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Context

Overview
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Technological advancements are unceasingly required by the ongoing developments in the sectors of industrial biotechnology and pharmacy. These progresses call for brand-new, highly productive and

economically viable culture media formulations based on sustainable sources, with zero or negative carbon footprint [1].

Serum is frequently included in the medium used in cell and tissue cultures. Serum composition includes proteins, lipids, minerals, growth factors and hormones. The addition of fetal bovine serum (FBS) is

well recognized procedure for mammalian cell cultures. FBS offers the nutritional and physiochemical elements necessary for cell maintenance and growth, as well as attachment and growth factors.

Despite these advantages, FBS still has a number of drawbacks, including low batch-to-batch consistency, a risk of biological contamination by Mycoplasma, the need for many cattle and, consequently, an

increase in gas emissions [2]. In this context, research studies should be focused especially on several options with which to substitute FBS. So, a recent trend in cell culture is to change from serum-use to

serum-free media.

Current alternatives to serum embrace the use of a combination of recombinant proteins (insulin and other growth factors), hormones (hydrocortisone), lipids, and hydrolysates [3]. Protein hydrolysates

often comprise a mixture of proteins, peptides, amino acids, minerals, carbohydrates, lipids and growth factors that are similar to the raw input material. These ingredients have been linked to health-

promoting properties due to their anti-apoptosis, antioxidant, immunomodulatory effect and antibacterial activities and also have effects on cell proliferation [4]. Chickpea [5], chicken and fish-derived

hydrolysates [3] are some potential sources that have been explored as serum replacements for animal cell culture. However, systematic evaluation of protein hydrolysates as an alternative for FBS remains

limited. Currently, it is required to conducted studies of sustainable protein hydrolysates (e.g. animal by-products, insect and algae) on cellular morphological, physiological and transcriptomic evaluation on

mammalian cells to provide a strong reference for boosting the application of FBS-free media.
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Disadvantages of FBS-supplemented cell culture media 

(adapted from Gottipamula et al. [6])

• Undefined media constituents, batch-to-batch variation

• High risk of biological contamination (e.g. Mycoplasma)

• Serum is quite expensive

• Internalized by stem cells, the FBS protein poses a risk of spreading unknown

infectious pathogen

• Raw material, intermediate product and final product testing for adventitious agents

• FBS-supplemented cultures experience replicative senescence, accompanied by a

gradual loss of differentiation potential and no signs of cellular transformation

• FBS-containing cultures require post-trypsinization downstream process with extra

washing step to remove or decrease FBS content on cells

Additives for replace of FBS Cell type Outcomes Reference

Transforming growth factor (TGF)-β3 Chondrocytes
The treatment group to which TGF-β3 was
added without the addition of FBS showed
excellent cell growth

[7]

Platelet releasates Corneal endothelium cells
Human platelet releasates proved that can be
used for ex vivo expansion of corneal
endothelial cells

[8]

Insulin-like growth factor (IGF)-I (hrIGF-I) Follicle
Development of follicles through regulation of
IGF-I bioavailability.

[9]

Chlorella vulgaris extract
Chinese hamster ovary 

(CHO) and mesenchymal 
stem cells (MSC)

Promoted the growth of CHO and MSC
and increased in protein expression in
CHO

[10]

Rice protein hydrolysate Human HepG cels
Protection against oxidation stress from
hydrogen peroxide

[11]

Chickpea protein hydrolysate
Monocytic THP-1 and 

Caco-2 cell lines

Chickpea protein hydrolysate was a good
substitute for serum in Monocytic THP-1 cells,
but did not allow growth of Caco-2 cells

[5]
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• The removal of serum from media cell culture decreases downstream processing time and

costs

• Protein hydrolysates comprise amino acids, vitamins and lipids that contribute to the

elementary ingredients of cell culture media

• Hydrolysates contain growth factors that enhance cell proliferation

• Bioactive properties of hydrolysates including anti-apoptotic, antioxidant, antimicrobial as well

as immunomodulatory effects, are unique features that should be taken into consideration

• Full characterization of hydrolysates, together with an in-depth analysis of the regularly used

culture media can be essential to identify their critical components

• The effectiveness of hydrolysates as prospective serum replacement components depends on

a deeper knowledge of their constituent parts and how they might affect cell maintenance and

proliferation
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