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鱼类饲料替代蛋白源研究中的
科学研究与技术创新 

Scientific Research and Technical 

Innovation on Alternative Protein 

Utilization in Aquafeed 
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2011：Aquafeed 15.40MT，increased 3% 



China will be the a main battleground 

of global Research, Utilization and 

Technique distribution  



Dilemma faced for Aquafeed producter 

• High price of fishmeal and soybean meal 

• “New” Regulation of animal feed 

• Poor economic situation, low price of the harvest 

• Poor immunity response induced by irrationally 

reduced cost of feed. 

 

 



 
 
 
 

直接和间接R&D人员
5700万，全球第一，

2001-2011年发表SCI论
文93.7万篇，全球第

二，被引用次数世界第
七。 

直接从事科学研究与
试验活动255万人 

专业期刊杂志 

中文学报： 

SCI期刊 

高IF学
术期刊 

More high level articles were published on 

International periodicals, but readers are 

limited 

Most readers are scientists 
and partial enterprise R & D 
researchers 



Nutrition vs Feed 

Scientific 

Research  

             Technique 

Inovation 

Mechanisms 

revealing; 

Publications 

New products; 

Guides; Standard; 

Processing, etc. 



Scientific Research & Technique 

Innovation 

• E.g：Alternative protein 

• Low feed intake and growth induced by high plant protein 

diets 

– SR: Why and What?---Mechanism 

– TI: How ?---Methods and solutions 

 

 



Functions of Enterprise R & D 

• Nutrition 

• Aquaculture 
Culturing models 

Water quality control 

Disease control 

• Commercial feed formulation 

• Quality control 

• Producing management and 
processing 

• Breeding (Nutrients regulation） 



• Feed producers should be the 

technology consolidators from 

genotype selection to consumer’s 

tables   

 

 



Great demand of today 

1. Low utilization of diets 

2. Poor application of alternative proteins 

• Digestion, absorption, feeding, growth, 

metabolism, health and environment. 

Low cost and safe feed formulation 



2012年中国水产业十大前沿技术 
1. 中国水产科学院黄海水产研究所 :病原快速高灵敏度检测技术 

2. 中国水产科学院渔业机械仪器研究所：淡水池塘养殖小区构建技术 

3. 工厂化循环水养殖系统； 

4. 中国水产科学院黄海水产研究所 :水产动物多性状复合育种技术； 

5. 水产疫苗 

6. Nutrico Skretting: 饲料微平衡技术（micro balance)：low fishmeal fish 

feed 

7. 深水抗风浪网箱； 

8. 生物絮团健康养殖技术； 

9. 微孔增氧技术 

10.鱼类性别控制遗传育种技术 

                                                               www.fishfirst.cn 

 

 

 



Micro Balance 

• Three balance： 

– Micro-nutrients balance； 

– Amino acid balance； 

– Fatty acid balance 

–“Specific enzyme” 

Fishmeal analogues 



 

Skretting techniques 



Skretting 领先技术 

 



Feed intake control  

 



Broodstock nutrition 



Well done? 

Fishmeal analogues = Fishmeal 

Fishmeal              Fishmeal 

Protein               Amino acids 



 
---Are study findings influenced by study design  

 
• Basal diets：Sole or formulated with other proteins? 

• Fish meal sources and quality 

• Qualities and processing way of Alternative protein 

• Amino acids balance? Determination or digestive levels? 

• Mineral balance? Fatty acids balance? Feeding behavior, 
immunity responses, conditional amino acids… 

• Fish body weight and density 

• Facilities, does fish growth normally? 

• Other parameters besides growth 

• Repeatable results? 

• …… 



Main technique problems 

1. Digestion and intestinal health； 

2. Feed intake； 

3. Ideal protein profile and amino acids 

balance； 

4. Lipids metabolism and liver health; 

5. Carbohydrate utilization, low cost 

formulation； 

6. Flesh quality control and retreat 

7. …… 

Nutrients balance 

Feed additives 

Feed processing 



 

• Digestible and metabolizable nutrients of 

ingredients is basis for precise 

formulation of aquafeed. 

 

•  Nutrients sources is more important 
than crude nutrients level. 



• It is important to base both the 

recommendations and feed formulations on 

digestible rather than determined amino acid 

contents  



Lys and SAA contents of selected protein sources compared 
with the requirements by fish 

SECM  

Kaushik & Seiliez, 2010) 
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☻ Feed intake is the first issue for feed design 

 

 



Production 

Nutrients intake=Feed intake×% nutrients 

Animal feed 



EAA Intake vs WGR 

Met and Thr might more important than Lys in low fishmeal feed. 



Feed intake per day 
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Formulation and proximate composition of experimental diets 

 (g.kg-1,wet basis)  

Ingredients FM BAP BVP 

Fishmeal 483.00  0.00  0.00  

BAP 0.00  451.00  0.00  

BVP 0.00  0.00  596.80  

Wheat flour 330.00  355.40  165.00  

Ca(H2PO4)2 6.00  6.00  31.50  

Lysine(50%) 0.00  4.60  16.00  

Methionine(98%) 0.00  3.00  3.20  

Threonine(98%) 0.00  3.00  3.50  

Oils 67.00  63.00  110.00  

Others 114.00  114.00  74.00  

Total 1000.00  1000.00  1000.00  

Siberian sturgeon, Sheng et al.2007  



特定生长率SGR 

b a a 



Feed intake & FCR 



Formula of seabass 

Ingredients CON. FSM25A FSM50A FSM75A 

LT-FM 36.00  27.00  18.00  9.00  

FSM 0.00  11.00  22.00  33.00  

SBM 18.00  18.00  18.00  18.00  

Wheat flour 22.00  22.00  22.00  20.00  

FO 5.50  5.50  5.90  6.30  

Ca(H2PO4)2  0.60  0.60  0.60  0.60  

Pre-mix 1.00  1.00  1.00  1.00  

L-Lys(50%) 0.39  0.80  1.21  

DL-Met(98%) 0.14  0.29  0.44  

L-Thr(98%) 0.07  0.15  0.23  

Others 16.80  14.80  12.40  12.00  

总计 100.00  100.00  100.00  100.00  

Seabass, Hu et al., 2008 



Feed intake (MeanS.E.)  

c

a
b

c

a a

b
b

ab
a

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

0-8w 8-16w 0-16w

F
I

CON. FS25A FS50A FS75A



SGR (MeanS.E.)  
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Ingredients PFM SFM APB20 APB40 APB60 APB80 

Peru fish meal  400.00  0.00  320.00  240.00  160.00  80.00  

Domestic fish 
meal 0.00  500.00  0.00  0.00  0.00  0.00  

Animal protein 
blend 0.00  0.00  80.00  160.00  240.00  320.00  

Soybean meal 210.00  110.00  210.00  210.00  200.00  200.00  

Wheat flour 220.00  220.00  220.00  220.00  220.00  220.00  

Fish oil 50.00  42.00  46.30  43.60  49.30  40.60  

L-lysine(50%) 0.00  0.00  2.46  4.93  7.91  10.34  

DL-
methionine(98%) 0.00  0.00  0.72  1.45  2.24  2.94  

L-threonine(98%) 0.00  0.00  0.49  0.97  1.60  2.07  

Others  120.00  128.00  120.00  119.00  119.00  124.00  

Fishmeal quality and terrestrial animal protein 
utlization 



Feed intake of JSB during the experiment 



Weight gain rate (WGR) of JSB during the 
experiment 
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实验设计Experiment design 鲟Siberian Sturgeon 鲈Japanese seabass 

对照组Control diets 

鱼粉LT-FM contents (%) 51 56.9 

饲料蛋白水平Protein level（%） 36 40 

总能Gross energy (MJ/kg) 20 20 

实验组Test diets 

替代蛋白源Alternative protein 
Plant protein blend (Soybean meal: wheat gluten meal=1:1.67) 

with protein level at 65% 

替代水平Substitution level 0,25%, 50%, 75%, 100% 

命名Naming FM, PPB25, PPB50, PPB75, PPB100 

氨基酸平衡EAA balance Lys, Met, Thr 

养殖管理System and husbandry 

系统System In same recirculation system 

初始体重IBW 49.48±1.00g 7.34±0.01 g 

重复Replicates 4 

鱼/桶Fish/tank 22 20 

养殖周期Duration 16-week 

Repeatability of results  

56.9 



Feed intake and growth 
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Postprandial plasma GH 
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Postprandial plasma IGF-I 
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Different effects onJapanese seabass and 

Siberian sturgeon fed high plant protein diets 
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LJ-FM LJ-PPB100 

IBW(g) 64.89±0.06 65.13±0.09 

FBW(g) 81.57±2.22b 59.18±2.26a 

FR(%) 1.65±0.09b 0.45±0.11a 

SGR(%d-1) 1.14±0.13b -0.49±0.19a 

FCR 1.73±0.22b -0.79±0.13a 

WGR(%) 22.56±3.67 b -12.08±3.55a 

SR(%) 97.5±1.44 93.75±2.39 

CF 1.36±0.02b 1.17±0.05a 

Short term feeding behavior and growth performance of JSM fed 

FM or plant protein  

(3周） 



Feed intake 
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花鲈 
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• Siberian sturgeon is not carnivours species, 

which can utilize free fishmeal diet well; 

• At lest 24% of high quality fishmeal need to 

be used in Japanese seabass diets. 

 



 

• Voluntary inhibited feed intake is typical reaction for 

carnivorous fish species when FM was replaced by plant 

proteins； 

• Appetite and energy requirement could not induce intake for 

Japanese seabass. Low survival and poor growth were induced 

by long-term voluntary anorexia; 

• However, the feeding inhibition-feeding adaptation – feeding 

compensation phenomenon could be found for many species. 



☻ Micro-ecology 

☻ Intestine Health---Microflora 

 



Utilization various protein sources ----
Biological Value 
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Histopathology of intestine  

×100 

绒
毛
排
列
整
齐 

微绒毛排列整齐 

细胞界限清楚 

×400 

FM group 



皱褶膨大、
融合 

排
列
不
整
齐 

空泡 

肠绒毛粗短 

排
列
较
为
整
齐 

绒
毛
较
长 

RSM group Brewers yeast group 

Histopathology of intestine  



SBM-induced enteritis 

Normal SBM-induced distal intestinal enteritis 
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Visual pathological changes related with diets 

   Besides group PFM, fish 

fed the other 5 diets 

displayed symptoms of 

skin-inflammation in the 

middle of the experiment, 

however, fish in group LFM 

& APB20 were self-cured 

in the end of the trial. 

Survival of all groups are 

higher than 97%. 



Fatty liver symptom 
 

Fatty liver symptom 
 



Scientific Research in alternative proteins 

1. Mechanism of effects on digestion and 

intestinal health; 

2. Mechanism of feed intake； 

3. Mechanism of protein and AA 

metabolism； 

4. Mechanism of lipids and FA metabolism ； 

5. Mechanism of Carbohydrate and CL 

metabolism 

TOR signal 
 

GH----IGF-1 axis 
 

Myostatin and 
myosin 
genaration 

 

…
…

 

能量代谢 



mTOR signaling and metabolism 



A world project 

• EU Framework project-Aquamax，Aquaexcel 

 

 



• The special Fund for Agro-Scientific Research 

in the Public Interest (201003020; 

201203015)； 

• 973 project guide of 2014; 

• Enterprise R & D 

 

 

A world project 



Haid Group invested in FM factory 

 

BANK OF FM？ 



China Fishery Group planed to buy 

Copeinca 



New sources 

      Insect protein SCP：Yeast、algae meal 

renewable resources 



http://www.allaboutfeed.net/ 



How long？ 



All roads lead to Rome---Early 

nutritional programming 

Carbohydrate 

Long-term effects of early stimulant by high carbohydrate 

diet (Geurden et al.,2007；Gong et al., 2013). 

 



All roads lead to Rome--- Species strain  
营养代谢性状品种选育 

Experiences from Salmon and trout 

• High plant protein tolerance genotype； 

• Carbohydrate tolerance genotype; 

• Water temperature increase tolerance 

genotype； 

 



从对饲料蛋白和能量利用角度进行对虾品种选育 



无鱼粉饲料耐受型品系选育—虹鳟 



耐热型虹鳟品系选育全球合作网络项目 



☻ Precise feeding regime = feed saving 

 

 



Labeling of EU producer 



氮贮积率：55.4-62.2% 



磷贮积率：44.4-49.9% 





欧洲企业需要承担的减排义务 



81 

Welcome to visit Lab of National Aquafeed Safety 
Evaluation Center,Beijing 


