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Abstract: Conventional cell culture relies on serum, which has the problems of unclear
composition, high cost, and contamination risks. Microbial-derived additives, with clear sources,
low costs, safe components, and obvious pro-proliferative effects, have become an ideal alternative
to serum in cell culture. To provide a basis for the development of new sources for the culture
media of cells in agricultural production, this review first summarizes the role of microbial-derived
additives in the research and development of serum-free media, and then elaborates on the
application status of microbial-derived additives in cellular agriculture. On this basis, it probes into
the mechanisms through which microbial-derived additives provide precision nutrition and promote
cell proliferation. This review aims to provide technical support for the research and development
of serum-free culture media, the establishment of cellular precision nutrition, and the sustainable
development of cellular agriculture.

Keywords: microbial-derived additives; cell culture; precision nutrition; cell proliferation;
preparation process
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Extraction, separation, purification E : :

Schematic diagram of the preparation process of microbial-derived additives. Created with BioGDP.
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Table 1 Comparison of pretreatment methods for the extraction of microbial-derived additives
Comparison Traditional cell disruption extraction Novel green extraction
dimension
Extraction (1) Cell disruption efficiency: physical>chemical>biological (1) Targeted extraction efficiency: SCDE~SWE>
efficiency (2) No component selectivity; only intracellular total DESs
components released; no targeted enrichment for target (2) High selectivity; effective component
components extraction rate increased by 30%-80% vs.
traditional processes
Scalability (1) Physical/chemical: industrially mature, continuous (1) SCDE: extremely mature, for large-scale high-
amplification for ten-thousand-ton basic raw material value-added products
production (2) SWE: gradually industrialized, pilot mature,
(2) Biological/pulsed electric field: pilot scale, efficiency scalable to thousand-ton scale
fluctuates after amplification (3) DESs: Lab/bench scale, solvent separation
bottleneck in amplification
Comprehensive (1) Equipment cost: physical>biological>chemical (1) Equipment cost: SCDE>SWE>DESs
cost (2) Operating cost: chemical<physical<biological (2) Operating cost: DESs<SWE<SCDE
(3) Overall: relatively low, for low-value-added basic raw (3) Overall: relatively high, added value covers
materials cost via improved purity/bioactivity
Bioactive (1) Physical (except pulsed electric field)/chemical: easy (1) SCDE/DESs: almost no thermal damage,
component denaturation/degradation by high temperature/acid-base retention rate>90%
retention (2) Biological only: mild conditions, excellent retention (2) SWE: minor thermosensitive component loss,
better than traditional methods
Environmental (1) Chemical: severe pollution (acid-base/organic waste), All eco-friendly: SCDE (CO, recyclable, no
impact need extra treatment residue); SWE (water only); DESs (biodegradable,
(2) Physical/biological: no chemical pollution, eco-friendly  low toxicity)
Process Extraction pretreatment; provides raw materials for Core extraction process; synchronous “targeted
positioning subsequent enrichment, needs combination with purification enrichment+preliminary purification”, simplifies
subsequent steps
Applicable Preparation of basic nutritional components (crude amino Extraction of high-value-added bioactive
scenarios acids/polysaccharides/hydrolysates) for general serum-free ~ components

medium additives

(C-PC/peptides/terpenoids) for precision serum-
free medium additives
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Table 2 Comparison of three common green extraction methods for microbial-derived additives

Extraction SCDE SWE DESs
methods
Core solvent CO, H,O HBA+HBD
Green Non-toxic, non-flammable, recyclable,  Non-toxic, harmless, safest Biodegradable, low toxicity
attributes but itself is an industrial emission gas
Operating Low (31-60 °C) High (100-374 °C) Ambient temperature
temperature
Operating High (10-40 MPa) Medium-high (2-10 MPa) Atmospheric pressure
pressure
Mechanism  Ultilizes high diffusivity for penetration  Polarity of water decreases, expanding  Strong hydrogen bonding

and dissolution dissolution range interacts with and dissolves

target compounds

Best for Low-polarity, lipophilic, small Medium-to-high polarity, water-soluble, Broad spectrum, especially

molecules or components releasable via hydrolysis effective for medium-to-high

polarity and complex systems

Thermal Excellent Poor Good
sensitivity
compatibility
Post- Simplest and most thorough. CO, turns More complex and energy-intensive. Most complex. High viscosity
processing  into gas upon depressurization, leaving  Extract is a hot dilute solution requiring makes separation difficult
& solvent no solvent residue in product concentration and drying
recovery
Equipment  Highest equipment investment Moderate equipment investment Lowest equipment investment
& cost
Industrial Very mature Gradually maturing Largely at laboratory research
maturity and pilot stages

Vs AR A Tge) iz o, i DES if T H
JoT H2 BUAH LU A% 48 Bk AT 4 S 10% - 50% 11 7
24 i, % DES SLIH5K- R % DESs $#
BUNBSREIRE AR, R AT IL 32.79%, Hib
TR LR S 37.45%7 AN, FIR M 2
DESs (Z AR -1 2 A AL IEAR- PR 2 . B R
TGP ER K AR R A ZR DARR AR T Bk
FREH T 99% iR R0,

DESs ] i 2 4 3 2H 43 a] S B X e 43 F
CURSE R 28 1A R Y e e AR U7 SR
P AL AAE T DESs il W 2, H5 His
Yz B RefE e A BEAE R, SBUR S B I
M, M\ DESs A [l i 4 B2 7= AR AT 75 S hiis
RULTE . s LR T2, BT #4E

WA G HEAMERETS,
1.2.2 HEMLTEMNEL TG E

J T EE A AR, TN
Hiigsegr )y, it 5w Sifraifbab 3,
WAL 2 3B B g A s AR T

5 1ot 3 2 N e )3z I I 4 4tk
FAR, BRI R, BT ZE AT A
P20, BRI 8 1 3 B AL AT 23 80k
F, RIS T RGE SCB E EE AR B AR H A
a7/l DR SO € 5 N S e RN 1) |
JECN, SR LRSS R 0.1-10 pm, B UEH:
AREIPEFLARTERE A 0.01-0.1 um, HIEFRIEE S
FURETRE, WH N 0.5-5.0 bar, TMiIE AR
VEFE AN 0.1-2.0 bar™, {8 F T B B i i
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Figure 2 Molecular mechanisms of cell proliferation promotion by microbial-derived additives. AKT: Protein

kinase B (PKB); Bad: Bcl-2-associated death promoter; Bax: Bcl-2-associated X protein; Bcl-2: B-cell lymphoma

2; CDK: Cyclin-dependent kinase; Caspase-3: Cysteine-aspartic protease 3; ERK: Extracellular signal-regulated

kinase; 4EBP1: 4E-binding protein 1; IL-1B: interleukin-1 beta; mTORC1: Mammalian target of rapamycin

complex 1; NF-«kB: Nuclear factor kappa B; p21: Cyclin-dependent kinase inhibitor 1; p27: Cyclin-dependent
kinase inhibitor 1B; PDK: Pyruvate dehydrogenase kinase; PI3K: Phosphatidylinositol 3-kinase; Rheb: Ras

homolog enriched in brain; S6K1: Ribosomal protein S6 kinase 1; TSC1/2: Tuberous sclerosis complex 1/2.
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3 AREIRIEMEDITEIMEREFEE SR T R PEETE IR
Table 3

types as medium components

Proliferation-promoting effects of microbial-derived additives from diverse sources on various cell

Type Sources Cell line  Active component Addition amount  Effect References
Fungi- YL S£-9 <30 kDa peptides 5% V/V Result in a 60.6% increase in cell [120]
derived density
Additives  yE and YP.A, (Bio CHO- Amino acids, YE (1 g/L) and YP. Increase IgG production by 180% [121]
Springer) AMW carbohydrates, A4 g/L)
nucleic acids
YE (Bacto™) Vero NA 0.1 g/L Maintain cellular growth and [122]
proliferation
Yes (FNI100, FNI DF-1 FAAs Nucel 24— Enhance cellular viability [123]
105, and Nucel) 781 pg/mL;
FNI100 &
FNI105<1.56 g/L
Ganoderma CHOKI NA NA Boost growth, prevent apoptosis, [124]
lucidum spores maintain cell cycle in low-serum
Grifola frondosa  NHDFs  Naringin, 100 pg/mL Shield fibroblasts from BPA [125]
hesperidin, toxicity via antioxidant/anti-
chlorogenic acid, inflammatory action, boost
and kaempferol proliferation
Bacteria- Fermented skim  HB4C5 19.0 kDa protein 530 pg/mL Enhance IgM production of the  [126]
derived milk supernatant hybridoma cells by 2.8-fold
additives (11 LAB+yeast)
PBL 530 pg/mL Facilitate I[gM production by 2.8-
fold, enhance IgG production by
5.4-fold
PBL 50 pg/mL Stimulate IFN-y production by
6.0-fold
Lacticaseibacillus  YAMC,  p75 and p40 p75 100 ng/mL,  Block TNF apoptosis and boosts [127]
rhamnosus GG HT 29 p40 10 ng/mL gut epithelial growth
LAB CD¥, Glu, P, Na, K NA Boost CD3*/CD4" T cells>80%  [128]
cp* in 3 days
Rhodobacter HelLa Arg, Leu 10% VIV Reach 1.5x% cell count in 5% FBS [129]
sphaeroides medium
Rhodobacter HS27 Gly, Glu, Ala, Asp, 0.5% V/V Outperform FBS for growth/ [130]
sphaeroides His, Arg, Cys, Thr, viability, cuts ROS, and boosts
Tyr, Met, Asn lysosomes
Microalgae- Chlorella vulgaris RL34 Glucose, amino 10%—-15% VIV Increase the survival rate of cells [131]
derived acids
additives  Chlorella vulgaris EBTr NA 10 g/L Increased cell viability [132]
Auxenochlorella  Carassius Protein, sugar NA Support continuous culture of the [133]
pyrenoidosa auratus cells for at least 4 passages
muscle
cells
Spirulina platensis PMMSC NA NA Promote cellular proliferation [134]
Oscillatoria okeni HaCaT C-PC, Protein 1% VIV Enhance cell viability [135]
Chlorococcum C2C12 Glucose, 5% ViV Enhance cellular proliferation by [136]
littorale proteinogenic 4.5%, matching 10% FBS-DMEM

amino acids, Glu

Ala: Alanine; Arg: Arginine; Asn: Asparagine; Asp: Aspartic acid; C-PC: C-phycocyanin; Cys: Cysteine; FAAs: Free amino acids;
Glu: Glutamic acid; Gly: Glycine; His: Histidine; LAB: Lactic acid bacteria; Leu: Leucine; Met: Methionine; NA: Not available;
Thr: Threonine; Tyr: Tyrosine; YE: Yeast extract; YL: Yeastolate; YP.A: Yeast peptone-A; YUF: Yeastolate ultrafiltrate.
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