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ABSTRACT 

 

Bovine plasma proteins are used as high quality ingredients in feed for 

farm animals and also as a binder or colorant in ground beef. Religious observance, as 

well as recent fears of epidemic bovine spongiform encephalopathy, calls for suitable 

methods to detect bovine blood in processed food and animal feed for regulatory 

purposes. Analytical methods are currently not available for this purpose because the 

available methods are neither bovine specific, tissue specific nor based on the detection 

of a thermal-stable analyte in blood. This research sought to develop a sandwich enzyme-

linked immunosorbent assay (ELISA) for the detection of bovine blood in human food 

and animal feed. Two bovine-specific monoclonal antibodies (Mab 6G12 and Mab 3D6) 

that bind to the same antigenic thermal-stable protein (60kDa) in heat-treated bovine 

blood were selected to construct the sandwich ELISA. Mab 6G12 was used as the coating 

antibody and biotinylated Mab 3D6 was used as the detecting antibody. Soluble proteins 

were extracted with 10 mM phosphate buffered saline (PBS, pH 7.2). This sandwich 

ELISA was bovine specific, with no cross reactivity to other bovine tissues or other 

common food additive proteins such as soy protein, egg albumin, and gelatin. The assay, 

however, showed trace cross-reaction with non-fat dry milk. The cross-reactivity can be 

eliminated when antibody dilution is increased. The assay had a detection limit of 0.1% 

of spray-dried bovine plasma in spray-dried porcine plasma and 0.5% whole bovine 

blood powder in spray- dried porcine plasma, with a sensitivity of 100%, specificity of 

100% and an overall accuracy of 100%. Low levels (1% v/w) of bovine blood in raw and 

cooked beef were successfully detected by the sandwich assay. The assay is suitable for 

detecting bovine blood in animal feed as well as cooked and fresh ground beef because it 

is bovine specific, tissue specific and based on a thermo-stable bio-marker.  
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INTRODUCTION 

 

 

Transmissible spongiform encephalopathies (TSEs) are a group of related 

fatal progressive degenerative disease affecting the central nervous system (CNS), which 

affects both humans and animals (Pauli 2005). Of all the TSEs it was bovine spongiform 

encephalopathy (BSE), the TSE in cattle that became an epidemic causing major concern 

with great economic and political ramifications (Mostl 2003). The disease (BSE) was 

first diagnosed in the United Kingdom (UK) in 1986 (Tan and others 1999; Detwiler and 

Rubenstein 2000); and it was attributed to the change in cattle farming in the last several 

decades, which involved animals being increasingly fed mammalian proteins to increase 

output (Chalus and Peutz 2000).  

TSEs have been characterized by scientific ambiguity. For example to date 

the causative agent in TSEs transmission has neither been unequivocally established nor 

the mechanism by which it spreads in the host (Rabenau and others 1998). Another area 

of uncertainty is whether blood carries infectivity in TSEs or otherwise. Previous 

research findings in which infectivity was not detected in blood of cattle (both naturally 

infected with BSE and artificially infected with BSE) (Russell 2001) supported the view 

that blood does not carry infectivity in TSE transmission. Thus in the 1997 feed ban 

imposed under regulation 21 CFR 589.2000 “Animal proteins prohibited from ruminant 

feed” (Asher 1999; Russell 2001) to combat the spread of BSE, blood and blood products 

as well as proteins of porcine and equine origin were exempted from ruminant proteins 

banned in ruminant feed products (Russell 2001; Newgard and others 2002).  

However, later findings which include biochemical detection of abnormal 

prions (the agent believed to cause TSEs) in blood (Castilla and others 2005), as well as 

animal experiments in which BSE was transmitted to sheep by transfusion with whole 

blood taken from an experimentally infected sheep (Houston and others 2000) indicate 

that blood carries infectivity. The controversy surrounding the infectivity of blood in TSE 

transmission may be as a result of inadequate information on the tissue distribution of 

abnormal prions in TSE infection (Brown and others 2001; Glatzel and others 2003), low 

level of effective infective dose (Kimberlin and Walker 1982) and insensitive tests 
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(Dickmeiss and Gerstoft 2002). In the light of this new information that blood carries 

infectivity, the U.S. Department of Health and Human Services (HHS) secretary, Tommy 

G. Thompson, announced several new public health measures to be implemented by the 

Food and Drug Administration (FDA). The new measures were to tighten the multiple 

existing firewalls that protect Americans from exposure to the agent thought to cause 

BSE, and prevent the spread of BSE in US cattle. One of the new measures was to 

eliminate the present exemption in the 1997 feed ban which allows ruminant blood and 

blood products to be fed to other ruminants as a protein source (HHS 2004). A similar 

ban had already been introduced in the EU in 2000, placing a suspension on the feeding 

of animal proteins to farmed animals until 30
th

 June 2001 under Decision 2000/766/EC 

(Europa 2006). 

Blood is used in food preparations for human consumption, as feed 

ingredient for animals, and in laboratory, medical, industrial, and fertilizer formulations 

(Ockerman and Hansen 2000). The abnormal prion proteins are extremely resistant to 

heat, ultra-violet light, ionizing radiation, normal sterilization processes and common 

disinfectants that normally destroy viruses and bacteria (Fishbein 1998; Godon and 

Honstead 1998; Scheier 2005). Thus both man and animal are potentially exposed to 

these infectious agents (abnormal prion proteins) through the various uses that blood is 

put to (as mentioned above) because the processing involved in the manufacture of these 

blood-containing materials (food, cosmetics, medicinal products, etc) does not inactivate 

the infectious agent as a result of their hardy nature. The proposed new rule to be 

implemented by the FDA which seeks to exclude the use of ruminant blood and blood 

products in ruminant feed is therefore a step in the right direction. 

 To ensure compliance with the FDA’s feed ban, there is a rigorous 

program to inspect establishments involved in the production of animal feed. Along with 

escalating its inspection program, the FDA plans to increase its sampling of domestic and 

imported feed to test for the presence of prohibited protein (Bren 2002). This calls for 

reliable methods to detect these banned ruminant proteins in ruminant feed. Though there 

are several good methods to detect other ruminant tissues such as muscle in animal feed, 

there are, however, no reliable methods to detect blood in animal feed to help enforce the 

proposed rule if it comes into force. It is therefore not surprising that since the 



 3 

announcement of the proposed rule in 2004, it still has not been enshrined as law 

probably because there are no reliable methods for its enforcement. 

Blood used in the preparation of animal feed is obtained mostly from pig 

or bovine blood (Polo and others 2004). As the situation stands now, there is the need for 

methods that are bovine specific as the proposed rule seeks to prohibit only ruminant 

blood from animal feed in the USA, and bovine blood is the most widely used. Blood 

used in animal feed undergoes heat treatment. Processing of blood meal involves heating 

the product to 100
o
C for 30 minutes whereas the manufacture of spray-dried blood 

plasma is done with an inlet temperature of 200-250
o
C and an outlet temperature of less 

than 70
o
C (Ockerman and Hansen 2000). Thus methods used to detect bovine blood in 

animal feed should be based on a thermo-stable marker. The method should also be able 

to discriminate between prohibited tissue (blood) of bovine species and allowed tissue 

(example gelatin) of bovine species, as well as discriminate between blood proteins and 

proteins from other sources (example soy protein) that may be present in a feed sample. 

Methods have been developed to detect the presence of blood in animal feed. As 

mentioned in the preceding paragraph, blood used in animal feed is obtained mostly from 

porcine or bovine blood (Polo and others 2004). Since there has been no evidence of 

natural case of TSE in non-ruminants including pigs (Matthews and Cooke 2003; Lipp 

and others 2004), most of these methods were developed to detect bovine blood in animal 

feed. These methods fall into three categories namely, microscopic, polymerase chain 

reaction (PCR) amplification and immunological methods. These methods suffer from 

one or more shortcomings that make them unsuitable to detect bovine blood 

contaminating feedstuffs. The shortcomings are that these methods lack species 

specificity or tissue specificity or are not based on a thermo-stable marker or a 

combination of the above mentioned shortcomings.   

Feed microscopy is a widely used method for detecting the presence of 

mammalian protein in feeds for ruminants (Momcilovic and Rasooly 2000; Sanches and 

others 2006). The method is based on the observation of morphological conformation of 

rough fragments with a stereomicroscope and on the examination of histological structure 

of fine particles with an optical microscope(Momcilovic and Rasooly 2000). Drum dried 

blood fines are mostly spheres or broken spheres. Spray or ring dried blood consist 
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mostly of fine spherical particles of irregular shape, black or deep purple, hard to break, 

with a smooth surface but lacks luster (Sanches and others 2006). This method has the 

advantage of being inexpensive, straight forward, and requiring minimal sample 

preparation. The method is also tissue specific (discriminates between muscle and blood), 

unaffected by heat and has an acceptable detection limit of 0.05% (Sanches and others 

2006). The method, however, is not species specific and also requires a reasonably 

experienced analyst with a high degree of expertise.     

PCR amplification is based on cyclic elongation of the annealed sequences 

by a heat- stable DNA polymerase that results in amplification of the target sequence. 

Though PCR-based analytical methods utilizes various sequences, mitochondrial DNA is 

usually the DNA target of choice because there are multiple copies of the mitochondrial 

genome in each cell and hence increases the sensitivity of the method (Momcilovic and 

Rasooly 2000). Several methods have been developed to detect bovine material 

contaminating animal feed (Krcmar and Rencova 2001; Calvo and others 2002; Lahiff 

and others 2002; Gao and others 2003; Toyoda and others 2004). PCR methods generally 

have limitations that make them unsuitable for feed analysis. They tend to be affected by 

heat-mediated DNA degradation, overly sensitive and hence may detect DNA in feed 

carried over from a previous batch of feed, and they are not tissue specific (Momcilovic 

and Rasooly 2000). One such method based on the PCR amplification of specific 

fragment of bovine DNA has been developed to detect cattle material in processed and 

unprocessed food and feed (Calvo and others 2002). In this method the set of primers 

used for PCR-specific cattle amplification was taken from the 1709 satellite DNA 

(GenBank accession no. X00979), a satellite DNA that is highly repeated in bovine 

genome. This method has the advantage of been able to detect bovine material in feed 

mixtures heated at 120
o
C for 30 minutes as well as autoclaved samples, with a sensitivity 

of 1% bovine derived material in test samples. The method, however, is not able to 

distinguish between different tissues (example blood and muscle) of bovine origin (Calvo 

and others 2002).   

Immunochemical methods have also been developed to detect bovine 

immunoglobulin G in dried porcine plasma and whole porcine blood. Immunochemical 

methods are based on antibody recognition of specific antigens and binding to these 
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specific antigens (Momcilovic and Rasooly 2000). One such method (Polo and others 

2004), based on the Ouchterlony-immunodiffusion (Ouchterlony 1962) method was 

developed to specifically detect bovine blood contamination in porcine blood. This 

method has the advantages of requiring minimal laboratory equipment and expertise. The 

method is also inexpensive and samples are easy to prepare with a detection limit of 0.3% 

v/v in liquid plasma and 0.5% v/v in liquid whole blood. However, detection was more 

sensitive in liquid samples than in spray-dried samples, which had undergone mild heat 

treatment. Thus, the researchers added that the method could be most useful for quick 

screening in slaughterhouses where liquid samples are more common than dried samples, 

which are heat-treated (Polo and others 2004). Though the researchers claim this is not 

significant, it is still an indication that the method is hampered by heat treatment as the 

case was for the spray-dried samples. The method was tested against possible cross-

reactivity with porcine blood but not blood from other species as well as other non-blood 

proteins like soy, milk or egg albumin that are also likely to be present in animal feed and 

which are allowed. Thus the researchers do not demonstrate conclusively that the method 

is able to distinguish between banned (bovine blood tissue) and allowed tissue (example 

gelatin, milk of bovine origin). 

Another immunochemical method involved the development of a lateral 

flow immunoassay device to quickly and qualitatively determine the presence of bovine 

immunoglobulin G (IgG). This was done using commercially produced goat anti-bovine 

IgG antibodies which was cleaned of cross-reactivity with porcine IgG. The porcine 

cross-reactivity was removed by solid phase affinity chromatography.  The goat anti-

bovine IgG which had been cleaned of cross-reactivity with porcine IgG was tested for 

cross-reactivity with porcine serum by immunoelectrophoresis (IEP) to verify the 

efficiency of the clean up. A red line observed at the test line indicated a positive result 

(Newgard and others 2002). The method has the advantage of being fast, simple, 

requiring minimal sample preparation, laboratory equipment and expertise to operate. 

The test can also be performed on the field site, has a detection limit of 0.01% (v/v) and a 

shelf life of three years at room temperature (Newgard and others 2002). The method was 

not hampered by heat treatment given to the samples. The method, however, involves an 

initial purification of the polyclonal antibodies which is time consuming. This 
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purification stage involved the removal of porcine cross-reactivity from the anti-bovine 

IgG which is cost ineffective. Cross-reactivity from other blood species was not 

considered. This is understandable considering the fact that removal of all cross reactivity 

would have left only a little anti-bovine IgG antibodies to work with. Failure to clean up 

for all cross-reactivity throws some doubt on the species specificity of the method and the 

results. This is because any of the other blood species that was not tested for cross-

reactivity and consequently cleaned up for could contribute to false positive results for 

bovine IgG. The researchers did not test against other blood species in addition to porcine 

and equine blood to prove otherwise. The researchers also did not test for cross-reactivity 

with non-blood proteins such as soy protein, egg albumin and milk that are added to 

feedstuffs. Thus researchers did not demonstrate conclusively that their assay is species 

specific and tissue specific.  

As already mentioned, blood is used in food preparations for humans. One 

such usage is the addition of blood to ground beef products. Blood is added to ground 

beef to hide the presence of excess fat, to enhance the color, or used as an extender. 

Bovine blood is most commonly used for formulation though the blood of horse, sheep, 

and pig could also be used. The use of blood from other species, however, would not be 

practical (Karasz and others 1976). Its use in this respect is restricted to 0.5 to 2% of the 

sausage product as levels above this has a detrimental effect on sensory qualities, 

particularly color and flavor (Slinde and Martens 1982; Ockerman and Hansen 2000). 

Restricting the addition of blood within this range improves the total impression of color 

and meat taste compared to reference samples with no blood added (Slinde and Martens 

1982). Blood used in this respect, serves as a source of low-cost protein (Silva and 

Silvestre 2003) and hence reduce the cost of production without compromising taste, 

color and nutritional value of the final product. Certain individuals, example the Jews and 

the Muslims as a result of dietary restrictions imposed by the religion are forbidden to eat 

food containing blood (Eliasi and Dwyer 2002) and others avoid blood-containing food 

as a matter of preference (Mandal and others 1999). Methods have been developed 

accordingly to detect added blood both in raw and cooked ground beef for regulatory and 

labeling purposes. 
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Two methods to detect blood in raw ground beef are based on 

spectrophotometric determination of blood using hemoglobin as the biomarker. These 

methods (Karasz and others 1976; Maxstadt and Pollman 1980) involved extracting the 

hemoglobin with water. Since myoglobin is extracted along side with the hemoglobin, the 

two hem pigments were separated by treating the extract with 85% (NH4)2SO4 which 

precipitates hemoglobin leaving the myoglobin in solution. The hemoglobin was 

converted to cyanomethemoglobin and quantified by its absorbance at 422nm using a 

standard curve prepared from cyanomethemoglobin standard. The method has the 

advantage of being easy to perform, being fast and having a good repeatability with a 

random and systematic error of 12.57 and 8.22 mg hemoglobin/100 g, respectively 

(Karasz and others 1976). The disadvantages of the method are that it is not species 

specific and hence does not discriminate between blood of bovine origin and blood from 

other species. The amount of hemoglobin extracted is the sum of that from added blood 

and the residual blood in the meat sample. Hence the subtraction of 171 mg 

hemoglobin/100 g meat (being the normal residual hemoglobin in ground beef) from the 

amount of hemoglobin estimated to give the amount of hemoglobin (and hence blood) 

added. The method is thus at best an approximation of the amount of blood added.  

The Kjeldahl method has also been employed to estimate the amount of 

hemoglobin (and hence blood) in meat products (Bjarno 1981). This method actually 

estimates the amount of nitrogen in a sample and the equivalent protein in the sample 

estimated by multiplying by the appropriate conversion factor. Normally 6.25 is used as 

the conversion factor but the following factors 5.94, 4.94 and 5.65 have been calculated 

based on biochemical data to estimate the amount of muscle protein, collagen and 

hemoglobin (and hence blood) in a sample respectively. The disadvantages of the method 

are that at best it is an approximation of the amount of blood present in the sample. The 

method does not distinguish between added blood and residual blood, or other tissues and 

it is not species specific. The method is also time consuming and uses hazardous 

chemicals.  

An immunochemical method (Otto and Sinell 1989) has been developed to 

detect added blood in heat treated meat. The immunochemical method involved the use 

of anti dried bovine blood plasma sera and anti dried porcine plasma sera. The anti dried 
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bovine plasma serum was not tested for cross-reactivity with porcine blood and blood 

from other species. The researchers, thus, do not demonstrate that their method is bovine 

specific. The tissue specificity of the method (ability to discriminate between example 

muscle and blood from bovine species) was also not tested and hence the tissue 

specificity of the method can not be guaranteed. Immunochemical reactivity was also 

hampered by the heat treatment given to the samples (Otto and Sinell 1989).   A method 

based on ultra-thin layer isoelectric focusing has also been developed to detect added 

blood in meat products (Bauer and Stachelberger 1984). The ultra-thin layer isoelectric 

focusing method has the advantage of low expenditure in time and cost. The method is 

not affected by heat with a detection limit of 0.2% of dry blood plasma in sausage (Bauer 

and Stachelberger 1984). The major draw back of this method for the intended 

application is that it is not species specific and hence does not discriminate between 

bovine blood and blood from other species. In summary the above mentioned methods 

developed to detect blood in ground beef products suffer from lack of species specificity 

or lack of tissue specificity or are hampered by heat processed products which makes 

them unsuitable to detect bovine blood processed ground beef products. In addition to 

these major drawbacks some of the above mentioned methods suffer other drawbacks 

such as inaccuracy and also employs the use of toxic chemicals. 

Since the announcement on the proposed rule in 2004 to ban blood and 

blood products from animal feed, it has not been enshrined as a law probably as a result 

of inadequacy of existing methods to help enforce the ban. There is therefore the need for 

a new method which overcomes the shortcomings of the existing methods. This research 

work sought to identify two monoclonal antibodies (MAbs) that are bovine specific, that 

are tissue specific, that are based on a common thermo-stable marker, and bind to 

different sites on this common thermo-stable marker to construct a sandwich ELISA that 

has the required qualities (bovine specifc, tissue specific and based on a thermo-stable 

marker) to be used in detecting bovine blood in animal feed. The use of monoclonal 

antibodies compared to the polyclonal antibodies (PAb) used in the existing 

immunochemical methods (Newgard and others 2002; Polo and others 2004) will offer an 

added advantage in that MAbs can identify antigens present in minute quantities that are 

often missed by  PAbs, thereby increasing the sensitivity of this assay compared to the 
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sensitivity of the existing immunochemical methods (Newgard and others 2002; Polo and 

others 2004).     
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OBJECTIVES 

 

 

The primary objective of this research was to develop a MAb-based 

sandwich ELISA that is species specific (discriminates between bovine blood and blood 

from other species), tissue specific (distinguish between bovine blood and other bovine 

tissues search as muscle and gelatin), and based on a thermo-stable marker to detect 

bovine blood in animal feed.  

The secondary objective of this research was to apply the developed 

sandwich ELISA to detect bovine blood in raw and cooked ground beef. 
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LITERATURE REVIEW 

 

 

Transmissible Spongiform Encephalopathies (TSEs) 

TSEs are a group of related fatal progressive degenerative disease 

affecting the central nervous system (CNS), which affects both humans and animals 

(Pauli 2005). Examples of human TSEs are Gerstmann-Strausler disease, Fatal Familial 

Insomnia, Creutzfeldt - Jakob disease and variant of Creutzfeldt - Jakob (vCJD) disease 

described in 1928, 1986, 1920 and 1995, respectively (Mostl 2003). TSEs recognized in 

animal species include scrapie in sheep and goats, BSE in cattle, transmissible mink 

encephalopathy (TME) in minks, feline spongiform encephalopathy in cats, and chronic 

wasting disease (CWD) in deer and elk (Godon and Honstead 1998; Mostl 2003). TSEs 

are proposed to be genetic, sporadic (where neither inherited nor transmissible factors are 

involved) and transmissible (mainly through the oral route) in origin (Godon and 

Honstead 1998). TSEs get their technical name from the fact that the brains of infected 

animals usually develop sponge-like holes (Godon and Honstead 1998; Detwiler and 

Rubenstein 2000; Mostl 2003).     

What causes TSEs. While the cause of TSEs has not been definitely 

established, the most widely accepted theory is that the infectious agent is an abnormal 

form of a naturally occurring protein, called a prion. Prion proteins normally occur on the 

surface of nerve cells and lymphocytes. When an abnormal prion (PrP
sc

) comes in contact 

with a normal prion (PrP
c
), the normal one converts to the abnormal form. This is known 

as the prion theory (Detwiler and Rubenstein 2000). Other theories proposed are the virus 

theory (which states that the agent is a virus with remarkable physicochemical properties) 

and the virino theory (which states that the agent consist of a host-derived protein coat, 

with prion protein being one of the candidates for this protective protein, and a small non-

coding regulatory nucleic acid) (Detwiler and Rubenstein 2000). It has not been possible 

to prove either of the alternative theories so far. Other theories claiming environmental 

factors and/or toxic chemicals have also not been proven (Mostl 2003). 

BSE. In the 1980s, British cattle were infected with a strange disease, 

which was termed as “mad cow disease” because infected cows often act nervous, 
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aggressive and jumpy in the latter stages of the disease. The disease was first diagnosed 

in the United Kingdom (UK) in 1986 (Tan and others 1999; Detwiler and Rubenstein 

2000). “Mad cow disease” is scientifically known as BSE, which is the TSE affecting 

cattle. Of all the TSEs, it was BSE that became an epidemic causing major concern with 

great economic and political ramifications (Mostl 2003). 

vCJD. vCJD is a new variant form of the human TSE known as sporadic 

Creutzfeldt-Jakob disease (CJD). vCJD began to appear 10 years after BSE was first 

recognized in UK and was described in March 1996 (Fishbein 1998).  vCJD shares some 

common features with CJD namely dementia, ataxia, and myoclonus (Will and others 

1996a; Will and others 1996b). vCJD, however, differs from CJD in other respects. 

While CJD affects mostly people between 60 to 65 years of age, the mean age at onset of 

vCJD is 29 years in the case of vCJD. Also the clinical course of vCJD is more prolonged 

compared to CJD (Tan and others 1999). 

vCJD linked to consumption of BSE contaminated beef. A species 

barrier caused by conformational differences between the prion proteins in different 

species was thought to prevent transmission of disease from one species to the other. 

Thus if there is considerable difference between infecting prion and host prion, the 

incubation period (when conversion of host prions occurs) will be lengthened or 

transformation may not occur (Tan and others 1999). Scrapie which was identified in 

sheep in the 17
th

 century (Fishbein 1998) has never transferred to humans because the 

prion strain responsible for scrapie differs considerably from human prion protein in 

conformation (Tan and others 1999).  

Because scrapie has never infected humans, initially there was little 

concern about the transfer of BSE to humans (Tan and others 1999). Evidence now 

demonstrates that the prion responsible for BSE may be the same prion responsible for 

vCJD, indicating a less rigorous species barrier for the BSE prion (Tan and others 1999). 

BSE is known to be responsible for prion disease in a number of other species including 

domestic cats (feline spongiform encephalopathy) and captive ungulates presumably as a 

result of consuming BSE-contaminated feed (Fishbein 1998; Narang 2001; Mostl 2003), 

attesting to a less rigorous species barrier for the BSE prion. 
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Bruce and others (1997) demonstrated that the PrP
sc

 strain in three vCJD 

cases they examined were different from the strains identified in sporadic cases of CJD 

but akin to the strain that causes BSE. (Collinge and others 1996) used the unique 

glycoform profiles that resulted after treatment of PrP
sc 

with proteinase K and found no 

difference in profile between the BSE PrP
sc 

and vCJD PrP
sc

. vCJD has strain 

characteristics distinct from other types of CJD but resembles BSE transmitted to mice, 

domestic cat, and macaque, consistent with BSE being the source of this new disease 

(Fishbein 1998). 

It has been hypothesized based on the identical features of the pathogen of 

vCJD and BSE, and epidemiological data that the source of infection for vCJD was food 

contaminated with the agent of BSE (Pauli 2005).  This, however, is debatable as the 

number of cases of the variant is, at the present time, less than would be expected from a 

major food-borne source (Laprevotte and Henaut 2003). There have been more than 130 

cases of vCJD worldwide (DeWaal and Vegosen 2003). Apart from six cases in France, 

one in Ireland, one still alive in Italy, one in the USA, one in Canada, and one in Hong 

Kong, vCJD has been reported only in the UK. They added, however, that no definite 

conclusion can be made at the present time and that the issue deserves further 

investigation (Laprevotte and Henaut 2003). 

 

Feed ban to combat the spread of BSE 

The outbreak of BSE in the UK was attributed to the change in cattle 

farming in the last several decades, which involved animals being increasingly fed 

mammalian proteins to increase output (Chalus and Peutz 2000). This led many countries 

including the United States of America (USA) to take measures to combat the spread of 

the disease. Thus in 1997, the FDA banned the use of ruminant proteins contaminating 

ruminant feed, under regulation 21 CFR 589.2000 “Animal proteins prohibited from 

ruminant feed” (Asher 1999; Russell 2001) because unlike ruminants there has been no 

evidence of natural case of TSE in non-ruminant species such as pig (Matthews and 

Cooke 2003; Lipp and others 2004) and poultry (Matthews and Cooke 2003), though they 

fed on the same ruminant protein feed that caused the BSE epidemic in cattle.  A similar 

ban had already been introduced in the UK in 1988 (Taylor and Woodgate 2003) and 
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throughout the European Union (EU) in 1994 (Chalus and Peutz 2000). In 2000, the EU 

placed a suspension on the feeding of animal proteins to farmed animals until 30
th

 June 

2001 under Decision 2000/766/EC (Europa 2006). 

Importance of the feed ban. Before the introduction of the feed ban, 

however, the US had already instituted measures to prevent the disease from infecting US 

cattle herds. Thus in 1989, the US Department of Agriculture (USDA) established an 

important first line of defense to prevent BSE from infecting US cattle herds. This was 

done by banning the importation of cattle, sheep, other ruminants, and most ruminant 

products from the UK and other countries where BSE had been found (DeWaal and 

Vegosen 2003). In 1997, the ban was extended to cover all Europe (DeWaal and Vegosen 

2003) and in 2001 to include Japan (Bren 2002). This measure, however, had some 

loopholes namely the potential to import from countries where BSE existed but had not 

yet been detected and also that import restrictions on countries with confirmed BSE cases 

might not be adequately enforced. The discovery in 2003 of the first US BSE-positive 

cow in Washington State that was confirmed later on to have been imported from 

Alberta, Canada, in 2001 (Donnelly 2004) was an indictment on import restrictions as a 

means of preventing US cattle herds from being infected. Thus if BSE is present 

anywhere in the US, a strong feed ban is critical to preventing its spread (DeWaal and 

Vegosen 2003). Since the BSE agent does not transmit laterally (that is directly from cow 

to cow) and transmission from mother to calf accounts for no more than 10% of 

expressed disease, the feed ban measures should ultimately efface the disease in cattle 

(Tan and others 1999). 

Investigations after the identification of the BSE-positive cow in 2003, 

revealed that the cow was more than six years old as at 2003, and hence the fact that the 

animal was born prior to the 1997 feed ban (Bren 2004). The US Department of 

Agriculture (USDA) and FDA on August 30
th

 2005 issued a press release regarding a 

cow that tested positive for BSE in June 2005 in Texas. The animal was approximately 

12 years old at the time of death. Thus it was born prior to the implementation of the 

1997 feed ban (USDA 2005). This second case of BSE emphasizes the importance of a 

feed ban as a means of controlling the spread of the disease. The USA experienced its 

third case of a BSE positive cow in Alabama in March, 2006. Investigations by experts 



 15 

confirmed through dentition that the animal was at least 10 years of age suggesting that 

the animal was also born prior to the implementation of the 1997 feed ban (USDA-

APHIS 2006), again stressing the importance of the feed ban.  

A tentative diagnosis can only be confirmed in the dead animal by 

examination of the brain (Bradley 2003; Mostl 2003). Post mortem examination is thus of 

no value in determining the BSE status of a carcass (Bradley 2003). Simplified rapid test 

methods are available for routine diagnosis in large sample numbers. However, they must 

be performed on brain material and quite a large amount of pathological protein is needed 

to give a positive result. Therefore they only detect animals very late in the incubation 

period. Accordingly, a negative result does not confirm that the animal is not infected 

(Bradley 2003). This goes to buttress the importance of a feed ban as a means of 

controlling the spread of the disease compared to testing of carcasses for the presence of 

the abnormal prion as a means of ensuring food safety. 

Scientists in Italy and Japan have reported new strains of the prion that 

causes BSE (Willerroider 2003). Prior to this new evidence, all known cases of BSE had 

been caused by the same prion strain. The researchers, however, added that the new 

strains are readily detected by existing tests for BSE. Notwithstanding, the concern is that 

if prion variants continue to emerge, some of them may escape detection by existing tests. 

This new finding strengthens the importance of preventing the spread of the disease by 

ensuring a safer feed supply, than checking food animals for the abnormal prion at the 

point of slaughter.  

Total decontamination of TSE agents in scrapie-infected hamster brain 

may be obtained (1) by autoclaving at 132
o
C for 1.5 hours; (2) by treatment with sodium 

hydroxide (1M) for 1 hour at 20
o
C and (3) by treatment with sodium hypochloride (2% 

chloride) for 1 hour at 20
o
C (Ernst and Race 1993). These treatments, however, are not 

100% effective. Thus they may or may not inactivate TSE agents. Thus even if the USA 

changes the status quo to make it mandatory that rendering processes be capable of 

inactivating TSE agents as the case is in the EU, it is not a guarantee that animal feed 

products subjected to a mandated process will be free of TSE agents. The feed ban is thus 

the best means of combating the spread of the disease among cattle and its possible 

spread to the human population.  
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Justification for blood exemption from the feed ban. The FDA, in the 

1997 ruminant feed ban, exempted blood, pure porcine and equine product, and milk 

products because the FDA believed then, that they represented minimal risk of 

transmitting the TSEs to ruminants through feed (Russell 2001). The exemption of blood 

was justified by results from several experimental findings at the time which supported 

the assertion that blood did not carry infectivity. At a 2001 joint meeting of the Food and 

Agriculture organization (FAO), World Health Organization (WHO) and World 

Organization for Animal Health (OIE), Dr. G.A.H. Wells presented results from series of 

tests conducted to ascertain the infectivity of different bovine tissues which demonstrated 

that blood and blood fractions do not transmit BSE (Russell 2001).  

In the first experiment reported by Wells, numerous tissues were collected 

from BSE infected cattle. Infectivity was detected in the brain, spinal cord and retina. No 

infectivity was detected in the blood or any blood fraction. In another experiment, 

researchers infected calves with BSE through oral exposure to a single dose of BSE 

affected brain homogenate when they were four months old. At approximately 4 month 

intervals researchers sacrificed subgroups of challenged and control calves, and collected 

tissues for infectivity tests. Infectivity was detected in the distal ileum and CNS tissues 

after six and 32 months of exposure, respectively. After forty months of monitoring, 

despite the onset of clinical symptoms after 35 months post exposure, at no time was 

infectivity detected in blood or any blood fraction. Finally, Wells reported preliminary 

results of an experiment currently in progress where researchers’ injected calves, 

intracerebrally, with blood (from white blood cell fraction) from BSE infected cattle. The 

calves were then monitored for 48 months. During this time, none of the calves 

developed any sign of neurological disease (Russell 2001). 

The WHO and the OIE had categorized organs into four (4) risk groups 

numbered one (1) through four (4) with category 1 being organs/tissues with high 

infectivity and category 4 being organs/tissues with undetectable infectivity (Tan and 

others 1999). Blood was placed in category 4 (Tan and others 1999) thereby lending 

support to FDA’s exemption of blood from the ban on ruminant proteins contaminating 

ruminant feed .    
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Implication of blood as carrying infectivity 

Later developments, however, suggest that TSE can be transmitted 

through blood. This new insight started as a result of a report in 1996 (Taylor and others 

2000) of a new form of the human TSE known as sporadic Creutzfeldt-Jakob disease 

(sCJD). This new form is known as variant Creutzfeldt-Jakob disease (vCJD). Unlike 

sCJD where infectivity is restricted to the CNS, in the case of vCJD, the abnormal prion 

(infectious agent) has been consistently detected in the lymphoid tissues (Taylor and 

others 2000). Detection of the abnormal prions in blood-interactive lymphoreticular 

tissues in patients with vCJD implies the possibility that the vCJD agent might be 

transmissible by blood or blood products (Brown 2000; Pauli 2005), and hence that blood 

may carry TSE infectivity.  

In 1996, a patient aged 62 years was transfused with five units of red cells 

at time of surgery. One of the units had been donated by a 24-year-old individual who 

developed symptoms of vCJD three years and four months later, and who died in 2000 of 

pathologically confirmed vCJD. Six and half years later, the recipient started showing 

signs of the illness and died thirteen months later (Llewelyn and others 2004). In 

response to this report, Aguzzi and Glatzel (2004) remarked that Llewelyn and others 

(2004) did not present direct evidence that the disease was transmitted through blood. 

They added, however, that the probability that this case was not transfusion-related was 

very small. A second case of probable transmission of vCJD infectivity by blood was 

reported in July 2004. A patient had received a blood transfusion in 1999 from a donor 

who later developed vCJD. The patient died of causes unrelated to vCJD but a post 

mortem revealed the presence of abnormal prion protein in the patient’s spleen, 

indicating that the patient had been infected with vCJD (Peden and others 2004; HPA 

2006). BBC News reported the third diagnosed case of vCJD linked to blood transfusion. 

The patient whose details were not revealed, developed the disease eight years after 

receiving the blood from a donor who later developed vCJD (BBC 2006).  

Some animal experiments also lend support to the fact that TSE can be 

transmitted through blood. Houston and others (2000) demonstrated that it is possible to 

transmit BSE to sheep by transfusion with whole blood taken from another sheep during 

the symptom-free phase of an experimental BSE infection. Taylor and others (2000) 
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reported that the plasma of mice challenged with the 301V strain of mouse-passaged 

strain of BSE agent contains low levels of infectivity during the clinical stages of the 

disease.  

 

Reasons for controversy surrounding blood infectivity.  

In naturally infected animals (sheep and goats with scrapie, mink with 

transmissible mink encephalopathy, and cows with BSE), all attempts to transmit the TSE 

disease through the inoculation of blood have failed (Brown 2000). Transmission of the 

TSE disease through inoculation of blood, however, has been demonstrated with animals 

experimentally infected with various strains of transmissible spongiform 

encephalopathies (Houston and others 2000; Taylor and others 2000; Castilla and others 

2005).  

Epidemiological data have not revealed a single case of CJD that could be 

attributed to the administration of blood or blood products among patients with CJD, or 

among patients with hemophilia and other congenital clotting or immune deficiencies, 

who have received repeated doses of plasma concentrates (Brown 2000). However, vCJD 

has been transmitted from an infected donor to a healthy recipient through blood 

transfusion (Llewelyn and others 2004). The controversy surrounding the TSE infectivity 

of blood may be attributable to incomplete information on the tissue distribution of 

abnormal prions in TSE infection, low level of effective infective dose and insensitive 

tests. 

Tissue distribution of abnormal prions in TSE infection. In general, the 

spectrum of tissues harboring the infectivity partly depends on the “strain” of prions. 

Thus, each strain has preferences for the host animal and type of cells in which it 

replicates. Host factors also seem to control the tissue tropism. For example, despite wide 

spread habitation of extraneural tissues in vCJD, BSE prions are largely confined to the 

neural compartment of cows, even after oral exposure (Aguzzi and Glatzel 2004). New 

findings, however, are continually changing perceptions about tissue distribution of 

abnormal prions in TSEs. For example, extraneural tropism was thought to set the vCJD 

strain apart from sCJD. However, findings by Glatzel and others (2003) indicate that 

prions can accumulate in lymphoid organs and skeletal muscle of sCJD patients. Prior to 
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this report, muscle had never been reproducibly shown to contain the infectious agent in 

any form of spongiform encephalopathy, whatever the affected species (Brown and 

others 2001). Taking together, the tissue distribution of the abnormal prion in TSE 

infection may be wider than initially thought. This presupposes that blood may carry 

infectivity in BSE. Failure to detect infectivity in blood may therefore be as a result of 

low level of effective infective dose (by way of the oral route) and existing insensitive 

tests.  

Low level of effective infective dose. Studies by Kimberlin and Walker 

(1982) demonstrated that the effective infective dose (minimum number of infectious 

agent necessary to initiate infection) for TSE infection depends on the route of infection, 

with the oral route requiring the highest dose. Considering the fact that BSE is 

transmitted through oral exposure to the infectious agent by way of feed, it is likely that 

levels of the agent in the blood are likely to be low especially as most of the infectious 

agents are found in the CNS. 

Insensitive tests. According to Dickmeiss and Gerstoft (2002), in vitro 

assays used so far are too insensitive to be useful in studies of blood infectivity in TSEs. 

Thus, low sensitivity test coupled with low levels of the infectious agent in blood of BSE 

animals by virtue of oral exposure to the infective agent through contaminated feedstuffs, 

might be responsible for the reason why blood infectivity had not been detected in BSE 

using existing tests. 

It was therefore not surprising when researchers at the University of Texas 

Medical�Branch at Galveston (UTMB) reported the detection of the abnormal prions 

(PrP
Sc

) in blood of hamsters with clinical signs of scrapie disease, representing the first 

time PrP
Sc 

had been detected biochemically in blood. They reported that the concentration 

of the infectious agent (PrP
Sc

)�in blood was far too small to be detected by the methods 

used to detect it in the brain. Their success was based on the use of the protein misfolding 

cyclic amplification (PMCA) technique,�which amplified the quantity of PrP
Sc
�more than 

10 million-fold, thus raising it to a detectable level. They also pointed out in their study 

that the quantity of PrP
Sc 

in blood varies among different animals (Castilla and others 

2005).  This research finding lends support to the assertion that blood may have carried 

infectivity all along but that insensitive test, low concentration levels of the infectious 
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agent in blood, and the type of animal used in previous experiments may have 

contributed to failure to demonstrate the presence of the infectious agent in blood.  

 

New measures in light of blood carrying infectivity 

In the light of blood carrying TSE infectivity coupled with the hypothesis 

that vCJD infection was food contaminated with the agent of BSE, various countries’ 

regulatory authorities took measures to reduce the risk of transmitting the vCJD agent 

and to eliminate the agent from the food chain (Pauli 2005). Thus, the FDA 

Transmissible Spongiform Encephalopathies Advisory Committee voted to restrict 

individuals who had lived in the UK for more than 6 months between 1980 and 1996 

from donating blood (Mitka 1999; Donnelly 2004; Pauli 2005). The UK itself began 

depleting all blood donations of white blood cells in July 1998, because white blood cells 

may possess the highest vCJD infectivity of all blood components (Tan and others 1999). 

Though the WHO and EU state that few data on vCJD transmission through blood exist 

to make recommendations, they advise exclusion of blood donation by people who have 

or are at risk for vCJD (Europa 1997; WHO 1997) 

In a press release on Monday, January 26
th

 2004, HHS secretary, Tommy 

G. Thompson, announced several new public health measures to be implemented by the 

FDA. The new measures were to tighten the multiple existing firewalls that protect 

Americans from exposure to the agent thought to cause BSE, and prevent the spread of 

BSE in US cattle. One of the new measures was to eliminate the present exemption in the 

feed rule that allows ruminant blood and blood products to be fed to other ruminants as a 

protein source (HHS 2004). The UK had already instituted a similar ban in 1996, 

prohibiting the feeding of any protein (including blood and blood products) derived from 

farmed species back to farmed species (Taylor and Woodgate 2003) because of the 

infectivity of blood and also the possibility of cross-contaminating ruminant feed with 

non-ruminant feed that contains ruminant proteins. And as the number of cases of vCJD 

started to rise outside the UK, a similar ban was implemented within the EU in 2000 

(Taylor and Woodgate 2003). Though these new proposed interim final rule has the full 

backing and effect of law, and takes immediate effect upon publication in the Federal 

Register, the rule has not been upgraded into a final rule because the agency is currently 
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considering comments and inputs received in response to the interim final rule (Masoudi 

2005).  

 

Blood utilization 

Blood is the first by-product obtained after slaughter and it is usually 

discarded. However, blood is used in food preparations for human consumption, as feed 

ingredient for animals, and in laboratory, medical, industrial, and fertilizer formulations 

as outlined in the following paragraphs. 

Blood as food for animals. Over the years, blood and plasma proteins 

have been utilized as high quality ingredients in food for both pets and farm animals such 

as swine, cattle and poultry (Polo and others 2004). The trend was as a result of the 

nutritional and health benefits derived from feeding these blood proteins to animals. For 

example, increased feed intake, increased growth rate, and reduced scours (livestock 

diarrhea) are common effects of including plasma in animal diets (Coffey and Cromwell 

2001). Spray dried blood serves as a source of high quality protein for young animal diets 

because it has excellent digestibility (Polo and others 2004). Aside the nutritional and 

health benefit derived from the addition of blood and plasma products to animal feed, the 

practice avoids the cost of the environmentally compatible disposal of these animal by-

products, hence increasing the value of the animal to the farmer (Polo and others 2004). 

Blood as food for humans. In some countries, blood is used as a source 

of human food, usually in blood sausages, pudding, soup, bread, or crackers (Ockerman 

and Hansen 2000). Although not popular in the USA, blood finds its way into the human 

food chain in various forms. It is used in sausage products to enhance color. Its use in this 

respect is restricted to 0.5 to 2% of the sausage product as levels above this has a 

detrimental effect on sensory qualities, particularly color and flavor (Slinde and Martens 

1982; Ockerman and Hansen 2004). Because of the good foaming and leavening 

properties of blood plasma proteins, spray dried plasma is used as an egg substitute in 

bakery products (Raeker and Johnson 1995; Ockerman and Hansen 2000). Egg products 

are among the most costly ingredients used in the baking industry. Blood plasma thus 

provides a low-cost substitute for eggs in bakery products (Raeker and Johnson 1995). 

Blood plasma proteins such as albumin and globulins also serve as good emulsifiers 
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(example in butter). Blood albumin is utilized in making sausage casing and is also 

incorporated into bread flour. In the latter application it gives a significantly higher loaf 

volume and increases the protein quality. Blood is also used to clarify liquid foods 

(example wine) and also as stabilizer (example in cheese) (Ockerman and Hansen 2000). 

Pharmaceutical and medical use of blood. In addition to the use of 

blood as food for both humans and animals, blood also finds medical and pharmaceutical 

usage. Purified bovine serum albumin (BSA) is widely used in research and clinical 

medicine. Purified BSA is used to replenish blood or fluid loss in animals.  Purified 

bovine albumin is used in testing for the Rh (rhesus) factor in humans, and in antibiotic 

sensitivity testing (Ockerman and Hansen 2000). Vaccines need to be stabilized to 

prevent vaccine inactivation under environmental stress, such as elevated temperatures. 

BSA is used as a stabilizer in vaccines (Barbour and others 2002). Porcine blood fibrin 

extract is used as a source of amino acids, which are incorporated into parenteral 

solutions for nourishing some surgical patients (Ockerman and Hansen 2000). 

Hog blood plasmin (an enzyme) is used in heart attack patients to digest 

fibrin in blood clots. Thrombin from bovine blood promotes blood coagulation and is 

used in the treatment of wounds in inaccessible parts of the body, such as the brain, 

bones, and gastrointestinal tract (in ulcers). Thrombin is also used to hold skin grafts in 

place and to seal gaps where tissue has been removed surgically. Fibrinolysin is used as a 

cleaning agent for clotted blood and infected wounds and can hasten the healing of skin 

damage by ulcers and burns (Ockerman and Hansen 2000).    

Other uses for blood. Blood products find many uses in the laboratory, 

with the most common use as a nutrient for tissue culture media and as a necessary 

ingredient in some agar for bacteriological use. In industry, blood is used as an adhesive 

and by virtue of its film-forming properties in the paper, lithographic, veneering, fiber, 

and plastics industries (Ockerman and Hansen 2000). Spray-dried blood is used as a 

foaming agent in the manufacture of phenol formaldehyde resin glue in the glue 

industries (Makinen and others 1999; Luukko and others 2004). Glue is needed to join 

the veneers in the manufacture of plywood. Glues based on phenol formaldehyde resin is 

commonly used for this application (Makinen and others 1999). Blood is also used in 

insecticide and fungicide formulations, in foam fire extinguishers, in leather finishers, in 
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cork crowns, in porous concrete, and as a stabilizer for biological materials and drugs 

(Ockerman and Hansen 2000). BSA is also used in molded ceramic products as a binder 

(Garrn and others 2004). Blood meal is commonly used as a quality organic fertilizer in 

agriculture (Ciavatta and others 1996; Agehara and Warncke 2005). In addition to 

contributing nitrogen, the use of blood meal as fertilizer also aids in humus formation and 

improves the soil structure. Blood is also useful in seed coating and soil pH regulation. 

The limitations of spreading blood on the soil are that it attracts rats and vermin 

(Ockerman and Hansen 2000). In addition, purified bovine albumin is used as an 

ingredient in moisturizing creams and lotions (Douillard 1994; Ockerman and Hansen 

2000).    

 

Both man and animal are exposed to the infectious agent 

Both humans and animals are potentially exposed to the infectious agent, 

prion, through the use of blood as food and non-food items such as cosmetics, soaps, and 

medical drugs (Godon and Honstead 1998). Prion proteins are extremely resistant to heat, 

ultra-violet light, ionizing radiation, normal sterilization processes and common 

disinfectants that normally destroy viruses and bacteria (Fishbein 1998; Godon and 

Honstead 1998; Scheier 2005). Experiments using different strains of spongiform 

encephalopathy agents have shown only partial inactivation at temperatures as high as 

350
o
C (Brown 2001). Blood used in livestock feed is usually in the form of whole blood 

powder or spray-dried plasma. Current temperatures used in spray-drying industrial 

plants involve an inlet air temperature of 215
0
 ± 5

0
C and an outlet air temperature of 90

0
 

± 1
0
C and 70

0
 ± 1

0
C for whole blood and plasma, respectively (Polo and others 2004).  

At a consultation organized by the WHO in Geneva, Switzerland, from 

April 2
nd

 to 3
rd 

1996, a group of international experts made several recommendations to 

reduce the potential transmission of BSE among animals and human exposure to the BSE 

agent (Anonymous 1996b; a). Included in the regulations, all countries were to review 

their rendering procedures to ensure that they effectively inactivate TSE agents 

(Anonymous 1996b; a). Unlike the European Union (EU), the United States does not 

mandate that the rendering process be capable of sterilizing BSE infectivity. Most feed 
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mills render carcasses at 134
o
C without the concomitant use of steam and pressure, and 

thus cannot be guaranteed to achieve sterilization (Brown 2001). 

Considering the hardy nature of the infectious agent (and hence the fact 

that it is not destroyed by processing methods that blood and blood products are subjected 

to) coupled with the present situation in the US where it is not mandatory for the 

rendering process to sterilize BSE infective agent, the possibility that animals are directly 

exposed to TSE agent (through the use of blood and blood products as animal feed 

ingredient) and humans indirectly (through the use of animal blood as human food, in 

medicinal and cosmetic preparations, and in laboratory and industrial applications) 

cannot be underestimated.  

 

Need for preventive measures.  

From the submissions made in preceding paragraphs, blood does carry 

TSE infectivity. The use of blood and blood products as food for animals and humans 

may not therefore be safe because of the hardy nature of the infectious agent, and hence 

the need for preventive measures. Two things need to be done to protect the consumer.  

Elimination of high risk materials. The first is the elimination of tissues 

that in an infected animal would contain the BSE agent (Bradley 2003). These are known 

as specified risk materials (SRMs) that are known to harbor highest concentrations of the 

infectious agent in BSE-infected cattle, such as the brain, skull, eyes, spinal cord, dorsal 

root ganglia, dura matter, pituitary, vertebral column and lungs (DeWaal and Vegosen 

2003). The use of these high risk materials in the human food supply have already been 

banned in the UK and in the EU (Chalus and Peutz 2000). In the USA, their prohibition 

was part of the new measures to be implemented by the FDA which was released to the 

press on January 26
th

, 2004 (HHS 2004). Thus the brain, skull, eyes, and spinal cord 

tissues of cattle at least 30 months of age, and a portion of the small intestine and tonsils 

of all cattle, regardless of their age or health has been banned from human food and 

cosmetics (Anonymous 2004; Hampton 2004). Considering the various uses of blood and 

blood products and also the fact that such usage of blood avoids its wastage and possible 

pollution of the environment, adding blood and blood products to the list of SRMs may 

not be a wise decision, especially so as it will be difficult to find a replacement. Thus the 
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second option of protecting the consumer by ensuring a TSE-free blood, as explained in 

the next paragraph, would be a better option.   

Preventing redristribution of infective tissues. The second way of 

protecting the consumer is the avoidance of processes that could redistribute infection 

from possibly infected tissues to non-infected tissues (Bradley 2003), such as the feeding 

of infected animal materials (in the form of blood meal and meat bone meal) back to 

farmed animals. Considering the demonstrated TSE infectivity of blood, the use of 

bovine blood as animal and human food, as drugs and in cosmetic products, may not be 

safe because processing of blood for the afore-mentioned usage does not inactivate the 

infectious agent as a result of their hardy nature. It is therefore important that the feeding 

of blood and blood products to animals be curtailed. Thus the proposed measure to be 

implemented by the FDA to protect Americans from exposure to the BSE agent, which 

among other things eliminates the present exemption in the feed rule that allows blood 

and blood products to be fed to other ruminants, is a step in the right direction. Especially 

so as animal blood is the origin of all the blood which find usage as human food and in 

the manufacture of medical drugs, cosmetics, soaps and other products. Hence ensuring 

that animal blood is TSE-free consequently ensures that blood products to which humans 

are exposed to by way of food, drugs and cosmetics are also TSE-free. 

 

Methods for blood detection 

Detection of blood stains. Over the years, methods have been developed 

as a diagnostic test for blood. The drive to search for these methods was its importance in 

forensic investigation (to determine if stains were blood or not) and in clinical pathology 

(as a diagnostic tool). The first test of any significance was the guaiacum (or guaiac) test. 

The inconvenience and erratic nature of the guaiacum test (3) led to the search for better 

methods (Culliford and Nickolls 1964). The result was the identification of a number of 

chemical reagents that can be used to distinguish between blood and other substances. 

These chemical reagents undergo a change in color in the presence of blood. The color 

change is due to the oxidation of the chemical reagent by the peroxide. The oxidation 

only occurs if hemoglobin is present to act as an oxygen-carrier. These tests are called 

presumptive because a stain that gives a positive reaction is presumed to be a blood. 
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These chemical reagents are Leucomalachite green (LMG) with perborate or peroxide, 

Kastle Meyer’s reagent (Phenolphthalein) with peroxide, Luminol with peroxide, 

Benzidine or tetramethylbenzidine with perborate or peroxide and Ortho-tolidine with 

peroxide (Cox 1991).     

Since these chemical reagents work on the same principle, they are 

affected similarly. There are a number of substances, notably the plant peroxidases, that 

react with these chemical reagents to bring about color changing processes in the absence 

of hemoglobin (and hence blood), thus producing false positives. Chemical oxidants such 

as perchlorates and permanganates, chromates and dichromates, and copper and iron salts 

will cause oxidation of these reagents, producing characteristic color changes in the 

absence of hemoglobin (and hence blood) (Quarino and Kobilinsky 1988). Some of these 

reagents, benzidine and ortho-tolidine, have been found to induce cancer and neoplasm, 

respectively, making them unsafe for use (Culliford and Nickolls 1964). Different 

researchers have reported various differences in the sensitivities of these presumptive 

tests for blood, though this has been attributed to differences in the reagent 

concentrations, in the methods of preparing the samples and of expressing the results, and 

in the type of material containing the blood (Cox 1991). This explanation not 

withstanding, the reproducibility of these methods is indicted. The non-specific, unsafe 

and irreproducible nature of these tests makes them inapplicable for detecting blood 

contamination in animal feed. These methods are further sidelined by the fact that they 

are not species specific and are based on hemoglobin, a heat-labile protein as the bio-

marker. 

Takayama reagent suggested by Takayama in 1912 has been used as a 

confirmatory test for blood (Hatch 1993), and it is the preferred confirmatory test 

(Kotowski and Grieve 1986). The Takayama reagent is made by combining 120µL 

deionised water, 50µL NaOH (10% v/v), 50µL of a saturated dextrose (glucose) solution 

and 50µL of pyridine (Hatch 1993). The reaction of pyridine with hemoglobin to form 

hemochromogen crystals forms the basis of the use of this reagent in the identification of 

blood. This method suffers from a lack of sensitivity and analysts must also be cautious 

in the interpretation of test results (Quarino and Kobilinsky 1988). In addition, the 
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method is not species specific and it is also based on hemoglobin, a heat-labile protein as 

the bio-marker, making it inapplicable for the detection of bovine blood in animal feed. 

Microspectrophotometry, has also been used to characterize microscopic 

amounts of blood, using a Nanospec 10 S microspectrophotometer system fitted to a 

Leitz Ortholux microscope with a Χ 25 objective. The characteristic absorption curve for 

blood (human, dog, rabbit, ape, chicken and sheep blood were tested) has a major peak at 

421nm (known as the Soret band) and two smaller peaks at approximately 545 and 

581nm known as the α and β bands respectively. This method has the advantage of being 

specific for blood and also not limited by sample size (Kotowski and Grieve 1986). 

However, this method is not species specific and also relies on hemoglobin, a heat-labile 

protein as the bio-marker for detecting the presence of blood. The method can thus not be 

applied to detect bovine blood contaminating animal feed. 

Detection of blood in feedstuffs. With the advent of BSE, methods have 

been developed purposely to detect bovine blood in animal feed. These methods fall into 

three categories namely, microscopic, polymerase chain reaction (PCR) amplification and 

immunological methods. These methods are plagued with shortcomings that make them 

unsuitable to be used to detect bovine blood contaminating feedstuffs. The shortcomings 

are that these methods lack species specificity or tissue specificity or are not based on a 

thermo-stable marker or a combination of the above mentioned shortcomings.   

Feed microscopy is a widely used method for detecting the presence of 

mammalian protein in feeds for ruminants (Momcilovic and Rasooly 2000; Sanches and 

others 2006). The method is based on the observation of morphological conformation of 

rough fragments with a stereomicroscope and on the examination of histological structure 

of fine particles with an optical microscope (Momcilovic and Rasooly 2000). Drum dried 

blood fines are mostly spheres or broken spheres. Spray or ring dried blood consist 

mostly of fine spherical particles of irregular shape, black or deep purple, hard to break, 

with a smooth surface but lacks luster (Sanches and others 2006). This method has the 

advantage of being inexpensive, straight forward, and requiring minimal sample 

preparation. The method is also tissue specific (discriminates between muscle and blood), 

unaffected by heat and has an acceptable detection limit of 0.05% (Sanches and others 
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2006). The method, however, is not species specific and also requires a reasonably 

experienced tester with a high degree of expertise.     

PCR amplification is based on cyclic elongation of the annealed sequences 

by a heat-stable DNA polymerase that results in amplification of the target sequence. 

Though PCR-based analytical methods utilizes various sequences, mitochondrial DNA is 

usually the DNA target of choice because there are multiple copies of the mitochondrial 

genome in each cell and hence increases the sensitivity of the method (Momcilovic and 

Rasooly 2000). Several methods have been developed to detect bovine material 

contaminating animal feed (Krcmar and Rencova 2001; Calvo and others 2002; Lahiff 

and others 2002; Gao and others 2003; Toyoda and others 2004). PCR methods generally 

have limitations that make them unsuitable for feed analysis. They tend to be affected by 

heat-mediated DNA degradation, overly sensitive and hence may detect DNA in feed 

carried over from a previous batch of feed, and they are not tissue specific (Momcilovic 

and Rasooly 2000). One such method based on the PCR amplification of specific 

fragment of bovine DNA has been developed to detect cattle material in processed and 

unprocessed food and feed (Calvo and others 2002). In this method the set of primers 

used for PCR-specific cattle amplification was taken from the 1709 satellite DNA 

(GenBank accession no. X00979), a satellite DNA that is highly repeated in bovine 

genome. This method has the advantage of been able to detect bovine material in feed 

mixtures heated at 120
o
C for 30 minutes as well as autoclaved samples, with a sensitivity 

of 1% bovine derived material in test samples. The method, however, is not able to 

distinguish between different tissues (example blood and muscle) of bovine origin (Calvo 

and others 2002).   

Immunochemical methods have also been developed to detect bovine IgG 

in dried porcine plasma and whole porcine blood. Immunochemical methods are based on 

antibody recognition of specific antigens and binding to these specific antigens 

(Momcilovic and Rasooly 2000). One such method (Polo and others 2004), based on the 

Ouchterlony immunodiffusion method (Ouchterlony 1962) was developed to specifically 

detect bovine blood contamination in porcine blood. The method involved the use of 

commercially available anti-bovine IgG (whole molecule) and anti-pig IgG (whole 

molecule) antibodies obtained from Sigma Company. In their procedure, agar was 
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solidified in a Petri dish. A commercial metal punch was then employed to make wells 

for the samples in the agar medium. Twenty microliter (20µL) of each antibody was 

placed in the central well, and equal volumes of samples (bovine adulterated porcine 

plasma or whole blood) as well as positive and negative controls placed in surrounding 

wells. Diffusion was allowed to take place at room temperature for 18 to 24 hours, with 

the presence of precipitation lines indicating specific reactions between anti-bovine IgG 

antibody and antigen (Polo and others 2004). This method has the advantages of 

requiring minimal laboratory equipment and expertise. The method is also inexpensive, 

samples are easy to prepare with a detection limit of 0.3% v/v in liquid plasma and 0.5% 

v/v in liquid whole blood. However, detection was more sensitive in liquid samples than 

in spray-dried samples, which had undergone mild heat treatment. Thus, the researchers 

added that the method could be most useful for quick screening in slaughterhouses where 

liquid samples are more common than dried samples which are heat-treated (Polo and 

others 2004). Though the researchers claimed the difference in sensitivity was not 

significant, it was still an indication that the method was hampered by heat treatment as 

the case was for the spray-dried samples. The method was tested against possible cross-

reactivity with porcine blood but not blood from other animal species as well as other 

non-blood proteins like soy, milk or egg albumin that are also likely to be present in 

animal feed and which are allowed. Thus the researchers did not demonstrate 

conclusively that the method was able to distinguish between banned (bovine blood 

tissue) and allowed materials (example gelatin, milk of bovine origin). 

Another immunochemical method involved the development of a lateral 

flow immunoassay device to quickly and qualitatively determine the presence of bovine 

IgG. This was done using goat anti-equine IgG (whole molecule), goat anti-porcine IgG 

(whole molecule), and goat anti-bovine IgG (whole molecule) antibodies. Goat anti-

bovine IgG cross-reactivity was checked against porcine and equine serum using IEP. 

Antiserum references and samples were added to precut troughs and allowed to diffuse 

into the gel for 24 hours at room temperature. Goat anti-bovine IgG showed cross-

reactivity with porcine IgG. The porcine cross-reactivity was then removed by solid 

phase affinity chromatography.  The goat anti-bovine IgG which had been cleaned of 

cross-reactivity with porcine IgG was re-tested with porcine IgG by means of IEP to 
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verify the efficiency of the clean up. The cleaned goat anti-bovine IgG was adsorbed, 

conjugated to gold colloid and incorporated into the lateral flow device as the test line 

reagent. Rabbit anti-goat IgG was also incorporated into the device as a control 

mechanism. A red line observed at the test line indicated a positive result (Newgard and 

others 2002). The method has the advantage of being fast, simple, requiring minimal 

sample preparation, laboratory equipment and expertise to operate. The test can also be 

performed on the field site, has a detection limit of 0.01 % (v/v) and a shelf life of three 

years at room temperature. The method is also not hampered by heat-treated samples 

(Newgard and others 2002). The method, however, involves an initial purification of the 

polyclonal antibodies which is time consuming. This purification stage involved the 

removal of porcine cross-reactivity from the anti-bovine IgG which is cost ineffective. 

Cross-reactivity from other blood species was not considered. This is understandable 

considering the fact that removal of all cross reactivity would have left only a little anti-

bovine IgG antibodies to work with. Failure to clean up for all cross-reactivity throws 

some doubt on the species specificity of the method and the results. This is because any 

of the other blood species that was not tested for cross-reactivity and consequently 

cleaned up for could contribute to false positive results for bovine IgG. The researchers 

did not test against other blood species in addition to porcine and equine blood to prove 

otherwise. The researchers also did not test for cross-reactivity with non-blood proteins 

such as soy protein, egg albumin and milk that are added to feedstuffs. Thus researchers 

did not demonstrate conclusively that their assay is species specific and tissue specific.  

Detection of blood in meat. Some of the chemicals used in presumptive 

tests such as malachite green with peroxide have been applied to detect the residual blood 

content of meat. Myoglobin interferes with the method. The colors are also unstable and 

the assay is only semi-quantitative. Methods have also been developed purposely to 

estimate the residual blood content of meat as a quality control tool because the 

efficiency of bleeding out of slaughter animals impacts on the eating or keeping qualities 

of meat (Warriss 1977). The amount of residual blood in horse meat has also been 

estimated by counting the number of red blood cells in an isotonic saline extract. The 

major drawback of this method was that the count had to be done three hours post 

mortem. Other methods have also been developed for this particular purpose. However, 
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Added blood, % = 

not much work has been done in this field because of the technical difficulty inherent in 

actually measuring the residual blood content of meat. In addition to the individual 

drawbacks of these methods, these methods are collectively unsuitable for detecting 

bovine blood added to ground beef as they are not species specific and also rely mostly 

on hemoglobin, a heat-labile protein as the bio-marker. Methods have been developed 

purposely to estimate blood added to raw and cooked ground beef. 

Two methods to detect blood in raw ground beef are based on 

spectrophotometric determination of blood using hemoglobin as the biomarker. These 

methods (Karasz and others 1976; Maxstadt and Pollman 1980) involved extracting the 

hemoglobin with water. Since myoglobin is extracted along side with the hemoglobin, the 

two hem pigments were separated by treating the extract with 85% (NH4)2SO4 which 

precipitates hemoglobin leaving the myoglobin in solution. The hemoglobin was 

converted to cyanomethemoglobin and quantified by its absorbance at 422nm using a 

standard curve prepared from cyanomethemoglobin standard. Standard curve was 

prepared from dilutions equivalent to 0.00, 0.00, 0.04, 0.08, 0.12 and 0.16 mg 

hemoglobin/mL. These dilutions correspond to various amounts of hemoglobin per 100 g 

sample of ground beef. Example 0.08 and 0.16mg hemoglobin/mL corresponds to 400 

and 800 mg hemoglobin per 100 g ground beef sample, respectively. The percent added 

blood was computed as: 

 

    (mg hemoglobin found/100 g sample – 171 mg hemoglobin/100 g meat)     

          107 mg hemoglobin/g blood  

 

where, 171 mg hemoglobin/100 g is the average residual hemoglobin content of 

unadulterated ground beef and 107mg hemoglobin is the average amount of hemoglobin 

obtained from 1g added blood. The method has the advantage of being easy to perform, 

been fast and having a good repeatability with a random and systematic error of 12.57 

and 8.22 mg hemoglobin/100 g, respectively (Karasz and others 1976). The 

disadvantages of the method are that it is not species specific and hence does not 

discriminate between blood of bovine origin and blood from other species. The amount of 

hemoglobin extracted is a sum of that from added blood and the residual blood in the 
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meat sample. Hence the subtraction of 171 mg hemoglobin/100 g meat (being the normal 

residual hemoglobin in ground beef) from the amount of hemoglobin estimated to give 

the amount of hemoglobin (and hence blood) added. The method is thus at best an 

approximation of the amount of blood added.  

The Kjeldahl method has also been employed to estimate the amount of 

hemoglobin (and hence blood) in meat products (Bjarno 1981). This method actually 

estimates the amount of nitrogen in a sample and the equivalent protein in the sample 

estimated by multiplying by the appropriate conversion factor. Normally 6.25 is used as 

the conversion factor but the following factors 5.94, 4.94 and 5.65 have been calculated 

based on biochemical data to estimate the amount of muscle protein, collagen and 

hemoglobin (and hence blood) in a sample. The disadvantages of the method are that at 

best it is an approximation of the amount of blood present in the sample. The method 

does not distinguish between added blood and residual blood, or other tissues and it is not 

species specific. The method is also time consuming and uses hazardous chemicals.  

An immunochemical method (Otto and Sinell 1989) has been developed to 

detect added blood in heat treated meat. This immunochemical method involved the use 

of anti dried bovine blood plasma sera and anti dried porcine plasma sera. The anti dried 

bovine blood plasma serum was not tested against porcine blood or blood from other 

species. The researchers, thus, do not demonstrate that the method is bovine specific. The 

tissue specificity of the method (ability to discriminate between example muscle and 

blood from bovine species) was not tested and hence the tissue specificity of the method 

can not be guaranteed. Immunochemical reactivity was hampered by the heat treatment 

given to the samples indicating that the assay is not based on a thermo-stable marker 

(Otto and Sinell 1989).   Thus the concentration of bovine plasma or porcine plasma in a 

given sample cannot be estimated unless the time/temperature data of the process applied 

to the sample is given and model samples tested for comparison. Another method based 

on ultra-thin layer isoelectric focusing has been developed to detect added blood in heat 

treated meat. This method has the advantage of low expenditure in time and cost. The 

method is not affected by heat with a detection limit of 0.2% of dry blood plasma in 

sausage (Bauer and Stachelberger 1984). The major draw back of this method for the 
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intended application is that it is not species specific and hence does not discriminate 

between bovine blood and blood from other species. 

 Blood indeed carries some level of infectivity in TSE affected animals 

and humans as demonstrated by the first time biochemical detection of the abnormal 

prions in blood.  Failure to detect the abnormal prions prior to its detection by (Castilla 

and others 2005) may be attributed to incomplete information on the tissue distribution of 

abnormal prions in TSE infection, low level of effective infective dose, and insensitive 

existing tests. Blood and blood products are used as both animal and human food, in the 

preparation of pharmaceutical products, in cosmetic products, and in laboratory and 

industrial preparations. Processing of blood for these applications does not ensure 

inactivation of the TSE agent (abnormal prion) that may be present because the agent is 

hardy and hence survives the processing treatments. Thus animals (through the use of 

blood and blood products as feed ingredient) and humans (through the use of animal 

blood as food, in cosmetic and pharmaceutical products, and in laboratory and industrial 

products) are exposed to the TSE agent. The use of blood and blood products in the 

afore-mentioned applications may not therefore be safe. Thus the proposed ban by the 

FDA to remove the present exemption in the 1997 feed ban (regulation 21 CFR 

589.2000), which allows blood and blood products to be used as ruminant feed should be 

a step in the right direction. This is because there has been no evidence of natural case of 

TSE in non-ruminants such as pigs and poultry (Matthews and Cooke 2003; Lipp and 

others 2004). A strong feed ban as a means of combating the spread of BSE can not be 

over-emphasized as all three cows that have tested BSE positive were born prior to the 

introduction of 1997 feed ban. Placing blood and blood products under the list of SRMs 

may not be a wise decision as finding a substitute for blood in all this usage to which 

blood is put to may not be feasible. Thus ensuring that animal blood is TSE-free through 

the ban of animal blood as feed ingredient will ultimately ensure that blood and blood 

products used as human food, in pharmaceutical and cosmetic products, in industrial and 

laboratory products, is also safe. It will also avoid the wastage of search a valuable 

animal by-product and the possible pollution of the environment if not disposed of in an 

environmentally compatible way. Blood used in the preparation of animal feed is 

obtained mostly from pig or bovine blood (Polo and others 2004). The proposed rule has 
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still not been enshrined as a law probably because current methods to detect bovine blood 

in animal feed are inadequate for the quest. There is thus the need for a method that is 

bovine specific, tissue specific and based on a thermo-stable marker to help enforce the 

proposed rule if it becomes a law. 
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MATERIALS AND METHODS 

 

 

Materials 

Sodium chloride (NaCl), sodium phosphate dibasic anhydrous (Na2HPO4), 

sodium phosphate monbasic anhydrous (NaH2PO4), egg albumin, bovine serum albumin 

(BSA), ammonium sulfate, sodium bicarbonate (NaHCO3), sodium carbonate (Na2CO3), 

N, N – dimethyl formamide (DMF); citric acid monohydrate, glycerol, sodium dodecyl 

sulfate (SDS), ammonium persulfate (APS), Tween-20, 96-well polyvinyl microplate 

(Costar 2595), molecularporous membrane tubing (MWCO: 6 – 8000), filters (Whatman 

No. 1, syringe driven 0.22µm, and 0.45µm filters) and methanol were purchased from 

Fisher Scientific, Fair Lawn, NJ.  

Gelatin, phosphate buffered saline buffer concentrate (PBS, 10×), Affi Gel 

Protein A MAPS II Binding Buffer, Econo-Pac protein A cartridge, Affi Gel Protein A 

MAPS II Elution Buffer, Protein Assay Dye Reagent Concentrate, 0.5M Tris-HCl buffer 

(pH 6.8), 1.5M Tris-HCl (pH 8.8), TEMED (N, N, N, N’-tetra-methyl-ethylenediamine), 

Precision Plus Protein Kaleidoscope Standards, 30% Acrylamide/Bis solution, 

Tris/Glycine Buffer, 10 × Tris/Glycine/SDS buffer, supported nitrocellulose membrane 

(0.2µm), Tris-buffered saline, Goat anti-mouse IgG (H + L) – AP conjugate and AP 

conjugate substrate kit, Protein Assay Kit II, and thick blot paper were obtained from 

Bio-Rad Laboratories Inc., Hercules, CA.  

Hydrogen peroxide (H2O2), streptavdin peroxidase polymer, horseradish 

peroxidase conjugated goat anti-mouse IgG (Fc Specific) - IgG-HRP(Fc), peroxidase 

conjugated goat anti-mouse IgG (Fab specific), NHS-CA-Biotin (biotinamidocaproic acid 

3-sulfo-N-hydroxysuccinimide ester), ABTS (2,2’-azino-bis 3-ethylbenz-thiazoline-6-

sulfonic acid) and β-mercaptoethanol were purchased from Sigma-Aldrich Co., St. Louis, 

MO. Brom Phenol Blue sodium salt was purchased from Allied Chemical Corporation, 

New York, NY. All chemicals and reagents were analytical grade. All solutions were 

prepared using distilled de-ionized pure water (DD water) from the NANOpure 

DIamond
® 

ultra pure water system (Barnstead International, Dubuque, IA)
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Monoclonal antibodies (MAbs), 6G12 and 3D6 both belonging to IgG1 

subclass were previously developed at Auburn University, Auburn, Alabama. Isotyping 

was done using the mouse monoclonal antibody isotyping reagents (ISO-2 1 kit) from 

Sigma-Aldrich Co. in accordance with the manufacturer’s instructions (Appendix I). 

Bovine, sheep, horse and rabbit blood were purchased from Hemostat Laboratories, 

Dixon, CA. Fresh turkey, chicken and porcine blood was provided by the National 

Renderers Association. Beef, lamb, pork, rabbit, turkey and chicken were purchased from 

local supermarkets in Tallahassee, Florida. Horse meat was obtained from the veterinary 

school, Auburn University. Spray-dried bovine and porcine plasma meals were obtained 

from Merrick’s Inc., Middleton, WI and whole bovine blood powder from California 

Spray Dry Company, Stockton, CA.  Meat bone meals (of porcine, bovine and sheep 

origin), feather meal and dairy blend were obtained from companies that do not want 

their identity disclosed. Soy protein concentrate was purchased from Central Soya 

Company and nonfat dry milk from a local supermarket in Tallahassee, FL. 

 

Preparation of blood samples 

Blood samples were stored at -80
o
C prior to sample preparation. Twenty 

milliliter (20mL) of raw blood sample from each species was dispensed into a beaker. 

The beaker was covered with aluminum foil, fixed in place by means of adhesive tape 

and autoclaved for 15 minutes at 121
o
C and a pressure of 1.2 bars using the NAPCO 

Model 8000-DSE autoclave (Jouan Inc., Winchester, VA). Another 20mL of blood 

sample from each species was immersed in boiling water for 15 minutes. The autoclaved 

and cooked samples from each species were then mashed into fine particles using a glass 

rod. Twenty milliliter (20mL) of the extraction buffer (10mM PBS) was added to the 

mashed samples to extract the proteins and the mixture was homogenized for 2 minutes at 

11000RPM using the ULTRA-TURRAX T25 basic homogenizer (IKA Works Inc., 

Wilmington, NC). The homogenized samples were covered with paraffin films and 

allowed to stand for 2 hours at room temperature followed by another 2 hours at 4
o
C. The 

mixtures were then transferred into centrifuge tubes and centrifuged using the Eppendorf 

5810R centrifuge (Brinkman Instruments Inc., Westbury, N.Y.) at 3220 × g for 60 
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minutes at 4
o
C. The supernatants of cooked and autoclaved blood samples was then 

filtered through Whatman No. 1 filter paper and stored at -20
o
C until use. 

 

Preparation of flesh (meat) and non-flesh protein samples 

Cooked and autoclaved meat extracts. Fat and connective tissues were 

trimmed off meat samples. The meat sample was then cut up and ground twice using the 

Waring pro meat grinder (Waring consumer Products, East Windsor, NJ) to ensure 

thoroughness and homogeneity. Ten-gram (10g) of minced meat sample from each 

species was weighed into beakers. The beakers were covered with aluminum foil, sealed 

with adhesive tape and autoclaved for 15 minutes at 121
o
C and a pressure of 1.2 bars 

using the NAPCO Model 8000-DSE autoclave (Jouan Inc., Winchester, VA). Another 

10g of minced meat sample from each species was weighed into a beaker. The beaker 

was covered with aluminum foil, sealed with adhesive tape and immersed in boiling 

water for 15 minutes. The autoclaved and cooked samples from each species were then 

mashed into fine particles using a glass rod. Ten-milliliter (10mL) of extraction buffer 

(10mM PBS) was then added to the mashed autoclaved and cooked samples to extract the 

proteins. The mixture was then homogenized for 2 minutes at 11000RPM. The 

homogenized sample was then kept at room temperature for 2 hours followed by another 

2 hours at 4
o
C. The mixtures were transferred in to centrifuge tubes and centrifuged at 

3220 × g for 60 minutes at 4
o
C. The supernatant was then filtered through Whatman No. 

1 filter paper and the filtrate stored at -20
o
C as autoclaved and cooked meat sample 

extracts until use.   

Raw beef extract. Ten-gram (10g) of minced raw beef was weighed into 

a sampling bag (Fisherbrand sterile sampling bags, 3” × 7”, cat. No. 01-002-38). Ten-

milliliter (10mL) of extraction buffer (10mM PBS) was added to extract the proteins. The 

mixture in the sampling bag was blended in a stomacher (Model Number STO 400, 

Tekmar Company, Cincinnati, OH) for 60 seconds and allowed to stand at room 

temperature for 2 hours followed by another 2 hours at 4
o
C. The mixture was transferred 

into a centrifuge tube and centrifuged at 3220 × g for 60 minutes at 4
o
C. The supernatant 

was then filtered through Whatman No. 1 filter paper and the filtrate stored at -20
o
C as 

raw beef extract until use. 
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Non-flesh protein extracts. The non-flesh proteins used were gelatin, soy 

protein concentrate, egg albumin, nonfat dry milk, and bovine serum albumin. To 2g each 

of soy protein concentrate, egg albumin, gelatin, nonfat dry milk and BSA in a beaker 

was added 10mL of extraction buffer (10mM PBS) to extract the proteins. The mixtures 

(in beakers) were covered with cellophane, sealed with adhesive tape and kept at 2 hours 

at room temperature followed by another 2 hours at 4
o
C. The mixtures were transferred 

into centrifuge tubes and centrifuged at 3220 × g for 60 minutes at 4
o
C. The supernatant 

was filtered through Whatman No. 1 filter paper and the filtrate stored at -20
o
C until use. 

 

Preparation of commercial feedstuffs 

To 2g each of bovine meat bone meal, sheep meat bone meal, porcine 

meat bone meal, feather meal, spray-dried bovine plasma, whole bovine blood powder, 

Diary blend and spray-dried porcine plasma in a beaker was added 10mL of extraction 

buffer (10mM PBS) to extract the soluble proteins. The mixtures were covered with 

parafilm and kept for 2 hours at room temperature followed by another 2 hours at 4
o
C. 

The mixtures were transferred into centrifuge tubes and centrifuged at 3220 × g for 60 

minutes at 4
o
C. The supernatant was filtered through Whatman No. 1 filter paper and the 

filtrate stored at -20
o
C until use. 

 

Preparation of laboratory adulterated feed and ground beef samples 

Adulterated samples used in this research were 1) autoclaved bovine blood 

in autoclaved porcine blood; 2) spray-dried bovine plasma and whole bovine blood 

powder in spray-dried porcine plasma; and 3) bovine blood in raw and cooked ground 

beef. 

Autoclaved bovine blood in autoclaved porcine blood adulterated samples 

were prepared by mixing autoclaved porcine blood prepared as described above with 

previously prepared autoclaved bovine blood samples to give 0 to 10% (v/v) adulterated 

samples with 0% being autoclaved porcine blood with no added autoclaved bovine blood. 

Spray-dried bovine plasma in spray-dried porcine plasma adulterated samples was 

prepared by mixing previously prepared spray-dried porcine plasma extract with spray-

dried bovine plasma sample to give a 0 to 10% (v/v) adulterated samples with 0% being 
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spray-dried porcine plasma extract with no added spray-dried bovine plasma. Whole 

bovine blood powder in spray-dried porcine plasma adulterated samples were prepared 

by mixing already prepared spray-dried porcine plasma sample with whole bovine blood 

powder sample to give a 0 to 10% (v/v) adulterated samples with 0% being spray-dried 

porcine plasma extract with no added whole bovine blood powder sample. 

Cooked and raw ground beef adulterated with bovine blood, were 

prepared in two ways. In the first case, prepared cooked ground beef extract was mixed 

with cooked bovine blood extract to give a 0 to 10% v/v bovine blood in cooked ground 

beef adulterated samples, with 0% being cooked ground beef extract without added 

cooked bovine blood. Bovine blood in raw ground beef was prepared similarly by mixing 

raw ground beef extracts with raw bovine blood to give a 0 to 10% v/v spiked bovine 

blood in raw ground beef extracts, with 0% being raw ground beef without added raw 

bovine blood. 

Alternatively, 10g of ground beef was weighed into beakers and 100µL, 

300µL, 500µL, 1mL, 2mL, 3mL, 4mL and 5mL of bovine blood added to give 1, 3, 5, 10, 

20, 30, 40 and 50% v/w spiked bovine blood in ground beef samples respectively. The 

mixture was thoroughly mixed, covered with aluminum foil, sealed in place with an 

adhesive tape, and immersed in boiling water for 15 minutes. Ten milliliter of extraction 

buffer (10mM PBS) was added and the mixture was homogenized for 2 minutes at 

11000RPM. The mixtures were covered with paraffin films and allowed to stand for 2hrs 

at room temperature followed by another 2 hours at 4
o
C. The mixtures were transferred 

into centrifuge tubes and centrifuged at 3220 × g for 60 minutes at 4
o
C. The supernatant 

was filtered through Whatman No. 1 filter paper and the filtrate stored at -20
o
C as bovine 

blood in cooked ground beef extracts. 

Another 10g of ground beef was weighed into beakers and 100µL, 300µL, 

500µL, 1mL, 2mL, 3mL, 4mL and 5mL of bovine blood was added and mixed 

thoroughly to give 1, 3, 5, 10, 20, 30, 40 and 50% v/w spiked bovine blood in ground 

beef samples respectively. The mixtures were transferred into sampling bags and to this 

was added 10mL of extraction buffer (10mM PBS). The mixtures were then blended in a 

stomacher for 60 seconds and allowed to stand at room temperature for 2 hours followed 

by another 2 hours at 4
o
C. The mixtures were transferred into centrifuge tubes and 
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centrifuged at 3220 × g for 60 minutes at 4
o
C. The supernatant was filtered through 

Whatman No. 1 filter paper and the filtrate stored at -20
o
C as bovine blood in raw ground 

beef extracts. 

 

MAb purification and biotinylation 

Ascites fluids of the MAbs 3D6 & 6G12 were purified with Protein A 

column (Bio-Rad, cat. No. 732-0091) in accordance with the manufacturer’s instructions 

(Appendix A) using the Econo System (Bio-Rad, cat. No. 731-8101) which includes the 

Econo Pump (Model EP-1), Econo UV Monitor (Model EM-1), Econo System Controller 

(Model ES-1), Fraction collector (Model 2110), Econo Recorder (Model 1325), and 

Econo System Rack.  

The purified IgG (MAb 3D6) was subjected to biotinylation by first 

dialyzing in 0.1M NaHCO3 [16.802g NaHCO3 in 2L deionized water with pH adjusted to 

8.3] for 24 hours at 4
o
C. The dialyzing buffer (0.1M NaHCO3) was changed four times 

within the period. The protein concentration of the dialyzed antibody was determined by 

means of UV assay using the SmartSpec 3000 spectrophotometer from Bio-Rad. Ten-

milligram (10mg) NHS-CA-Biotin (Biotinamidocaproic acid 3 – sulfo-N-

hydroxysuccinimide ester) was dissolved in 1mL DMF (N, N – Dimethyl Formamide) 

and added to the dialyzed antibody such that to each mg of dialyzed antibody, 100µg of 

NHS-CA-Biotin in DMF is added. The mixture was incubated at room temperature for 1 

hour and dialyzed overnight in 1mM PBS at 4
o
C. The buffer was changed four times 

within the interval. The protein concentration of the biotinylated antibody was 

determined by UV assay using the spectrophotometer (Bio-rad, SmartSpec 300) at 280nm 

prior to storage at -20
o
C.    

 

Indirect enzyme-linked immunosorbent assay (ELISA) 

The protein concentrations of the samples were first determined using Bio-

Rad Protein Assay Kit II with BSA as the protein standard (Appendix B). One hundred 

microliter (100µL) of sample diluted in carbonate buffer [3.806g NaHCO3 and 1.93g 

Na2CO3 in1000ml deionized water, with pH adjusted to 9.6] such that each 100µL 

contained 0.5µg of soluble protein, was coated unto the wells of a 96-well polyvinyl 
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microplate (Costar 2595, Corning Incorporated, NY) and incubated at 37
o
C for 2 hours. 

The plate was then washed 3 times (using BIO-RAD Model 1575 ImmunoWash) with 

PBST [0.05% v/v Tween-20 in 1mM PBS with pH adjusted to 7.2]. The plate was then 

blotted dry, blocked with 200µL nonfat dry milk solution (3% w/v in 1mM PBS) and 

incubated at 37
o
C for 2 hours. At the end of 2 hours the plate was washed twice with 

PBST and coated with 100µL of the primary antibody appropriately diluted in antibody 

buffer [1% w/v BSA in PBST] and incubated at 37
o
C for 2 hours. The plate was washed 

3 times with PBST and coated with 100µL of the enzyme-linked secondary antibody 

(horseradish peroxidase conjugated goat anti-mouse IgG-Fc specific diluted 1:3000 in 

antibody buffer). The plate was then incubated at 37
o
C for 2 hours. The plate was then 

washed 5 times with PBST and coated with 100µL enzyme substrate solution which was 

prepared by adding 15µL 30% H2O2 to 100µL of   ABTS solution. The ABTS solution 

was prepared by dissolving 22mg 2,2`-AZINO-bis 3-ethylbenz-thiazoline-6-sulfonic acid 

(ABTS) in 100mL 0.1M phosphate citrate buffer (14.2g Na2HPO4 and 9.6g citric acid 

monohydrate in 1000mL deionized water). Color was developed for 20 minutes at 37
o
C 

and the reaction stopped by addition of 100µL of 0.2M citric acid solution (42g citric 

acid monohydrate dissolved in 1000mL deionized water) to the wells. The absorbance 

was read at 415nm using a microplate reader (BIO-RAD, Model 450). 

 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 

Western blot analysis  

SDS-PAGE and Western blot analysis was done using the method by 

Towbin and others (1979). Soluble proteins from the samples pre-diluted with sample 

buffer were run on 12% polyacrylamide separating gel and 5% stacking gel, alongside the 

protein standard (Precision Plus Protein Kaleidoscope Standards, Bio-Rad, cat. No. 161-

0375) in accordance with the procedure by Towbin and others (1979) (APPENDIX A). 

All gels were run using Mini-Protein 3 electrophoresis cell (Bio-Rad, 161-3301) with 1× 

Tris/Glycine/SDS buffer (100mL 1× Tris/Glycine/SDS buffer in 900mL DDI water, pH 

8.3). Samples were diluted such that there was approximately 3µg of protein per each 

15µL of sample loaded into the well.  
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After separation of the proteins on 12% polyacrylamide gel by means of 

SDS-PAGE, they were electrophoretically transferred to nitrocellulose membranes. This 

was achieved using the Mini Trans-Blot Electrophoretic Transfer cell (Bio-Rad, cat. No. 

170-3930) which consists of 2 gel holder cassettes, 4 fiber pads, modular electrode 

assembly, cooling unit, lower buffer tank, and lid with cables. Transfer was achieved by 

applying a 100V constant voltage for 1 hour (APPENDIX A).  

 

Epitope comparison 

The epitopes recognized by the two antibodies were compared using the 

additivity test as described by (Friguet and others 1983). Epitope comparison was 

performed in two stages namely, generation of saturation curve using indirect ELISA 

followed by the additivity test. 

Generation of saturation curves. To generate saturation curves, 200µL 

of autoclaved bovine blood diluted in carbonate buffer (pH 9.6) to correspond to a 

concentration of 0.5µg protein per 100uL of coated sample, was coated into the wells of a 

96-well polyvinyl microplate (Costar 2595, Corning Incorporated, NY) and incubated for 

2 hours at 37
o
C. After 3 washings using PBST (pH 7.2), the plate was blocked with 

200µL nonfat dry milk solution (3% w/v in 10mM PBS) and incubated at 37
o
C for 2 

hours. After 2 further washings using PBST, the plate was blotted dry and 200 µL serial 

dilutions (1:200, 1:400, 1:800, 1:1600, 1:3200, 1:6400 and 1:12800) of the primary 

antibodies (purified 3D6 and 6G12 IgG) in antibody buffer (1% w/v BSA-PBST), were 

added to the plate and the plate was incubated for 1 hour at 37
o
C. The plate was then 

washed 3 times with PBST. One hundred microliter (100µL) of enzyme-linked secondary 

antibody, horseradish peroxidase conjugated goat anti-mouse IgG (Fc specific), diluted 

1:3000 in antibody buffer was added to the plate and incubated for 1 hour at 37
o
C. The 

plate was washed 5 times with PBST and freshly prepared enzyme substrate solution 

(ABTS with added H2O2) was added to the wells. Color was developed for 20 minutes at 

37
o
C and the reaction stopped by addition of 100µL of 0.2M citric acid solution to each 

well. The absorbance was read at 415nm using the microplate reader. A plot with 

absorbance on the y-axis and reciprocal of the antibody dilution on the x-axis was 

constructed to obtain the saturation curve. The dilution of antibody required to saturate 
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the coated antigen was obtained from the saturation curve for each antibody tested, as the 

point at which the curve remains level or starts to drop. 

Additivity test. To perform the additivity test for the two antibodies 

(6G12 and 3D6), 100µL of autoclaved bovine blood diluted in carbonate buffer (pH 9.6) 

was coated unto the wells of a microplate and incubated for 2 hours at 37
o
C. Dilution was 

done such that each 100µL contained 0.5µg of soluble protein. After 3 washings using 

PBST (pH 7.2), the plate was blotted dry, blocked with 200µL nonfat dry milk solution 

(3% w/v in 10mM PBS) and incubated at 37
o
C for 2 hours. After 2 further washings, 

100µL of the primary antibody (6G12 purified IgG) sufficiently diluted in antibody 

buffer to saturate the coated antigen (as determined from the saturation curve), was 

introduced into one well of the microplate. One hundred microliter (100µL) of the second 

primary antibody (3D6 purified IgG) sufficiently diluted to saturate the coated antigen (as 

determined from the saturation curve) was dispensed into the second well of the 

microplate. One hundred microliter (100µL) each of the first and second primary 

antibody at the same levels of dilution to saturate the coated antigen were then introduced 

together into the third well of the microplate reader. The plate was then incubated at 37
o
C 

for 2 hours. At the end of 2 hours, the plate was washed 3 times using PBST. One 

hundred microliter (100µL) of enzyme-linked secondary antibody, horseradish 

peroxidase conjugated goat anti-mouse IgG (Fc specific), diluted 1:3000 in antibody 

buffer was introduced into each of the three wells. The plate was incubated for 2 hours at 

37
o
C. The plate was washed 5 times with PBST, blotted dry and to each of the three wells 

was added 100µL of enzyme substrate solution (ABTS with added H2O2). Color was 

developed for 20 minutes at 37
o
C and the reaction stopped by addition of 100µL of 0.2M 

citric acid solution to the wells. The absorbance was read at 415nm for the first primary 

antibody alone (A1), the second primary antibody alone (A2) and the two antibodies 

together (A1+2) using the microplate reader. The additivity index (A.I.) for the two 

antibodies was computed based on the formula below (Friguet and others 1983). 

            2 A1+2 

                 A1 + A2 

 

- 1 × 100 A.I. = 
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Where A1, A2 and A1+2 are the absorptions reached, in the additivity test, with the first 

antibody alone, the second antibody alone, and the two antibodies together. If the 

antibodies bind randomly at the same site (i.e., if they have the same specificity) A1+2  

should be equal to the mean value of A1 and A2 and A.I. will be equal to zero. If, on the 

contrary, the two antibodies bind independently at distinct sites, A1+2 should be the sum 

of A1 and A2 and A.I. will be equal to 100%. Thus for this experiment, for A.I. values 

below 50%, the antibodies were considered to bind to the same site and therefore 

incapable of being used for the construction of a Sandwich ELISA. For A.I. values 

between 50% and 100%, the antibodies were considered to bind to different sites and 

therefore capable of being used to construct a Sandwich ELISA. 

 

Sandwich ELISA 

One hundred microliter (100µL) of the capture antibody (MAb 6G12 

purified IgG) diluted 1:1000 in antibody buffer (1%BSA-PBST), which corresponds to 

0.18µg protein per100µL was coated on the wells of a 96-well polyvinyl microplate and 

incubated at 37
o
C for 2 hours. The plate was washed three times with PBST, blotted dry 

and incubated for 1 hour at 37
o
C with 200µL of blocking buffer (1%BSA-PBS). After 

washing the plate twice with PBST, 100µL of controls and blood samples appropriately 

diluted in antibody buffer was added to the plate and the plate was incubated for 2 hours 

at 37
o
C. The plate was washed thrice and incubated with 100µL of the detection antibody 

(biotin-conjugated MAb 3D6) diluted 1:1000 (which corresponds to 0.175µg protein per 

100µL) in antibody buffer for 2 hours at 37
o
C. The plate was washed three times and 

incubated for 1 hour at 37
o
C with 100µL of the enzyme, streptavidin peroxidase polymer 

diluted 1:3000 in antibody buffer. After washing the plate five times and blotting it dry, 

100µL of color substrate (ABTS with added H2O2) was added to the plate and the color 

was developed for 20 minutes at 37
o
C. At the end of the 20 minutes, 100µL of stop 

solution (0.2M citric acid solution) was added to stop the reaction. The absorbance was 

then read at 415nm using the microplate reader. 
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Data and statistical analysis: 

All experiments were performed in triplicate and results analyzed using 

Microsoft Excel 2000. One-way ANOVA using SPSS software (11.0 for Windows, SPSS 

Inc., Chicago, IL) was used to compare means for difference among three or more 

treatment groups. Post-hoc analysis was performed using Tukey HSD. Paired T-test was 

used to compare means of background noise and detection limit. Significance was 

accepted at P≤0.05.   
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RESULTS AND DISCUSSION 

 

 

Characterization of antibodies using indirect ELISA 

This section of the research sought to determine the optimum dilution for 

each antibody which produces the highest signal with the least background noise using 

indirect ELISA, and subsequently use the ascertained optimum dilution to characterize 

both antibodies in terms of their species specificity and cross-reactivity with non-blood 

proteins.  

Optimization of indirect ELISA. Optimum dilution for MAbs, 6G12 and 

3D6 in supernatant form, were determined using indirect ELISA, by keeping antigen 

coating constant at 0.5µg/100µL whilst increasing antibody dilution. The antibodies were 

raised using autoclaved bovine blood as the immunogen. Autoclaved blood from bovine, 

sheep, rabbit, horse, porcine, chicken, and turkey species were used for the optimization. 

With the MAb 6G12 (Fig. 1) there was no significant statistical difference using one-way 

ANOVA (P>0.05) among the various antibody dilutions considered. The dilution 1:1 was 

selected because the average reading for the positive samples (autoclaved bovine blood 

and autoclaved sheep blood) was slightly higher compared to the respective values for 

undiluted antibody as well as 1:3 and 1:5 antibody dilutions. The antibody dilution 1:1 

was thus chosen for MAb 6G12. With MAb 3D6 (Fig. 2) there was no significant 

statistical difference using one-way ANOVA (P>0.05) among the various antibody 

dilutions considered. The antibody dilution 1:5 was selected as the optimum dilution for 

MAb 3D6 to avoid wastage of the antibody. 

Cross-reactivity with non-blood proteins. Commercially produced 

feedstuffs do not contain only protein of blood origin but also proteins from animal 

tissues such as muscle. Feed mainly contains proteins that are not of animal origin such 

as soy protein. This section of the experiment thus sought to determine if either of the 

antibodies cross-reacted with any of these non-blood proteins that are likely to be present 

in animal feed. The non-blood proteins were categorized into two groups namely non-

flesh proteins (BSA, nonfat dry milk, soy protein, gelatin, and egg albumin) and flesh 

proteins (autoclaved and cooked meat from bovine, sheep, rabbit, horse, chicken, turkey 
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and porcine species). Though BSA is a blood protein it was included under non-flesh 

proteins to ascertain if any of the antibodies cross-reacted with it, considering its use as 

antibody dilution buffer. Optimization experiment was done using nonfat dry milk as the 

blocking buffer because, it is cheaper and gives a clean background (Harlow and Lane 

1988). Thus this section also sought to confirm if both of the antibodies cross-reacted 

with BSA, gelatin or nonfat dry milk, which are all possible choices as a blocking buffer, 

and hence whether to continue or discontinue using nonfat dry milk as the blocking 

buffer of choice. Both antibodies, however, neither cross-reacted with any of the non-

flesh proteins tested (Fig. 3) nor with the heat-treated flesh proteins tested (Fig. 4). 

Nonfat dry milk was thus maintained as the blocking buffer of choice for subsequent 

indirect ELISA experiments. 

 Species specificity. Based on the pre-determined optimum dilution for 

each antibody, the species specificity of the two antibodies was ascertained using raw, 

cooked and autoclaved blood samples of bovine, sheep, rabbit, horse, chicken, porcine 

and turkey origin. MAb 3D6 reacted with autoclaved, cooked and raw bovine blood 

though the reaction against raw bovine blood was very weak in the indirect ELISA. 

Reactions against heat-treated bovine blood, however, were stronger with the signal for 

autoclaved bovine blood being stronger than that for cooked bovine blood. MAb 3D6 

also reacted equally as strong with both autoclaved and cooked horse blood, and showed 

trace reaction with autoclaved porcine blood but no reaction with raw and cooked porcine 

blood (Fig. 5). MAb 6G12 reacted equally as strong with both autoclaved and cooked 

bovine blood but only weakly with raw bovine blood. It also reacted with autoclaved and 

cooked sheep blood though the signal for autoclaved sheep blood was stronger compared 

to that for cooked sheep blood (Fig. 6). Because the antibodies were produced using heat-

treated bovine blood as the immunogen, their reaction with autoclaved and cooked 

bovine blood was expected. Because antibodies can recognize relatively small regions of 

antigens (epitopes), sometimes they can find similar epitopes on related molecules, and 

this forms the molecular basis for cross-reaction (Harlow and Lane 1988). This may 

explain why each of the antibodies, though produced using heat-treated bovine blood as 

immunogen, reacted with other heat-treated blood species in addition to reacting with 

heat-treated bovine blood. Autoclaving was done at 121
o
C for 15 minutes at 1.2 bars and 
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cooking was done at 100
o
C for 15 minutes, representing a more severe heat treatment for 

autoclaved bovine blood compared to cooked bovine blood. The ability of both 

antibodies to react with raw, cooked and autoclaved bovine blood indicates that the 

biomarker is thermo-stable.  

In summary, MAb 6G12 (IgG1 subclass) reacted quite strongly with 

cooked bovine blood, reacted strongly with autoclaved bovine blood, and showed a weak 

reaction with raw bovine blood. The antibody 6G12 reacted strongly with both cooked 

and autoclaved sheep blood but did not cross-react with any of the non-blood proteins 

tested (Table 1). MAb 3D6 (IgG1 subclass) reacted quite strongly with cooked bovine 

blood, strongly with autoclaved bovine blood, and showed a weak reaction with raw 

bovine blood. MAb 3D6 also reacted weakly with autoclaved porcine blood but not with 

cooked porcine blood. MAb 3D6 reacted very strongly with both cooked and autoclaved 

horse blood and did not cross-react with any of the non-blood proteins tested (Table 1). 

 

Development of sandwich ELISA 

To construct a sandwich ELISA the antibodies must bind not only to the 

same antigenic protein in heat-treated bovine blood but to different sites of this antigenic 

protein with no overlap to allow for complementary binding.  The first part of the 

experiment involved Western blot analysis to determine if the two antibodies bind to the 

same antigenic protein in heat-treated bovine blood or otherwise. The second part of this 

section involved the additivity test to ascertain if the two antibodies bind to the same site 

of the common antigenic protein identified in the western blot analysis (and hence binds 

additively) or to the different sites of the common antigen. 

Western blot analysis. From western blot analysis, MAb 3D6 binds to a 

~60kDa antigenic protein in heat-treated (autoclaved and cooked) and raw bovine blood 

(Fig. 7). The MAb 6G12 binds to the same ~60kDa antigenic protein in heat treated as 

well as raw bovine blood (Fig. 8). In both Western blot results for MAb 6G12 and 3D6, 

the band for raw bovine blood was curved. The Western blot experiment was repeated 

and again the band for raw bovine blood was curved. Attributing the curved nature of the 

band to the presence of blood cells in the raw bovine blood, the Western blot was 

repeated with raw bovine serum (data not shown). The band obtained for raw bovine 
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serum was similarly curved. Further work needs to be done to ascertain the possible 

reason behind this anomaly. This antigenic protein could likely be one of various plasma 

proteins with molecular weight between 58 and 62kDA. Candidate plasma proteins are 

�1T-Glycoprotein (60kDa), 4 S �2-�1-glycoprotein (60kDa), C3 activator (60kDa), 

histidine-rich 3.8 S �2-glycoprotein (58.5kDa), and thyroxine-binding globulin (60.7kDa) 

which are present in normal serum at concentrations of 8, 0.02, 18, 9, and 1.5 mg%, 

respectively.  Further work, however, needs to be done to identify this 60-kDa antigenic 

protein.  

Epitope comparison.The aim of the test was to estimate the number of 

antigenic sites simultaneously available to the pair of antibodies on the antigen. The first 

step in the epitope comparison test was to construct a saturation curve to estimate the 

amount of each antibody required to saturate the antigen. A dilution of 1:1600 and 1: 400 

corresponding to 0.225µg and 0.875µg of MAb 6G12 (Fig. 9) and MAb 3D6 (Fig. 10) 

purified IgG per well respectively, was required to saturate the antigen (autoclaved 

bovine blood).  These saturation dilutions were obtained from the respective saturation 

curves as the point at which the curve remains level. The second step involved the 

additivity test using the pre-determined amounts of each antibody required to saturate the 

antigen. An absorbance of 0.478, 0.309 and 0.722 corresponding to the respective mean 

absorbance reached by the first antibody (MAb 6G12) alone, the second antibody (MAb 

3D6) alone, and when both primary and secondary antibodies are added simultaneously, 

was recorded (Table 4). The additivity index (A.I.) calculated for the two antibodies was 

83.5% (Table 4) indicating that the binding of MAb 6G12 and MAb 3D6 is additive, and 

they were therefore suitable to construct the sandwich ELISA.  

Optimization of sandwich ELISA. From the epitope comparison results, 

the two antibodies satisfy the criteria required for the construction of the sandwich 

ELISA namely, the ability to bind to the same antigenic protein and bind additively (on 

different sites of the antigen). The aim of this section of the experiment was to optimize 

the sandwich ELISA by searching for the best blocking buffer and the optimum antibody 

and antigen dilution that gives the highest signal with the least background noise. Using 

purified MAb 6G12 IgG, diluted 1:1000 (1µL antibody in 1000µL of antibody buffer – 

1% BSA-PBST) as the capture antibody and biotin-conjugated purified 3D6 IgG diluted 
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1:1000 (1µL antibody in 1000µL of antibody buffer – 1% BSA-PBST) as the detection 

antibody, the sandwich ELISA was tested against the three possible choices of blocking 

non-specific protein, namely gelatin, BSA and nonfat dry milk. The assay showed a trace 

reaction with nonfat dry milk but did not react with gelatin and BSA (Fig. 11). BSA was 

thus chosen as the non-specific protein used in the blocking buffer for the entire sandwich 

ELISA experiments, because it is easier to prepare and handle compared to gelatin which 

takes longer periods to dissolve and forms a viscous solution which is difficult to aspirate 

and dispense. Using 1% BSA-PBS as the blocking buffer, the best choice of optimum 

antibody and antigen dilution was achieved by means of two dimension dilution of both 

antibody and antigen. Antibody dilution of 1:1000 (1µL antibody in 1000µL of antibody 

buffer), corresponding to a concentration of 0.18µg/100µL (for MAb 6G12) and 

0.175µg/100µL (for MAb 3D6) was chosen as the optimum dilution for both capture and 

detection antibodies, as it gave the highest signal compared to 1:2000 (1µL antibody in 

2000µL of antibody buffer – 1% BSA-PBST), 1:3000 (1µL antibody in 3000µL of 

antibody buffer – 1% BSA-PBST) and 1:5000 (1µL antibody in 5000µL of antibody 

buffer – 1% BSA-PBST) dilutions for the various antigen dilutions tested (Fig. 12). 

Undiluted antigen gave the weakest signal compared to 1:1 (1 part antigen to 1 part 

antibody buffer – 1%BSA-PBST), 1:3 (1 part antigen to 3 parts antibody buffer – 

1%BSA-PBST) and 1:5 (1 part antigen to 5 parts antibody buffer – 1%BSA-PBST) 

antigen dilutions for each antibody dilution. The antigen dilution 1:3 was chosen as the 

optimum dilution to work with because it gave the highest signal compared to 1:1 and 1:5 

dilutions for all the antibody dilutions (Fig. 12).  

 

Performance of optimized sandwich ELISA 

The aim of this section of the research was to test the optimized sandwich 

ELISA against raw, cooked and autoclaved blood from the various species to ascertain 

the species specificity as well as the thermo-stability of the marker. This section also 

sought to test the cross-reactivity of the optimized sandwich ELISA against non-blood 

proteins that are likely to be present in feedstuffs, and lastly how well the sandwich 

ELISA worked with commercially produced feedstuffs. 
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Species specificity of sandwich ELISA. The species specificity was 

ascertained by testing the sandwich ELISA against raw, cooked and autoclaved blood 

from bovine, sheep, rabbit, horse, turkey, chicken and porcine species. As expected, the 

assay reacted strongly with autoclaved and cooked bovine blood but did not react with 

raw, cooked or autoclaved blood from any of the other species tested (Fig. 13). The 

assay, however, also reacted equally as strong with raw bovine blood as opposed to the 

indirect ELISA results, where both MAb 6G12 and MAb 3D6 reacted only weakly with 

raw bovine blood. The original concentrations of the raw bovine blood, cooked bovine 

blood and autoclaved bovine blood were 14.66, 1.78 and 1.70 mg/mL respectively. In the 

case of the indirect ELISA, these samples (raw, cooked and autoclaved bovine blood) 

were coated such that for each sample, 0.5µg of protein was coated. Antigens (and hence 

analytes) immobilized on solid supports at high concentrations promote high-avidity and 

bivalent binding (Harlow and Lane 1988) which leads to higher signals. The higher 

proportion of the analyte contained in the heat-treated samples (as a result of the heating 

which concentrates the sample) may explain higher signals observed for heat-treated 

bovine blood samples as against the weak reaction observed for raw bovine blood 

sample. In the case of the sandwich ELISA, however, the bovine blood samples (raw, 

cooked and autoclaved) were each diluted 1:3 in antibody buffer. Thus for each 100µL of 

diluted sample coated, raw, cooked and autoclaved blood contained 3.67, 0.45, and 0.43 

µg of protein, respectively. The higher amount of protein concentration in the case of raw 

bovine blood and hence a relatively higher proportion of the analyte, may have brought 

the absolute amount of the analyte to levels paralleling that in the heat-treated bovine 

blood samples. Hence the similarly strong reactions obtained for raw, cooked and 

autoclaved bovine samples in the case of the sandwich ELISA.  

Alternatively, heating denatures proteins and consequently changes 

protein folding and the secondary and tertiary structure of the protein through breaking 

hydrogen bonds and destroying other weak interactions. Heating at higher temperatures 

and pressures, breaks covalent bonds between amino acids in the protein’s primary 

structure degrading the protein into shorter polypeptides (Momcilovic and Rasooly 

2000). Epitopes on protein antigens may be formed by contiguous (sequential epitope) or 

noncontiguous (conformational epitope) amino acid sequences (Harlow and Lane 1988). 
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The blood immunogen used to produce the MAbs used in this study was denatured 

because it was subjected to heat-treatment. The antibodies thus may recognize a 

sequential epitope since comformational epitopes are affected by heat (Crowther 2001). 

This assumption is reinforced by the results of Western blot analysis where the bands 

were very strong for positive samples as the case was for indirect ELISA. Western blot 

analyses involved the use of SDS which causes the proteins or polypeptides being 

separated to assume an extended (linear) conformation (Lodish and others 1995). The 

linear epitope recognized by the MAbs 6G12 and 3D6 was not affected by the linear 

conformation assumed by the bio-marker as a result of the effect of SDS. Hence the 

ability of the MAbs to react with the bio-marker and give a good result in the Western 

blot analysis. Antibody-antigen interactions can occur either with large structural changes 

in the antibody or the antigen or with no detectable changes (Harlow and Lane 1988). 

The antibodies did not react appreciably with raw bovine blood in the indirect ELISA 

because the protein existed in the native state and the epitope recognized by the 

antibodies may have been obscured by the folding of the native protein. In sandwich 

ELISA, the antigen is sandwiched in between the two MAbs and could undergo some 

conformational changes. These conformational changes may have exposed the epitope 

recognized by the two MAbs and hence the strong reaction with raw bovine blood in the 

case of the sandwich ELISA.  

In the immunological method developed by Newgard and others (2002) 

they tested the commercially obtained polyclonal antibody (goat anti-bovine IgG) against 

only porcine and equine blood, and consequently cleaned the antibody of porcine cross-

reactivity. Similarly, in the immunological method developed by Polo and others (2004), 

the commercially obtained polyclonal antibody reagent (anti-bovine IgG) was tested for 

cross-reactivity only against porcine blood. Polyclonal antibodies exhibit higher tendency 

of cross-reactivity compared to monoclonal antibodies. Thus these methods may react 

positively with blood from species that the antibodies were not tested against. For 

example, the presence of poultry blood in feed, which is allowed, though not commonly 

used may therefore lead to false positive results. In this assay, blood from seven species 

falling into poultry, ruminant and non-ruminant categories was tested demonstrating 

conclusively that the assay is bovine blood specific. In the method by Polo and others 
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(2004), they tested both liquid (raw blood) and spray-dried (heat-treated blood) samples. 

Sensitivity, however, was lower in liquid samples compared to spray-dried samples 

which indicate that the assay is hampered by heat. For this reason they added that their 

method is most useful for screening tests in the slaughterhouses where liquid samples are 

more common. Newgard and others (2002), on the other hand, tested only spray-dried 

samples and hence did not demonstrate that their assay also reacts with raw bovine blood. 

In this assay, there was no statistical difference (P>0.05) in readings observed for both 

heat-treated (cooked and autoclaved bovine blood) and raw bovine blood, indicating that 

this assay works as well with raw bovine blood as it does with heat-treated bovine blood. 

This assay thus could be used by both industry for quality control purposes to check both 

the quality of their raw product (raw blood) and finished product (spray-dried blood) and 

by regulatory agencies for the quality of the finished product (spray-dried blood).   

Cross-reactivity with non-blood proteins. This section of the research 

sought to ascertain if the sandwich ELISA cross-reacted with non-blood proteins that are 

likely to be present in animal feedstuffs. The non-blood proteins were put into two 

categories namely flesh proteins (meat) and non-flesh proteins. The non-flesh proteins 

tested were gelatin, soy protein, egg albumin, nonfat dry milk and bovine serum albumin. 

Gelatin, nonfat dry milk and bovine serum albumin were included for confirmation. The 

flesh proteins tested were bovine, sheep, rabbit, horse, chicken, pork and turkey meat 

which had been heat-treated. The assay did not cross-react with any of the flesh proteins 

tested, cooked or autoclaved (Fig. 14). It also did not cross-react with any of the non-

flesh proteins tested except for a weak cross-reactivity again with nonfat dry milk, 

confirming that the sandwich ELISA indeed cross-reacts weakly with nonfat dry milk 

(Fig. 15). There are proteins that are not only common to both blood and milk but are 

identical and have similar properties in both milk and blood. For example albumins of 

bovine blood serum and milk are identical (Feeney and Allison 1969). Since the non-fat 

dry milk was of bovine origin, it is likely that the bio-marker may be present both in 

blood and milk. The amount of the bio-marker in milk may be much lower compared to 

the amount in blood. For example transferrins, though found both in milk and blood, 

occur in a large quantity in blood sera but in smaller amounts in milk (Feeney and Allison 

1969). The probable presence of the bio-marker in a trace quantity in milk compared to 
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blood sera, may explain why neither of the antibodies cross-reacted with non-fat dry milk 

in the indirect ELISA though they both reacted with cooked and autoclaved bovine blood. 

The co-operative binding of both antibodies in the sandwich ELISA makes the sandwich 

ELISA much more sensitive compared to indirect ELISA and hence the ability of the 

sandwich ELISA to amplify the cross-reactivity with nonfat dry milk.  

Because antibodies can recognize relatively small regions of antigens 

(epitopes), sometimes they can find similar epitopes on closely related molecules, and 

this forms the molecular basis for cross-reaction (Harlow and Lane 1988). Polyclonal 

antibodies tend to produce more cross-reactions compared to monoclonal antibodies 

because they recognize several epitopes on the antigen. Even though the antibodies used 

in this research are monoclonal, they reacted weakly with nonfat dry milk. Spray-dried 

bovine or porcine plasma are used as feed protein supplements with the bulk of the feed 

being a plant based protein, which is usually soy. In both immunological methods  

(Newgard and others 2002; Polo and others 2004), the researchers did not test against soy 

protein, or any other common protein added to feedstuffs (example nonfat dry milk) and 

also meat tissues. Because of the higher risk of cross-reactivity associated with the use of 

polyclonal antibodies, coupled with the fact that the researchers did not test against these 

protein supplements to prove otherwise, these assays may react with soy protein and 

hence give a false positive each time. This assay was tested against other protein 

supplements added to feed. Though the assay shows a trace reaction with nonfat dry milk, 

this would not in anyway give false positive results as already explained.    

Performance with commercial feedstuffs. This section sought to 

ascertain if the optimized assay worked as well with commercially produced feedstuffs as 

it did with laboratory prepared samples. The feedstuffs considered were whole bovine 

blood powder, spray-dried bovine plasma, sheep meat bone meal, porcine meat bone 

meal, bovine meat bone meal, feather meal and spray-dried porcine plasma. The assay 

reacted with spray dried whole bovine blood and spray dried bovine plasma as expected 

(Fig. 16). Spray-dried bovine plasma gave a slightly higher signal compared to whole 

bovine blood powder.  The assay did not react with the other feedstuffs considered as 

expected (Fig. 16). Meat bone meals and feather meals are produced without the addition 

of blood (Hahn 1999), though they contain residual blood. The assay did not react with 
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the meat bone meal and feather meal samples, and also meat samples which contain 

residual blood. Thus, this ELISA detects added blood and not residual blood. This may 

be that the residual blood is present at levels below the detection limit of the assay, or that 

the amino acids that make up the epitope may be involved in interaction with the muscle 

proteins such that they cannot be recognized by the antibodies. Though the assay cross-

reacted slightly with nonfat dry milk, it did not react with Dairy Blend which is basically 

a milk-based feedstuff in which the milk fat component in cream is replaced with 15 to 

25% vegetable oil (Dixon and others 1980). Processing conditions in the manufacture of 

Dairy Blend may have affected the epitope recognized by the antibodies. This may 

explain why the assay reacted with nonfat dry milk but not with Dairy Blend. Non-fat dry 

milk is a powder that readily absorbs water and becomes very hard. Furthermore, if fed 

dry, the fine particle size is likely to be blown away by even light wind. The most 

practical use of non-fat dry milk in feedstuffs is as part of a mixture (Mathis 2006) such 

as Dairy Blend. The assay did not cross-react with dairy blend. Cross-reaction with non-

fat dry milk would therefore not pose a problem with false positives in milk-based 

feedstuffs. Besides, the trace cross-reaction with non-fat dry milk is eliminated when the 

dilution of the antibodies is increased.  

Detection of bovine blood in raw and cooked ground beef. This section 

of the experiment sought to apply the developed and tested sandwich ELISA to detect 

bovine blood in both cooked and raw ground beef. The sandwich ELISA could detect 

bovine blood in cooked ground beef with a detection limit of 0.01% v/v (P<0.5 ) (Fig. 20) 

bovine blood in cooked ground beef when cooked ground beef extract was mixed with 

cooked bovine blood extract. The sandwich ELISA could also detect bovine blood in raw 

ground beef with a detection limit of 0.01% v/v (P<0.5 ) (Fig. 21) when raw ground beef 

extract is mixed with raw bovine blood to give a volume to volume adulterated sample. 

When ground beef was mixed with bovine blood in a volume to weight fashion before 

cooking and subsequent extraction, the sandwich ELISA could still detect the presence of 

bovine blood, though the signals were lower compared to the corresponding signals in the 

earlier case where cooked ground beef is mixed with cooked bovine blood extract in a 

volume to volume fashion. In this latter case, within the range of adulterated samples 

tested (1 to 50%), the detection limit for bovine blood in cooked ground beef was 1% v/w 
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(P<0.5) (Fig. 22). Similarly the detection limit of bovine blood in raw ground beef when 

ground beef was mixed with bovine blood before extraction to give a volume to weight 

adulterated sample, were lower compared to corresponding adulterated samples produced 

by mixing raw ground beef extract with raw bovine blood. The detection limit was 1% 

v/w (P<0.5) bovine blood in raw ground beef (Fig. 23).  Adulteration below 1% v/w was 

not considered as there is little economic motivation for adulteration at less than 1% of 

sample weight (Hsieh and others 1995). In the case of the volume to volume adulterated 

samples, the epitope of the antigen was not hampered and therefore available to bind the 

antibody leading to higher signals and consequently lower limit of detection. With the 

volume to weight adulterated samples produced by mixing ground beef with blood before 

extraction, the processing employed may have affected the epitope and consequently the 

overall lower signals observed with these samples compared to the corresponding volume 

to volume extracted samples. In the mixing of the ground beef with the blood certain 

bonds responsible for the antigen-antibody interaction may have been broken. Small 

changes in the antigen structure profoundly affect the antibody antigen interaction. For 

example the loss of a single hydrogen bond at the interface can reduce the strength of the 

interaction 1000-fold (Harlow and Lane 1988). The mixing process with probable loss of 

some bonds necessary to stabilize the antigen-antibody complex may have reduced the 

strength of the antigen-antibody interaction and hence the lower signals observed for the 

volume to weight adulterated samples. Some epitope may also have been masked by meat 

fat or the antigenic proteins may have been bound to the meat proteins to make them less 

extractable.  

Compared to the spectrophotometric methods ((Karasz and others 1976; 

Maxstadt and Pollman 1980) for determining added blood in ground beef, this assay does 

not react with residual blood in meat and hence does not require a correction factor for 

the residual blood content of meat. This makes this assay more accurate compared to the 

spectrophotometric methods. This assay is also more accurate compared to the Kjeldahl 

method (Bjarno 1981) which is at best an approximation as it involves the use of a 

conversion factor to estimate the amount of blood present in the sample and also requires 

a correction for the residual blood in the meat.  This assay compared to the 

immunological method by Otto and Sinell (1989) was not hampered by heat.  
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Method validation.  

The aim of this section of the experiment was to validate the method once 

it had been optimized and applied to the desired samples. The criteria for validation were 

limit of detection, intra-assay and inter-assay variability (reproducibility), sensitivity, 

specificity and overall accuracy. 

Limit of detection. The limit of detection is the smallest quantity of the 

analyte that can be reliably distinguished from background in the test (Dixon 1998). This 

was determined using adulterated commercially produced feedstuffs as well as laboratory 

prepared blood samples. For the laboratory prepared adulterated bovine blood samples, 

autoclaved porcine blood was adulterated with autoclaved bovine blood at inclusion 

levels from 0% to 10% v/v with 0% being unadulterated autoclaved porcine blood. For 

the commercially produced feedstuffs, spray-dried porcine plasma was adulterated with 

both whole bovine blood powder and spray-dried bovine plasma at inclusion levels from 

0% to 10% v/v with 0% being unadulterated spray-dried porcine plasma. The detection 

limit for the assay, was 0.1% v/v (P<0.5) autoclaved bovine blood in autoclaved porcine 

blood (Fig. 17); 0.5% v/v (P<0.5) whole bovine blood powder in porcine plasma meal 

(Fig. 18); and 0.1% v/v (P<0.5) spray dried bovine plasma in porcine plasma meal (Fig. 

19). The observed difference in detection limit for whole bovine blood powder compared 

to spray-dried bovine plasma may be as a result of differences in manufacturing 

procedures. The manufacturing of spray-dried bovine plasma involves a centrifugation 

step which is lacking in the manufacture of whole bovine blood powder. The 

centrifugation step precipitates out blood cells and some of the proteins in the blood. 

Thus for a given amount of both spray-dried bovine plasma and whole bovine blood 

powder, the concentration of the target soluble molecule (bio-marker) is higher in the 

former compared to the latter. The amount of antibody that is bound is increased (and 

hence the signal) when the amount of antigen (and hence bio-marker) is increased 

(Harlow and Lane 1988). Thus the possibly higher concentration of the bio-marker in 

spray-dried bovine plasma compared to the whole bovine blood powder, may have led to 

an increase in antibody binding and ultimately a lower detection limit for spray-dried 

bovine plasma compared to whole bovine blood powder. The detection limit for spray-
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dried bovine plasma was the same as that for autoclaved bovine blood that also 

underwent centrifugation in its preparation. Similar results were obtained by Polo and 

others (2004) in which the detection limit was 0.3% (v/v) bovine plasma in porcine meal 

and 0.5% (v/v) whole bovine blood in porcine plasma. The detection limit for spray-dried 

bovine plasma in porcine plasma was lower in this assay (0.1% v/v) compared to the 

0.3% v/v bovine plasma in porcine meal detection limit reported by Polo and others 

(2004). Newgard and others (2002) reported a detection limit of 0.01% v/v bovine plasma 

contamination in porcine plasma. This detection limit, however, was qualitative and 

based on calculations.  

Reproducibility. Reproducibility is the variability between replicate 

determinations in the same assay (intra-assay variability) and in different assays (inter-

assay variability), and this is represented as the coefficient of variation (CV) which was 

computed as SD / x × 100% where SD and x were the standard deviation and mean of 

replicate determinations, respectively (Dixon 1998). This was done using bovine blood 

containing samples (spray-dried bovine plasma, whole bovine blood powder, autoclaved, 

cooked and raw bovine blood) at levels above the detection limit. The assay had an intra-

assay variability of 0.19% to 2.31% (Table 5) and an inter-assay variability of 0.88% to 

1.15% (Table 6) with an overall variability of 1.28% (Table 7). 

Sensitivity. Sensitivity is the ability of the test to detect positive samples 

as positive and was computed as A/B × 100% where B was the number of positive 

samples tested and A the number of positive samples that the test was able to correctly 

detect as positive (Dixon 1998). This was done using bovine containing samples (spray-

dried bovine plasma; whole bovine blood powder; autoclaved, cooked and raw bovine 

blood) at concentration levels above the detection limit. Out of 70 positive samples tested 

the assay correctly detected 70 samples as positive. The assay thus had a sensitivity of 

100% (Table 8). Newgard and others (2002) also reported a sensitivity of 100%.  

Specificity. Specificity is the ability of the test to detect negative samples 

as negative and was computed as C/D × 100% where D was the number of negative 

samples tested and C the number of negative samples that the test was able to correctly 

detect as negative (Dixon 1998). This was done using non-bovine containing samples 

(autoclaved and cooked blood from other species other than from bovine species; spray 
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dried porcine plasma; meat bone meals; feather meal and heat-treated meat samples). Out 

of 108 negative samples tested the assay correctly detected 108 samples as negative. The 

assay thus had a specificity of 100% (Table 9). (Newgard and others 2002) also reported 

a specificity of 100%.  

Overall accuracy. Overall accuracy is the combined ability of the test to 

correctly detect positive and negative samples (overall accuracy = specificity and 

sensitivity) (Dixon 1998). This was computed as E/F × 100% where F was the total 

number of positive and negative samples tested (108) and E the number of positive and 

negative samples (108) correctly detected by the assay. The assay had an overall accuracy 

of 100% (Table 10). 
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CONCLUSIONS 

 

 

Two monoclonal antibodies, MAb 6G12 and MAb 3D6 that bind 

additively to the same 60kDa antigenic protein in heat-treated bovine blood were selected 

to construct a sandwich ELISA with MAb 6G12 as the capture antibody and biotin 

conjugated MAb 3D6 as the detection antibody. 

The optimized sandwich ELISA was species specific discriminating 

between bovine blood and blood from other species. The assay was also based on a 

thermo-stable bio-marker as it reacted with raw, cooked and autoclaved bovine blood. 

The assay was also tissue specific as it was able to discriminate between other tissues as 

muscle and gelatin of bovine origin. The assay did not react with common food proteins, 

such as soy and egg albumin that are commonly added to feedstuffs. The assay however 

showed trace reactivity against non-fat dry milk.  

The assay had a detection limit of 0.1% (v/v) spray-dried bovine plasma in 

spray-dried porcine plasma and a detection limit of 0.5% (v/v) whole bovine blood 

powder in spray-dried porcine plasma. The assay also had good performance 

characteristics with a sensitivity of 100%, a specificity of 100% and an overall accuracy 

of 100%. The assay had an overall variability (measured as percent coefficient of 

variation – %CV) of 1.28%.  

This assay provides the first MAb-based assay for detecting bovine blood 

contaminating animal feed that is bovine-specific, tissue-specific and based on a thermo-

stable marker to be used both by regulatory agencies as a regulatory tool and 

manufacturers as a quality control tool. The assay also has an added advantage in that it is 

able to detect raw bovine blood as well. Cross-contamination with bovine blood usually 

occurs at the slaughter house (Polo and others 2004). Thus this assay provides a tool not 

only for monitoring the quality of the final product but also the quality of the raw 

material prior to processing. In addition, this assay provides a method for detecting added 

bovine blood in raw and cooked ground beef. The assay did not react with muscle which 

contains residual blood. Thus in the application of this method to detect added bovine 
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blood in ground beef it is not necessary to account for residual blood content of the meat 

sample.  
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APPENDIX A 

 

 

Isotyping of monoclonal antibodies 

Preparation of sample extraction buffer 

Procedure for purification of monoclonal antibodies 

Determination of protein concentration using the Bio-Rad Protein Assay Kit II 

Sodium dodecyl sulfate – polyacrylamide gel electrophoresis (SDS-PAGE) procedure 

Western blot procedure 
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ISOTYPING OF MAbs 6G12 AND 3D6 

 The capture ELISA assay procedure as described by the manufacturer was used to 

isotype the antibodies 6G12 and 3D6 in supernatant forms. 

 

1. The isotype specific antibodies (goat anti-mouse IgG1, heavy chain specific; goat anti-

mouse IgG2a, heavy chain specific; goat anti-mouse IgG2b, heavy chain specific; goat 

anti-mouse IgG3, heavy chain specific; goat anti-mouse IgGM, µ-chain specific; and goat 

anti-mouse IgGA, α-chain specific) was diluted 1:1000 in 10mM PBS (pH 7.4) which 

was prepared by adding 100ml buffer concentrate to 900ml DDI water and mixing 

thoroughly.  

 

2. One hundred microliter (100µl) each of the diluted isotype specific antibodies was 

pipetted into three wells of a 96-well polyvinyl microplate (Costar 2595, Corning 

Incorporated, NY). The plate was covered and incubated for 1 hour at 37
o
C. 

 

3. The plate was washed three times with washing buffer (1×PBS containing 0.05% 

Tween 20). 

 

4. One hundred microliter (100µl) of supernatant forms of the antibodies 3D6 and 6G12 

was pipetted undiluted into each of the wells and the plate incubated at room temperature 

for 1 hour. 

 

5. The plate was washed three times with washing buffer (10mM PBS containing 0.05% 

Tween 20). 

 

6. The peroxidase labeled goat anti-mouse IgG (Fab specific) was diluted 1:600 in 

washing buffer (10mM PBS containing 0.05% Tween 20). One hundred microliter 

(100µl) of the diluted enzyme conjugated antibody was added to each well and the plate 

was incubated at room temperature for 30 minutes. 
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7.   The plate was washed three times with washing buffer (10mM PBS containing 0.05% 

Tween 20). 

 

8. One hundred microliter (100µl) of freshly prepared substrate was added to each well 

and the plate was incubated at room temperature for 30 minutes. Substrate was prepared 

by adding 15µl H2O2 to 10ml of ABTS solution. 

 

9. The reaction was stopped by adding 100µL of stop solution (0.2M citric acid solution) 

to each well. 

 

10. The plate was inspected visually for color. 
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 PREPARATION OF SAMPLE EXTRACTION BUFFER 

1. To 174g NaCl, 21.8g Na2HPO4 and 6.4g NaH2PO4 in a beaker was added 2 liter of DD 

water 

 

2. The mixture was stirred until all the solute had dissolved.  

 

3. 10mM PBS sample extraction buffer was prepared accordingly by dissolving 100mL 

of the solution (prepared as in point 2 above) in 900mL DDI water and adjusting the pH  

of the solution to 7.2. 
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PURIFICATION OF MAbs 6G12 and 3D6 

 1. The ascites fluids of the antibodies 3D6 and 6G12 were centrifuged at 3220 × g using 

the Eppendorf 5810R centrifuge for 20 minutes at 4
o
C.  

 

2. The supernatants were then filtered through a 0.45µm syringe driven filter unit.  

 

3. The centrifuged and filtered ascites fluids were then diluted in binding buffer which 

was prepared by dissolving 31.4g of binding buffer solids (Affi Gel Protein A MAPS II 

Binding Buffer) in 100mL DD water, filtering it through a 0.22µm filter and checking the 

pH to ensure that it was within 9.0 ± 0.2. The dilution was done in the ratio of one part 

ascites fluid to five parts binding buffer.  

 

4. The diluted ascites fluids were run through the Econo system at a flow rate of 

0.5mL/min after the Protein A Catridge had been inserted and flushed with 50mL binding 

buffer at a flow rate of 3mL/min.  

 

5. As a washing step, more of the binding buffer was run through the system at a flow 

rate of 0.5mL/min until the peak returned to the baseline.  

 

6. The bound protein was eluted by running elution buffer at a rate of 1.0mL/min through 

the system and collecting elute in a clean sterile container. Elution buffer was prepared 

by dissolving 2.2g of Affi Gel protein A MAPS II Elution buffer in 100mL DDI water, 

filtering through 0.22µm filter and checking the pH to ensure it was within 3.0 ± 0.2.  

 

7. The IgG was salted out by adding saturated ammonium sulfate to the elute at ratio of 

one part saturated ammonium sulfate to one part elute, and allowed to stand at room 

temperature for 30 minutes. Ammonium sulfate solution was prepared by dissolving 

ammonium sulfate in DD water until no more ammonium sulfate would dissolve.  

 

8. The mixture was then centrifuged at 3220 × g (Eppendorf 5810R centrifuge) for 30 

minutes. The supernatant was discarded and the residue dissolved in 3mL of 1mM PBS.  
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9. The IgG residue was dialyzed in 1mM PBS for 24 hours at 4
o
C using molecularporous 

membrane tubing (MWCO: 6 – 8000). The buffer was changed three times within the 

period.  

 

10. The purified IgG was stored at 4
o
C after the protein concentration had been 

determined by means of UV assay using the spectrophotometer (Bio-Rad, SmartSpec 

300). 
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DETERMINATION OF PROTEIN CONCENTRATION USING BIO-RAD 

PROTEIN ASSAY KIT II 

1. Dye reagent was prepared by diluting one part Dye Reagent Concentrate with four 

parts DD water and filtered using Whatman No. 1 filter. 

 

2. A 1% BSA protein standard was prepared by dissolving 10mg of BSA in 1000µl of 

deionized water. The concentration of the protein standard was determined using the 

spectrophotometer (Bio-Rad, SmartSpec 3000).  

 

3. To determine the protein concentration of blood, commercial feedstuffs and non-flesh 

protein samples, four dilutions of the protein standard was prepared by diluting with 

1mM PBS (because 1mM PBS was used as the extraction buffer in preparing these 

samples) such that the concentration of the four dilutions was within the range 0.05mg to 

0.5mg/ml. To determine the protein concentration of flesh (meat) samples, the four 

dilutions of the protein standard was prepared by diluting in 10mM PBS containing 0.5M 

NaCl as this was used as the extraction buffer in preparing meat samples. 

 

4. The samples to be assayed were diluted appropriately in 1mM PBS or 10mM PBS 

containing 0.5M Nacl as the case may be but ensuring that the concentrations of the 

diluted samples were within the 0.05 to 0.5mg/ml linear range.  

 

5. Twenty five microliters  (25µl) of blank (either 1mM PBS or 10mM PBS containing 

0.5M NaCl depending on the sample been assayed), the diluted samples and diluted 

protein standards were separately added to centrifuge tubes containing 500µl diluted dye 

reagent. The tubes were mixed well using the MS1 minishaker (IKA Works Inc., 

Wilmington, NC) before adding into the wells of the microplate.  

 

6. Two hundred microliters (200µl) of the standards and samples were added separately 

into the wells of the microplate and incubated at room temperature for approximately 10 

minutes. 
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7. The absorbance of the standards and samples was read at 595nm using the Bio-Rad 

model 450 microplate reader. 

 

8. A standard curve was generated by plotting concentration of protein standards against 

absorbance readings at 595nm. The protein concentrations of the samples been tested was 

then determined from the standard curve. 
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SODIUM DODECYL SULFATE – POLYACRYLAMIDE GEL 

ELECTROPHORESIS (SDS-PAGE) 

 1. The protein concentrations of samples were determined using the Bio-Rad Protein 

Assay Kit II with BSA as the protein standard.  

 

2. The samples were diluted with sample buffer based on the determined protein 

concentration such that there was approximately 3µg of protein per each 15µL of sample 

loaded into the well. Sample buffer was prepared by mixing 1.25mL 0.5M Tris-HCl 

Buffer (pH 6.8), 0.2mL 0.5% w/v Brom Phenol Blue sodium salt in DDI water, 2.0mL 

10% w/v SDS (sodium dodecyl sulfate) in DD water, 2.5mL glycerol and 3.55mL DD 

water. Fifty microliter (50µL) �-Mercaptoethanol was added to 950µL sample buffer 

prior to use.  

 

3. The diluted samples were then boiled for 5 minutes and kept overnight in the 

refrigerator at 4
o
C.  

 

4. The diluted samples were brought to room temperature and run on 12% 

polyacrylamide separating gel and 5% stacking gel, alongside the protein standard 

(Precision Plus Protein Kaleidoscope Standards, Bio-Rad, 161-0375). All gels were run 

using Mini-Protein 3 electrophoresis cell (Bio-Rad, 161-3301) which includes 2 combs, 5 

sets of glass plates, casting stand, casting clamp assembly, sample loading guide, and 

electrophoresis module (electrode assembly, clamping frame, tank, lid with power cables 

and mini cell buffer dam).  

 

5. Separating gel was prepared by mixing 3.4mL deionized water, 4.0mL 30% 

Acrylamide/Bis solution, 2.5mL 1.5M Tris-HCl  (pH 8.8) and 0.1mL 10% w/v SDS  in 

deionized water together and degassing for 15 minutes using the Bransonic ultrasonic 

cleaner (Model 2510R-DTH, Branson Ultrasonics Corporation, Danbury, CT). 

Immediately prior to pouring, 50µL freshly prepared 10% w/v APS (100mg ammonium 

persulfate (APS) in 1mL of DDI water) and 5µL TEMED (N,N,N,N’-tetra-methyl-
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ethylenediamine) were added. The mixture was casted into the pre-arranged glass plates 

and allowed to polymerize for 1 hour.  

 

6. Stacking gel was prepared by mixing 2.1mL deionized water, 0.5mL 30% 

Acrylamide/Bis solution, 0.38mL 0.5M Tris-HCl (pH 6.8) and 0.03mL 10% w/v SDS in 

DDI water together and degassing for 15 minutes using the Bransonic ultrasonic cleaner. 

Thirty microliter (30µL) freshly prepared 10% w/v APS and 3µL TEMED were added 

immediately before pouring. The stacking gel was poured on top of the already 

polymerized separating gel until the top of the short plate was reached. The desired comb 

was inserted and the whole set up allowed to polymerize for 1 hour.   

 

7. The inner chamber of the electrophoresis module assembly was filled with 

approximately 125mL of running buffer - 1× Tris/Glycine/SDS buffer (100mL 1× 

Tris/Glycine/SDS buffer in 900mL DD water, pH 8.3).  

 

8. Approximately 200mL of running buffer was added to the lower buffer chamber and 

flashed with transfer pipette to get rid of bubbles from the wells 

 

9. 15µL of samples was then loaded unto the gel using a large comb with the aid of a 

micro-pipette. 

 

 10. The samples were run on the gel at 200V constant voltage until the dye front almost 

touched the bottom edge of the glasses. 

 

11. The gel was carefully separated from the glass using the gel releaser. 
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WESTERN BLOT  

 1. The gels obtained from the SDS-PAGE were rinsed briefly in DDI water. The gels 

were then soaked in transfer buffer [100mL 10× Tris/Glycine buffer, 200mL methanol 

and 700mL DD water] for 5 to 10 minutes.  

 

2. A fiber pad which had been pre-soaked in transfer buffer for 30 minutes was placed on 

the black panel of the gel holder. On top of this was placed thick blot paper which had 

been pre-soaked in transfer buffer. The surface of the filter paper was saturated with 

transfer buffer using a transfer pipette.  

 

3. The pre-soaked gel was placed on top of the filter paper and so aligned such that it is 

centrally positioned within the circles pattern of the gel holder. The gel surface was 

flooded with transfer buffer using a transfer pipette.  

 

4. The supported nitrocellulose membrane which had been pre-soaked in transfer buffer 

was placed on top of the gel such that its smoother side was in contact with the gel. A 

glass rod was rolled over the nitrocellulose membrane to remove trapped air bubbles and 

also to improve contact. The surface of the nitrocellulose membrane was then flooded 

with transfer buffer using a transfer pipette.  

 

5. A second pre-soaked thick blot paper was placed on top of the gel. On top of the filter 

paper was placed a second pre-soaked fiber pad to complete the sandwich.  

 

6. The set up was then placed in the buffer tank such that the blank panel of the gel holder 

faces the black cathode electrode. The tank was then filled with transfer buffer to just 

above the top row of circles on the gel holder cassette. The cooling unit was inserted into 

the set up and the whole arrangement put on a magnetic stirrer. The magnetic stirrer was 

turned on and transfer achieved by applying a 100V constant voltage for 1 hour.  
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7. The nitrocellulose membrane was rinsed briefly in DD water, immersed in 1×TBS 

(Tris-Buffered saline) (100mL 10×TBS in 900mL DDI water) and then placed on shaker 

for 10 minutes.  

 

8. The membrane was then blocked with 10mL blocking buffer (1% w/v BSA in 1×TBS) 

in a sampling bag and placed on a shaker (800 rpm) at room temperature for 1 hour.  

 

9. The membrane was washed twice by immersing in TBST (0.05%v/v Tween-20 in 

1×TBS ) and placed on a shaker for 5 minutes each time. 

 

10. The membrane was incubated overnight at 4
o
C with 10mL primary antibody diluted 

1:5 in antibody buffer (1% w/v BSA in TBST).  

 

11. The membrane was washed four times to remove unbound antibody by immersing the 

membrane in TBST and placing on shaker for 5 minutes each time.  

 

12. The membrane was then incubated at room temperature for 1 hour in a sampling bag 

with the secondary enzyme linked antibody, Goat Anti-Mouse IgG (H+L)-AP conjugate, 

diluted 1:3000 in 10mL antibody buffer.  

 

13. The membrane was then washed by immersing in TBST and placing on shaker for 10 

minutes. This was repeated 3 more times but for 5 minutes each time.  

 

14. The membrane was then washed three times by immersing it in TBS and placing on 

shaker for 5 minutes each time.  

 

15. Color development buffer was prepared by adding 150µL each of AP reagent A and 

AP reagent B to 15mL of 25×AP color development buffer diluted 1:25 in DD water. The 

color development reagents were mixed at room temperature and addition of AP reagent 

A and B done just before staining. 
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16. Color was developed was developed by staining the membrane with the color 

development buffer. Color was developed until dark purple bands were observed.  

 

17. Staining was stopped immersing the membrane in DD water and placing on shaker 

for 10 minutes. The water was changed once during the period. The membrane was then 

dried between two filter papers and stored in a sampling bag.    
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APPENDIX B 

 

 

Figures and Tables 
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Figure 1:   Optimum dilution of MAb 6G12 (supernatant) using indirect ELISA with goat 

anti mouse IgG-HRP (Fc) as the secondary antibody. MAb 6G12 was undiluted (Un) or 

diluted appropriately (1:1 to 1:5) in 1% BSA-PBST. Soluble proteins extracted from the 

blood samples with 10mM PBS was coated at 0.5µg/100µL of carbonate buffer (pH 9.6) 

alongside blank control sample.  

 

Bba: autoclaved bovine blood; Sba: autoclaved sheep blood; Rba: autoclaved rabbit 

blood; Hba: autoclaved horse blood; Cba: autoclaved chicken blood; Pba: autoclaved 

porcine blood; Tba: autoclaved turkey blood; Blk: Blank (contains neither antibody nor 

coated soluble protein). Results are expressed as A415  ±   SD; n = 3.        
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Figure 2:   Optimum dilution of MAb 3D6 (supernatant) using indirect ELISA with goat 

anti mouse IgG-HRP (Fc) as the secondary antibody. MAb 3D6 was undiluted (Un) or 

diluted appropriately (1:1 to 1:5) in 1% BSA-PBST. Soluble proteins extracted from the 

blood samples with 10mM PBS was coated at 0.5µg/100µL of carbonate buffer (pH 9.6) 

alongside blank control sample.  

 

Bba: autoclaved bovine blood; Sba: autoclaved sheep blood; Rba: autoclaved rabbit 

blood; Hba: autoclaved horse blood; Cba: autoclaved chicken blood; Pba: autoclaved 

porcine blood; Tba: autoclaved turkey blood; Blk: Blank (contains neither antibody nor 

coated soluble protein). Results are expressed as A415  ±   SD; n = 3.                    
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Figure 3: Cross-reactivity of MAbs 6G12 (supernatant) and 3D6 (supernatant) with non-

flesh proteins using indirect ELISA with goat anti mouse IgG-HRP (Fc) as the secondary 

antibody. MAbs 6G12 and 3D6 were diluted 1:1 and 1:5 in 1% BSA-PBST, respectively. 

Soluble proteins extracted from the non-flesh protein samples with 10mM PBS was 

coated at 0.5µg/100µL of carbonate buffer (pH 9.6) alongside blank control sample.  

 

G: Gelatin; S: Soy protein concentrate; E: egg albumin; NFDM: Nonfat dry milk; BSA: 

Bovine serum albumin; Blk: Blank (contains neither antibody nor coated soluble protein). 

Results are expressed as A415  ±   SD; n = 3.                      
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Figure 4: Cross-reactivity of MAbs 6G12 (supernatant) and 3D6 (supernatant) with flesh 

(meat) proteins using indirect ELISA with goat anti mouse IgG-HRP (Fc) as the 

secondary antibody. MAbs 6G12 and 3D6 were diluted 1:1 and 1:5 in 1% BSA-PBST, 

respectively. Soluble proteins extracted from the meat samples with 10mM PBS was 

coated at 0.5µg/100µL of carbonate buffer (pH 9.6) alongside blank control sample. 

                   

B: Beef, S: Sheep; R: Rabbit; H: Horse; C: Chicken; P: Pork; T: Turkey; Blk: Blank 

(contains neither antibody nor coated soluble protein). Results are expressed as A415  ±   

SD; n = 3.   
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Figure 5: Species specificity of MAb 3D6 (supernatant) using indirect ELISA with goat 

anti mouse IgG-HRP (Fc) as the secondary antibody. MAb 3D6 was diluted 1:5 in 1% 

BSA-PBST. Soluble proteins extracted from the heat-treated blood samples with 10mM 

PBS and raw blood samples were coated at 0.5µg/100µL of carbonate buffer (pH 9.6) 

alongside blank control sample.  

 

Bb: Bovine blood; Sb: Sheep blood; Rb: Rabbit blood; Hb: Horse blood; Cb: Chicken 

blood; Pb: Porcine blood; Tb: Turkey blood; Blk: Blank (contains neither antibody nor 

coated soluble protein). Results are expressed as A415  ±   SD; n = 3.             
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Figure 6: Species specificity of MAb 6G12 (supernatant) using indirect ELISA with goat 

anti mouse IgG-HRP (Fc) as the secondary antibody. MAb 6G12 was diluted 1:1 in 1% 

BSA-PBST. Soluble proteins extracted from the heat-treated blood samples and raw 

blood samples were coated at 0.5µg/100µL of carbonate buffer (pH 9.6) alongside blank 

control sample.  

 

Bb: Bovine blood; Sb: Sheep blood; Rb: Rabbit blood; Hb: Horse blood; Cb: Chicken 

blood; Pb: Porcine blood; Tb: Turkey blood; Blk: Blank (contains neither antibody nor 

coated soluble protein). Results are expressed as A415  ±   SD; n = 3.                 
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TABLE 1: Summary of species specificity and cross-reactivity of MAbs 3D6 and 6G12 

using indirect ELISA  
 

Species Specificity  

Antibodies Autoclaved 

samples 

Cooked 

Samples 

Raw samples 

Cross reactivity  

with non-blood 

proteins 

MAb 3D6 

(IgG1)  

Porcine + 

Bovine +++ 

Horse ++++ 

Bovine ++ 

Horse ++++ 

Bovine + No cross-reactivity 

MAb 6G12 

(IgG1) 

Bovine +++ 

Sheep ++++ 

Bovine ++ 

Sheep ++++ 

Bovine + No cross-reactivity 

 

+ = weak reaction, ++ = quite strong reaction, +++ = strong reaction, ++++ = very strong 

reaction  
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Figure 7: Western blot of MAb 3D6 (supernatant). MAb 3D6 was diluted 1:5 in 1% 

BSA-TBST. Samples of extracted soluble proteins (3µg in 15µL per lane) were loaded 

alongside the Precision Plus protein kaleidoscope standard. Bands correspond to 

molecular weights of bio-engineered proteins. Goat Anti-Mouse IgG (H+L)-AP 

conjugate, diluted 1:3000 in 10mL antibody buffer (1% w/v BSA in TBS) was used as 

the secondary antibody.  

 

Bbr: raw bovine blood; Bbc: cooked bovine blood; Bba: autoclaved bovine blood;  

St: Precision plus protein kaleidoscope standards 
 

250kD 

150kD 

100kD 

75kD 

50kD 
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25kD 

20kD 

15kD 

10kD 

St             Bba     Bbc     Bbr   
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Figure 8: Western blot analysis of MAb 6G12 (supernatant). MAb 6G12 was diluted 1:5 

in 1% BSA-TBST. Samples of extracted soluble protein (3µg in 15µL per lane) were 

loaded alongside the Precision Plus protein kaleidoscope standard. Bands correspond to 

molecular weights of bio-engineered proteins. Goat Anti-Mouse IgG (H+L)-AP 

conjugate, diluted 1:3000 in 10mL antibody buffer (1% w/v BSA in TBS) was used as 

the secondary antibody.  

 

Bbr: raw bovine blood; Bbc: cooked bovine blood; Bba: autoclaved bovine blood;  

St: Precision plus protein kaleidoscope standards 
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Figure 9: Saturation curve of MAb 6G12 (ascites fluid) using indirect ELISA with goat 

anti mouse IgG-HRP (Fc) as the secondary antibody. Ascites fluid of MAb 6G12 was 

diluted appropriately in 1% BSA-PBST. Soluble proteins extracted from autoclaved 

bovine blood with 10mM PBS was coated at 0.5µg/100µL of carbonate buffer (pH 9.6). 

Results are expressed as A415  ±   SD; n = 3.                      
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Figure 10: Saturation curve of MAb 3D6 (ascites fluid) using indirect ELISA with goat 

anti mouse IgG-HRP (Fc) as the secondary antibody. Ascites fluid of MAb 3D6 was 

diluted appropriately in 1% BSA-PBST. Soluble proteins extracted from autoclaved 

bovine blood with 10mM PBS was coated at 0.5µg/100µL of carbonate buffer (pH 9.6). 

Results are expressed as A415  ±   SD; n = 3.  
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TABLE 2: Calculation of additivity index for the MAbs 6G12 and 3D6 

 

MAbs and dilutions  Mean absorbance at 415nm (n=3) 

Purified MAb 6G12, 1:1600 0.478 

Purified MAb 3D6, 1:400 0.309 

MAb 6G12 (1:1600) + MAb 3D6(1:400) 0.722 

 

A.I. = [(2A1+2)/(A1 + A2) – 1] × 100 = [(2 × 0.722)/(0.478 + 0.309)] × 100 = 83.5% 

 
 

A.I.: Additivity index; A1+2: Absorbance reached by the MAbs 6G12 and 3D6 together; 

A1: Absorbance reached by MAb 6G12 alone; A2: Absorbance reached by MAb 3D6 

alone  
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Figure 11: Selection of best blocking buffer for sandwich ELISA using MAb 6G12 

(purified IgG) as the capture antibody and biotin conjugated MAb 3D6 (purified IgG) as 

the detection antibody. Soluble proteins were diluted 1:3 in 1% BSA-PBST and added to 

the plate alongside blank control sample.  

 

G: Gelatin; NFDM: Nonfat dry milk; BSA: Bovine serum albumin; Blk: Blank (contains 

neither antibody nor soluble sample proteins). Results are expressed as A415  ±   SD;  

n = 3.                      
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Figure 12: Optimization of the antibody and antigen dilutions for the sandwich ELISA 

using MAb 6G12 (purified IgG) as the capture antibody and biotin conjugated MAb 3D6 

(purified IgG) as the detection antibody. Soluble proteins extracted from autoclaved 

bovine blood with 10mM PBS was diluted appropriately in 1% BSA-PBST and added to 

the plate alongside blank control sample.  

 

Un: Undiluted sample extract; 1:1: Extract diluted 1:1; 1:2: Extract diluted 1:3; 1:5: 

Extract diluted 1:5. 1K: Primary (MAb 6G12) and secondary (MAb 3D6) antibodies 

diluted 1K (1:1000), 2K: Primary and secondary antibodies diluted 2K (1:2000); 3K: 

Primary and secondary antibodies diluted 3K (1:3000); 5K: Primary and secondary 

antibodies diluted 5K (1:5000); Blk: Blank (contains neither antibody nor soluble sample 

proteins). Results are expressed as A415  ±   SD; n = 3.                      
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Figure 13: Species specificity of the sandwich ELISA using MAb 6G12 (purified IgG) as 

the capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody. Soluble proteins extracted from heat-treated blood samples with 10mM PBS 

and raw blood samples was diluted 1:3 in 1%BSA-PBST and added to the plate alongside 

blank control sample.  

 

Bb: Bovine blood; Sb: Sheep blood; Rb: Rabbit blood; Hb: Horse blood; Cb: Chicken 

blood; Pb: Porcine blood; Tb: Turkey blood; Blk: Blank (contains neither antibody nor 

soluble sample proteins). Results are expressed as A415  ±   SD; n = 3.                      
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Figure 14: Cross-reactivity of the sandwich ELISA with flesh (meat) proteins using MAb 

6G12 (purified IgG) as the capture antibody and biotin conjugated MAb 3D6 (purified 

IgG) as the detection antibody. Soluble proteins extracted from meat samples with 10mM 

PBS was diluted 1:3 in 1%BSA-PBST and added to the plate alongside blank control 

sample.  

 

B: Beef; S: Sheep; R: Rabbit; H: Horse; C: Chicken; P: Pork; T: Turkey; Blk: Blank 

(contains neither antibody nor soluble sample proteins). Results are expressed as A415  ±   

SD; n = 3.                      
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Figure 15: Cross-reactivity of the sandwich ELISA with non-flesh proteins using MAb 

6G12 (purified IgG) as the capture antibody and biotin conjugated MAb 3D6 (purified 

IgG) as the detection antibody. Soluble proteins extracted from the non-flesh protein 

samples with 10mM PBS was diluted 1:3 in 1%BSA-PBST and added to the plate 

alongside blank control sample.  

 

G: Gelatin; S: Soy protein concentrate; Ea: Egg albumin; NFDM: Nonfat dry milk; BSA: 

Bovine serum albumin; Blk: Blank (contains neither antibody nor soluble sample 

proteins). Results are expressed as A415  ±   SD; n = 3.                       
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Figure 16: Performance of sandwich ELISA with commercial feedstuffs using MAb 

6G12 (purified IgG) as the capture antibody and biotin conjugated MAb 3D6 (purified 

IgG) as the detection antibody. Soluble proteins extracted from the feedstuff samples 

with 10mM PBS was diluted 1:3 in 1%BSA-PBST and added to the plate alongside blank 

control sample.  

 

Bbp: Whole bovine blood powder; Bpm: Spray-dried bovine plasma; Ppm: Spray-dried 

porcine plasma; Smbm: Sheep meat bone meal; Bmbm: Bovine meat bone meal; Pmbm: 

Porcine meat bone meal; Fm: Feather meal; Blk: Blank (contains neither antibody nor 

soluble sample proteins). Results are expressed as A415  ±   SD; n = 3. 
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Figure 17: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of autoclaved bovine blood in autoclaved porcine blood (v/v). 

Soluble proteins extracted from autoclaved porcine blood were mixed appropriately with 

soluble proteins extracted from autoclaved bovine blood. Results are expressed as A415  ±   

SD; n = 3.                      
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Figure 18: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of whole bovine blood powder in spray-dried porcine plasma 

(v/v). Soluble proteins extracted from spray-dried porcine plasma were mixed 

appropriately with soluble proteins extracted from whole bovine blood powder. Results 

are expressed as A415  ±   SD; n = 3.                       
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Figure 19: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of spray-dried bovine plasma in spray-dried porcine plasma 

(v/v). Soluble proteins extracted from spray-dried porcine plasma were mixed 

appropriately with soluble proteins extracted from spray-dried bovine plasma. Results are 

expressed as A415  ±   SD; n = 3.                      

 

              

 

 

 

 

 

 

 

 

 

 

 



 97 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.01% 0.05% 0.10% 0.50% 1% 3% 5% 10%

% bovine blood in cooked ground beef (v/v)

a
b

s
o

rb
a

n
c

e
 a

t 
4

1
5

n
m

 

Figure 20: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of bovine blood in cooked ground beef (v/v). Soluble proteins 

extracted from cooked ground beef were mixed appropriately with soluble proteins 

extracted from cooked bovine blood. Results are expressed as A415  ±   SD; n = 3. 
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Figure 21: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of bovine blood in raw ground beef (v/v). Soluble proteins 

extracted from raw ground beef were mixed appropriately with raw bovine blood. Results 

are expressed as A415  ±   SD; n = 3. 
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Figure 22: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of bovine blood in cooked ground beef (v/w). Soluble proteins 

were extracted from cooked ground beef mixed appropriately with bovine blood and 

boiled for 15 minutes. Results are expressed as A415  ±   SD; n = 3. 
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Figure 23: Detection limit of the sandwich ELISA with MAb 6G12 (purified IgG) as the 

capture antibody and biotin conjugated MAb 3D6 (purified IgG) as the detection 

antibody for the detection of bovine blood in raw ground beef (v/w). Soluble proteins 

were extracted from raw ground beef mixed appropriately with bovine blood. Results are 

expressed as A415  ±   SD; n = 3. 
 

 

 



 101 

 

 

 

 

 

TABLE 3: Intra-assay variability of the sandwich ELISA 

 

Samples  OD 1 OD 2 OD 3 Mean (µ) Standard 

deviation (SD) 

% CV Intra-assay 

variability (%CV) 

Cooked bovine blood  1.494 1.495 1.5 1.4963 0.003215 0.21 

Autoclaved bovine blood 1.66 1.641 1.659 1.6533 0.010693 0.65 

Raw bovine blood  1.439 1.434 1.44 1.4377 0.003215 0.22 

Spray-dried ovine plasma meal   0.89 0.893 0.88 0.8877 0.006807 0.77 

Whole bovine blood powder 0.832 0.84 0.839 0.837 0.004359 0.52 

 

 

0.21 to 0.77% 

 

OD: Absorbance at 415nm; CV: Coefficient of variation; %CV = SD/µ × 100  
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TABLE 4: Inter-assay variability of the sandwich ELISA 

ASSAY Samples  OD 1 OD 2 OD 3 Mean (µ) Standard 

deviation (SD) 

% CV Mean 

%CV 

Inter-assay 

variability 

Bba  1.651 1.649 1.63 1.6433 0.01159 0.70 

Bbc 1.482 1.479 1.491 1.4840 0.006245 0.42 

Bbr 1.432 1.436 1.44 1.4360 0.004 0.28 

Bbp 0.829 0.823 0.819 0.8237 0.005033 0.61 

 

 

ASSAY 1 

Bpm 0.889 0.91 0.892 0.8970 0.011358 1.27 

 

 

0.66 

Bba  1.63 1.629 1.65 1.6363 0.011846 0.72 

Bbc 1.472 1.48 1.469 1.4737 0.005686 0.39 

Bbr 1.419 1.42 1.434 1.4243 0.008386 0.59 

Bbp 0.82 0.817 0.822 0.8197 0.002517 0.31 

 

 

ASSAY 2 

Bpm 0.877 0.901 0.883 0.8870 0.01249 1.41 

 

 

0.68 

Bba  1.646 1.638 1.621 1.6350 0.012767 0.78 

Bbc 1.47 1.462 1.48 1.4707 0.009018 0.61 

Bbr 1.429 1.43 1.434 1.4310 0.002646 0.18 

Bbp 0.83 0.818 0.82 0.8227 0.006429 0.78 

 

 

ASSAY 3 

Bpm 0.92 0.911 0.897 0.9093 0.001159 1.27 

 

 

0.72 

 

 

 

 

 

 

 

0.66% to 0.72% 

Bba: autoclaved bovine blood; Bbc: cooked bovine blood; Bbr: raw bovine blood; Bbp: whole bovine blood powder, Bpm: spray-

dried bovine plasma; OD: Absorbance at 415nm; CV: Coefficient of variation; %CV = SD/µ × 100  
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TABLE 5: Overall variability of the sandwich ELISA 

 

Assay  Number of samples  Number of replicates  Mean variability  

Assay 1 5 3 0.47% 

Assay 2 5 3 0.66% 

Assay 3 5 3 0.68% 

Assay 4 5 3 0.72% 

Overall variability = 1/4 (0.47 + 0.66 + 0.68 + 0.72) = 0.63% 
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TABLE 6: Sensitivity of the sandwich ELISA 

 

Positive 

samples 

Number of positive 

samples tested   

Number of positive results 

detected as positive 

Number of positive samples 

detected as negative  

Proportion of positive 

samples identified correctly 

as positive 

Autoclaved 

bovine blood  

14 14 0 14/14 

Cooked bovine 

blood  

14 14 0 14/14 

Raw bovine 

blood 

14 14 0 14/14 

Whole bovine 

blood powder 

14 14 0 14/14 

Spray-dried 

bovine plasma  

14 14 0 14/14 

Sensitivity = (Number of positive samples detected as positive/No. of positive samples tested) × 100  

                  = 70/70 × 100 

                  = 100% 
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TABLE 7: Specificity of the sandwich ELISA 

Negative samples Number of negative 

samples tested   

Number of negative samples 

detected as negative 

Number of negative samples 

detected as positive  

Proportion of negative 

samples identified 

correctly as negative 

Autoclaved blood 

samples other than 

bovine blood 

20 20 0 20/20 

Cooked blood 

samples other than 

bovine blood  

20 20 0 20/20 

Raw bovine blood 

samples other than 

bovine blood 

20 20 0 20/20 

Spray-dried porcine 

plasma  

12 12 0 12/12 

Autoclaved meat 

samples   

12 12 0 12/12 

Cooked meat 

samples  

12 12 0 12/12 

Meat bone meal 

samples  

12 12 0 12/12 

Specificity = (No. of negative samples detected as negative/No. of negative samples tested) × 100 

                  = 108/108 × 100  

                  = 100% 
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TABLE 8: Overall accuracy of the sandwich ELISA 

 

Total number of negative samples tested 108 

Number of negative samples correctly identified as negative 108 

Total number of positive samples tested 70 

Number of positive samples correctly identified as positive 70 

Total number of negative and positive samples tested  (F) 178 

No. of positive and negative samples correctly identified (E) 178 

Overall accuracy = E/F × 100 = 178/178 × 100 = 100% 
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