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Abstract 

Under EU legislation, the use of blood products, milk, and hydrolyzed proteins in animal feed is 

regulated to ensure safety and prevent the spread of disease. These materials are classified as animal 

by-products (ABPs) and their use is restricted to prevent risks associated with transmissible 

spongiform encephalopathies (TSEs) and other potential hazards. Specific EU regulations outline 

official methods for detecting processed animal proteins (PAPs) in feed, primarily through light 

microscopy and polymerase chain reaction (PCR). Microscopic identification remains challenging, 

particularly when distinguishing particles such as milk globules, plasma residues, and hydrolyzed 

proteins. This review highlights these limitations and emphasizes the urgent need for enhanced 

training and refined techniques to improve the accuracy and reliability of microscopic analysis in 

complex samples. 
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1. Introduction  

Bovine spongiform encephalopathy (BSE) is classified among transmissible spongiform 

encephalopathies (TSEs); a group of progressively degenerative neurological disorders caused by 

prion (proteinaceous infectious particle) which are associated in humans with a variant form of 

Creutzfeldt-Jakob disease (Banerjee et al 2023).  Prions are infectious agents composed of misfolded 

protein without DNA or and characterized by incubation periods ranging from months to years 

depending on the host (Banerjee et al 2023). Since BSE is transmitted through animal feed, its 

prevention relies primarily on banning proteins from animal tissues in ruminant feed. 

Commission Regulation (EU) No 142/2011 establishes detailed guidelines for processing and 

using animal by-products in feed, including blood and milk products. Due to concerns over TSEs, 

the use of blood products in ruminant feed is generally prohibited. The regulation also covers the 

inclusion of milk and milk products in feed. While milk and milk products are allowed in feed, their 

inclusion in animal feed is subject to regulations that ensure their safety and suitability for specific 

animals. Commission Implementing Regulation (EU) 2023/1446 recently renewed the approval of 

hydrolyzed proteins in feed under specific conditions depending on the source material and the 

intended application.  

Regulatory enforcement against prohibited proteins in animal feed hinges on detecting animal 

by- proteins prohibited in feed. Methods for detecting animal by-products in feed materials are 

largely based on microscopy and DNA analysis (Method of reference and SOPs - EURL-AP). While 

microscopy identifies animal particles, it struggles with species-level identification (Golinelli et al., 

2016). DNA-based methods like Polymerase Chain Reaction (PCR) offer high sensitivity for species 

identification but can be confounded by damaged DNA from feed processing. Both microscopy 

analysis and PCR methods are complementary and together ensure feed safety and regulatory 

compliance (Method of reference and SOPs - EURL-AP).  
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The use of animal plasma in the EU feed is regulated in order to safeguard public and animal 

health. Commission Implementing Regulation (EU) No 483/2014 specifically addresses the 

importation of spray-dried blood and blood plasma of porcine origin for feed production. It outlines 

specific health requirements covering processing techniques, microbiological standards, and 

transport protocols to mitigate the risk of transmitting diseases such as porcine epidemic diarrhea 

virus (PEDv). Regulation (EU) No 142/2011 establishes broader framework for the handling of blood 

products, including plasma intended for feed requiring health certification to ensure that derived 

products that complies with rigorous microbiological safety criteria. 

Spray-dried animal plasma is used in wet and dry dog foods formulations due to its valuable 

properties including water retention, gel strength, and fat emulsion capacities (Polo). In aquaculture, 

SDAP has demonstrated benefits in improving the health status and enhancing disease resistance 

(Chuchird et al. 2021). Although advantages of SDAP on animal health and performance are well 

documented have been documented, concerns may arise regarding its safety, considering its origin 

from abattoir-collected animal blood, especially in the context of emerging or re-emerging diseases 

within animal populations (Kazimierska and Biel, 2023). These concerns highlight the importance of 

rigorous regulations to ensure product safety. Bovine spongiform encephalopathy (BSE) was the 

most thoroughly documented animal disease in the United Kingdom. Epidemiological studies linked 

the outbreak to contaminated feed ingredients, primarily meat meal and meat-and-bone meal 

(MBM), that carried transmissible spongiform encephalopathy (TSE) agents. These agents spread 

further by the recycling of infected cattle carcasses through the rendering process. In response, the 

European Commission imposed a ban on UK ruminant exports in 1996. As a result, many countries 

have since prohibited the use of MBM in ruminant feed. Analysis and control of these products 

remain essential to prevent future BSE outbreaks. 

In this review, we discuss limits of current methods of analysis to detect some blood products, 

milk and hydrolyzed proteins in feed. 

2. Methods for analysis of animal by-products in feed  

Methods for detecting animal material in feed are based on analyses of either bones, muscles 

and other fragments, proteins or DNA. The details and limitations of these methods are described in 

the following sections. 

2.1. PCR (Polymerase Chain Reaction): 

Even after the heating processes used in feed production PCR is a highly sensitive method for 

detecting animal and to identify the species of origin. However, the efficiency of DNA recovery and 

the possibility of detecting DNA from permitted ingredients (like milk powder) rather than banned 

materials are challenging. The rendering process used in feed preparation relies on heat treatment, 

which inherently denatures proteins and degrades DNA which is inherent limitation for this method. 

Heat treatment induces protein denaturation by disrupting hydrogen bonds and other non-covalent 

interactions, resulting in the unfolding of the protein and changes to its secondary and tertiary 

structures (Li et al., 2021). Under elevated temperatures and pressures, covalent bonds between 

amino acids may also break, fragmenting the protein into shorter polypeptide chains (Li et al., 2021). 

Consequently, any analytical method used to assess heat-treated proteins must consider these 

structural modifications to ensure accurate results. 

2.2. Feed microscopy 

Feed microscopy is the official cost-effective method widely used to detect animal-derived 

particles and proteins in feeds. The technique is based on the examination of fragments to assess 

morphological and histological characteristics on the basis of microscopically identifiable 

characteristics (Figure. 1)  such as bones, cartilage, muscle fibres, hair, blood products, milk globules, 

lactose crystals, feathers, egg shells, or bristles, cuticular fragments, insect tracheal structures in the 
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case of terrestrial invertebrate and fish bones, otoliths and scales in the case of fish flour ((EC) 

152/2009). According to the updated and consolidated version of Commission Regulation (EC) 

152/2009 of 27 January 2009 laying down the methods of sampling and analysis for the official control 

of feed, no more than six slides of the sediment, and depending on the operator’s choice, either on 

the flotate or on the raw material should be examined. 

 

Figure 1. Microscopical identified particles in feed (Microscope and bones Illustration were downloaded from 

NIAID NIH BioArt Source). 

According to the updated and consolidated version of Commission Regulation (EC) 152/2009 of 

27 January 2009 laying down the methods of sampling and analysis for the official control of feed; no 

more than six slides of the sediment, and depending on the operator’s choice, either on the flotate or 

on the raw material should be examined. Even though the microscopy method is qualitative, the limit 

of decision is set to 5 particles from animal origin in case of one determination or 10 in case of two 

determinations. The method is effective at distinguishing terrestrial animals from fish but has 

limitations in accurately differentiating between mammalian and avian bone structures and can be 

dependent on the analyst’s experience.  

Bone fragments, in particular, vary in color and shape. A critical diagnostic feature is the 

presence of lacunae, small cavities within the bone matrix, whose morphology differs among animal 

classes. By analyzing lacunar shape, it is possible to infer the species origin of the tissue, 

distinguishing between mammalian, avian, and fish (Domenis et al. 2009; van Raamsdonk et al. 2012). 

However, microscopy alone cannot be used for precise animal species identification.  Despite this 

limitation, it remains the official tool in feed analysis due to its low cost and minimal sample 

preparation requirements. 

3. Blood Products identification   

Analytical methods are crucial to detect and differentiate between authorized and unauthorized 

blood products in feed to ensure compliance with regulations. Blood products in feed includes dried 

plasma, whole blood, or hymoglobin (Figure. 2).  Blood meal is considered PAP’s.  

More than half of young calves raised in the United States are fed all-milk protein-based milk 

replacers as part of their liquid diet which are considered the most digestible for calves (Drackley, 

2008; Henrichs et al., 2021). However, due to the rising demand for milk proteins in human nutrition, 

alternative ingredient solutions are being explored for use in calf nutrition such as spray-dried 
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plasma protein, known for its favourable amino acid profile, high digestibility, and comparable 

growth performance to all-milk protein sources. Additionally, its use has been associated with 

reduced morbidity and mortality in milk-fed calves (Drackley, 2008; Henrichs et al., 2021; Quigley & 

Wolfe, 2003). An additional alternative protein source evaluated is enzymatically hydrolyzed wheat 

protein (Henrichs et al 2021).  Including, at conventional rates, Spray-dried plasma and wheat 

protein in milk replacers to partially replace whey protein has been shown to perform similarly to 

the use of milk replacers formulated exclusively with whey, improving growth and intestinal 

function in young calves when fed with milk replacers .  

 

Figure 2. Blood meal, blood plasma and hemoglobin under light microscope. 

The exemption of Bovine spray-dried plasma protein from ruminant product ban associated 

with Bovine Spongiform Encephalopathy (BSE) is based on its processing methods, based on its 

separation from high-risk tissues and viral inactivation through spray-drying and post-drying heat 

treatments (Blázquez et al., 2020).  

While the use of spray-dried bovine plasma protein that meets regulatory standards and derived 

from animal sources compliant with human food safety standards is allowed in the United States in 

animal feed, including pet food, calf milk replacers, and swine diets, provided it (Kazimierska and 

Biel, 2023); it is still not allowed in the European Union or Japan, among other countries.  

van Raamsdonk et al. (2011) investigated blood plasma in milk formula after an alert issued in 

Spain about the presence of plasma in milk formula “KUVU” for calves, the presence of blood plasma 

in milk formula was investigated by RIKILT, a Dutch research institute, conducted further analysis 

on the suspect sample. The investigation found blood plasma in a sample of calf milk formula in 2010, 

detected by tetramethylbenzidine (TMB) staining and confirmed by PCR tests showing porcine DNA. 

The Dutch research institute RIKILT performed a Polymerase Chain Reaction (PCR) test and 

discovered a low level of porcine (pig) DNA. The presence of porcine DNA was the likely reason for 

the positive TMB stain.  As TMB is a sensitive screening method based on the peroxidase activity of 

hemoglobin in blood products for detecting blood and blood products, it can produce false positives 

in the presence of other substances. Microscopic staining techniques such as Alizarin Red for bone 
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fragments and TMB for blood plasma are commonly used to support the identification of animal 

particles in feed. However, both techniques have shown issues with specificity and sensitivity (van 

Raamsdonk, Scholtens, et al. 2011; van Raamsdonk et al. 2017).  

4. Milk and Milk Products 

 Milk and milk-based products include milk, milk-derived products, colostrum, and colostrum 

products. Milk globules observed under light microscope might look quite similar to spray dried 

plasma. 

The confirmation should include searching for lactose crystals and sample investigation with 

polarized light microscopy as discussed in the latest proficiency test of the International Association 

for Feedingstuff Analysis - Section Feedingstuff Microscopy. The Annual Meeting IAG 2025 held in 

Fribourg and Posieux indeed focused on the challenge of detecting the plasma and milk powder, 

even at a 2% inclusion rate in feed. During the meeting, a practical workshop on milk and blood 

products focused on milk and blood products identification with significant input on operators’ 

identification skills. Plasma globules and milk powder globules might look quite similar under 

microscope (Figure. 3). To improve identification, an additional staining step with TMB + H2O2 is 

essential. Furthermore, the use of polarised light microscopy for lactose crystals may enhance 

analytical accuracy in future (Figure. 4).   

 

Figure 3. Plasma and milk globules under light microscope. 
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Figure 4. Slides of different samples under light microscopy and polarized microscopy. 

5. Hydrolized proteins 

Hydrolyzed proteins in feed are derived from proteins that have been broken down into smaller 

peptides and amino acids, often through enzymatic hydrolysis. As for the milk and plasma globules, 

proteins are also quite challenging under light microscope with morphological similarities it is 

difficult to classify such globules origin from either animal or vegetal sources (Figure. 5).  

 

Figure 5. Different proteins globules under light microscope. 

Once an operator identifies globular structures during sample examination, microscopic 

analysis becomes limited for tracing their origin.  

 

Figure 6. Hydrolysed proteins from fish. 

The European regulations and associated Standard Operating Procedures (SOPs) do not provide 

explicit guidance on how to proceed in such cases It remains unclear whether PCR testing should be 

systematically applied whenever these particles are detected, or if alternative practical methods exist 
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to distinguish them from globules of hydrolyzed ruminant proteins (Figure. 6 and 7). This poses 

challenges for laboratories aiming to ensure compliance while maintaining analytical precision. 

 

Figure 7. Hydrolysed proteins from ruminants. 

6. Actual challenges in microscopy 

Microscopic identification of animal proteins in feed remains a persistent challenge due to the 

complexity of sample composition and the limitations of current techniques (Figure. 8). A particularly 

critical issue is the detection of plasma fraud in milk replacers, especially when other components are 

present that interfere with tetramethylbenzidine (TMB) staining. These interferences can compromise 

the reliability of results ensuring accurate identification. 

Milk replacers are commonly used for replacement dairy calves. Milk replacer adulteration, 

involving the addition or the substitution of expensive milk proteins like whey or casein with bovine 

or porcine plasma. Milk replacer fraud is a form of economically motivated adulteration as plasma 

proteins seems to be nutritionally valuable and generally less expensive than milk proteins (Quigley 

and Wolfe, 2003). Accurate testing and detection methods are crucial to prevent and mitigate this 

type of fraud common and serious problem in many countries.  

 

Figure 8. Globules presence in different samples. 
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Qualitative methods to detect adulterants in milk products consist of simple, rapid, and often 

color-based chemical reactions (Azad and Ahmed, 2016). Staining techniques like 

tetramethylbenzidine (TMB) staining can be employed to detect blood plasma under light microscope 

as referenced in EU Commission Regulation (EC) 152/2009 and corresponding Standard Operating 

Procedures (SOPs) established by the European Union Reference Laboratory for Animal Proteins 

(EURL-AP).  

Tetramethylbenzidine (TMB) is a chemical compound widely used in colorimetric assays to 

detect the presence of hemoglobin, particularly in plasma. It acts as a substrate for peroxidase-like 

enzymes, and its oxidation by hydrogen peroxide in the presence of hemoglobin results in a color 

change, typically to blue or green, making it a useful presumptive test for blood presence. TMB is a 

highly sensitive reagent, capable of detecting even very diluted blood samples. However, its 

sensitivity also presents a limitation: it can yield false positives when other substances with 

peroxidase-like activity are present, potentially compromising the specificity of the test. 

TMB staining method serves only as a preliminary screening test and must be followed by a 

confirmatory method to verify the presence of animal proteins. According to the standard protocol, 

a slight green coloration should be observed in a suspect sample indicates the presence of blood 

plasma and blood products. In this review, TMB staining was used to compare various products, 

including skimmed milk powder, fish flour, blood meal, and blood plasma (Figure. 9). Strong 

coloring responses were observed with blood meal and blood plasma, whereas skimmed milk 

showed no coloration within the specified reaction time. The coloration shown in additives is 

probably due to the presence of copper sulfate as an ingredient which makes difficult the 

discrimination between milk globules and plasma globules in the sample. The hydrolyzed fish shows 

a strong coloration confirmed with a positive PCR result for terrestrial vertebrates. The TMB 

coloration was not always accurate as for example in the case of starfish and crabs. Those samples 

should not contain any blood products. 

 

Figure 9. TMB staining on milk, plasma, PT IAG sample, a routine sample, additives containing copper sulfate, 

hydrolyzed fish, starfish and crabs. 

Benzidine, since its discovery in 1904 (Jules, 1975), was recognized as a sensitive and specific test 

for peroxidase. However, its use has been discouraged due to concerns about associated health risks.  

In 1964, Culliford and Nickolls (1964) published in a review about the benzidine test where they 

reported that the benzidine test could yield false-positive results caused contamination factors such 

as chemical oxidants, catalysts, and vegetable peroxidases. Following the ban on benzidine as a 

staining agent, identifying safer and equally reliable alternatives became a priority. 

Holland et al. (1974) described the synthesis of 3,3’,5,5’-tetramethylbenzidine (TMB) and 

suggested its initial possible use for blood detection. They also investigated carcinogenic properties 

of TMB. All tumors found in rats exposed to TMB were either benign or age-related with no direct 

association to TMB exposure. These findings established TMB as a promising substitute to carcinogen 

benzidine for presumptive blood testing in forensic science. According to Holland et al. (1974), the 
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sensitivity of both benzidine and TMB reagents was found to be unaffected by storage conditions, 

including protection from light and temperature with an initial sensitivity of 1 ppm blood. However, 

within 24 hours, this sensitivity decreases tenfold to 10 ppm, a level that remains stable through the 

fifth day (Holland et al., 1974). Holland et al. (1974) found that by the eighth day, sensitivity declines 

by another factor of ten, reaching 100 ppm. Authors assumed that the loss of sensitivity occurred 

gradually during this period regardless the reagent protection the from light and temperature during 

storage. 

As expected, due to structural similarities between benzidine and 3,3’,5,5’-tetramethylbenzidine 

(TMB), experimental comparisons have shown no significant differences in their sensitivities and 

specificities for blood detection (Holland et al., 1974). Nevertheless, TMB rises concerns about 

yielding false positives with on certain papers, experience suggests that the reagent can be reliable in 

hand of experienced operators. TMB carcinogenic tested negative for mutagenicity in the Ames test 

and did not induce tumor formation in a single-arm study involving 24 rats (Holland et al., 1974). 

Based on this evidence, TMB has been adopted as a safer alternative to carcinogenic compounds such 

as benzidine (Holland et al., 1974). 

3,3′,5,5′-Tetramethylbenzidine (TMB) can yield false-positive reactions when certain 

components in feed exhibit peroxidase-like activity, complicating the interpretation of results and 

making decision-making more challenging. Garner et al. (1976) found that TMB can yield false-

positive results reactions after a prolonged time to certain types of paper such as typing paper, 

recycled paper, filter paper, and white construction paper. Certain papers and fruits contain 

substances with peroxidase-like activity that can catalyze the oxidation of 3,3′,5,5′-

tetramethylbenzidine (TMB). This reaction mimics the colorimetric response used to detect blood 

leading in false-positive results and compromising the specificity of the technique (Garner et al., 

1976). 

For example, the dihydrogen phosphate ion (H2PO4-) reacts with TMB (3,3’,5,5’-

tetramethylbenzidine) in the presence of a suitable oxidizing agent such as hydrogen peroxide 

(H2O2), and a peroxidase enzyme, such as horseradish peroxidase (HRP), to produce a blue-colored 

product.  TMB reacts also with benzoyl peroxide (BPO) in wheat flour causing a color change that 

can be used as naked eye detection method to detect benzoyl peroxide, a common food additive used 

as a bleaching agent in wheat flour, actually banned in the European Union due to concerns about 

potential health effects and nutrient degradation (Hu et al., 2013).   

TMB reacts also with Dextrose (glucose) in the presence of glucose oxidase (GOx) and hydrogen 

peroxide (H2O2) to produce a blue-colored product. This reaction is the basis for several colorimetric 

assays used for the detection and quantification of glucose. The intensity of the blue color is directly 

proportional to the amount of glucose present in the sample (Li et al., 2019). 

Copper sulfate (CuSO4) is a common ingredient in premixes and additives for feed.  It can also 

generate reaction with TMB in presence of oxidizing agent, like hydrogen producing blue-color (Jing 

et al 2013). Previous studies have shown that Ag+ can also induce a blue color by oxidizing TMB, a 

color reaction that also occurs when Cu2+ ions exists in aqueous solution (Zhang et al 2022). 

TMB is widely used compared to other staining reagent (Zhang et al 2022). However, its 

application in feed analysis is complicated due to its potential reactions with components that might 

lead false-positive. In presence of certain materials such as specific types of paper, Copper sulfate 

(CuSO4) commonly used in feed additives and premixes, dextrose wheat flour and other components 

that exhibit peroxidase-like activity. These interferences can catalyze TMB oxidation and mimic the 

colorimetric response typically associated with blood plasma making result interpretation 

particularly difficult in mixed feed samples. In presence of such materials, distinguishing between 

milk powder and spray-dried plasma for example using only TMB staining is unreliable, 

underscoring the need for complementary analytical techniques to ensure accurate identification 
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7. Conclusion 

The safety of animal feed remains a fundamental priority within EU legislation. Traceability of 

feed materials including blood products, milk, and hydrolyzed proteins along with analytical 

precision are key element of effective risk management. Current methods can’t specifically 

distinguish between prohibited material and authorized one, particularly in case of rendering 

processes involving heat treatment that denatures and degrades proteins and DNA compromising 

molecular and / or morphological integrity. These limitations underscore the urgent need for 

improving analytical methods for animal by-products detection and identification with greater 

specificity. In this review, the dairy products adulteration with plasma, often motivated by economic 

gain, was discussed and challenging of the microscopic identification particularly in presence of 

components that interfere with TMB (3,3′,5,5′-Tetramethylbenzidine) coloration assays, was 

highlighted. Additionally, microscopic differentiation between proteins globules remains limited, as 

most hydrolyzed animal protein globules appear similar under the microscope. Addressing these 

challenges requires research, regulatory updates, and advanced technologies to ensure the integrity 

and safety of feed across the supply chain. 

8. Methodology  

Slides observation and material preparation were carried out in the Feed and Food Microscopy 

Laboratory at AGROLAB Alimentalia (Italy).  The Tetramethylbenzidine–Hydrogen Peroxide 

reagent used for staining was prepared according to the specifications outlined in Section 2.1.2.1.4.4 

of Annex VI to Regulation (EC) No 152/2009 and the EURL-AP Standard Operating Procedure (SOP) 

for staining reagents. The 3,3’,5,5’-Tetramethylbenzidine (TMB) was sourced from Sigma-Aldrich. 

Microscopic analysis was performed using the Zeiss Axiovert 25 Inverted Phase Contrast 

Microscope. Observations were conducted at magnifications of 10X, 20X, and 32X, each paired with 

a 10X ocular lens. A 0.4 N.A. condenser equipped with a stage and phase slider was employed during 

examination. Photographic documentation of the slides included an additional 2.5X magnification. 
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