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 Tissue engineering is fundamentally based on the culturing of cells in vitro (grown 

outside of the body). In order for cells to proliferate in a laboratory setting, the scientist must 

provide the cells with a controlled and favorable environment. According to Gerhard 

Gstraunthaler, “the culture medium is by far one of the most important single factors in cell and 

tissue culture. The culture medium must supply all essential nutrients for cell metabolism, 

growth and proliferation” (Gstraunthaler 275). Although scientists have created a basal media to 

provide most of the necessary nutrients, there are still some complex components, such as 

macromolecules and growth factors, which are easier to add in the form of fetal bovine serum 

(FBS) than to manufacture. Yet one of the reasons for growing cells in the lab is to reduce 

animal testing in favor of conducting tests on cultured tissues. Ironically, this “humane” method 

may defeat its purpose due to the ethically questionable means of harvesting fetal bovine blood, 

from which FBS is derived. Since FBS is used almost universally in cell cultures, scientists and 

consumers of engineered cell and tissue products may be guilty of directly or indirectly enabling 

animal cruelty. Logically, this same group of people will be affected by the unavailability of FBS 

should its means of production be deemed unethical.  

 Therefore the scientific community must accomplish the following. First, the ethical 

soundness of current methods of fetal bovine blood extraction should be determined. Second, 

better methods should be researched and then implemented on a worldwide level. Third, the 

possible consequences of unethical FBS manufacturing for stakeholders of FBS, both direct and 

indirect, should be examined. Fourth, ways of replacing FBS in cell media should be researched 

to eradicate the ethical dilemmas caused by fetal bovine blood harvest altogether. 

 In order to determine whether fetal bovine blood harvest is humane, the method of 

extraction and the level of awareness of the fetus must be investigated. Today, cardiac puncture 

is the most common means of harvest, though blood can also be drawn through the umbilical 

cord or jugular vein (Gstraunthaler 276). The procedure is done “under aseptic conditions by 

puncturing the beating heart of the unanesthetized fetus using large diameter needles” (Rauch et 

al. 305) and extracting as much blood as possible from the fetus (which is harvested from the 

slaughtered mother cow). Most scientists agree that this procedure causes pain to a sentient and 

conscious fetus. Therefore the controversy lies in the gestational age of consciousness and the 

degree of discomfort experienced by the fetus.  



 Of entities associated with the manufacture of FBS, some claimed that the fetus was alive 

with a functioning heart during puncture while others insisted that the heart did not beat and the 

fetus was dead at the time of the procedure (Jochems et al. 10). The major findings documented 

in The use of fetal bovine serum: ethical or scientific problem? supports the former claim. Firstly, 

the amount of blood extracted from a non-beating heart is very small, as only fluid from within 

the heart’s chambers can be aspirated without blood flow. The average volumes of blood 

harvested from bovine fetuses exceed what could be extracted from only the heart. Secondly, 

blood coagulates almost immediately after death. If the fetuses were dead at the time of harvest, 

extraction with large diameter needles would be extremely ineffective. The combination of the 

aforementioned evidence leads to the conclusion that fetuses are most likely alive at the time of 

cardiac puncture. 

 Yet being alive does not necessarily equate to being conscious of noxious stimuli. 

Although instances of fetal animals flinching or withdrawing from noxious stimuli have often 

been cited, physical response to stimuli is not enough to ascertain awareness. According to Valk 

et al., the brain function necessary for conscious awareness of pain only develops in the last 

quarter or so of gestation (thoroughly researched in sheep). Since all fetal bovine viable for 

cardiac puncture are within the latter two-thirds of gestation, there are significant numbers of 

fetuses both able and unable to feel pain. 

 Currently no anesthesia is given to fetuses subjected to cardiac puncture. Since 

gestational age is usually unknown at the time of the slaughter of the mother cow, harvesters 

work under the assumption that most will not be developed enough to suffer. Yet “incomplete 

development of the nervous system may result in a more profound experiencing of pain or 

discomfort in a fetus. Exsanguination and cardiac puncture (penetrating skin, internal and 

external intercostal muscles, costal pleura, heart muscle, and heart pleura) are both graded as 

severe discomfort in unanaesthesised post-natal bovines” (Jochems et al. 11). The combination 

of the workers’ carelessness and the potentially magnified suffering of aware fetuses poses a 

serious ethical problem that cannot be allowed to remain unsolved. 

 Several alternatives have been proposed to improve upon or replace the current method 

of harvest. The most logical and seemingly simple solution is to anesthetize the fetuses before 

performing cardiac puncture. However, mammal fetuses have been found to metabolize many 

drugs poorly, often times resulting in death from normal doses (“normal” meaning the effective 



dosage for sedation of their adult counterparts) of anesthetic drugs (Jochems et al. 11). If the 

drug used to anesthetize fetal bovine resulted in death, it would cause the blood to coagulate and 

impede or prevent successive harvest. Even if the fetus was anesthetized successfully, the drug 

would circulate through the bloodstream and taint the serum, requiring filtration and removal 

later during production. Another possible method is electrical stunning (since it is already often 

used in slaughterhouses for adult cows), but since this causes cardiac arrest, it would not allow 

for effective cardiac puncture. Because of the problems with these first two solutions, Jochems et 

al. suggests the use of “a mechanical method, like a captive bolt…[which] will induce brain 

death if appropriately used” (Jochems et al. 12). 

 In The humane collection of fetal bovine serum and possibilities for serum-free cell and 

tissue culture, Valk et al. proposes to implement a three-part safeguard system to ensure brain 

death or anoxia of sufficient degree to result in unconsciousness of the fetus before blood harvest. 

The first safeguard states that the harvester must wait at least five minutes after the cutting of the 

mother cow’s jugular vein before starting the cardiac puncture. In these five minutes, the mother 

would lose enough blood to result in the cessation of oxygen flow to the fetus, causing it to lose 

consciousness. The second safeguard requires that the harvester keep the fetus from breathing in 

order to keep the oxygen levels low enough to prevent awareness (usually done by keeping the 

fetus’s head in the uterus or clamping its trachea). Though this safeguard itself seems inhumane, 

one must remember that the fetus is already unconscious at this stage. The third and final 

safeguard orders that a captive bolt firearm be used in the instance that the harvester fails to wait 

the instructed five minutes and/or the fetus breathes in air. 

 The mechanical stunning and three-step safeguard methods are both viable options for a 

more ethically reasonable harvest of fetal bovine blood. However it is likely that within the large 

pool of FBS users, some members may still feel uneasy about the whole process. Scientists have 

used FBS for decades, presumably with the knowledge of these questionable means, due to its 

availability and effectiveness. They may believe that the ends, the products of tissue engineering 

and cell culture, justify the means. Or they may disagree with the methods of serum manufacture 

but use FBS anyway simply due to the fact that other serum (synthetic or derived from donated 

human blood) is too expensive and difficult to acquire. And although the average person usually 

does not use FBS directly, increase in the acceptance and availability of cell cultured products is 

fueling the growth of the consumer base; one must wonder how this growing population of 



indirect FBS consumers would respond once educated about the cruelty it was enabling and 

supporting. If the protests against bovine blood harvest were to increase enough to cease the 

production of FBS, all kinds of people, from couples undergoing IVF treatments to patients 

receiving cultured skin grafts, would be affected. Not only would the already expensive cost of 

these products soar exorbitantly higher, but also the availability of these products would be 

restricted even further to a very, very privileged few. 

 Regardless of the ethical issues, the scientific community should look to reduce and 

eventually completely stop the use of FBS. This is due to the fact that FBS has other 

disadvantages in the laboratory setting. For example, FBS does not have a defined chemical 

composition. Therefore it varies in composition and quality from stock to stock. This makes 

recreating experiments using difference serum batches difficult and may interfere with accurate 

data acquisition. Serum can also be infected with microorganisms transferred from the host. So 

despite being advantageous due to its availability, FBS is not necessarily the best possible source 

of serum. 

 A possible long term solution is the replacement of FBS in media with serum derived 

from donated human blood. Since humans are capable of consenting to the procedures of blood 

donation, this method would eliminate the ethical dilemmas associated with harvesting blood 

from animals. Although the higher number of spreadable infections may pose a risk, proper 

screening (already required for the use of donated blood) would take care of this issue. 

Alternatives to the Use of Fetal Bovine Serum: Human Platelet Lysates as a Serum Substitute in 

Cell Culture Media documents the promising findings of Rauch et al. on this method. According 

to the journal’s abstract, activated thrombocytes from platelet concentrates of expired donor 

blood supplied the growth factors necessary for cell media. Cells of human and animal origin, 

both anchorage-dependent and –independent, grew successfully in media supplemented with 

human platelet lysates. Since the platelet lysates could also be used in combination with FBS, 

even scientists uneasy about completely replacing FBS could ease into serum-free cell culture. 

 In light of the aforementioned ethical issues as well as the possible alternatives, I believe 

that we, as scientists and consumers alike, must take responsibility of the powers our scientific 

knowledge gives us. Since “serum-free cell culture represents a modern, valuable and 

scientifically well accepted alternative to the use of FBS in cell and tissue culture” (Gstraunthaler 

279), I believe that we are fully capable of and should strive to take all animal cruelty out of the 



equation of in vitro cell culture. Then and only then can scientists truthfully state that tissue 

culture provides an ethically sound alternative to animal testing. 
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