪酸含量与饲料中脂肪酸含量呈显著的线性正相关(R2>0.90, P<0.05)。综合各

指标因素判断, 西伯利亚杂交鲟幼鱼饲料中适宜的脂肪水平为15%, P/E为23.54 mg/kJ。
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鲟隶属于硬骨鱼纲、鲟形目, 是现存最古老、

体型最大的一种鱼类, 素有“水中活化石”之称。鲟

肉质鲜美, 鲟卵制成的鱼子酱更有“黑色黄金”之
称。因其具有生长速度快、营养价值和经济价值

高等特点, 鲟已成为世界上重要的经济鱼类
[1,  2]

。

西伯利亚杂交鲟(Acipenser baerii Brandt ♀ × A.
schrenckii Brandt ♂)是以西伯利亚鲟为母本(♀), 施
氏鲟为父本(♂)获得的优良杂交品种, 是我国主导

的鲟养殖品种
[3, 4]

。

脂肪是鱼类的重要能量来源, 饲料配方中脂肪

的合理利用不仅能够节约蛋白质, 还能够降低饲料

成本、减少氮的排放。据了解, 国内鲟的商业饲料

主要参考鲑鳟的饲料配方
[5]
。而鲑鳟为冷水性鱼

类, 配方中的脂肪含量偏高, 约为20%—30%[6—8]
甚

至高达47%[9]
。饲料中过高的脂肪水平会给鱼类造

成多种负面影响, 如抑制鱼类摄食进而导致生长迟

缓
[10—12]

、鱼体脂肪过度沉积进而影响鱼类健康和

肉品质等
[13, 14]

。因此, 明确鲟的脂肪需求, 是其养

殖产业可持续发展的必要条件之一。目前, 关于鲟

脂肪需求的研究已有一些报道。Zhu等[15]
用5%、

15%和25%三种脂肪含量的饲料投喂俄罗斯鲟(A.
gueldenstaedtii)后发现, 当饲料中的脂肪含量为

25%时, 俄罗斯鲟获得最优生长性能。而刘阳洋等
[16]

发现, 当饲料中脂肪水平为7.88%时, 匙吻鲟[Polyo-
don spathula, 初始体重(81.38±0.14) g]的SGR达到

最大值。施氏鲟(A. schrenckii)幼鱼[初始体重(111.39±
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14.63) g]的适宜脂肪水平则处于俄罗斯鲟和匙吻鲟

之间, 为17%[17]
。以上结果说明, 不同品种的鲟对

饲料中脂肪的需求量是不同的。但是目前, 缺乏西

伯利亚杂交鲟适宜脂肪水平的相关报道。鱼油是

水产饲料中最重要的脂肪源。与其他动植物油脂

相比, 鱼油中含有丰富的必需脂肪酸n-3高不饱和

脂肪酸(High unsaturated fatty acid, HUFA), 尤其是

二十碳五烯酸(EPA)、二十二碳六烯酸(DHA)。本

实验室在前期研究中发现, EPA和DHA在促进鲟生

长发育、改善代谢和维持鱼类健康等方面有重要

作用
[18, 19]

。本研究以鱼油为脂肪源, 配制4种脂肪

水平分别为5%、10%、15%和20%的等氮饲料, 探
究不同脂肪水平对西伯利亚杂交鲟生长性能、饲

料消化率、抗氧化及肌肉脂肪酸组成的影响, 以期

找到杂交鲟饲料中较为适宜的脂肪添加水平, 从而

更好地为杂交鲟的饲料生产提供参考。

1    材料与方法

1.1    饲料配方与制备

本研究以鱼粉和豆粕为主要蛋白源, 以鱼油为

脂肪源, 设计粗脂肪含量分别为5%、10%、15%和

20%的4种等氮饲料。采用双螺杆挤压膨化工艺

(MY56X2A, 牧羊集团, 江苏, 中国)制成3.0和4.0 mm
两种不同粒径实验饲料, 以满足实验鱼的摄食需

要。所有饲料晾干后于–20℃保存备用。饲料组成

及营养水平见表 1。饲料中脂肪酸含量见表 2。
1.2    实验鱼及养殖条件

本养殖实验在北京京朝花园农业发展中心的

工厂化循环水养殖车间进行。实验鱼为该中心自

行繁育的同批次的统一规格西伯利亚杂交鲟。在

停食24h后, 初始体重为(152.83±0.67) g的实验鱼

(25尾/缸)被随机的分配到12个圆柱形玻璃纤维缸

(直径2.0 m, 高0.5 m)中, 每种饲料设3个重复, 每天

饱食投喂3次(09:30、13:30和17:30), 养殖周期为

12周。在养殖过程中 ,  水温为 (20±1)℃ ,  pH为

7.5—8.0, 溶氧在7.0 mg/L左右, 氨氮和亚硝酸盐含

量均低于100.0 μg/L。
1.3    样品采集

为排除鱼体肠道内原有粪便对实验的干扰, 实
验1周后开始收集粪便。因为鲟为底部摄食, 所以

实验采用平底的圆形玻璃纤维缸, 用泥蟹的方法收

集粪便
[21]

。每次饱食投喂0.5h后人工收集有完整膜

包裹着的新鲜粪便。转入小铝盒内, 保存于–20℃,
以免粪样分解变质。收集满一盒后置于烘箱75℃
下烘干用于检测干物质、蛋白、脂肪及能量的表

观消化率(Apparent digestibility coefficient, ADC)。

在12周的养殖实验结束后, 所有鱼饥饿24h。
分别对各缸鱼称重并统计末均重(Final body weight,
FBW)、增重率(Weight gain rate, WGR)、特定生长

率(Specific growth rate, SGR)及饲料效率(Feed effi-
ciency, FE)。从每个养殖缸中随机取3尾鱼, 300 mg/L
三氯叔丁醇麻醉后, 用2 mL的一次性注射器从尾静

脉采血, 采集的血样放入2 mL离心管内, 1500×g离
心5min后取血清并保存于–80℃, 用于抗氧化指标

和肝脏功能的分析。采完血后 ,  分别测量体长

(Body length, BL)、体重、内脏重和肝脏重, 计算肥

满度(Condition factor, CF)、脏体比(Viscerasoma-

表 1   饲料组成及营养水平(%风干基础)
Tab. 1   Composition and nutrient levels of the experimental diets
(% air-dry basis)

原料Ingredient D05 D10 D15 D20
鱼粉Fish meal a 25.00 25.00 25.00 25.00
豆粕Soybean meal b 27.00 27.00 27.00 27.00
面粉Wheat flour c 33.79 27.69 21.19 14.69
谷朊粉Wheat gluten c 10.00 10.80 12.00 13.30
预混料Vitamin and
mineral premix d 1.90 1.90 1.90 1.90

鱼油Fish oil a 2.30 7.60 12.90 18.10
三氧化二钇Y2O3 0.01 0.01 0.01 0.01
合计Total 100.00 100.00 100.00 100.00
营养水平Nutrient level

水分Moisture 6.60 6.00 5.40 5.30
粗蛋白Crude protein 42.10 42.30 42.40 42.60
粗脂肪Crude lipid 4.90 9.90 14.70 20.00
灰分Ash 8.60 8.80 8.30 8.60
总能Gross energy
(MJ/kg) 15.60 16.89 18.01 19.04

P/E (mg/KJ) 26.98 25.09 23.54 22.37

必需氨基酸(g/kg粗蛋白)Essential amino acid (g/kg crude protein)
Lys 56.10 55.60 55.30 54.90

Met 21.60 21.50 21.50 21.60

Thr 36.40 36.10 35.90 35.80

Arg 54.00 54.40 55.20 55.90

Ile 34.60 34.90 35.50 36.20

Leu 63.80 64.30 65.50 66.50

Val 40.30 40.70 41.50 42.20

His 22.50 22.70 23.10 23.50
Phe 39.60 40.10 40.90 41.70

注: a
鱼粉和鱼油由三九鱼制品有限公司(埃斯比约,丹麦)提

供; b
豆粕由益海嘉里投资有限公司(上海, 中国)提供; c

面粉和谷

朊粉由古船集团(北京, 中国)提供; d
预混料参照Xu等[20]

Note: aFish  meal  and  fish  oil  were  supplied  by  Triple  Nine
Fish product Co., Esbjerg, Denmark; bSoybean meal was supplied
by  Yihai  Kerry  Investment  Company  Limited,  Shanghai,  China;
cWheat  flour  and  wheat  gluten  were  supplied  by  Guchan  Group,
Beijing,  China; dVitamin  and  mineral  premix  were  prepared
according to Xu, et al[20]
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tic index, VSI)和肝体比(Hepatosomatic index, HSI),
然后剖取肌肉和肝脏样品, 存于–80℃, 用于肌肉组

分、肝脏脂肪含量的检测。

1.4    化学分析

所有样品成分分析参考AOAC[22]
描述的方法:

水分含量采用直接干燥法(105℃),  粗蛋白含量

(N×6.25)采用凯氏定氮法, 粗脂肪含量采用索氏抽

提法, 灰分含量采用灰化法(550℃)。饲料和粪便中

的三氧化二钇(Y2O3)含量按照田莹等
[23]

描述的方

法进行测定。饲料和肌肉中的脂肪酸含量参照

Caballero等[24]
描述的方法, 使用安捷伦6890型气相

色谱仪进行测定。

1.5    血清生化指标

血清样品用于检测抗氧化指标, 包括超氧化物

歧化酶(Superoxide dismutase, SOD)、总抗氧化能

力(Total antioxidant capacity, T-AOC)、谷胱甘肽过

氧化物酶(Glutathione peroxidase, GSH-Px)和髓过

氧化物酶(Myeloperoxidase, MPO); 肝功能指标, 包
括谷丙转氨酶(Alanine aminotransferase, ALT)、谷

草转氨酶(Aspartate aminotransferase, AST)、碱性

磷酸酶(Alkaline phosphatase, ALP)和乳酸脱氢酶

(Lactic dehydrogenase, LDH)。其中SOD、GSH-

Px和T-AOC试剂盒由南京建成生物工程研究所提

供, MPO试剂盒由北京华英生物工程研究所提供。

ALT、AST、ALP和LDH试剂盒由德国罗氏诊断

有限公司提供。所有指标均通过HITACH 7160型
生化分析仪进行检测。

1.6    计算方法和统计分析

增重率(WGR, %)=100×(Wt–W0)/W0

特定生长率(SGR, %/d)=100×(lnWt–lnW0)/t
饲料效率(FE, %)=100×(Wt–W0)/干饲料消耗量

肥满度(CF)=100×Wt/L
3

脏体比(VSI)=100×Wv/Wt

肝体比(HSI)=100×Wh/Wt

干物质表观消化率(ADCd, %) = 100×[1–(饲料

中Y2O3/粪便中Y2O3)]
蛋白质表观消化率(ADCp, %)=100×[1–(饲料中

的Y2O3/粪便中的Y2O3)×(粪便中的粗蛋白/饲料中

的粗蛋白)]
脂肪表观消化率(ADCf, %)=100×[1–(饲料中的

Y2O3/粪便中的Y2O3)×(粪便中的粗脂肪/饲料中的

粗脂肪)]
能量表观消化率(ADCe, %)=100×[1–(饲料中的

Y2O3/粪便中的Y2O3)×(粪便中的粗能量/饲料中的

粗能量)]
式中, W0为初重(g); Wt为末重(g); Wv为内脏重(g);
Wh为肝脏重(g); t为实验天数。

结果以平均值±标准误(Mean±SE)表示, 使用统

计软件SPSS 17.0对数据进行单因素方差分析(One-
way ANOVA)。差异显著时通过Duncan’s检验进行

多重比较, 差异显著性水平为P<0.05。通过线性回

归和皮尔逊相关分析得到肌肉中脂肪酸和饲料中

脂肪酸含量的相关性, 显著相关值为R2>0.5。

2    结果

2.1    不同脂肪水平对杂交鲟生长和形体指标的影响

在整个养殖过程中没有出现实验鱼死亡的现

象, 各组存活率均为100%。从表 3可以看出, 饲料

中添加不同水平的脂肪, 对杂交鲟幼鱼FBW、WGR
和SGR均有显著影响(P<0.05)。FBW、WGR和

SGR随着脂肪水平的升高呈先升高后降低的趋势,
其中D15组显著高于其他三组(P<0.05)。D15组杂

交鲟幼鱼的FE在四组中最高, 且显著高于D05和
D10组(P<0.05)。杂交鲟幼鱼的BL和CF并未受到饲

料脂肪含量的影响(P>0.05)。VSI和HSI随着饲料脂

肪水平的升高显著升高, D20组的VSI和HSI显著高

于其他三组(P<0.05)。

表 2   饲料中脂肪酸含量(g/100 g饲料)
Tab. 2   Fatty acid content of the experimental diets (g/100 g diet)

D05 D10 D15 D20

C14﹕0 0.17 0.33 0.43 0.56
C15﹕0 0.01 0.03 0.03 0.04
C16﹕0 0.98 1.80 2.45 2.90
C17﹕0 0.01 0.03 0.03 0.05
C18﹕0 0.21 0.42 0.62 0.79
∑SFAa

1.38 2.61 3.56 4.34
C16﹕1 0.16 0.38 0.59 0.72
C18﹕1 1.19 3.02 4.84 6.35
C20﹕1 0.16 0.27 0.36 0.41
C24﹕1 0.03 0.05 0.06 0.06

∑MUFAb
1.54 3.72 5.85 7.54

C18﹕2n-6 1.58 2.82 3.95 4.81
C18﹕3n-3 0.23 0.53 0.81 1.06
C20﹕4n-6 0.03 0.05 0.05 0.11
C20﹕5n-3

(EPA) 0.27 0.52 0.78 0.89

C22﹕6n-3
(DHA) 0.49 0.84 0.99 1.29

∑PUFAc
2.60 4.76 6.58 8.26

注: a SFA. 饱和脂肪酸; b MUFA. 单不饱和脂肪酸; c PUFA.
多不饱和脂肪酸

Note: a SFA. saturated fatty acid; b MUFA. monounsaturated
fatty acid; c PUFA. polyunsaturated fatty acids
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2.2    不同脂肪水平对杂交鲟幼鱼肌肉组分及肝脏

脂肪含量的影响

饲料中不同脂肪水平对杂交鲟幼鱼肌肉中水

分、粗蛋白和灰分含量无显著影响(P>0.05, 表 4)。
随着饲料中脂肪含量的升高, 杂交鲟幼鱼肌肉和肝

脏中的脂肪含量显著升高(P<0.05)。当饲料脂肪含

量为20%时, 其肌肉和肝脏脂肪含量显著高于D05
和D10组(P<0.05)。
2.3    不同脂肪水平对杂交鲟幼鱼饲料消化率的影响

杂交鲟幼鱼的ADCd、ADCp分别在76.49%—

78.42%和90.99%—91.86%, 且未受饲料脂肪含量的

显著影响(P>0.05, 表 5)。D15组的ADCf和ADCe在

各组中数值最大 ,  其中 ,  ADC f显著高于D05组
(P<0.05), ADCe显著高于D05和D10组(P<0.05)。
2.4    不同脂肪水平对杂交鲟血清中抗氧化和肝功

能指标的影响

如表 6所示, 随着饲料中脂肪含量的增加, 杂交

鲟幼鱼血清中SOD、T-AOC和MPO水平显著升高

(P<0.05)。其中, D20组的SOD水平显著高于其他

三组(P<0.05); D20组的MPO水平显著高于D05和
D10组(P<0.05),  但与D15组相比 ,  差异不显著

(P>0.05)。血清GSH-Px水平随着饲料脂肪含量的

升高显著降低, 且D15组GSH-Px显著低于D05和
D10组(P<0.05), 而与D20组差异不显著(P>0.05)。

随着饲料脂肪含量的增加, 杂交鲟幼鱼血清中

ALT、AST、ALP和LDH的含量随之显著升高(P<
0.05)。其中D20组杂交鲟幼鱼血浆ALT、AST、ALP

表 3   饲料中不同脂肪含量对杂交鲟幼鱼生长、形体指标的影

响(平均值±标准误, n=3)
Tab. 3   Growth performance and morphometric parameters of
juvenile hybrid sturgeon fed experimental diets with different lipid
levels (Mean±SE, n=3)

指标Index D05 D10 D15 D20
末均重
FBW (g)

464.63±
17.23a

475.41±
10.69ab

564.62±
13.12c

512.87±
3.18b

增重率
WGR (%)

204.29±
10.50a

211.35±
5.63ab

269.90±
9.72c

234.50±
3.28b

特定生长率
SGR (%/d)

1.32±
0.04a

1.35±
0.02ab

1.56±
0.03c

1.44±
0.01b

饲料效率
FE (%)

66.37±
3.61a

70.35±
3.58ab

87.48±
1.94c

81.39±
1.59bc

体长
BL (cm)

48.38±
1.09

47.66±
1.31

48.56±
1.24

49.66±
1.38

肥满度
CF

0.78±
0.03

0.84±
0.05

0.89±
0.03

0.87±
0.05

脏体比
VSI

9.97±
0.38a

10.35±
0.25a

11.69±
0.63b

13.38±
0.39c

肝体比
HSI

2.98±
0.19a

3.26±
0.17a

3.69±
0.20b

4.12±
0.23c

注: 同一行数据标有不同上标表示存在显著差异(P<0.05);
下同

Note: Values in the same row with different superscripts were
significantly different (P<0.05). The same applies below

表 4   饲料中不同脂肪水平对杂交鲟幼鱼肌肉组成和肝脏脂肪

含量的影响(平均值±标准误, n=3)
Tab. 4   Fillet proximate compositions and hepatic fat content of
juvenile hybrid sturgeon fed experimental diets with different lipid
levels (Mean±SE, n=3)

组分
Composition

(%)
D05 D10 D15 D20

肌肉Muscle composition
水分
Moisture

76.58±0.45 74.73±0.71 73.68±0.45 71.87±0.71

粗蛋白
Crude
protein

17.52±0.19 17.08±0.28 17.30±0.23 17.26±0.30

粗脂肪
Crude fat

4.39±0.56a 6.50±0.83b 7.59±0.65b 9.49±0.84c

灰分Ash 1.11±0.01 1.11±0.01 1.08±0.02 1.09±0.01

肝脏Liver composition

粗脂肪
Crude fat

30.19±1.47a 40.95±2.32b 45.57±0.88c 46.04±0.90c

表 5   饲料中不同脂肪水平对杂交鲟幼鱼表观消化率的影响(平
均值±标准误, n=3)
Tab. 5   ADC of dry matter, protein, fat and energy of juvenile
hybrid sturgeon fed experimental diets with different lipid levels
(Mean±SE, n=3)

表观消化
率ADC

(%)
D05 D10 D15 D20

ADCd 76.93±1.38 76.49±0.88 77.59±0.45 78.42±0.15
ADCp 91.86±0.75 90.99±0.24 91.51±0.21 91.64±0.21

ADCf 89.13±1.21a 93.63±0.24b 94.17±1.01b 92.75±0.35b

ADCe 81.57±1.16a 82.20±0.69a 84.88±0.35b 83.46±0.27ab

表 6   饲料中不同脂肪含量对杂交鲟血清中抗氧化指标和肝脏

功能的影响(平均值±标准误, n=3)
Tab. 6   Serum antioxidant parameters and liver functions of
juvenile hybrid sturgeon fed experimental diets with different lipid
levels (Mean±SE, n=3)

指标Index D05 D10 D15 D20
抗氧化指标Antioxidant parameters

SOD (U/mL) 70.47±
4.17a

76.93±
2.71a

79.88±
3.28a

96.91±
4.75b

T-AOC
(U/mL)

8.76±
0.32a

9.24±
0.08ab

9.30±
0.04b

9.41±
0.01b

GSH-Px
(U/mL)

866.71±
35.12b

865.88±
21.63b

752.21±
40.66a

715.20±
36.68a

MPO (U/L) 35.47±
2.72a

36.69±
2.22a

42.25±
3.03ab

46.23±
1.23b

肝脏功能Liver function

AST (U/L) 238.88±
19.10a

252.14±
37.58ab

256.33±
46.14ab

326.13±
24.81b

ALT (U/L) 3.25±
0.75a

5.25±
0.37b

5.38±
0.63b

5.57±
0.20b

ALP (U/L) 66.71±
4.39a

76.63±
8.90a

81.88±
5.47a

113.67±
15.05b

LDH (U/L) 655.29±
47.71a

750.29±
69.56ab

768.43±
43.04ab

810.38±
30.80b
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和LDH含量显著高于脂肪含量为5%的D05组(P<
0.05, 表 6)。
2.5    不同脂肪水平对杂交鲟幼鱼肌肉脂肪酸含量

的影响

由表 7可见, 随着饲料脂肪水平的升高, 杂交鲟

幼鱼肌肉中饱和脂肪酸(∑MUFA)、单不饱和脂肪

酸(∑MUFA)和多不饱和脂肪酸(∑PUFA)的含量也

随之显著升高(P<0.05)。杂交鲟幼鱼肌肉中各脂肪

酸含量与饲料中脂肪酸含量呈显著的线性正相关

(R2>0.92, 表 8)。

3    讨论

3.1    饲料脂肪水平对杂交鲟幼鱼生长性能的影响

本研究结果显示, 饲料脂肪含量从5%增加到

15%时, 杂交鲟幼鱼的生长性能显著提高, 而当饲

料中的脂肪含量从15%增加到20%时, 杂交鲟幼鱼

的生长性能有所下降。这一结果与已有的研究结

果相吻合
[25—29]

。鱼类对于脂肪具有较好的利用能

力, 饲料中添加适量脂肪, 能够起到减少蛋白质分

解供能, 增加蛋白质沉积的作用, 这是随饲料中脂

肪含量增加(5%—15%), 杂交鲟幼鱼生长性能显著

提高的主要原因。但是, 饲料脂肪含量不是越高越
好, 当饲料中的脂肪含量超过最适含量后, 鱼类的

生长性能反而下降。研究表明, 俄罗斯鲟
[30]

、黄姑

鱼(Nibea japonica)[31]
、杂交罗非鱼(Oreochromis

niloticus × O. aureus)[32]
、亚东鲑(Salmo trutta)[33]

等

摄入脂肪水平偏高的饲料时, 其生长速度会减慢,
饲料效率降低。而且当饲料中脂肪含量过高, 还会

造成鱼体肝脏、肌肉和腹腔等部位的脂肪过量沉

积
[32], 严重时会诱发脂肪肝等代谢性疾病。本研究

发现, 当饲料中的脂肪含量为20%时, 肝脏中的脂

肪显著蓄积, 脏体比、肝体比显著上升, 抗氧化及

肝脏功能相关酶活显著上升, 机体代谢异常是高脂

饲料导致杂交鲟幼鱼生长性能下降的主要原因之

一
[25, 26, 34, 35]

。

蛋能比(P/E)在鱼类饲料中扮演着重要的角色,
蛋能比过高会造成蛋白质的浪费, 过低则会造成脂

肪代谢异常, 生长受到抑制
[13, 36]

。对于大多数鱼类

而言, 最适的蛋能比为20—25 mg/kJ[37—39]
。Mohseni

等
[40]

的研究指出俄罗斯鲟的最适P/E为22 mg/kJ, 波
斯鲟(A. persicus)的最适P/E为18—20 mg/kJ, 欧洲鳇

(Huso huso)的最适P/E为21—23 mg/kJ。Médale等[41]

也认为当P/E比为20—22 mg/kJ时对俄罗斯鲟的生

长更为有利。在本研究中, D15组的生长性能和

FE在所有实验组中是最优的, 说明对于西伯利亚杂

交鲟幼鱼而言, P/E在23.54 mg/kJ左右比较适宜。

表 7   饲料中不同脂肪水平对杂交鲟幼鱼肌肉脂肪酸含量的影

响(g/100 g肌肉, 平均值±标准误, n=3)
Tab. 7   Fatty acid content in fillets of juvenile hybrid sturgeon fed
experimental diets with different lipid levels (g/100 g fillet, Mean±
SE, n=3)

脂肪酸Fatty
acid D05 D10 D15 D20

C14﹕0 0.07±0.01a 0.12±0.02b 0.13±0.01b 0.18±0.02c

C15﹕0 0.012±0.00a 0.013±0.00ab 0.013±0.00ab 0.018±0.00b

C16﹕0 0.84±0.10a 1.11±0.14ab 1.17±0.11ab 1.31±0.10b

C17﹕0 0.012±0.00a 0.014±0.00ab 0.016±0.00ab 0.018±0.00b

C18﹕0 0.15±0.01a 0.19±0.02b 0.21±0.01bc 0.24±0.02c

∑SFA 1.09±0.13a 1.45±0.18ab 1.54±0.14b 1.77±0.13b

C16﹕1 0.12±0.02a 0.19±0.03b 0.23±0.02b 0.30±0.03c

C18﹕1n9 1.26±0.17a 2.03±0.30b 2.35±0.24bc 2.77±0.23c

C20﹕1 0.08±0.01a 0.12±0.02b 0.14±0.01bc 0.16±0.01c

C24﹕1 0.012±0.00 0.011±0.00 0.013±0.00 0.012±0.00

∑MUFA 1.46±0.20a 2.34±0.34b 2.73±0.28bc 3.24±0.27c

C18﹕2n6 0.85±0.11a 1.35±0.18b 1.60±0.14bc 1.94±0.14c

C20﹕2n3 0.04±0.01a 0.06±0.01ab 0.08±0.01b 0.15±0.01c

C18﹕3n3 0.09±0.01a 0.19±0.03b 0.25±0.03b 0.35±0.03c

C20﹕4n6 0.046±0.00a 0.049±0.00ab 0.053±0.00ab 0.057±0.00b

C20﹕5n3
(EPA) 0.10±0.01a 0.17±0.02b 0.23±0.02c 0.31±0.02d

C22﹕6n3
(DHA) 0.30±0.04a 0.44±0.05b 0.50±0.03b 0.64±0.04c

∑PUFA 1.44±0.18a 2.26±0.29b 2.71±0.22c 3.45±0.25d

表 8   肌肉和饲料中脂肪酸含量相关性分析

Tab. 8   Correlation coefficients (R2) and P values of fatty acid
concentrations in fillets vs. dietary fatty acid concentrations

脂肪酸
Fatty acid 线性回归方程 Liner regression R2

P

C14:0 Fillet C14﹕0=0.03+0.28×dietary C14﹕0 0.96 <0.05
C16﹕0 Fillet C16﹕0=0.68+0.24×dietary C16:0 0.96 <0.05
C18﹕0 Fillet C18:0=0.11+0.17×dietary C18﹕0 0.99 <0.05
∑SFA Fillet ∑SFA=0.80+0.20×dietary ∑SFA 0.97 <0.05

C16﹕1 Fillet C16﹕1=0.0714+0.28×dietary
C16﹕1 0.97 <0.05

C18﹕1n9c Fillet C18﹕1n9c=0.67+0.33×dietary
C18﹕1n9c 0.97 <0.05

C20﹕1 Fillet C20﹕1=0.04+0.27×dietary C20﹕1 0.99 <0.05

∑MUFA Fillet ∑MUFA=0.64+0.36×dietary
∑MUFA 0.98 <0.05

C18﹕2n6c Fillet C18﹕2n6c=0.50+0.30×dietary
C18﹕2n6c 0.99 <0.05

C20﹕2 Fillet C20﹕2=0.04+0.48×dietary C20﹕2 0.99 <0.05

C18﹕3n3 Fillet C18﹕3n3=–0.01+0.30×dietary
C18﹕3n3 0.99 <0.05

C20﹕4n6 Fillet C20﹕4n6=0.05+0.10×dietary
C20﹕4n6 0.93 <0.05

C20﹕5n3
(EPA)

Fillet C20﹕5n3=0.03+0.36×dietary
C20﹕5n3 0.96 <0.05

C22﹕6n3
(DHA)

Fillet C22﹕6n3=0.14+0.40×dietary
C22﹕6n3 1.00 <0.05

∑PUFA Fillet ∑PUFA=0.29+0.36×dietary
∑PUFA 0.99 <0.05
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3.2    饲料脂肪水平对杂交鲟幼鱼血清中抗氧化和

肝功能指标的影响

ALT、AST、ALP和LDH是指示肝功能的重

要指标。Wells等[42]
的研究指出, 血清中ALT、AST

和ALP水平升高可能是肝损伤或肝功能障碍的信

号。LDH是用来检测组织障碍和帮助诊断组织损

伤的指标
[43, 44], 其水平升高可能是由于细胞损伤而

导致的肝脏病变和坏死
[45, 46]

。在本研究中, ALT、
AST、ALP和LDH在D20组中都是最高的, 说明饲

料中过高的脂肪水平引起杂交鲟幼鱼肝脏功能受损。

在正常的营养代谢过程中会产生大量的活性

氧(Reactive oxygen species, ROS)。机体抗氧化系

统通过清除过量ROS, 维持氧化与抗氧化的动态平

衡, 保护组织和细胞免受氧化应激损伤
[47]

。抗氧化

系统分为酶与非酶抗氧化系统。SOD和GSH-Px是
机体抗氧化酶系统的主要成员, 而T-AOC反映机体

的总抗氧化水平。本研究发现, D20组杂交鲟幼鱼

血清中SOD、T-AOC的含量显著升高, 提示当饲料

中脂肪水平达到20%时, 杂交鲟幼鱼发生氧化应

激。鱼油是饲料中n-3 HUFA的主要来源, 随着鱼

油含量的增加, 饲料中的HUFA含量显著上升。而

HUFA是机体发生脂质过氧化的主要来源。HUFA
的含量越高, 机体发生过氧化的概率也就越大

[48]
。

因此, 抵制体内脂质过氧化的发生, 是D20组SOD酶

被显著激活, T-AOC含量显著增加的主要原因
[49]

。

GSH-Px在抗过氧化的所有酶中, 效果是最显著的
[50]
。

通过促进谷胱甘肽与过氧化氢反应, GSH-Px能够

有效减少脂质过氧化对鱼体的损伤
[51]

。在本实验

中 ,  D15和D20组血清GSH-Px的活性显著低于

D05和D10组, 说明饲料中脂肪含量过高会降低机

体的抗氧化能力。MPO主要存在于中性粒细胞和

单核细胞中, 能够催化过氧化氢和氯离子产生次氯

酸。临床上认为, MPO的激活主要与炎症等有关
[52, 53]

。

在本研究中, MPO水平随着饲料中脂肪含量的增加

而升高, 并在D20组中达到最高, 说明饲料中高水平

脂肪可能有增加机体炎症反应的风险。

3.3    饲料脂肪水平对杂交鲟幼鱼肌肉脂肪酸含量

的影响

Xu等[54]
研究发现白鲟肌肉中的脂肪酸组成, 特

别是n-3 HUFA, 显著受饲料中脂肪酸组成的影

响。Xu和Hung[55]
也指出, 白鲟肌肉中的脂肪酸组

成与饲料中的脂肪酸组成高度一致。相似的结果

在纳氏鲟中也得到了验证, Vaccaro等[56]
发现纳氏

鲟肌肉中C16﹕0、C18﹕1n9、C20﹕5n3和C22﹕6n3的
含量与饲料中该四种脂肪酸含量显著一致。本实

验的研究结果也显示, 杂交鲟幼鱼肌肉中的各脂肪

酸含量与饲料中脂肪酸含量呈显著的线性正相关

(R2>0.90)。以上结果说明, 鲟肌肉中脂肪酸组成和

含量与饲料中脂肪酸组成和含量高度相关。

4    结论

本研究结果表明, 当饲料中脂肪含量从5%增

加到15%时, 杂交鲟幼鱼的生长性能显著提高, 而
当饲料中的脂肪含量从15%增加到20%时, 杂交鲟

幼鱼的生长性能显著下降。随着饲料中脂肪水平

的升高, 杂交鲟幼鱼脏体比、肝体比及肌肉、肝脏

中的脂肪含量显著上升, 机体过氧化压力增大, 肝
损伤风险增加。杂交鲟幼鱼肌肉中的各脂肪酸含

量与饲料中脂肪酸含量呈显著的线性正相关。综

合各指标因素分析, 杂交鲟适宜脂肪水平为15%,
P/E为23.54 mg/kJ。

参考文献:

Pšenička M. A novel method for rapid elimination of stur-
geon egg stickiness use sodium hypochlorite [J]. Aquacul-
ture, 2016(453): 73-76.

[1]

Geraylou Z, Souffreau C, Rurangwa E, et al. Effects of
dietary arabinoxylan-oligosaccharides (AXOS) and endo-
genous probiotics on the growth performance, non-speci-
fic immunity and gut microbiota of juvenile Siberian stur-
geon (Acipenser baerii) [J]. Fish & Shellfish Immunology,
2013, 35(3): 766-775.

[2]

Wei Q, He J, Yang D, et al. Status of sturgeon aquacul-
ture and sturgeon trade in China: a review based on two
recent nationwide surveys [J]. Journal of Applied Ichthyo-
logy, 2004, 20(5): 321-332.

[3]

Williot P, Sabeau L, Gessner J, et al. Sturgeon farming in
Western Europe: recent developments and perspectives
[J]. Aquatic Living Resources, 2001, 14(6): 367-374.

[4]

Shi Z G, Dong S L, Wang Y S, et al.  The aquaculture
situation and problem analysis about sturgeon in China
[J]. Chinese Fisheries Economics, 2008, 26(2): 58-62.

[5]

Cho C Y, Cowey C. Rainbow trout, Oncorynchus mykiss
[M].  Handbook  of  Nutrient  Requirements  of  Finfish.
Boca Raton: CRC Press, 1991: 131-143.

[6]

Meng Y Q, Qian K K, Ma R, et al. Effects of dietary lipid
levels on subadult triploid rainbow trout (Oncorhynchus
mykiss): 1. Growth performance, digestive ability, health
status  and  expression  of  growth-related  genes  [J].
Aquaculture, 2019, 513(15): 1-9.

[7]

Karalazos V, Bendiksen E A, Dick J R, et al. Effects of
dietary protein, and fat level and rapeseed oil on growth
and tissue fatty acid composition and metabolism in At-
lantic salmon (Salmo salar L.) reared at low water tem-
peratures [J]. Aquaculture Nutrition,  2007, 13(4): 256-
265.

[8]

2 期 邢    薇等: 饲料脂肪水平对杂交鲟幼鱼生长、饲料消化率、抗氧化水平和肌肉脂肪酸组成的影响 255



Antti F, Kari R. Dynamics of protein and lipid intake regu-
lation of rainbow trout studies with a wide lipid range of
encapsulated diets and self-feeders [J]. Physiology & Be-
havior, 2009, 96(1): 85-90.

[9]

Lü F, Liu F, Yu Y B, et al. Effects of dietary lipid levels
on growth, body composition and antioxidants of clam-
worm (Perinereis aibuhitensis) [J]. Aquaculture Reports,
2017(6): 1-7.

[10]

Chang J, Niu H X, Jia Y D, et al. Effects of dietary lipid
levels on growth, feed utilization, digestive tract enzyme
activity and lipid deposition of juvenile Manchurian trout,
Brachymystax lenok (Pallas) [J]. Aquaculture Nutrition,
2017, 24(2): 694-701.

[11]

Wang A M, Yang W P, Shen Y L, et al. Effects of die-
tary lipid levels on growth performance, whole body com-
position and fatty acid composition of juvenile gibel carp
(Carassius auratus  gibelio) [J]. Aquaculture Research,
2014, 46(11): 2819-2828.

[12]

Zhang Y L, Song L, Liu R P, et al. Effects of dietary pro-
tein and lipid levels on growth, body composition and
flesh quality of juvenile topmouth culter, Culter alburnus
Basilewsky [J]. Aquaculture Research, 2015, 47(8): 2633-
2641.

[13]

Bonvini E, Parma L, Mandrioli L, et al. Feeding common
sole (Solea solea) juveniles with increasing dietary lipid
levels affects growth, feed utilization and gut health [J].
Aquaculture, 2015(449): 87-93.

[14]

Zhu H, He A, Chen L, et al. Effects of dietary lipid level
and n-3/n-6 fatty acid ratio on growth, fatty acid composi-
tion and lipid peroxidation in Russian sturgeon Acipenser
gurldenstaedtii [J]. Aquaculture Nutrition, 2017, 23(4):
879-890.

[15]

Liu Y Y, Yu H B, Wu W Y, et al. Effects of dietary lipid
levels on growth, body composition, digestive enzyme
activities, serum biochemical indexes and antioxidant per-
formance of Polyodon spathula [J]. Journal of Fisheries
of China, 2018, 42(12): 86-102. [刘阳洋, 于海波, 武文

一, 等. 饲料脂肪水平对匙吻鲟生长、体组成、消化酶

活性、血清生化及抗氧化性能的影响  [J].  水产学报,
2018, 42(12): 86-102.]

[16]

Hou J L. Studies on salinity adaptability and requirement
of  dietary  lipid  in  juvenile  Amur sturgeon (Acipenser
schrenckii) [D]. Shanghai: East China Normal University,
2006: 67-114. [侯俊利. 施氏鲟 (Acipenser schrenckii) 幼
鱼对盐度的适应性及其脂肪营养需求研究  [D].  上海:
华东师范大学, 2006: 67-114.]

[17]

Luo  L,  Ai  L  C,  Liang  X  F,  et  al.  Effect  of  dietary
DHA/EPA ratio on the early development, antioxidant re-
sponse and lipid metabolism in larvae of Siberia sturgeon
(Acipenser  baerii,  Brandt)  [J].  Aquaculture  Nutrition,
2019(25): 239-248.

[18]

Luo L, Ai L C, Liang X F, et al. n-3 long-chain polyun-
saturated fatty acids improve the sperm, egg,  and off-

[19]

spring quality of Siberian sturgeon (Acipenser baerii) [J].
Aquaculture, 2017(473): 266-271.
Xu G L, Xing W, Li T L, et al. The effects of different
fishmeal level diets with or without phytase supplementa-
tion on growth performance, body composition, digestibi-
lity, immunological and biochemical parameters of juve-
nile  hybrid  sturgeon  (Acipenser  baeri  Brandt♀×  A.
schrenckii  Brandt♂) [J].  Aquaculture  Nutrition,  2019,
26(2): 261-274.

[20]

Catacutan M R, Eusebio P S, Teshima S. Apparent diges-
tibility of selected feedstuffs by mud crab, Scylla serrata
[J]. Aquaculture, 2003, 216(1-4): 253-261.

[21]

Association of Official Analytical Chemists (AOAC). Of-
ficial Methods of Analysis of AOAC International [M].
18th Edition, Gaithersburgs, MD, 2006.

[22]

Tian Y, He G, Zhou H H, et al. Nutrient apparent digesti-
bility coefficients of corn gluten meal for juvenile turbot
(Scophthalmus maximus  L.)  and effects of adding bile
acid and enzyme preparation on them [J]. Chinese Jour-
nal of Animal Nutrition, 2017, 29(9): 3211-3219. [田莹,
何艮,  周慧慧,  等.  大菱鲆幼鱼对玉米蛋白粉中营养物

质的表观消化率及添加胆汁酸和酶制剂对其产生的影

响 [J]. 动物营养学报, 2017, 29(9): 3211-3219.]

[23]

Caballero M, Obach A, Rosenlund G, et al. Impact of dif-
ferent dietary lipid sources on growth, lipid digestibility,
tissue fatty acid composition and histology of rainbow
trout,  Oncorhynchus  mykiss  [J].  Aquaculture,  2002,
214(1): 253-271.

[24]

Pei Z, Xie S, Lei W, et al. Comparative study on the ef-
fect of dietary lipids level on growth and feed utilization
for gibel carp (Carassius auratus  gibelio) and Chinese
longsnout catfish (Leiocassis longirostris  Gunther) [J].
Aquaculture Nutrition, 2004, 10(4): 209-216.

[25]

Luo Z, Liu Y J,  Mai K S, et al.  Effect of dietary lipid
level on growth performance, feed utilization and body
composition of grouper Epinephelus coioides juveniles
fed isonitrogenous diets in floating net cages [J]. Aquacul-
ture International, 2005(13): 257-269.

[26]

Mohseni M, Sajjadi M, Pourkazemi M. Growth perfor-
mance and body composition of sub-yearling Persian stur-
geon, (Acipenser persicus, Borodin, 1897), fed different
dietary protein and lipid levels [J].  Journal of Applied
Ichthyology, 2007, 23(3): 204-208.

[27]

Ai Q H, Zhao J Z, Mai K S, et al. Optimal dietary lipid
level for large yellow croaker (Pseudosciaena crocea) lar-
vae [J]. Aquaculture Nutrition, 2008, 14(6): 515-522.

[28]

Sun P, Jin M, Jiao L, et al. Effects of dietary lipid level on
growth, fatty acid profiles, antioxidant capacity and ex-
pression of genes involved in lipid metabolism in juve-
nile swimming crab, Portunus trituberculatus [J]. British
Journal of Nutrition, 2020, 123(2): 149-160.

[29]

Zhu T T, Li Q, Zhu H Y, et al. Effects of dietary lipid
level on growth performance, blood biochemical index

[30]

256 水   生   生   物   学   报 45 卷

https://doi.org/10.3969/j.issn.1006-267x.2017.09.024
https://doi.org/10.3969/j.issn.1006-267x.2017.09.024


and antioxidant  status  of  juvenile  Acipenser  guelden-
staedtii [J]. Marine Fisheries, 2017, 39(1): 58-67. [朱婷

婷, 李琦, 朱浩拥, 等. 饲料脂肪水平对俄罗斯鲟幼鱼生

长、血液生化指标及抗氧化性能的影响 [J]. 海洋渔业,
2017, 39(1): 58-67.]
Han T, Li X, Wang J, et al. Effect of dietary lipid level on
growth, feed utilization and body composition of juvenile
giant croaker Nibea japonica [J]. Aquaculture, 2014(434):
145-150.

[31]

Han C Y, Wen X B, Zheng Q M, et al. Effects of dietary
lipid  levels  on  lipid  deposition  and  activities  of  lipid
metabolic enzymes in hybrid tilapia (Oreochromis niloti-
cus×O. aureus) [J]. Journal of Animal Physiology & Ani-
mal Nutrition, 2011, 95(5): 609-615.

[32]

Gao B W, Yang H, He M, et al. A study on the proper
protein and lipid levels in the diet of Salmon trutta juve-
niles [J]. Acta Hydrobiologica Sinica, 2020, 44(3): 470-
478. [高擘为, 杨航, 何明, 等. 亚东鲑幼鱼饲料蛋白和脂

肪适宜水平的研究 [J]. 水生生物学报, 2020, 44(3): 470-
478.]

[33]

Gawlicka A, Herold M A, Barrows F T, et al. Effects of
dietary lipids on growth, fatty acid composition, intesti-
nal  absorption  and  hepatic  storage  in  white  sturgeon
(Acipenser transmontanus R.) larvae [J]. Journal of Ap-
plied Ichthyology, 2002, 18(4-6): 673-681.

[34]

Rueda-Jasso R, Conceiçao L E C, Dias J, et al. Effect of
dietary non-protein energy levels on condition and oxida-
tive status of Senegalese sole (Solea senegalensis) juve-
niles [J]. Aquaculture, 2004, 231(1-4): 417-433.

[35]

Boujard T, Médale F. Regulation of voluntary feed intake
in juvenile rainbow trout fed by hand or by self-feeders
with diets containing two different protein/energy ratios
[J]. Aquatic Living Resources, 1994, 7(3): 211-215.

[36]

Azevedo P A., Leeson S, Cho C Y, et al Growth, nitro-
gen and energy utilization  of  juveniles  from four  sal-
monid species: diet, species and size effects [J]. Aquacul-
ture, 2004, 234(1): 393-414.

[37]

NRC (National  Research  Council).  Nutrient  Require-
ments of Fish and Shrimp [M]. Washington, DC: The Na-
tional Academies Press, 2011: 71-73.

[38]

Deng D F, Ju Z Y, Dominy W, et al. Optimal dietary pro-
tein levels for juvenile pacific threadfin (Polydactylus
sexfilis) fed diets with two levels of lipid [J]. Aquaculture,
2011, 316(1): 25-30.

[39]

Mohseni M, Pourkazemi M, Hosseni M R, et al. Effects
of  the dietary protein levels  and the protein to energy
ratio in sub-yearling Persian sturgeon, Acipenser persicus
(Borodin) [J]. Aquaculture Research, 2013, 44(3): 378-
387.

[40]

Médale F, Blanc D, Kaushik S J. Studies on the nutrition
of Siberian sturgeon Acipenser baeri. II. Utilization of die-
tary  non-protein  energy by  sturgeon [J].  Aquaculture,
1991, 93(2): 143-154.

[41]

Wells R M, McIntyre R H, Morgan A K, et al. Physiolo-
gical stress responses in big gamefish after capture: obser-
vations on plasma chemistry and blood factors [J]. Com-
parative Biochemistry and Physiology. A, Comparative
Physiology, 1986, 84(3): 565-571.

[42]

Hasnain A. Ontogenetic changes and developmental ad-
justments in lactate dehydrogenase isozymes of an obli-
gate air-breathing fish Channa punctatus during depriva-
tion  of  air  access  [J].  Comparative  Biochemistry  and
Physiology Part B: Biochemistry and Molecular Biology,
2005, 140(2): 271-278.

[43]

Rao J V. Toxic effects of novel organophosphorus insecti-
cide (RPR-V) on certain biochemical parameters of eury-
haline fish Oreochromis mossambicus [J]. Pesticide Bio-
chemistry and Physiology, 2006, 86(2): 78-84.

[44]

Akrami R, Gharaei A, Mansour M R, et al. Effects of die-
tary onion (Allium cepa) powder on growth, innate im-
mune response and hematoebiochemical parameters of
beluga (Huso huso Linnaeus, 1754) juvenile [J]. Fish &
Shellfish Immunology, 2015(45): 828-834.

[45]

Hyder  M A,  Hasan M, Mohieldein A H.  Comparative
levels of ALT, AST, ALP and GGT in liver associated
diseases [J]. European Journal of Experimental Biology,
2013, 3(2): 280-284.

[46]

Nordberg J, Amér E S J. Reactive oxygen species, antioxi-
dants, and the mammalian thioredoxin system [J]. Free
Radical Biology and Medicine, 2001, 31(11): 1287-1312.

[47]

Boglione C, Gisbert E, Gavaia P, et al. Skeletal anoma-
lies in reared European fish larvae and juveniles. Part 2:
main typologies, occurrences and causative factors [J].
Reviews in Aquaculture, 2013, 5(s1): S121-S167.

[48]

Halliwell B, John M C G. Free radicals in biology and
medicine  [J].  Journal  of  Free  Radicals  in  Biology  &
Medicine, 2007, 1(4): 331-332.

[49]

Winston G W, Di Giulio R T. Prooxidant and antioxidant
mechanisms in aquatic organisms [J]. Aquatic Toxicology,
1991, 19(2): 137-161.

[50]

Yu L L, Yu H H, Liang X F, et al. Dietary butylated hy-
droxytoluene improves lipid metabolism, antioxidant and
anti-apoptotic response of largemouth bass (Micropterus
salmoides) [J]. Fish & Shellfish Immunology, 2018(72):
220-229.

[51]

Aratani Y. Myeloperoxidase: its role for host defense, in-
flammation, and neutrophil function [J]. Archives of Bio-
chemistry and Biophysics, 2018(640): 47-52.

[52]

Cheng D, Talib J, Stanley C P, et al. Inhibition of MPO
(Myeloperoxidase) attenuates endothelial dysfunction in
mouse models of vascular inflammation and atherosclero-
sis [J]. Arteriosclerosis, Thrombosis, and Vascular Bio-
logy, 2019, 39(7): 1448-1457.

[53]

Xu R, Hung S S O, German J B. White sturgeon tissue
fatty acid compositions are affected by dietary lipids [J].
Journal of Nutrition, 1993, 123(10): 1685-1692.

[54]

2 期 邢    薇等: 饲料脂肪水平对杂交鲟幼鱼生长、饲料消化率、抗氧化水平和肌肉脂肪酸组成的影响 257

https://doi.org/10.3969/j.issn.1004-2490.2017.01.007
https://doi.org/10.7541/2020.057
https://doi.org/10.3969/j.issn.1004-2490.2017.01.007
https://doi.org/10.7541/2020.057


Xu R, Hung S S O. Effects of dietary lipids on the fatty
acids composition of triglycerides and phospholipids in
tissue of white sturgeon [J]. Aquaculture Nutrition, 1996,
2(2): 101-109.

[55] Vaccaro A M, Buffa G, Messina C M, et al. Fatty acid
composition of  a  cultured sturgeon hybrid  (Acipenser
naccarii×A.  baerii)  [J].  Food Chemistry,  2005,  93(4):
627-631.

[56]

EFFECTS OF DIETARY LIPID LEVELS ON GROWTH PERFORMANCE, FEED
DIGESTIBILITY, ANTIOXIDANT STATUS AND FILLET FATTY ACID

COMPOSITIONS OF JUVENILE HYBRID STURGEON

XING Wei1, YU Huan-Huan1, YU Feng-Xiang2, LIU Yang2, LI Tie-Liang1, MA Zhi-Hong1, JIANG Na1 and LUO Lin1

(1. Beijing Key Laboratory of Fishery Biotechnology, Beijing Fisheries Research Institute, Beijing Fisheries Research Institute,
Beijing 100068, China; 2. Chaoyang Hatchery and Aquaculture Farm, Beijing 100018, China)

Abstract: To investigate the effects of dietary different lipid levels on the growth performance, feed digestibility, anti-
oxidant status, and fillet fatty acid compositions of juvenile hybrid sturgeon (Acipenser baerii Brandt ♀ × A. schrenckii
Brandt ♂), four isonitrogenous (42% crude protein) experimental diets were formulated with various lipid levels at 5%
(D05),  10% (D10),  15% (D15)  and  20% (D20),  respectively.  Hybrid  sturgeon  with  an  initial  body  weight  of
(152.83±0.67) g were randomly divided into 4 groups with 3 replicates in each group and 25 fish per replicate for a 12-
week trial. The results showed that dietary different lipid levels had significant effect on the growth performance of ju-
venile hybrid sturgeon. Among them, final body weight (FBW), weight gain rate (WGR) and specific growth rate (SGR)
in D15 group were significantly higher than those in D05, D10 and D20 groups (P<0.05). Feed efficiency (FE) in D15
group was significantly higher than that in D05 and D10 groups (P<0.05). With the enhanced dietary lipid level, vis-
cerasomatic index (VSI), hepatosomatic index (HSI) and crude fat in fillet and liver increased significantly (P<0.05).
Dietary different lipid levels had no significant effects on the apparent digestibility of dry matter (ADCd) and protein
(ADCp) (P>0.05). The apparent digestibility of fat (ADCf) in D10, D15 and D20 groups was significantly higher than
that in the D05 group (P<0.05). The highest apparent digestibility of energy (ADCe) was in D15 group, which was sig-
nificantly higher than that in D05 and D10 groups (P<0.05). When the dietary lipid level increased from 5% to 20%, the
activities of total antioxidant capacity (T-AOC), superoxide dismutase (SOD) and myeloperoxidase (MPO) were boos-
ted (P<0.05) while glutathione peroxidase (GSH-Px) activity reduced significantly (P<0.05) in serum of juvenile hy-
brid sturgeon. The activities of the four liver function indicators, alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP) and lactic dehydrogenase (LDH), also showed an increasing trend (P<0.05).
There was a significant positive linear correlation between the content of fillet fatty acids and the fatty acid content in
the diets (R2>0.90, P<0.05). These results revealed that the optimal lipid level in the diet of juvenile hybrid sturgeon
was 15%, and P/E was 23.54 mg/kJ.

Key words: Hybrid sturgeon (Acipenser baerii  Brandt ♀ × A. schrenckii  Brandt ♂);  Lipid requirement;  Growth
performance; Apparent digestibility coefficients; Antioxidant activities; Fatty acids compositions
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