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▪ Protein ingredients

● Diversification

● Variability in nutrients

Introduction
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Fishmeal

Soybean protein concentrate

Poultry by-product meal

Methanotroph 



Type of single cell ingredients

3

Glencross et al. (2020)



Skipping trophic levels
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herbivore

omnivore

carnivore

Generally energy flow in food web:

• Only 10% of the energy is 

transferred to the next trophic level  

(Pauly &Christensen, 2005)

Origin of single cell protein (SCP):

Autotrophic → Heterotrophic



Proximate composition of SCP (on DM basis)
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CP

Mean: 34%

Range: 0-60% 

CP

Mean: 45%

Range: 30-60% 

CP

Mean: 60%

Range: <80% 

Glencross et al. (2020)

Carbohydrate!!



Crude protein → Sum amino acid (Sum AA)
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▪ CP biased

▪ Presence nucleotides

▪ Underestimation 

of carbohydrates

▪ AA patterns.....

→ not a problem

→ synthetic AA

Glencross et al. (2020)

Agboola et al. (2021)



In vivo protein accessibility of SCP (microalgae)
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Cell wall hardness Cell wall integrity?

↑protein ADC?
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Cell wall hardness (microalgae & spirulina)
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A: t1/2= 2 min

Differences in cell wall hardness between algae were quantified:

Spirulina <<< C. vulgaris ~ N. gaditana ~ S. dimorphus

S: t1/2= 32 min

N: t1/2= 28 min

C: t1/2= 24 min

Teuling et al. (2017)



Cell wall hardness (microalgae & spirulina)
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68-83%

Differences in ADCs between “algae” 
≠ 

differences in mechanical hardness of algae cell walls 

Teuling et al. (2017)

Ing. ***; Species ns; IxS ns



In vivo protein accessibility of SCP (microalgae)
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Processing yeast

11Agboola et al. (2022)

Species: # Proc. * Species: *** Proc. ***



Cell wall integrity of SCP (N. gaditana)

12Teuling et al. (2019)



Cell wall integrity of SCP (N. gaditana)

13Teuling et al. (2019)



Processing → protein quality (N. gaditana)

14Teuling et al. (2019)



Pros:

▪ ......

▪ ......

▪ ......

Conclusions
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Cons:

▪ ...... 

▪ ......

▪ ......



Thank you

Johan.Schrama@wur.nl
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