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A B S T R A C T

Fetal bovine serum (FBS) is a widely used growth supplement in the in vitro culturing of animal and human cells,
tissues and organs, notably due to the occurrence of abundant micro- and macronutrients, along with growth
factors. Over the years, increasing demand, high price, batch-to-batch variability in quality and composition,
increasing ethical concerns lead to the search for an alternative to FBS. Several approaches have been suggested
and employed in the past, but none is implemented as widely as FBS, and each supplement has its own disad-
vantages. In this review, we described the importance of FBS in cell culture, discussed the issues associated with
FBS use and presented the efforts made in the recent past to reduce or replace FBS. The potential of four different
alternative sources to FBS, namely, bovine ocular fluid, sericin protein, human platelet lysate and earthworm heat
inactivated coelomic fluid was evaluated. In the end, we present the conceptual perspective using the Human
Platelet Lysate (HPL) and earthworm Heat Inactivated Coelomic Fluid (HI-CF) combination to alternate FBS and
its context in scientific and economic impacts.
1. Introduction

Since the establishment of the cell culture technique, the technique
itself becomes a vital and significant tool in biological research (model-
ling disease, stem cell and cancer biology), reproductive technology (IVF-
In vitro fertilization), biotechnology and pharmaceutical production
units (antibodies, regenerative medicine, vaccine and other therapeutic
production) [1, 2]. Importantly, the experiment that can only be per-
formed in the living system have been replaced with cell culture as of
now.

In this cell culture, the media and its supplements play an important
role. Notably, the major supplement of basal media is animal-derived
serum, which serves as a source for hormones, growth factors, amino
acids, proteins, vitamins, inorganic salts, trace elements, carbohydrates,
lipids, etc for cellular metabolisms and growth of cells [3]. In the 1950s,
when FBS was introduced in cell culture, it was thought that FBS would
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only stimulate the cell growth [4]. Later it was identified that FBS has
essential components required for cell attachment, proliferation and
maintenance, such as serum albumin, fetuin [5], hormones, vitamins,
trace elements, growth factor, etc., [6, 7]. Notably, compared to sera
obtained from other sources, such as horse and calf serum, FBS is richer
in growth factors and contains low level of γ-globulin (a cell growth in-
hibitor) [3, 8]. The serum contains approximately 1800 proteins [9, 10]
and it also has more than 4000 metabolites [11]. In addition to that, the
serum helps to improve the pH buffering capacity of the medium and
reduce the physical damage caused by pipette manipulation and stirring
[12].

Due to the above-mentioned advantages, FBS has already become a
universal supplement. Therefore, not only FBS production increased but
its demand also increased simultaneously. Meantime, some serious
debate was formed over the usage of FBS, scientifically as well as ethi-
cally [13, 14]. Specifically, increasing demand for FBS leads to several
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issues and it is listed in the Table 1. Indeed, in vitro culturing technique
majorly contributed to our understanding of cell biology to various drug
discoveries over several decades. Although FBS is from themeat industry,
blood is obtained from the foetuses if the slaughtering cattle are preg-
nant. Annually, there are more than 2 million bovine foetuses used
worldwide to produce approximately 800,000 L of FBS [15]. It is not only
criticised with the ethical concern but also in other ways of questioning
the value of in vitro techniques. Nonetheless, we cannot compromise
with such techniques because of their significant role in biological
research and pharmaceutical production. But we can try to replace FBS
with a suitable alternative. Therefore, moving towards finding a suitable
alternative will be the only key to resolving the problem.

2. Historical aspects and essential components of basal media

In cell culture technology, the culture media is an important factor for
cell survival, cell growth and proliferation. However, the development of
stable media was formulated by a series of research. Initially, the
composition of salt solution was formulated which included only inor-
ganic salt, occasionally glucose was added as a nutrient. For the first time,
animal tissue has been cultured in vitro, briefly the heart of the frog was
kept in the balanced salt solution and the pumping of the heart was
observed. Balanced salt solution was developed by Sydney Ringer in
1882 and named as ringer's solution. Following the ringer's solution,
several balanced salt solutions were developed namely, Locke's solution,
Tyrode's solution, The Kerbs ringer bicarbonate solution, Gey's solution,
Earle's solution and Hank's solution [12]. In the period of 1907–1912,
researchers tried culturing of cells with lymph fluid for several weeks
[16] and blood plasma [17] for several months. Subsequently, adding
embryonic extract through blood plasma dramatically boost the cellular
proliferation [18, 19]. Even then, it was not rightly helpful to maintain
and proliferate primary cell cultures until the FBS came into the picture.
Nevertheless, later it came to know that salts, amino acids, vitamins,
Table 1. Issues associated with FBS and its classification.
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hormones and glucose are the important component for cellular meta-
bolism [20, 21]. Based on that knowledge, chemically defined media
199, EM media, DMEM media were developed with essential and
non-essential amino acids to culture various types of cells under in vitro
condition [22]. However, the inclusion of FBS in cell culture provides
various advantages, yet the overall circumstances surrounded around
FBS leads to various outrages and its further precedence to searching for a
suitable alternative.

3. Efforts made to reduce or replace FBS

Worldwide researchers make efforts to reduce and replace the FBS
from different sources like biological fluid or components, by-products of
industry and combination of different chemicals. There are 260 unique
cell types that can be cultured by using the serum-free media and media
formulated from the literature that is given and regularly updated in the
https://fcs-free.org/fcs-database [23]. However, there is no single
alternate or chemically defined media or even the formulation of a group
of components that are capable of replacing FBS to culture all possible
cell types.

Surprisingly, global studies on the alternative to FBS are rather
limited. Therefore, which is important to show the statistic on an alter-
native that will alert the scientific community for the importance of the
need for a sustainable alternative. Totally there are 246 articles were
published from 1979 to till date and the majority of the articles published
by the USA (41), China (16), Italy (15) and followed by many other
countries (Key word: FBS alternative in cell culture) which are shown in
the Figure 1A. However, most of the work carried out in the last two
decades was shown in the Figure 1B, which does not include any serum-
free chemically defined media. Noticeably, according to the PubMed
database (Key word: Serum free chemically definedmedia in cell culture)
around 603 publications were published with the usage of serum-free
chemically defined media between the years of 1961–2020. This data
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shows that a lot of research has to be done on developing a sustainable
alternative for FBS, since it has a commercial value.

Nevertheless, in the last six decades researchers have been trying to
alternate FBS with different sources include hormones [24], pituitary
extracts, chick embryo extracts, bovine milk fractions, bovine colostrum
or platelet lysates [14], bovine ocular fluid [25], fish serum [26], plant
origin [27] and sericin protein [28], other protein fractions from plant
extracts, called vegetal serum [29] and earthworm coelomic fluid [30].
However, the serum-free chemically defined media is the good one for
clinical and pharmaceutical productions since it is specific to every cell
type [31]. The clinical and pharmaceutical products also carried out in
the specific cell line needs; therefore, they can be used based on chemi-
cally defined media suitable for them. The advantage of chemically
defined media is, its components and their concentrations are well
defined. Also it is completely free from serum and animal-derived or a
human-derived products including albumin [32]. But different cells need
different requirements for cell survival, growth and differentiation.
Therefore, the expensive chemically defined media will not be a feasible
option for all other research purposes. Hence, a universal serum-free cell
culture medium may not be achievable. But here, we explain some of the
possible sources which can have the potential to alternate FBS as a
combination or the other way and we gave our perspective on how to use
3

these sources to culture most of the cells and thereby reduce the usage of
FBS.

3.1. Bovine ocular fluid

The ocular fluid is the meat industry product and the fluid is
collected from the eye of bovine within 6 h after the slaughtering. The
combination of defibrinated 35% of sheep's plasma and 1.5% human
serum albumin and mainly 63.5 % of bovine ocular fluid known as
serum replacement (SR-2.05), required 8–9% for the culture of chicken
embryonal fibroblasts. Similarly, Human Bone Marrow Fibroblasts
(BMF182), Vero cells (Vervet Monkey Kidney) and WISH (Wistar
Institute Human Amniotic Cells) grow much better and quicker in
bovine ocular fluid when compared to FBS [27]. Similar to FBS, ocular
fluid also contains fibronectin and hypoxanthine, insulin-like growth
factor [33], vascular endothelial growth factor [34], S-100 (21-kDa
acidic-Ca-binding protein) [35], which will help for cell attachment and
proliferation.

In addition, reports also suggest that instead of FBS, buffalo ocular
fluid can be used for the cryopreservation of mouse embryonic stem cells,
and some primary cells such as mouse embryonic fibroblast cells, human
peripheral blood mononuclear cells, and mouse bone marrow cells [36].
Figure 1. (A) World-wide Scenario publications on
serum alternatives: 1–5 ¼ Africa (01), Ireland (01),
Greece (01), Norway (01), Iceland (1), Argentina (01),
Mongolia (01), Uruguay (1), Chile (02), Poland (02),
Finland (02) and Slovenia (2), New Zealand (2),
Australia (03), Thailand (3), Belgium (03), Taiwan
(3), South Korea (04), Malaysia (4), Georgia (4), UK
(05), Denmark (05), Iran (05) and France (5) ¼ 62;
6–10 ¼ Switzerland (6), Sweden (06), Spain (06) and
Portugal (06), Brazil (09), Austria (09) and Canada
(10) ¼ 52; 11–15 ¼ India (11), Germany (12), Neth-
erland (12), Japan (14) and Italy (15) ¼ 64; 16–20 ¼
China (16) ¼ 16 and >20 ¼ US (41) ¼ 41. (B) List of
publications on alternatives to FBS in cell culture be-
tween 2000-2020: The number of publications was
gradually increased from the year 2000–2015 and the
maximum number of the article published in the
recent years from 2016 to 2020. Since the total
number of papers so far published in this particular
period is 233.
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Moreover, it is also feasible to use instead of FBS for immature rodent and
buffalo testis germplasm cryopreservation [37]. However, whether the
ocular fluid-based supplement works for versatile cells, needs to be
checked. Notably, even if the ocular fluid-based supplement may help to
culture versatile cell types, yet here the concern, it cannot meet the
required volume due to its limited quantities [38].
3.2. Sericin protein

Sericin is a glue protein of silk. This hydrolysed sericin derived from
the raw silk during the degumming process from silkmoth Bombyx mori
cocoon [39]. The sericin is discarded during filature production, but it
can be developed as a by-product. This sericin protein boosts the cell
attachment [40, 41] of human skin fibroblast [42] and growth of mouse
fibroblasts [43] due to its mitogenic capacity. Researchers suggested that
amino acids cysteine and methionine can help to promotes cellular
proliferation as well as collagen production [44, 45] and enhances
cellular proliferation [39, 46]. For example, the silk sericine extracted by
heat with variable amino-acid content, The Thai native silk strains, Chul
1/1 (bivoltine, white shell) has the most methionine and cysteine content
compare to other species and it promote the cellular growth and the
collagen synthesis in the mouse fibroblast cell line (L929) and the sericin
silk protein also not toxic to the same cell line [47]. The wound healing
property of the methionine and cysteine also reported in the rat model
[48]. Equally, it was reported that several human cell lines such as
human marrow stromal cells (hMSCs), endothelial cells, T-lymphocytes,
and hybridomas [49, 50]. HepG2, HeLa, murine hybridoma 2E3-O,
human embryonal kidney 293 cells [39] and insect cell [47] were
cultured using the sericin supplements. Moreover, the effect of sericin in
cellular morphology, survival, proliferation capacity, cell cycle and
transcriptomic analysis revealed that there is no significant difference
between FBS and sericin in the Chinese hamster ovary (CHO) cells, Af-
rican green monkey kidney (MARC-145) cells and HeLa cell lines,
respectively [28]. Additionally, it has been reported that sericin can be
used for cryopreservation of mammalian cells [51] and murine sper-
matogonial stem cells [52].
3.3. Human platelet lysate (HPL)

Blood platelets or thrombocytes having strong mitogens include
platelet-derived growth factor, fibroblast growth factor, insulin-like
growth factor, epidermal growth factor and various other growth fac-
tors like vascular endothelial growth factor, connective tissue growth
factor [53], chemokines [54], cytokines and array of α-granule factors.
During the clotting process, physiological activation of platelet releases
these factors which help to promote cell stemness, migration [55],
attachment, growth and proliferation in vitro [56]. It was well demon-
strated that HPL support suspension as well as anchorage-dependent cells
[57]. The large-scale, cost-effective, standardized manufacturing and the
preparation of HPL are properly reviewed [53] and mainly donor
thrombocytes from blood banks are easily accessible. The HPL helps to
avoid the risks of xeno-immunization. Therefore, it is mainly used in the
clinical setting for culturing the bone marrow mesenchymal stem cells
[58], regenerative medicine [59] and immune cell therapies (Chimeric
antigen receptor T cells) [60]. Compared to FBS, HPL is a better sup-
plement to culture the human adipose tissue-derived stem cells which
have a higher proliferation rate without compromising its genomic sta-
bility and differentiation capacity [61]. Interestingly, it can be used to
culture primary human macrophages and human mesenchymal stem
cells [62]. A recent study supports HPL supplement as a potential alter-
native for FBS to culture Vero and Hep-2 cells [63]. Like FBS, the
composition and concentration of growth factors present in the human
platelet lysate may vary, depending on the activating stimulus, prepa-
ration procedure and most importantly collected from different donors
[55].
4

3.4. Earthworm heat inactivated coelomic fluid (HI-CF)

The celomic fluid (CF) circulates throughout earthworm body seg-
ments to distribute the nutrient and also act as a carrier for immune cells.
Generally, in mammals or other higher animals’ immune cells are present
in the blood. Though earthworm has the circulatory system, immune
cells like various types of leukocytes are present in the coelomic fluid
even some of that reflects vertebrate leukocytes [64]. Remarkably, CF
contains plasma and a watery matrix which is similar to serum [65].
Interestingly, earthworm CF have several metabolites including amino
acids, peptides, growth hormones, etc., which is important for cell
growth and proliferation [66]. Besides, it has been reported the presence
of sodium, potassium, calcium and chloride in earthworm CF [67].
Moreover, coelomic fluid of earthworms, Eudrilus eugeniae [68], Eisenia
spp., [69] and Lumbricus spp. [70], are rich in riboflavin, which is
essential for cellular proliferation [71, 72], promotes the neural cell
proliferation [73] and neural stem cell differentiation in cell culture,
respectively [74]. Additionally, CF is used as a supplement in plant tissue
culture [75]. Importantly, the CF has the mitogenic effect and it has been
demonstrated in the suspension cells of mouse and human lymphocytes
[76]. The possible mitogenic factor is CMF (coelomic 5itogenic factor)
which is one of the semi-purified fraction of CF and the size is 60-kDa
[77]. These indications suggest that CF shall be an alternative for FBS
in cell culture. But in the case of the adherent cell, the presence of
fibrinolytic enzymes in CF does not allow the cells to attach and grow
[78]. Nonetheless, the crude CF has a toxic effect on cells and interest-
ingly our group [30] recently encounter and evaluated the feasibility of
using 10% heat-inactivated coelomic fluid (HI-CF) from the earthworm,
P. excavatus, for culturing mouse primary fibroblast cells and HeLa cell
lines without FBS. The cells supplemented with HI-CF were grown well
and show a similar growth rate and better cellular viability when
compared to FBS. Notably, there is no cellular and molecular morpho-
logical changes were observed, while using HI-CF as an alternative sup-
plement for FBS in cell culture experiments. Therefore, the HI-CF
supplement could be a suitable alternative for FBS to culture adherent
and suspension cells. However, HI-CF lacks the cell adherent factors like
fibronectin, hence for initial cell attachment, it needs cell adherent fac-
tors to be become an efficient alternative to FBS.

4. Future perspectives

In this review, we have discussed four potential supplement sources
and each source directly helps to culture different types of cells but un-
likely to be adopted widely as a alternative for FBS. Searching an alter-
native for FBS in higher animals won't satisfy our expectations in terms of
ethical issues associated with harvesting serum or other potential fluid.
As an alternative, we can use industrial by-product like ocular fluid,
sericin protein and fish serum, or immensely available invertebrate
fluids, etc. In case of ocular fluid, which is a by-product from meat in-
dustry contains all the necessary factors for cellular attachment and
growth but the availability is very limited and as a whole it cannot satisfy
the demand and required quantity. Similarly, the fish serum is also one
among the good abounded sources from the fish exporting industry
around the world, but the mixture of various species, geographical and
seasonal variation, and the different types of processing ultimately leads
to variation in the undefined composition and the quantity. So, it leads to
questioning in the reproducibility of the cell culture experiments. In the
case of HPL, it has the mitotic factors and other necessary factors for
cellular growth and many different cells were cultured [79, 80]. But it is
mainly needed for clinical and health care purposes. Therefore, the sci-
entific community cannot compromise the healthcare needs by occu-
pying the HPL in such a volume as required.

Whatever biological fluid, researchers intended to use, which will
definitely show variation in the composition of the micro and macro-
nutrients similar to FBS. Though different types of serum-free chemically
defined media are formulated for culturing different types of cells, but
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they are good for clinical therapies and pharmaceutical production, since
they are cells specific and not cost-effective. Therefore, we cannot
completely replace the FBS with chemically defined media or supple-
ments like sericin and many others as well.

Indeed, to solve this issue, the supplement source should be vast and it
should not violate the ethical concerns and the scientific reproducibility.
In the meantime, if the source creates economic development, it will be
much appreciated. In this context, earthworm P. excavates coelomic fluid
can be a better option. Earthworm, P. excavatus is a tropical worm nor-
mally found in India, which has a vast reproductive capacity and it is
mainly used in the vermicomposting industry around the world. The
collection of the coelomic fluid is very simple and it won't cause any
mortality in earthworms which is the most important things to consider
and there are no ethical issues associated with earthworms. As well as,
coelomic fluid can be collected from the earthworms using non-invasive
methods and the processing of HI-CF was discussed clearly in our pre-
vious article [30]. Since the preparation is very simple so that it will not
show much variability in the composition. Notably, we can use the same
worm for the next round of coelomic fluid collection after 15–20 days. As
already discussed, HI-CF has a similar effect on cellular growth as like
FBS. Nevertheless, one of the positive sides of the FBS is the presence of
lower levels of immunoglobulin but remarkably there is no presence of
immunoglobulin in the CF, because earthworms are lower invertebrates.
Moreover, many reports suggested that earthworm CF has antimicrobial
activity [81, 82] and an author suggested that CF of P. excavatus has
broad-spectrum antibacterial property and this may help to eliminate the
use of antibiotics in the animal cell culture medium [83]. However, the
HI-CF activity against microbes needs to be studied. If so, it also helps to
improve the culture process by reducing the contamination. However,
earthworm HI-CF have many advantages, but it lacks the attachment
factors such as fibronectin. Though the suggested four sources are pro-
moting cellular growth in cell culture, we are considering HI-CF as a
source for alternative but not suggesting to use directly as an alternative
since individual sources having few limitations on their own. Hence, we
believe it can be a potential source to produce or develop an alternative
one way or the other.

Here we have a perspective that the addition of a factor or a source is
required for HI-CF in cell attachment, which could be a potential alter-
native to FBS. Though the addition of commercially available fibronectin
with HI-CF in the cell culture may perhaps help to attach the cells but
may not support all cell types to attach in the culture plate and growth of
the cells. Notably these commercially available fibronectins also from
bovine plasma and another way by biotechnological manufacturing
(cloning). Therefore, the addition of commercially available factors
cannot rectify our concerns on animals at the same time it will not be a
5

feasible economic option too. Even coating the cell culture plate with
materials like collagen, poly-D-lysine, peptides, etc failed to mimic FBS in
cell culture. Therefore, the cell attaching material or addition of any
single molecule with HI-CF shall not mimic the FBS like state. Based on
these arguments, we would like to suggest that the combination of two
sources, for example HPL and HI-CF can be a good alternative option.
Consider the fact that all required factors for cellular growth available in
the HPL and HI-CF but HI-CF is missing only the attachment factor for the
cells to attach and grow. Even HPL alone enough for the cell attachment
and growth, however, we cannot totally depend on HPL but we can use it
in minimal. Since the minimum quantity of HPL is enough to support the
attachment of the cell, the HI-CF can takeover further cellular growth and
proliferation (Figure 2A) to achieve the standard cellular growth like it in
FBS (Figure 2B). We discussed above the presence of all organic and
amino acid, electrolyte and vitamins and several other molecules which
are present in the CF represent the serum-like state. Though the avail-
ability of the HPL is 2�1011/unit in Europe and 3�1011/unit in USA
[53], we require HPL in this HPL-(HI-CF) combination could be very
minimal perhaps 5–10%. To minimise the use of HPL, the percentage of
the HPL in the combination needs to be standardised. For the availability
of HI-CF, earthworm P. excavatus not only found in India but also
distributed in tropical Asia [84] and African countries [85], since it is
commercially produced and highly used for the vermicomposting pur-
pose in tropical and subtropical regions. It is also becoming highly pop-
ular in North America too. Time taken to develop from cocoon followed
by maturation of worm and producing new cocoon is only 28 days [85].
Therefore, the animal numbers can meet the vast demand when it is
needed as a commercial product for the production of HI- CF. Impor-
tantly, it will not be a biohazard for the worker when it comes to com-
mercial production since it is widely used in the vermicomposting
industry.

The donor platelets have a shelf-life of five days for the therapeutic
purpose and it can retain all the growth factors for three weeks [86]. Even
the outdated donor platelets is not showing many losses in its number
and the Platelet-derived growth factor concentrations are also well
documented [55]. Importantly, certain criteria should be considered
before using pooled HPL that include the quality, composition, endotoxin
levels and viral and bacterial safety of the HPL product [57]. The my-
coplasma contamination can be eliminated by 0.2-micron filtration [87]
and by following the mycoplasma elimination protocol. Statistically
pooled HPL increases the possibility of risk of viral contamination like
human immunodeficiency virus, hepatitis B and C, syphilis, human
T-lymphotropic virus and cytomegalovirus [88], However, there are
several viral inactivation methods are there to tackle this like heat
treatment, nanofiltration, etc., [89, 90]. Yet it is the one of the major
Figure 2. Graphical representation of the
vision of alternatives to FBS: With the mini-
mum amount of HPL, cells can attach well
and it slightly helps for proliferation.
Whereas in the case of HI-CF, cells are not
able to attach to the surface therefore there is
no proliferation take place. But if we can
combine HPL- (HI-CF) with the ratio 1:9 or
2:8 and 10% supplemented it in Basal media
which will be enough for the cells to attach
and proliferate (A) which will be similar to
FBS media (B). Detailed methodology for the
preparation of HPL discussed by Burnouf, T
et al 2016 and HI-CF [30].



Table 2. Comparison of HPL and CF's possible components and its functional similarity with FBS.

S.No Components Fetal Bovine Serum (FBS) [7] Human Platelet Lysate (HPL) Earthworm Coelomic Fluid (CF)

1. Serum proteins Albumin Globulins (Example –

Immunoglobulin- IgG)
α1-Antitrypsin (Protease
Inhibitor) α2-Macroglobulin
(Protease Inhibitor)

Immunoglobulins (IgG), bilirubin,
thyroxine, cholesterol,
progesterone, testosterone or
fibrinogen [103].

Coelomic cytolytic factor (CCF-1)
[108], Fetidins [109],,

Extracellular globin-2 and 4 [110].

2. Transport proteins Transferrin, Transcortin, α1-
Lipoprotein, β1-Lipoprotein

- Lysenin-related protein-1 and 2,
Gelsolin-like protein- 1 [110].

3. Attachment and Spreading Factors Fibronectin, Laminin Serum
Spreading Factor

P-selectin, Von willebrand Factor,
Vitronectin, Fibronectin,
Fibrinogen, Integrin αllbβ3,
Integrin αVβ3 [53].

-

4. Enzymes Lactate Dehydrogenase, Alkaline
Phosphatase, γ-Glutamyl
Transferase, Alanine
Aminotransferase (ALT/GPT),
Aspartate Aminotransferase (AST/
GOT)

Alkaline phosphatase, lactate
dehydrogenase, Aspartate
transaminase, Alanine
transaminase [111].

Chloragosomes, phenoloxidase,
peroxidase [112], serine protease
[113].

5. Hormones Insulin, Glucagon, Corticosteroids,
Vasopressin, Thyroid Hormones,
Parathyroid Hormone, Growth
Hormone, Pituitary Glandotropic
Factors, Prostaglandins.

- Trace elements of plant hormone,
auxin, indole-3-acetyl-L-valine
[114].

6. Growth Factors and Cytokines Epidermal Growth Factor (EGF),
Fibroblast Growth Factor (FGF),
Nerve Growth Factor (NGF),
Endothelial Cell Growth Factor
(ECGF), Platelet-derived Growth
Factor (PDGF), Insulin-like
Growth Factors (IGFs),
Interleukins, Interferons,
Transforming Growth Factors
(TGFs)

Platelet-derived growth factor,
fibroblast growth factor, insulin-
like growth, epidermal growth
factor and various other growth
factors like vascular endothelial
growth factor, connective tissue
growth factor, Interleukin-8,
transforming growth factor-beta
(TGF-β) [53].

Epidermal Growth Factor (EGF),
Fibroblast Growth Factor (FGF)
[115], Actin-2 [110].

7. Fatty Acids and Lipids Free and Protein-bound Fatty
Acids, Triglycerides,
Phospholipids, Cholesterol
Ethanolamine,
Phosphatidylethanolamine

Triglycerides, Cholesterol, High-
Density Lipoprotein, Low-Density
Lipoprotein [111].

lysenin, poly (ethyleneglycol)
cholesteryl ether (fPEG-Chol)
[116].

8. Vitamins Retinol/Retinoic Acid (Vitamin
A), Vitamin B-Group: Thiamine
Riboflavin Pyridoxine/
Pyridoxalphosphate Cobalamin
Folic Acid Niacinamide/Nicotinic
Acid Panthotenic Acid Biotin
Ascorbic Acid (Vitamin C)
α-Tocopherol (Vitamin E)

Vitamin D3 [117]. Vitamin B2 [118].

9. Trace Elements Selenium, Iron, Zinc, Copper,
cobalt, chromium, iodine,
Fluorine, manga- nese,
molybdenum, Vanadium, Nickel
and Sn

Sodium, potassium, magnesium,
iron, Calcium [109].

Sodium, potassium, calcium and
chloride [67], acetate, fumarate,
malonate, malate, formate,
succinate [119].

10. Carbo-hydrates Glucose, Galactose, Fructose,
Mannose, Ribose, Glycolytic
Metabolites

Glucose [53]. Inositol, glucose, galactose, and N-
acetyl-glucosamine [110].

11. Nonprotein Nitrogen Urea, Purines/Pyrimidines,
Polyamines, Creatinine, Amino
Acids

Urea [109]. Amino acids like alanine, lysine,
etc [66], Adenosine, nicotinamide
[119].

K. Subbiahanadar Chelladurai et al. Heliyon 7 (2021) e07686
concerns on HPL [91] and a recent review discusses about the regulatory
requirements, good manufacturing practice of HPL and recommended to
release quality control criteria for HPL, including negative test results for
pathogen screening, bacterial contamination, mycoplasma and endo-
toxin [92]. Over all the combination overcomes the things which we
discussed about the FBS in Table 1.

In addition, HPL- (HI-CF-90�c) is in (pathogenic and toxin) inacti-
vated form slightly better than heat inactivated FBS, so the presence of
endotoxin and toxic virion contamination will be eliminated. Signifi-
cantly, a combination of these (HPL and HI-CF) two sources has the
components that can able to mimic the functional similarity with FBS in
cell culture (Table 2) which may perhaps help to provide a better
6

elevation for the replacement or reduction of FBS at least. Similarly, the
HI-CF also support the growth of the immortal and diploid cells as dis-
cussed previously. Therefore, HPL- (HI-CF) combination will support the
growth of all cells in cell culture. Considering this possibility, if further
studies are conducted with a combination of two biological fluids like
HPL and HI-CF or combination of HI-CF with other possible biological
sources, the development of a good alternate may be possible to grow all
types of mammalian and other animal cells.

Certainly, the positive consequence of HPL- (HI-CF) will create a
socio-economic impact. Since the vermicomposting industry is the main
source for this production, it will rapidly boost the vermicomposting
industry directly. Therefore, it will encourage farmers to use biofertilizer
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instead of chemical fertilizer and make sure the healthy agriculture
products. This perspective provides a sustainable alternative to FBS and
also potentially influences the sustainable biodiversity conservation,
ecology, agriculture and human health. As on the 2016 report, the FBS
market was $11,310.9 million in 2015 but it is expected to reach
$18,630.7 million by 2020 [93]. In this highly growing vast market,
alternative products should consider the 3R concept as a much-needed
thing. This is not only to solve the scientific and moral issues on FBS
but also to provide the above-mentioned advantages. If we can able to
replace the use of FBS at least in basic research in academic and research
institution to culture immortal cell lines, diploid cell lines and primary
cells, the need for FBS will be reduced by half. In this context, a combi-
nation of HPL- (HI-CF) can be a good alternative. Meanwhile, there are
53 of 66 studies obviously utilizes the FBS in the manufacturing of stem
cells for human clinical trials, even the presence of Neu5Gc in xenogenic
FBS [94]. Though the xenogenic may not influence the clinical output,
still we are unable to recommend HPL- (HI-CF) xenogenic mixture for
translational research, clinical purpose, pharmaceutical and industrial
production, until the clear composition and clinical research relevant to
the HI-CF is documented.

5. Conclusion

Until now FBS is an immeasurable supplement for the cell culture
experiments. However continuous use of FBS for the long term is not a
good way to take forward cell culture. Since FBS is the universal sup-
plement, we are in the position to replace it with a possible way. Though
researchers around the world are trying to replace it with different
sources like chemically defined media, proteins and growth factors,
however, it is unable to mimic the same that FBS does in cell culture.
Hence, the alternate has hidden only in the biological or animal fluid.
Also, the source may be available in higher animals, but it cannot satisfy
our expectations and goals. Subsequently, the extensively available and
reproducible animal fluid from the invertebrate could be a potential
candidate to alternate FBS. Though earthworm HI-CF has the factors to
helps cellular growth, yet the combination of HPL and HI-CF can have the
potential to attach, proliferation and the growth of the cells in vitro. The
preparationmethod won't cause anymortality in earthworms and can use
the same worm until its life span. Simple preparation and the huge source
availability allow us to produce the HPL-(HI-CF) cost-effectively. It will
reduce the use of FBS at least in the basic research and create an eco-
nomic and ecological impact too. Unfortunately, FBS can be replaced
only by animal fluids to culture most of the cells in vitro. Therefore, we
suggest that HPL-(HI-CF) can be a meaningful option to alternate FBS.
However, research needs to be done to validate this expected outcome.
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