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Meat production and demand are increasing in the last decades. This is partly due to population growth and partly due to an increased income. Increasing incomes result generally in greater meat production per capita. 

Meat production will increase in future: from the current 280 billion tons per year to 470 billion tons per year, which is a increase of 68%. Beef production per capita will raise from the current 42 kg to 52 kg per capita in 2050, an increase of 26%.

How will such an increase in production be realised? There are two options: intensification (more production per animal) or increasing the numbers of animals in the herds and flocks of the world.

If we choose for intensification, what production per animal is theoretically possible? How much meat can be produced more per animal than we currently do? The concepts used to answer those questions comes from the production ecological principles.


Introduction (2)

How to increase meat production?
1. Increase number of animals
2. Increase production per animal (intensification)

How much meat can be produced more per animal?
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How much more meat can be produced per animal than we do now? Potential production is benchmark for the actual, on farm production.



Introduction (3)

Production ecological concepts
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The production ecological concepts distinguish three production levels: potential, limited and actual. The PEC are currently used in crop production. The potential crop yield is defined by crop breed and climate. Water and nutrients are not limiting production, pests, diseases and weeds are absent, indicated by the crop on the right. 

In the limited production level the crop yield is determined by crop breed and climate, but also water and nutrients can be limiting. This is visible on the right as plants suffering from drought (hanging leaves) and nutrient deficiency (yellow leaves).

The actual yield level includes all factors mentioned, crop breed, climate, water, nutrients, but also competition with weeds, and presence of pests and diseases, which can reduce production.

The same can be applied to animals, as described by van de Ven et al, 2003.  Potential production in animals is determined by the animal breed and the climate. The limited production level is determined by water limitations, feed quantity limitations and feed quality limitations. The actual productions includes diseases and stress as reducing factors.

This presentation is only deals with potential production in livestock. Within the livestock species, we focus on beef cattle.   

Difference between potential and actual level is the amount of extra meat produced.



Introduction (4)

" Potential production: Genotype, Climate, and G x C
" Animal models
® Either genotype or climate are not included
® Genotype + Empirical climate correction (THI)
® Mechanistic growth models - genotype

® Mechanistic thermoregulation models - climate
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In order to model a potential production level in beef cattle, we need to include three components: the genotype, or the breed. I used breed and genotype as synonyms in this presentation. The second component is the effect of the climate and the third component is the genotype by climate interaction. 

The model should be fully mechanistic, the opposite of an empirical model. If we select an empirical model, it is valid for a specific breed in a specific climate. It is risky to extrapolate a model developed for a tropical climate to a temperate climate.

So, can we find such a model in literature? The answer is no. If we screen the mechanistic models, either the genotype or the climate are not included. The models coming closest to our purpose are the ones with a mechanistic animal growth and an empirical correction for the climate. The empirical correction is achieved by a temperature-humidity index, indicated by THI. Because of the THI, the model cannot be used for simulating potential production.

The good news is that there are mechanistic  that simulate animal growth based on the genotype. Secondly, there are mechanistic models that simulate thermoregulation of cattle and the effect of climate on heat release from cattle. So, we have to combine those mechanistic models.

Animal growth models that take the genotype into account deal with energy flows, if I’m allowed to simplify a bit. Thermoregulation models, taking the climate into account, deal with heat flows. Heat is also a form of energy. Energy and heat flows are not coupled to each other in current models and current literature.     

  


Research objective

To assess and explore potential beef production

*

To develop a mechanistic model that simulates potential
production
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The final research objective is to assess potential beef production on different locations across the globe. To achieve this objective, we adopt the method modelling and we want to develop a mechanistic model that simulates potential beef production. 

The requirements for this model are, again, that it should be fully mechanistic, and it has to deal with different genotypes and climates. The climate around the animal living outdoor is represented by local weather data. If animals are kept in stables, the climate around the animal is different.  


Overview methodology

1. Modelling growth defined by genotype
2. Modelling growth defined by climate

3. Integration of genotype and climate
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How are we going to do develop the model? 

I’ll explain this according to the three components necessary in a mechanistic model for simulation of potential production in beef cattle. 

First, we model energy flows based on the genotype. Second, we model thermoregulation based on the climate irrespective of energy flows. In the third part of the methods genotype and thermoregulation are integrated, which enables to develop a model simulating genotype by environment interactions. 


Methods (1) Genotype

" Net energy (NE) for growth
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Energy requirements based on genotype. The total body weight of an animal over time, that is only determined by genetics, is assumed to be described by a Gompertz curve. Here we see a curve that corresponds to a adult Charolais cow. About 10% of the TBW consists of the rumen contents. TBW minus the rumen content is the EBW. Furthermore, there is the carcass tissue and the non-carcass tissue. The non-carcass tissue contains the organs, skin, legs and head of the animal. 

The carcass tissue can be split into some more tissues, the bone, muscle, intramuscular fat and the miscellaneous fat tissues. This tissues are the subcutaneous and the intermuscular fat tissues.
The deboned carcass is defined as beef in the model. 

From this graph, we know the weight of the various tissues

   


Methods (2) Genotype

Em(t) —

ght (kg)

dM
— % (0.210 x 23.8 4+ 0.005 % 39.6)

dt

" Example composition muscle tissue

® \Water 77.2 %
® Ash 1.3 %
® Protein 21.0 % (23.8 MJ kg1)
e Lipid 0.5 % (39.6 MJ kg?1)
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But, instead of weight, we want to calculate energy requirements. We take the muscle tissue as an example. This tissue is assumed to have a constant composition over time. Pure muscle tissue, without intramuscular fat, consists of 77% water, a little bit of ash or minerals, 21% protein and only 0.5% fat. 

For simplicity, we assume that water and mineral accretion do not require energy. From combustion experiments, we know that the energy content of protein about 24 MJ per kg, and for fat this is about 40 MJ per kg. 

With this information, we can calculate the daily energy requirements for muscle accretion. The derivative of the muscle tissue is multiplied by the average energy content of the muscle tissue. 

Fat and muscle tissues are assumed to have a constant composition, but bone and non-carcass tissue do not.  This approach enables to calculate the energy accretion from protein and fat in all tissues. 

Up to now, we only calculated the energy content of the protein and fat accreted.     


Methods (3) Genotype

" Net energy (NE) for growth
® Protein accretion efficiency: 54% (NE - NE accr.)

® Fat accretion efficiency: 74% (NE - NE accr.)

® NE for maintenance
e EBWO-75> x 311 kJ day?

" NE for pregnancy and milk production
®" NE for physical activity

" Energy for digestion and absorption = Heat incr. of feeding (HIF)

e Different for feeds (chandler, 1994) NE + HIE = ME

® 30-70% of ME (Armstrong and Blaxter, 1956)
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The net energy for growth can be calculated if we know the efficiency of protein and fat accretion. That efficiency is 54% for protein and 74% for fat. This means that 46% of the NE is released as heat during protein accretion. We calculated the NE accretion for all tissues, so this enables to calculate NE for growth for all tissues.

Besides growth, there is also NE requirements for maintenance. This is proportional to the metabolic body weight, which is the empty body weight to the power 0.75.

NE requirements for pregnancy and milk production are calculated from formulas found in literature. 

The NE requirements do not account for digestion processes. After feed intake, an animal spends energy on chewing, ruminating, digestion and absorption. This energy is known as the heat increment of feeding (HIF). The HIF is generally high for low quality diets, and low for high quality diets. NE + HIF equal the metabolisable energy (ME) requirements. The HIF is, depending on the diet, between 30 (high quality) and 70% of the total ME requirements. 

Total ME requirements are thus the NE requirements multiplied by a factor that accounts for HIF. 

This are the ME requirements only based on the genotype of the animal.

 


Methods (4) Genotype

MEtn (t) — (NEgrowth (t) + NEmaintenance (t) + NEphysical activity (t) +

fr.HIF
NEgest. tor.(tc) + NEpmu(t,)) % (1 + (1—;T.HIF))
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The net energy for growth can be calculated if we know the efficiency of protein and fat accretion. That efficiency is 54% for protein and 74% for fat. This means that 46% of the NE is released as heat during protein accretion. We calculated the NE accretion for all tissues, so this enables to calculate NE for growth for all tissues.

Besides growth, there is also NE requirements for maintenance. This is proportional to the metabolic body weight, which is the empty body weight to the power 0.75.

NE requirements for pregnancy and milk production are calculated from formulas found in literature. 

The NE requirements do not account for digestion processes. After feed intake, an animal spends energy on chewing, ruminating, digestion and absorption. This energy is known as the heat increment of feeding (HIF). The HIF is generally high for low quality diets, and low for high quality diets. NE + HIF equal the metabolisable energy (ME) requirements. The HIF is, depending on the diet, between 30 (high quality) and 70% of the total ME requirements. 

Total ME requirements are thus the NE requirements multiplied by a factor that accounts for HIF. 

This are the ME requirements only based on the genotype of the animal.

 


Methods (4) Climate
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Climate section. In order to calculate heat flows, we start by making a simplification of beef cattle. They can each be represented by a cylinder. This cylinder consists of three layers in total, represented by two more cylinders in the cylinder. We make a section of the cylinder in the next slide.   


Methods (5) Climate
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The outer layer is the coat, the middle layer is the skin and the inner layer, and also the environment around the animal is indicated. 

Cattle are isothermal animals with a relatively constant body temperature of 39 degrees Celsius. We also know the temperature of the outer environment from weather data or measured temperatures from stables. The metabolic processes, described in the genotype section, generate heat. If heat remains in the body core, the temperature will rise. Therefore, all heat has to be transported from the body core to the outer environment. 

Heat can be directly transported from the body core to the outer environment via the respiratory system. Cold air is inhaled, and warmer air and water vapour is exhaled. Temperature and humidity affect this process. Heat not released via the respiratory system has to go to the next layer, the skin. 
Heat can be released from the skin via sweating to the outer environment, which is influenced by T, RH, and wind speed. Heat not released via sweating goes to the next layer, the coat. 

From the coat the heat can be released by two processes: long wave radiation, dependent on temperature and cloudiness and convection. Convective heat is released when an air flow takes the heat. This is dependent on outer temperature and wind speed.

The last component is incoming solar radiation, which is not a heat release, but a heat input, thats why the arrow is indicated in red.

Cattle can influence the heat flow to their environment and adapt to the climate within certain boundaries. First, the air flow from the respiratory system can be increased under hot conditions. Second, the conductivity from body core to skin can be adapted by widening and narrowing the blood vessels to the skin. This is also known as vasoconstriction and vasodilatation.

The heat generation by the metabolic processes and the input solar radiation should equal heat release by respiration, sweating, long wave radiation and convection. If we simplify a bit, we can say that heat release is determined by the environment, and also the input solar radiation. The remaining variable is heat from metabolic processes. 

     


Methods (6) Climate

Cena and Monteith (1975)
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Methods (7) Climate

For given weather conditions: maximum heat release vs.
minimum heat release
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To visualise what’s going on, a simulation was done with the thermoregulation sub model. Weather data are represented in the lower right corner, and the simulation is done for a Charolais cow of 950 kg total body weight. We simulate the cow under two conditions. First with maximum respiration and vasodilatation, the widening of the vessels to release as much heat as possible. Second, with a basal respiration and vasoconstriction, to prevent heat loss. 

The results are plotted in this figure, where temperature is plotted on the x-axis and heat release from metabolic processes on the y-axis. The maximum heat release is given by the solid blue line and decreases with increasing temperature. The temperature is the daily average temperature. The maximum daily temperature this cow can have is 30 degrees celsius. When the temperature is 20 degrees, the maximum heat release per m2 coat is about 160/170 W m-2.  

The minimum heat release also decreases with increasing temperature. This cow can use maximum vasoconstriction from a temperature of minus 4 degrees onwards.

Now the integration can start.  


.

Methods (8) G x C interaction

Climate
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From the formula presented in the climate section, the minimum and maximum heat release were calculated, and they are represented on a heat release scale. The lower part of the slide is from the genotype section. Energy not stored in the body of the animal itself or the body of a calf during pregnancy or milk is released as heat. As a result, we can calculate a heat release based on the genotype. 

There are three situations that can occur: First, the heat release from the genotype is lower the minimum heat release. Output is larger than input, and animal cools down. In this situation, the animal starts to shiver and to burn the fat from the fat depots. 


.

Methods (8) G x C interaction
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The second situation is where the heat release from the genotype is between the minimum and maximum heat release. Cattle can manage the body temperature by adapting the blood flow to the skin and the air flow in the respiratory system. No additional measures are necessary to match the genotype and climate.
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Methods (8) G x C interaction

Hmetabolism + Hsolar = Hresp + steating + Hconvection + HLWR
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In the third situation, the heat release from the genotype exceeds the maximum heat release enabled by the climate. Inputs exceed the output of heat, so the body heats up. This shouldn’t happen and therefore the ME for metabolic processes have to be decreased, to end up with a heat release from the genotype that is equal to the maximum heat release from the climate. A reduction in ME means less feed intake as required by the genetic program, and less growth of body tissues. 

Heat stress in cattle reduced growth and milk production.

From this, we can calculate how much ME is required (add under cold conditions due to fat burning, substract under hot conditions). Now we want to know how much feed has to be consumed to meet the ME requirements.  


Methods (9) Feed digestion

100 Megajoule ME,,, day = ? kg DM feed day™

" Adopted a feed digestion model

® Includes a number of feeds
e ‘Potential’ barley-hay diet

® No limits to digestion capacity
e Degradation and passage rates

e Higher rumen fill > higher passage rate
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Suppose we have a ME requirement of 100 MJ ME per day, how much kg feed is this? For this, a feed digestion model is adopted.  This model includes a number of feeds, both high and low quality feeds. We used a high quality feed to simulate potential production. We assume the best diet is the barley-hay diet, which is fed to animals growing at their potential rate. 

Feed intake can be limited by ME requirements and the digestion capacity. In the barley-hay diet, the limitation is the ME requirements, because the diet contains a lot of energy. In other words, the full digestion capacity is not used, but the animal has already enough ME to grow at potential rate.

The model includes degradation, or digestion, rates for different feed components together with a passage rate that is specific for a feed. The higher the rumen fill, the higher the passage rate. This means that at a high rumen fill, the digestion of feed is lower.


Methods (10) Upscaling to herd level

" Potential production; from individual to herd
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All the parts of the model presented were about individual animals. Beef cattle of are of a herd. Within the herd, we distinguish a herd with reproductive cows and a herd with cows to be slaughtered. The model is run for a reproductive cow and her offspring. One of the offspring has to replace the reproductive cow, indicated here as calf 4. 



 


Results (1) Potential production

Charolais cow, Ethiopia, free grazing
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Results (2)

Boran cow, Ethiopia, free grazing
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Results (3)

® Charolais bull,
France

TBW (kg)
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Results (4)
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Results (5)
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Results (6)

Scenarios for modelling potential beef production
® Charolais breed
® 4 climates:

e \Wageningen The Netherlands
® Charolles France

® Arba Minch Ethiopia

e Invercargill New Zealand

e Cattle housed in stables

® Barley-hay diet

® No death of cattle, fertility = 100%.
® 4 calves per cow
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Results (6) Charolais

France

New Zealand

Ethiopia

Herd Netherlands
Reproductive Pot. beef prod.1 83.5
FCR? 38.3

! kg beef per cow per year
? Feed Conversion Ratio
3 kg beef per calf per year

4 kg beef cow + calves per year
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74.3
41.6

86.9
37.5

47.8
52.5



Preliminary conclusions

" First quantitative application of the production ecological
principles to animals.

®" Model simulations show that potential production of
cattle is greater in a climate to which the breed is
adapted than a sub-optimal climate.

WAGENINGEN
For quality of life



Thank you!

www.vieldgap.org

www.wageningenur/en/basis
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Boran in New Zealand
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