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Fishmeal is still a highly dependent high-quality protein source for aquaculture

鱼粉仍然是水产养殖主要依赖的优质蛋白源

Fishmeal manufacturing season canceled in 

Peru!

秘鲁鱼粉产季取消！

Original UCN   UCN International Sea Products Information at 00:15 

on June 10, 2023

原创  UCN   UCN国际海产资讯  2023-06-10  00:15

Fishmeal price soars by nearly 40% to hit a 

new high, soybean meal price rises to 4500 

Yuan/ton, feed enterprises increase price 

under pressure

鱼粉价格暴涨近四成创历史新高，豆粕涨至4500
元/吨，料企承压全面上调价格

www.feedtrade.com.cn, published in Yunnan at 12:22 on July 28, 

2023

饲料行业信息网  2023-07-28 12:22发表于云南
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营养代谢动力学
（Nutrikinetics）

Nutrikinetics: time-space quantitative analysis of nutrient absorption and 

metabolism after ingestion   

营养代谢动力学：摄食后营养消化吸收与代谢过程的时空定量分析

吸收 代谢
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Nutridynamics

营养效应动力学

Nutridynamics:concentration-effect relationship and reasonable use interval of 

nutrient active substance or raw material

营养效应动力学：营养活性物质或原料的浓度-效应关系及合理使用区间

Nutrient effect

营养效应

⚫Macroscopic effect: growth, health, quality;

⚫宏观效应：生长、健康、品质；

⚫Sensing effect: nutrient sensing signal and 

conduction;

⚫感知效应：营养感知信号及传导；

⚫Metabolic effect:body protein synthesis and 

intermediary metabolism process, immune 

response, etc.

⚫代谢效应：体蛋白合成及中间代谢过程，免疫应

答等



Accurate quantitative analysis

of realization of nutrikinetics and nutridynamics vs.nutrition utilization and output

营养代谢与效应动力学实现对于营养利用与产出的准确定量分析

Nutrikinetics

营养代谢动力学
Dose -> Conc.vs.time 

添加量-> 浓度/时间

NK/ND  

营养代谢动力学/营养效应动力学
Dose -> Effect vs.time

添加量->效应/时间

Nutridynamics

营养效应动力学
Conc -> Effect

浓度->效应
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Module 1: composition

模块1:组成成分

Protein material

蛋白原料

Crude protein 

content (%)

粗蛋白含量
(%)

Crude fat 

content (%)

粗脂肪含量
 (%)

Ash 

content (%)

灰分
(%)

Energy 

(KJ/Kg)

能量
 (KJ/Kg)

Apparent 

digestibility of 

protein (%)

蛋白表观消化率（%）

Apparent 

digestibility of 

energy (%)

能量表观消化率（%）

Fishmeal

鱼粉
75.46 8.85 14.98 17.42 88.74 96.95

Chicken meal

鸡肉粉
72.82 13.31 12.41 18.50 75.56 67.98

Blood meal

血粉
99.32 0.60 3.77 19.42 83.34 71.35

Meat and bone meal

肉骨粉
59.66 9.50 30.80 13.67 73.12 62.90

Soybean meal

豆粕
53.27 2.55 6.63 16.04 64.47 48.12

Peanut meal

花生粕
54.97 1.70 6.42 15.91 71.25 51.34

Corn gluten meal

玉米蛋白粉
60.94 4.16 1.80 19.32 45.00 34.76

Vital wheat gluten 

谷朊粉
88.33 1.60 0.99 19.44 85.75 86.82



(Spitze et al. 2003)

SKELETAL

 MUSCLE

骨骼肌
- Increase of performance

- 提升性能
- Control of membrane excitability

- 控制膜兴奋性
- Control of phenotype properties

- 控制表型特性

Rich taurine in fishmeal is very important for growth and health

鱼粉富含的牛磺酸对于生长健康非常重要

(De Luca et al. 2015)

牛磺酸

全身作用

渗透剂
离子通道调节剂

                   细胞内钙调节剂
抗氧化剂

抗炎
抗增生

抗内质网应激

主要目标组织

CNS  

中枢神经系统
- Inhibitory 

actions

- 抑制作用

IMMUNE SYSTEM  

免疫系统
- Immunostimulant

- 免疫刺激剂

LIVER 肝脏
- Bile salt 

synthesis

- 胆盐合成

GENITOURINARY 

SYSTEM

生殖泌尿系统
- Fertility stimulant 

- 生育刺激剂

PANCREAS胰腺
- ↑ Insulin secretion 

- 提高胰岛素分泌

VASCULAR 

SYSTEM

血管系统
- Vasorelaxation

- 血管舒张
- ↓ Blood pressure 

- 降低血压
-↓ Atherosclerotic plaque 

- 降低动脉粥样硬化斑块

HEART 

心脏
- ↑ lnotropism 

- 增加肌收缩变力
- Antiarrhythmic 

action

- 抗心律失常作用

Protein source

蛋白源
Fishmeal

鱼粉
Meat and bone meal

肉骨粉
Yeast

酵母
Vegetable protein

植物蛋白

Taurine content (mg/kg)

牛磺酸含量(mg/kg) 3562 405 124 n.d



Rich hydroxyproline in fishmeal is very important for fish growth

鱼粉中富含的羟脯氨酸对于鱼类生长非常重要

Protein source of turbot

大菱鲆蛋白来源

Specific 

growth rate

特定生长率

Hydroxyproline content 

of plasma (µg/ml)

血浆羟脯氨酸含量
（µg/ml）

Hydroxyproline content 

of muscle (µg/ml)

肌肉羟脯氨酸含量
（g/kg）

Collagen content 

of muscle (%)

肌肉胶原蛋白含量
(%)

All fishmeal

全鱼粉饲料
2.70 ±0.05a 50.36±2.78b 0.403±0.023b 0.322±0.019b

40% fishmeal + 60% vegetable 

protein

40% 鱼粉+ 60%植物蛋白

2.45 ±0.08b 40.53±2.00c 0.281±0.031c 0.225±0.025c

40% fishmeal + 60% vegetable 

protein+ 0.6% Hyp

40% 鱼粉+ 60%植物蛋白+ 0.6% Hyp

2.64 ±0.05a 70.40 ±2.63a 0.713 ±0.081a 0.571 ±0.065a

Fishmeal substitution reduces the content of hydroxyproline in fish body. The hydroxyproline 

supplementation can significantly improve the utilization efficiency of vegetable protein

鱼粉替代造成鱼体羟脯氨酸含量下降，补充羟脯氨酸可以显著提高植物蛋白利用效率

(Liu et al. Aquaculture 2014)



VD3 in fishmeal and fish oil is very important for fish growth and health

鱼粉鱼油中的VD3 对于鱼类生长健康非常重要

(Keane et al. 2017) 

Normal 正常

VD3 deficiency

VD3 缺乏

(Peng et al. 2017) 

Plant origin

植物来源

Fishmeal 

and fish oil

鱼粉鱼油

胆钙化醇（维生素D3）钙化醇
（维生素D2）

1,25-Dihydroxy vitamin D3 1,25-二羟维生素D3

肠

吸收Ca+ 和 Pi 骨矿化

免疫细胞骨头

诱导分化



Proportion of protein, small peptide and amino acid 

蛋白质、小肽与氨基酸的比例

Protein

(%dry 

weight)

蛋白
（%干重）

Acid soluble 

protein (%)

酸溶蛋白
(%)

<10K Da 

(protein %)

<10K Da 

(蛋白%)

Fishmeal

鱼粉
72.6 10.29 2.91

Chicken 

meal

鸡肉粉
73.7 13.06 3.99

Soybean 

meal

豆粕
51.8 2.04 6.84

蛋白质

蛋白酶

内腔

氨基酸

寡肽

肠细胞

氨基肽
酶

血液

氨基酸

三肽
二肽

肽酶
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Protein

蛋白

Module 2: Dynamics of free amino acid after ingestion

模块2:餐后游离氨基酸动力学

Soybean 

meal

豆粕



⚫ Is the amino acid pattern of fishmeal the optimal pattern?

鱼粉的氨基酸模式是最优的氨基酸模式吗？

Amino acid balance

氨基酸平衡

What to balance?

平衡什么？

Fishmeal

鱼粉

Chicken meal

鸡肉粉

Soybean meal

豆粕
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Module 3: nutrient sensing

模块3: 营养感知

Protein 

nutrient 

intake

蛋白营养
摄入

Body 

protein 

synthesis

体蛋白
合成

Signal 

conversion

信号转换



mTOR is a key control node for protein utilization of aquatic animal feed

mTOR是水产动物饲料蛋白利用的关键调控节点
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mTOR is an intersection of external environment and metabolic regulation  

mTOR是关联外界环境、调控代谢的交汇点

Stress 

应激

Amino acids   

氨基酸

Oxygen 氧

ATP

Glucose

葡萄糖
Insulin

胰岛素 Cytokines

细胞因子

Oncogenes 癌基因

Tumour suppressors

肿瘤抑制基因

Infectious agents

感染因子

Autophagy自噬 mRNA translation  

mRNA翻译
Aerobic glycolysis

有氧酵解
De novo lipid 

synthesis 

脂质从头合成

Pentose 

phosphate 

pathway

磷酸戊糖途径

De novo 

nucleotide 

synthesis

核苷酸从头合成

Ribosome 

biogenesis

核糖体合成

Protein 蛋白质

Biosynthetic precursors

 生物合成前体

氨基酸             甘油 Membranes细胞膜

Ribose核糖

Nucleic acids 核酸

合成代谢细胞生长增殖



mTOR

复合物

M

L

R

Q
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F
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Synthesis and metabolism

合成代谢

Many amino acid sensors combine different amino acid and conduct them 

to mTOR system for regulating synthesis and metabolism

多种氨基酸感受器结合不同氨基酸并传导到mTOR系统调节合成代谢

溶酶体



Any change in amino acid pattern/balance will affect nutrient sensing and 

metabolism

任何氨基酸模式/平衡的变化会影响营养感知与代谢



Optimize amino 

acid pattern

优化氨基酸模式
  

Essential amino acid to be balanced

必需氨基酸需要平衡

All amino acid to be balanced

全氨基酸需要平衡

Traditional knowledge

传统认识

Updating knowledge

更新认识



The reduction of mTOR activation after fishmeal substitution is underlying 

cause for poor animal growth and feed ratio

鱼粉替代后造成的 mTOR激活下降是动物生长和料比不佳的内在原因

Crystalline amino acid

晶体氨基酸 Fishmeal

鱼粉

Other protein

其他蛋白

Fishmeal 

substitution

鱼粉替代

Inadequate mTOR 

activation

mTOR激活不足

Inadequate body 

protein synthesis 

体蛋白合成不足

Growth 

reduction 

生长下降



Module 4: energy is a key material basis for driving synthesis and metabolism

模块4:能量是驱动合成代谢的重要物质基础

hours post feeding 

进食后小时数

Energy containing 

nutrients 

含能营养素

Carbohydrates

碳水化合物
Fats 脂肪

Proteins  蛋白质

Cell macromolecules 

细胞大分子

Proteins 蛋白质
Polysaccharides 

多糖
Lipids 脂质

Nucleic acids 核酸

分解代谢

合成代谢

能量耗竭最终产物
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Sugars 糖类

Fatty acids  脂肪酸
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Energy supply after ingestion is very important for protein synthesis and growth

摄食后能量供应对于蛋白合成与生长非常重要
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Acetyl-CoA

乙酰辅酶A

Oxaloacetate 草酰乙酸

Citrate 柠檬酸盐

Isocitrate异柠檬酸

柠檬酸循环

Malate 苹果酸

Fumarate 延胡索酸

Succinyl-CoA 琥珀酰辅酶

α-Ketoglutarate  α-酮戊二酸

Succinate

琥珀酸



Vitamin D3, hydroxyproline, taurine

维生素D3、羟脯氨酸、牛磺酸

Fishmeal

鱼粉

Non-fishmeal

非鱼粉

Protein source

蛋白源

Amino acid imbalance

氨基酸不平衡

Anti-nutrient factor of 

plant

植物抗营养因子

ER stress and other 

channels

ER stress等通路

Amino acid response 

channel (GCN2/eIF2a)

氯基酸应答通路 

(GCN2/eIF2a)
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