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This draft scientific opinion proposes indicators and sampling protocols for developing monitoring 

procedures at slaughterhouses for bovines stunned by captive bolt or slaughtered without 

stunning. Additional scientific opinions on monitoring procedures for pigs, sheep and goats, chickens 

and turkeys for specific methods, as requested by the Commission (see Terms of Reference), are also 

being developed. For the other species and methods, the same methodology was applied to get 

information on sensitivity, specificity and feasibility of the indicators; similarly, the same model for 

the sampling protocols is proposed. Welfare indicators may instead differ among species and 

methods. 

Within the scope of this public consultation, we wish to consult interested parties about the present 

draft scientific opinion on bovines and on indicators to be used in monitoring slaughter of the 

above-mentioned additional species and methods that are annexed to the present draft opinion.  
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SUMMARY 

Following a request from [the requesting party], the Panel on [name of the Panel]/Scientific 

Committee was asked to deliver a scientific opinion on [subject]. 

[OR] 

[Self-task] The European Food Safety Authority (EFSA) asked the Panel on [Panel Name] to [xxx]. 

 

Note 1: Following a decision from the management, the following elements should be included in the 

summary: the requestor, the request, the methods used or approach and the conclusions and/or 

recommendations. 

Note 2: If there is no abstract then the summary will begin on the first page and the key words section 

will appear after the summary. 
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BACKGROUND AS PROVIDED BY EUROPEAN COMMISSION 51 

Article 16 of Council Regulation (EC) No 1099/2009 on the protection of animals at the time of 52 

killing
4
 requires slaughterhouse operators to put in place and implement monitoring procedures in 53 

order to check that their stunning processes deliver the expected results in a reliable way. 54 

Article 16 refers to Article 5 which requires operators to carry out regular checks to ensure that 55 

animals do not present any signs of consciousness or sensibility in the period between the end of the 56 

stunning process and death.   57 

Those checks shall be carried out on a sufficiently representative sample of animals and their 58 

frequency shall be established taking into account the outcomes of previous checks and any factors 59 

which may affect the efficiency of the stunning process. 60 

Article 5 also requires operators, when animals are slaughtered without stunning, to carry out 61 

systematic checks to ensure that the animals do not present any signs of consciousness or sensibility 62 

before being released from restraint and do not present any sign of life before undergoing dressing or 63 

scalding.  64 

According to Article 16(2), a monitoring procedure shall include in particular the following: 65 

(a) indicators designed to detect signs of unconsciousness and consciousness or 66 

sensibility in the animals (before death or release from restraint, in case of slaughter 67 

without stunning, = indicators A); or indicators designed to detect the absence of signs of 68 

life in the animals slaughtered without stunning (before undergoing dressing or scalding 69 

= indicators B); 70 

(b) criteria for determining whether the results shown by the indicators previously 71 

mentioned are satisfactory; 72 

(c) the circumstances and/or the time when the monitoring must take place  73 

(d) the number of animals in each sample to be checked during the monitoring. 74 

Furthermore, Article 16 (4) specifies that: "The frequency of the checks shall take into account the 75 

main risk factors, such as changes regarding the types or the size of animals slaughtered or personnel 76 

working patterns and shall be established so as to ensure results with a high level of confidence. " 77 

The Commission plans to establish EU guidelines concerning monitoring procedures at 78 

slaughterhouses. 79 

The purpose of the Commission is to provide a sort of "toolbox" for establishing monitoring 80 

procedures so that slaughterhouse operators can use scientifically based procedures which will provide 81 

them proper information on their stunning processes. The guidelines will also be used by the 82 

competent authorities in order to check that slaughterhouse operators are not using unreliable 83 

monitoring procedures. 84 

In order to prepare these guidelines, a sound basis for checks on stunning as laid down in Articles 5 85 

and 16 of the above-mentioned regulation is needed. 86 

TERMS OF REFERENCE AS PROVIDED BY EUROPEAN COMMISSION 87 

The Commission therefore considers it opportune to request the EFSA to provide an independent view 88 

on the indicators and elements for putting in place monitoring procedures at slaughterhouses for the 89 

following methods and scope, in light of the most recent scientific developments. 90 

 The scope of this request includes the following groups of methods/species
5
: 91 

                                                      
4 OJ L 303, 18.11.2009, p. 1. 

http://ec.europa.eu/food/animal/welfare/slaughter/regulation_1099_2009_en.pdf
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(1) penetrative captive bolt for bovine animals, 92 

(2) head-only electrical stunning for pigs, 93 

(3) head-only electrical stunning for sheep and goats, 94 

(4) electrical waterbath for poultry (chickens and turkeys), 95 

(5) carbon dioxide at high concentration for pigs, 96 

(6) all authorised gas methods to slaughter chickens and turkeys (carbon 97 

dioxide in two phases, carbon dioxide associated with inert gases and inert 98 

gases alone). 99 

(7) Slaughter without stunning for bovine animals,  100 

(8) Slaughter without stunning for sheep and goats, 101 

(9) Slaughter without stunning for chickens and turkeys. 102 

 For each group the EFSA, based on the relevant scientific basis and on indicators’ 103 

performances, will provide  indicators A (loss of consciousness or sensibility for all 104 

groups) or indicators B (absence of signs of life for groups 7 to 9 only) as well as the other 105 

elements of the monitoring procedure (criteria for satisfactory results in terms of animal 106 

welfare, circumstances  and sampling procedure, including minimum sampling and 107 

frequency) (sampling procedures are needed only for groups 1 to 6 since checks must be 108 

systematic for groups 7 to 9). 109 

 For that purpose, the EFSA will take into account that: 110 

– Indicators should be able to detect, with high level of confidence, unsatisfactory 111 

stunning/slaughtering practices within the sample observed; Hence, the EFSA should 112 

specify the criteria for selecting indicators, based on the level of sensitivity and 113 

specificity for each indicator; 114 

– At least two indicators are required for each process but more could be recommended.  115 

– Indicators will be used at slaughterhouses, which imply human (work safety, 116 

accessibility), physical (line speed, difficulties to observation, etc.) and economic 117 

(time, costs) constraints; Hence, the EFSA could indicate the possible limitations 118 

related to the measurement of each indicator;  119 

– Circumstances to determine the monitoring procedure have to address the risk factors 120 

most commonly associated with each group methods/species (for example the 121 

penetrative captive bolt is likely to be more sensitive to the competence of the staff 122 

than a highly mechanised method); Hence, for each groups of methods/species, the 123 

EFSA should indicate the most common risk factors and their welfare consequences 124 

                                                                                                                                                                      

 

 
5
  Wording used for the stunning methods refers to Annex I to Regulation (EC) No 1099/2009. 
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to determining the circumstances of the monitoring procedure (e.g. when the staff 125 

shifts if staff is an important risk factors). 126 

– Monitoring procedures can be dynamic instruments and different indicators and 127 

sampling procedures could be used on the same slaughterline depending on the 128 

previous results and other risk factors; Hence, based on different possible scenarios, 129 

the EFSA should provide examples of different sampling protocols (like "new 130 

line/reinforced", "regular", "light") and the minimum sampling needed for indicators 131 

'A' (even when results appear to be fully satisfactory);  132 

 133 

 134 

135 
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ASSESSMENT 136 

1. INTRODUCTION 137 

1.1. General introduction 138 

According to Council Regulation (EC) No 1099/2009, on the protection of the animals at the time of 139 

killing, animals must be rendered unconscious and insensible by the stunning method and they must 140 

remain so until death occurs through bleeding. One way of achieving this animal welfare requirement 141 

would be to monitor the state of consciousness/sensibility and unconsciousness/insensibility in 142 

animals during three key stages: (1) immediately after stunning, (2) at the time of neck cutting or 143 

sticking and (3) during bleeding until death occurs.  144 

Within the scope of this Regulation, it is the responsibility of the Food Business Operator (FBO) to 145 

ensure that animal welfare is not compromised from the time of their arrival until they are slaughtered. 146 

The individuals performing stunning must have a certificate of competence awarded after training and 147 

assessment by independent organisations, of his / her knowledge and skills required to recognise the 148 

signs of both effective and ineffective stunning and, in the event of a failure, re-stun the animal. 149 

Secondly, the individuals performing slaughter (neck cutting or sticking) should also have certificate 150 

of competence that would require the person to be aware and have the skills required to perform 151 

checks for the signs of recovery of consciousness and sensibility prior to neck cutting or sticking to 152 

ensure that every animal is unconscious at the time of neck cutting or sticking. This operator should 153 

also be able to ascertain the possibility or potential for recovery of consciousness in animals during 154 

bleeding and take action, if necessary (e.g. use back up stunner). Finally, the person in-charge of the 155 

overall animal welfare at slaughter (e.g. Animal Welfare Officer) should be able to monitor the 156 

animals during bleeding and ensure that they do not show any signs of consciousness and sensibility 157 

and also death occurs before further carcass dressing operations begin. Evidently, operators need to be 158 

aware and have necessary skills to recognise signs of unconsciousness, consciousness and death. 159 

Under laboratory conditions, the induction and maintenance of unconsciousness and insensibility 160 

following stunning can be ascertained by recording the brain activity using electroencephalograms 161 

(EEGs) or electrocorticograms (ECoGs). The effectiveness of stunning and the duration of 162 

unconsciousness induced by the stunning method can be recognised from the unique brain state and 163 

associated EEG manifestations. The effectiveness of stunning and killing can also be recognised under 164 

the field conditions from the characteristic changes in the behaviour of animals (e.g. loss of posture), 165 

physical signs (e.g. onset of seizures, cessation of breathing, fixed eye) and from the presence or 166 

absence of response to physiological reflexes (e.g. response to external stimulus such as blinking 167 

response to touching the cornea [corneal reflex], response to pain stimulus such as nose prick or toe 168 

pinching). In the scientific literature, these physical signs and reflexes have been referred to as 169 

indicators of unconsciousness or consciousness and used to monitor welfare at slaughter or killing of 170 

animals (e.g. see EFSA, 2004).  171 

In all of the key stages, monitoring is carried out to identify animals that are improperly stunned and 172 

therefore the attention is focused on the indicator of consciousness. Effectively stunned animals are 173 

expected to remain unconscious during key stages 2 and 3 until death occurs. It is thought that, for this 174 

monitoring system to be effective it is important to define indicators (see Appendix A, Table 12), 175 

identify its relevance or appropriateness to key stages of monitoring, and also describe how the 176 

indicator may be manifested or can be used to recognise consciousness at a particular stage of 177 

monitoring.  178 

The slaughter of animals without prior stunning is regulated by art. 4 (4), of Regulation (EC) 179 

1099/2009. Slaughter without stunning induces gradual loss of consciousness and consequently death 180 

due to the deprivation of nutrients and oxygenated blood to the brain and onset of brain ischemia.  181 

According to the Regulation, people performing slaughter without stunning are also required to have 182 

certificate of competence. The Regulation also stipulates that all ruminants must be restrained 183 
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mechanically during slaughter and they shall be released from the restraint only when unconsciousness 184 

has ensued. Carcass dressing shall begin after the onset of death. Therefore, it is important to define 185 

indicators (see Appendix A, Table 13) that can be used to recognise onset of unconsciousness and 186 

death following slaughter without stunning.  187 

1.2. Definitions  188 

Consciousness is a state of awareness, which requires the function of the brainstem and projections in 189 

the relevant cortical regions. Following  everyday neurological practice (Zeman, 2001) consciousness 190 

is generally equated with the waking state and the abilities to perceive, interact and communicate with 191 

the environment and with others, which is referred to as sensibility. As a matter of degree a range of 192 

consciousness states extend from waking through sleep until unconsciousness is reached.  193 

Unconsciousness is a state of unawareness (loss of consciousness) in which there is temporary or 194 

permanent damage to brain function and the individual is unable to perceive external stimuli (which is 195 

referred to as insensibility) and control its voluntary mobility and therefore, respond to normal stimuli, 196 

including pain (EFSA, 2004).  197 

For the Dialrel project (von Holleben, 2010) “unconsciousness” is defined in a similar way to that 198 

used by anaesthesiologists: “Unconsciousness is a state of unawareness (loss of consciousness) in 199 

which there is temporary or permanent disruption to brain function. As a consequence the individual is 200 

unable to respond to normal stimuli, including pain.” 201 

According to the Regulation 1099/2009, sensibility of an animal is essentially its ability to feel pain. 202 

In general, an animal can be presumed to be insensible when it does not show any reflexes or reactions 203 

to stimulus such as sound, odour, light or physical contact. 204 

In the context of this scientific opinion, consciousness includes sensibility and unconsciousness 205 

includes insensibility. 206 

Death is a physiological state of an animal, where respiration and blood circulation have ceased as the 207 

respiratory and circulatory centres in the Medulla Oblongata are irreversibly inactive. Due to the 208 

permanent absence of nutrients and oxygen in the brain, consciousness is irreversibly lost. In the 209 

context of application of stunning and stun/kill methods, the main clinical signs of death seen are 210 

absence of respiration (and no gagging), absence of pulse and absence of corneal and palpebral reflex 211 

and presence of papillary dilation (EFSA, 2004). 212 

2. MATERIALS AND METHODS 213 

2.1. Indicators and criteria for selection of the indicators 214 

The mandate requests EFSA to select: 215 

Indicators A, designed to detect signs of consciousness - in the animals after stunning or, in case of 216 

slaughter without stunning – signs of unconsciousness (before release from restrain in the case of 217 

slaughter without stunning); Indicators B, designed to detect - in the animals slaughtered without 218 

stunning - signs of death before undergoing dressing or scalding. 219 

The indicators investigated in this opinion were selected based on previous EFSA opinions (2004, 220 

2006) and amended in working group discussion on the basis of feedbacks from i) a stakeholder 221 

meeting where interested parties were consulted by a questionnaire (referred to in this opinion as  222 

questionnaire 1), ii) systematic literature review, iii) an online survey of experts involved in 223 

monitoring of welfare at slaughter or killing with a questionnaire (questionnaire 2). Their suitability 224 

for inclusion in a monitoring scheme was determined on the basis of their sensitivity and specificity, 225 

and their feasibility for use at different key stages of the slaughter process. 226 
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2.1.1. Feasibility 227 

The feasibility of an indicator is considered in relation to physical aspects of the assessment itself. 228 

These include e.g. the position and the access to the animal relative to the assessor, the line speed, and 229 

the skills and knowledge required to use the indicator reliably. Feasibility for the purpose of this 230 

opinion does not include economic aspects. It is very likely that the feasibility of assessing an 231 

indicator is influenced by the key stage of the slaughter process. After stunning, at sticking/neck 232 

cutting and during bleeding animals can be in different positions and proximity relative to the assessor, 233 

which may affect how easy the indicator can be used.  234 

2.1.2. Sensitivity and specificity 235 

The use of animal-based indicators is similar to the use of a diagnostic or statistical “test” with either a 236 

positive or negative outcome. The performance of a test (i.e. the indicator) is usually described by its 237 

sensitivity and specificity. The estimation of sensitivity and specificity requires a definition of what 238 

can be considered a positive outcome of an indicator, and what constitutes a negative outcome. These 239 

definitions differ for indicators in situations where animals are slaughtered with stunning, compared to 240 

slaughter without stunning. In the first case, the major interest is to detect the conscious animals while 241 

in the second case the major interest is to detect when the animals become unconscious. This 242 

difference will be explained in detail in the following paragraphs.  243 

2.1.2.1. Sensitivity and specificity during slaughter with stunning 244 

When monitoring the effectiveness of the stunning, in order to safeguard animal welfare, it is of major 245 

interest to detect the animals that recover consciousness after stunning. The positive outcome of ‘tests’ 246 

to check this is presence of consciousness. The negative test outcome is when the animal is not tested 247 

as conscious.  248 

Sensitivity is thus calculated as the number of truly conscious animals tested as conscious (A) divided 249 

by the number of all conscious animals (A+C), multiplied by 100 (sensitivity is the percentage of truly 250 

conscious animals that the indicator detects as conscious). 251 

Specificity is calculated as the number of unconscious animals not tested as conscious (D) divided by 252 

the number of all unconscious animals (B+D) multiplied by 100. 253 

Table 1:  Sensitivity and specificity of indicators during slaughter with stunning. 254 

Slaughter with stunning Truth 

the animal is conscious: 

yes no 

Test outcome: The 

indicator tests the 

animal conscious 

yes A B 

no C D 

 255 

 256 

An indicator for slaughter with prior stunning is considered to be 100% sensitive if it detects all the 257 

conscious animals as conscious; an indicator is considered to be 100% specific if it detects all the 258 

unconscious animals as unconscious.  259 
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2.1.2.2. Sensitivity and specificity during slaughter without stunning 260 

In the case of slaughter without stunning, it is of major interest to detect the onset of unconsciousness 261 

and death in all animals. The use of indicators for detecting the onset of unconsciousness or death is a 262 

test with positive or negative outcome, where the positive outcome is the onset of unconsciousness or 263 

death, and the negative outcome is the persistence of consciousness or life, respectively.  264 

In this case, sensitivity is calculated as the number of unconscious or dead animals tested as 265 

unconscious or dead (E) divided by the true number of unconscious or dead animals (A+G), 266 

respectively, multiplied by 100. 267 

Specificity is calculated as the number of animals tested as still conscious or alive (H), divided by the 268 

true number of still conscious or alive animals (F+H), respectively, multiplied by 100. 269 

An indicator for slaughter without stunning is considered to be 100% sensitive if it detects the onset of 270 

unconscious or death in animals, when animals truly become unconscious or dead, respectively. An 271 

indicator is considered to be 100% specific if it detects only conscious or live animals as conscious or 272 

live animals.  273 

Table 2:  Sensitivity and specificity of indicators during slaughter without stunning. 274 

Slaughter without stunning Truth 

the animal is unconscious: 

yes no 

Test outcome: The 

indicator tests the 

animal unconscious 

yes E F 

no G H 

 275 

2.2. Establishing the ability of the indicators to detect welfare problems at slaughter 276 

2.2.1. Stakeholder meeting and questionnaire 1 277 

A stakeholder meeting was held on the 30
th
 January 2013 in order to inform all interested parties about 278 

this mandate. The meeting was opened to participants from all EU Member States representing 279 

research groups, food business operators involved in the field of slaughter - including animal welfare 280 

officers and auditing companies -, the European Commission, Member State Competent Authorities, 281 

members of EFSA’s Stakeholders Consultative Platform, and NGOs with proven experience in the 282 

field. The meeting was an opportunity for the experts to exchange experience and information on the 283 

most commonly used indicators of unconsciousness and death. About one hundred experts participated 284 

to the meeting. A questionnaire on the use of indicators A and B at slaughter was distributed to all 285 

participants about: i) the indicators that are mostly used and their use in combinations; ii) the timing of 286 

the assessment of unconsciousness and death based on such indicators; iii) the problems encountered 287 

during the assessment and iv) the reliability of the indicators based on the expert opinion. The 288 

participants were also asked to suggest names of experts with a practical knowledge in the field of 289 

slaughter to be contacted for the following online survey (paragraph 2.2.3.).  290 

 291 

2.2.2. Systematic literature review  292 

A systematic literature review was conducted in order to summarize the currently available data 293 

describing the sensitivity and specificity of indicators of unconsciousness and death for all stun-kill 294 
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methods and species combinations (link to external report). In order to get information on sensitivity 295 

and specificity, the systematic review was conducted on studies where unconsciousness and death 296 

were measured using electroencephalography (EEG). In such studies, the indicators of interest (e.g. no 297 

corneal reflex, no breathing, immediate collapse) were tested against the results of EEG (e.g. a stunned 298 

animal doesn’t show corneal reflex and its unconsciousness is confirmed by EEG measurement).  299 

2.2.3. Questionnaire 2 (online survey) 300 

In addition, an online survey was launched to gather expert knowledge based on a subjective 301 

assessment from experts with experience and a very practical knowledge in stunning and killing 302 

animals. The survey was outsourced to an external communication company and their final technical 303 

report can be found on EFSA’s website (link - in press). The survey was structured on the basis of the 304 

outcomes from the initial questionnaire distributed at the stakeholder meeting and was addresses to 305 

around 160 experts from the practical field as indicated by the stakeholder participants. For each 306 

species and methods, matrix questions were used to assess which indicators are used by the experts, 307 

how easily they are applied and checked at each phase of the stunning process (immediately after 308 

stunning, during neck cutting (sticking) or during bleeding) and of the killing process (indicators A to 309 

be checked before release from restrain and indicators B to be checked before dressing). For each key 310 

stage the feasibility ratings were computed into a feasibility score across all respondents that weighed 311 

the proportion of ratings easy against the proportion of ratings difficult (e.g. having a distribution of 312 

easy=3; normal=6; difficult=1 the score would be +0.2 i.e. 3-1/10). The resulting score was between 313 

+1 and -1 and covers the median rating as well as the tendency across all ratings thus providing an 314 

overview of the distribution of the data and associated variability. Finally, the survey asked 315 

respondents to assess sensitivity and specificity of the indicators. This information was achieved by 316 

asking for each indicator about the proportion of truly conscious and the proportion of truly 317 

unconscious animals testing conscious by the indicator (i.e. A and B in Table 1). Sensitivity and 318 

specificity were estimated using weighed average of individual data values. The weights are provided 319 

by the uncertainty rating each respondent had assigned to every answer ranging between 1 and 3 (‘not 320 

sure’, ‘rather sure’, ‘very sure’). Prior to calculations the data were cleaned according to the following 321 

assumptions: answers with ‘don’t know’ were excluded; answers with omitted uncertainty rating were 322 

re-set to lowest uncertainty weight (i.e. 1 = ‘not sure’); if a respondent put all answers or priming 323 

sequence of ‘NOT show/respond to’ (i.e. ‘breathing’, ‘nose prick’) reversed to the logic (i.e. “5% of 324 

truly unconscious animals will not show eye movements”) and the respective indicators were rather 325 

equivocally rated by others (i.e. here 19/20 respondents rated above 80%) then the respective values in 326 

the data record were substituted by 100%-rating. Ratings were not reversed if variability across the 327 

respondents was large. Particularly for bovine data, two respondents were excluded as outliers as their 328 

answers indicated a misunderstanding of the questionnaire. Moreover, it was decided to exclude the 329 

answers of one respondent on conscious animals as these were logically inconsistent and copied in 330 

detail the part on unconscious animals including uncertainty rating values (e.g. data storage error).  331 

2.3. Developing the sampling protocol  332 

In order to develop a monitoring procedure for slaughter with stunning, the mandate from the 333 

Commission requests EFSA to estimate the optimal frequency with which animals should be checked 334 

for signs of consciousness following stunning. This sampling frequency should take into account risk 335 

factors associated with the stunning procedure. For the optimal sampling fraction (or sampling 336 

frequency) to be calculated, at least two components need to be quantified. Firstly, it needs to be 337 

indicated what the highest proportion of insufficiently stunned animals should still considered 338 

acceptable. Secondly, the quantitative effects of the risk factors (by themselves or in combination) on 339 

the frequency of ineffective stunning must be known.  340 

Both components are problematic. Regarding the level of acceptability the legislation specifies that no 341 

animals should show signs of consciousness following stunning. All animals should be stunned 342 

properly, and therefore the threshold level for the acceptability of ineffective stunning is zero. The 343 

second component requires a large amount of data on the interactive effects of risk factors on stunning 344 
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effectiveness, given a wide range of circumstances under which animals are stunned in European 345 

abattoirs. These data are not available. 346 

However, it is possible to model the relationship between the fraction of slaughtered animals sampled 347 

and the minimum proportion of ineffectively stunned animals that will be detectable using certain 348 

sampling protocol. Understanding this relationship allows the risk manager (and others concerned) to 349 

relate the economic and other costs associated with a particular sample size, to the benefits associated 350 

with improved detection levels.  351 

The relationship can be modelled using existing approaches for process monitoring (e.g. continuous 352 

quality assurance regarding failure rate in computer chip production). Although the statistical 353 

relationship is identical to those applied in planning disease surveillance, the related terminology (e.g. 354 

design prevalence) was considered less appropriate to address the issue of mis-stunned animals and 355 

therefore the text is adhering to the terminology of failure management. For the statistical model, we 356 

used the following parameters: 357 

1. Failure rate for proportion of mis-stunned animals. This specifies the minimum proportion of 358 

animals that are ineffectively stunned, which will still be detected by the sampling protocol.  359 

2. Sensitivity of the indicators. As defined before, this is the percentage of truly conscious 360 

animals tested as conscious by the indicator.   361 

3. Slaughter population. This is the total number of animals being stunned during a given period 362 

(according to the type of the slaughterhouse and the species slaughtered). Please note: the 363 

slaughter population is independent from the line speed, and can cover a period of minutes, 364 

hours or even days.   365 

4. Sampling Fraction. This is the proportion of the slaughter population which is assessed in the 366 

sampling protocol.  367 

5. Accuracy of the sampling protocol (confidence level). This is the percentage of situations in 368 

which the sampling protocol was applied and served its purpose, i.e. alarming if there were 369 

more ineffectively stunned animals than the prescribed failure rate would allow.    370 

Please note that for the captive bolt stunning situation, specificity is not considered for the purposes of 371 

this model, as the specificity of an indicator is not related to the risks associated with reduced welfare
6
.  372 

Given these parameters, the details of the monitoring protocol can be calculated from the equation 1. 373 

Figure 1. Equation 1 (Cannon, 2001).  374 

 
 

  375 

Where: 376 

 A = Requested accuracy of the sampling protocol 377 

 FR = is the standard failure rate 378 

                                                      
6
 It should be noted that a low specificity of the indicator, although not representing an animal welfare issue, 

definitely represents an issue from a Food Business Operator (FBO) perspective. An indicator with low 

specificity would more often misclassify unconscious animals as conscious. Obviously, this represent a 

problem from a FBO perspective as an unnecessary corrective action must be taken, entailing a waste of 

money and time. 
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 ISe = Indicator Sensitivity 379 

 n = number of animals tested 380 

 SF = sample size or sampling fraction 381 

 SP = Slaughter population 382 

 383 

The idea was to use Equation 1 to estimate the Failure Rate associated to a given Sampling Fraction. 384 

However, Equation 1 cannot be solved for the FR in an algebraic way. For this reason, it was 385 

necessary to solve the equation numerically. For the purpose, the R
7
 function “uniroot” was used. 386 

Solving numerically Equation 1, it was then possible to associate the minimum detectable FR 387 

associated to each Sampling Fraction value. The results could then be plotted in a diagram (see Figure 388 

2). Once the relationship is formalised, it is also possible to read the results the other way round, i.e. it 389 

is possible to estimate what is the minimum Sampling Fraction needed to detect a given Failure Rate, 390 

with a given accuracy, accounting for the indicator sensitivity and the slaughter population. 391 

 392 

 393 

Figure 2 Example graph of the relationship between the parameters defining a sampling protocol (Sampling Fraction and 394 
detectable Failure Rate for fixed values of Accuracy (here 95%) and Slaughter Population (here 1000 animals) and varied 395 
scenario for the Indicator sensitivity). 396 
 397 
In Figure 2, a slaughter population of 1000 animals and a required accuracy of 95% was assumed. The 398 

red lines cross at the following example: Considering a sampling fraction of 20% (i.e. sample size of 399 

200 animals), the monitoring procedure using an indicator with a sensitivity of 80% (solid line) will be 400 

able to detect (i.e. at least one conscious animal will detected as conscious), with 95% accuracy, if the 401 

failure rate exceeded 2% (i.e. more than 20 conscious animals out of 1000 animals slaughtered in this 402 

example). The dotted lines show the changed relationship between the sampling fractions and the 403 

failure rate for indicators with different levels of sensitivity. 404 

Different scenarios were considered assuming alternative model parameters for the specification of the 405 

sampling protocol. In detail the following scenarios were considered: 406 

                                                      
7
 R Core Team (2013). R: A language and environment for statistical computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL http://www.R-project.org/. 
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 Accuracy: 0.90; 0.95; 0.99 407 

 Slaughter population: 100; 1000; 10000 408 

 Test Sensitivity: 0.5; 0.75; 1 409 

In order to compare the impact of these 3 parameters on the relationship between the Failure rate (FR) 410 

and the Sampling Fraction (SF), the other 2 of them were set at fixed values. Then the combinations of 411 

FR and SF were calculated that differentiate those monitoring protocols that would alarm with 412 

required accuracy or better from those once that would not alarm with the required accuracy. These 413 

critical combinations constitute the line graph exactly representing the desired accuracy level e.g. in 414 

Fig. 2.  All 3x3 combinations were explored. The full output of the calculations can be found in the 415 

SAS Technical Report (ref). 416 

3. RESULTS 417 

3.1. Introduction and overall results for bovines 418 

From the Stakeholder meeting in January, about 60 compiled questionnaires were collected. Most of 419 

the experts provided information for more than one species and method: the total number of answers 420 

and the most used indicators regarding bovines are reported in table 3. 421 

Table 3:  Total No of answers and the most used indicators A and indicators B, in the case of 422 

slaughter without stunning, for bovines as collected through Questionnaire 1 of the Stakeholder 423 

meeting.  424 

Species/method Total No 

answers 

Most used indicators A Most used indicators B 

Bovines – 

captive  

bolt stunning 

36 - Immediate collapse 

- No corneal reflex 

- Immediate and sustained absence of 

rhythmic breathing 

 

Bovines – 

slaughter 

without 

stunning 

12 - No attempts to raise the head 

- No righting reflex (i.e. attempts to 

regain posture) 

- No corneal reflex 

- Absence of breathing 

- Permanent collapse of the 

animal 

- Dilated pupils 

 425 

Experts responded that they observe the indicators between 10 and 30 seconds after stunning or after 426 

killing.  427 

The main problem encountered in the assessment of most of the indicators is the access to the animal. 428 

Another common problem is the difficulty of evaluating the indicators on different animal categories, 429 

for instance bulls versus dairy cows. 430 

The comprehensive literature search identified 22 studies but no study explicitly reported the 431 

sensitivity and specificity of the indicators in conscious or unconscious animals. In two studies of 432 

captive bolt in cattle 100% of unconscious animals were tested as unconscious by some indicators. 433 

Indicators could not be tested on conscious animals in these studies, as all animals were already 434 

unconscious at time of testing post-stun. From the systematic review it was highlighted that many 435 

studies (so called ‘prevalence studies’)  report the proportion of stunned animals with presence or 436 

absence of indicators, rather than the proportion of truly unconscious or conscious animals at a set 437 

time point with the outcome of the indicators. Such data cannot be translated into sensitivity and 438 

specificity. However, the prevalence studies were used to describe the indicators in section 3.2 of this 439 

opinion.  440 

Table 4 summarises the information on test characteristics of the indicators derived from the 441 

systematic review. 442 
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Table 4:  Summary of information on indicators tested on unconscious animals as derived from the 443 

systematic review. 444 

Reference 

Species Stun 

method 

Indicator 

measure 

Number of 

animals 

defined as 

unconscious 

Number of 

animals 

tested 

unconscious 

by the 

indicator 

Percentage  

unconscious 

animals 

tested 

unconscious 

(Blackmore et 

al., 1982) 

Bovine Captive 

bolt 

Palpebral 

reflex 

2 2 100% 

(Blackmore et 

al., 1982) 

Bovine Captive 

bolt 

Corneal 

reflex 

2 2 100% 

(Blackmore et 

al., 1982) 

Bovine Captive 

bolt 
Tonic seizure 

2 2 100% 

(Lambooij et 

al., 1981) 

Bovine Captive 

bolt 

Corneal 

reflex 

23 23 100% 

(Lambooij et 

al., 1981) 

Bovine Captive 

bolt 
Tonic seizure 

23 23 100% 

 445 

From the second questionnaire, namely the online survey, answers from around 82 experts were 446 

collected.  Respondents could answer for more than one species or methods so the total number of 447 

completed surveys was 84.  448 

In total, 36 respondents said that they monitor welfare of bovine following captive bolt stunning. The 449 

feasibility of assessing different indicators at three key stages of monitoring, as reported by 34 out of 450 

the 36 respondents, is presented in Appendix B. 451 

The following graphs in Figures 3 a, b and c combine the estimates of feasibility and sensitivity for 452 

each indicator for captive bolt stunning. The colour shading was applied to support indicator selection 453 

for the ‘toolbox’ requested by the Commission to establish monitoring procedures, at each key stage. 454 

Thus the most top-left (green area) indicators have high sensitivity and high feasibility, thus being the 455 

favourable indicators for a toolbox (A-level). Followed by indicators in the yellow area that have 456 

relatively lower sensitivity and/or feasibility but still either sensitivity and/or feasibility are in the top 457 

25% thus these indicators can be selected to reinforce the toolbox (B-Level). The white area comprises 458 

indicators that have reduced performance in sensitivity and/or feasibility and probably will not being 459 

considered for the toolbox (C-Level). The indicators falling in the red area were rated either by 460 

insufficient sensitivity (below 50%) or impractical feasibility (below 0) and, therefore, should not be 461 

considered for a toolbox. 462 

In all three graphs the sensitivity value is identical but the feasibility score changes according to the 463 

respondent ratings. Empty symbols in figures ‘b’ and ‘c’ mark indicators that are considered as not 464 

applicable during the respective stage although the respondents did evaluate their feasibility. The 465 

pseudo-indicator ‘EYE’ was constructed by joining all data on corneal, pupillary and palpebral reflex 466 

into one virtual data set and is used to summarize the characteristics of eye-based reflexes in the 467 

testing for consciousness. The coloured areas are set ad hoc for orientation and highlight the 468 

decreasing usefulness of the indicators for the toolbox (red area specified by sensitivity below 50% 469 

and feasibility negative; green area to contain at least two indicators and yellow to separate the 470 

remaining indicators if possible).  471 

 472 
Figure 3 a-c. Graphical combination of feasibility score and sensitivity resulting from questionnaire 2 for each indicator at (a) 473 
stunning, (b) neck cutting and (c) during bleeding.  474 

https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_1
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_1
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_1
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_1
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_1
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_1
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_9
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_9
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_9
https://mail.efsa.europa.eu/owa/?ae=Item&a=Preview&t=IPM.Note&id=RgAAAADorUBstu8PSJegmvSKHywCBwCW51tXDmZySr2fWS2NNsYqAAAAAsiwAABELtDznaNXT5Qgxtoovms5AAspWWJsAAAJ#_ENREF_9
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a) stunning 475 

 476 

b) neck cutting  477 

 478 
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 479 
 480 
 481 
 482 
 483 
c) during bleeding 484 
 485 

 486 

 487 

 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 

 498 
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Twelve respondents said that they are experienced with slaughter without stunning in bovine. The 499 

respondents reported the feasibility of assessing indicators prior to release from restraint and dressing. 500 

The following graph (Figure 4) combines the estimates of feasibility and sensitivity for indicators of 501 

unconsciousness applied prior to release from restraint and indicators of death applied prior to 502 

dressing. 503 
 504 
Figure 4. Graphical combination of feasibility score and sensitivity resulting from questionnaire 2 for each indicator prior to 505 
release from restraint (circles) and prior to dressing (triangles). Grey symbols/items are indicators with minimum number of 506 
data points.  507 
 508 

 509 

 510 
 511 

The prominent indicators for the toolbox were: (circles – prior to release) Breathing, Muscle tone and 512 

Posture, and (triangles – prior to dressing) Bleeding, Relaxed body and Dilated Pupils. The indicators 513 

applied prior to release from restraint are generally less optimal as there was no indicator that 514 

combined high feasibility score with high sensitivity value. 515 

  516 
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 517 

3.2. Captive bolt stunning in bovines 518 

3.2.1. Physiology of captive bolt stunning  519 

Captive bolt stunning induces immediate loss of consciousness and sensibility in animals through 520 

concussion of the brain upon the impact of the bolt on the skull and the effects would be prolonged 521 

due to the structural damage to the brain caused by penetration of the bolt. The neurophysiological 522 

basis of brain concussion and the consequences of structural damage occurring to different regions of 523 

the brain are well documented in the scientific literature (see EFSA, 2004 for details). 524 

Successful induction of brain concussion manifested as immediate collapse of the animal and onset of 525 

apnoea (absence of breathing), followed by onset of tonic seizure that can be recognised from the 526 

occurrence of arched back and legs flexed under the body, and fixed eyes. The duration of tonic 527 

seizure is influenced by several factors (e.g. category of bovine, captive bolt gun and ammunition), but 528 

usually lasts for seconds and is followed by loss of muscle tone, which can be recognised from 529 

drooping ears, relaxed jaw, protruding tongue and, limp tail and legs, especially when the animals 530 

have been shackled and hoisted on to the overhead bleeding rail. Additionally, reflexes that would 531 

require brain control are also abolished. For example, palpebral (elicited by touching eye lashes or 532 

inner or outer canthus of the eye), corneal (elicited by touching the cornea) and pupillary (elicited by 533 

focusing bright light into the pupil) reflexes and response to external stimuli including pain (e.g. nose 534 

prick) are also abolished during the period of unconsciousness. 535 

Ineffective or unsuccessful captive bolt stunning in animals can occur for various reasons and, as a 536 

consequence, the animal may not suffer brain concussion and / or structural damage to the brain to the 537 

magnitude required to achieving unconsciousness leading to different behavioural manifestations and 538 

retention of some reflexes. This situation can be recognised from the failure to collapse, presence of 539 

breathing (including laboured breathing) and absence of tonic seizure, and animals may also vocalise 540 

in extreme cases.  Movements of the eye ball (including nystagmus) are also a sign of ineffective or 541 

poor captive bolt stunning.  The ineffectively stunned animal may collapse partially but retain some 542 

muscle tone and, as a consequence, attempt to regain posture, i.e. stand upright again. Ineffectively 543 

stunned animals and those recovering consciousness will show spontaneous blinking or positive eye 544 

reflexes (palpebral, corneal and pupillary), vigorous kicking, especially hind legs. Head righting 545 

(attempt to raise head) after stunning and body arching during bleeding are also signs of 546 

consciousness. 547 

Effectively stunned animals, i.e. unconscious and insensible cattle, are bled out by inserting a knife 548 

through their thoracic inlet and cutting the brachiocephalic trunk. In certain circumstances, neck 549 

cutting involving severance of carotid arteries may be used. Prompt and accurate sticking of 550 

effectively stunned animals results in rapid onset of death and therefore animals do not show signs of 551 

recovery of consciousness/sensibility at any key stages of monitoring. This means that when stunning 552 

has been effective and the duration of unconsciousness induced by the stunning method was longer 553 

than the sum of time between the end of stunning and sticking (stun-to-stick interval) plus the time it 554 

takes for animal to die through blood loss, the animal will remain unconscious until death occurs. On 555 

the other hand, ineffective stunning or prolonged stun-to-stick interval and / or inappropriate / 556 

inadequate neck cutting or sticking will lead to animals showing signs of recovery of consciousness. 557 

3.2.2. List of welfare indicators and their performance 558 

The following paragraphs discuss the indicators mentioned above in relation to their relevance in 559 

identifying consciousness at key stages of monitoring slaughter with captive bolt stunning. Some of 560 

these indicators occur spontaneously following stunning (e.g. collapse of the animal without regaining 561 

posture) and / or sticking whereas some other indicators will have to be intentionally provoked (e.g. 562 

response to nose prick or corneal reflex). The presence of certain signs (e.g. vocalisation) or a positive 563 

response of the animal to applied stimulus (e.g. positive response to nose prick) is a more reliable 564 
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indicator of consciousness than the absence of the response being an indicator of unconsciousness. In 565 

addition to this, the sensitivity, specificity and feasibility of the indicators are discussed, based on 566 

information gathered in the different activities described in this opinion. Depending on all these 567 

aspects, some indicators may not be applicable to monitoring at certain key stages (see Table 1 in 568 

Appendix A and discussion in 4.1 and 4.2). 569 

3.2.2.1. Posture 570 

Description: in key stage 1 (i.e. after stunning), unconsciousness is manifested as immediate collapse  571 

(indication of unconsciousness) of the animal and, if the captive bolt stunning is ineffective, the 572 

animal will either fail to collapse or attempt to regain posture (indication of consciousness) within 573 

the stunning box. Bovines showing these signs of ineffective captive bolt stunning will require 574 

immediate re-stun.  575 

A bovine that has been effectively stunned with a captive bolt gun will be shackled, hoisted and 576 

presented for sticking or neck cutting, which is key stage 2. An unconscious bovine at this stage will 577 

be hanging flaccidly on the overhead shackle and is therefore not expected to show any changes in its 578 

posture. Hence posture as an indicator is not applicable (n.a.) in this situation. In contrast, a bovine 579 

recovering consciousness whilst hanging on the overhead shackle will attempt to regain posture, 580 

which will be manifested as arching of the neck or body; such an animal will have to be re-stunned.  581 

Feasibility:  in questionnaire 2 immediate collapse was rated as an indicator that is easy or normal to 582 

assess at stunning (key stage 1) by 96% and 4% respectively.   583 

 584 

Sensitivity and specificity: the positive outcome of immediate collapse is the sign of consciousness, 585 

namely the maintenance of an upright posture. Therefore, the sensitivity is the percentage of animals 586 

which maintain upright posture immediately after stunning, out of all truly conscious animals. This 587 

was estimated by Questionnaire 2 respondents to be 54% (n=25). The specificity is calculated as the 588 

percentage of animals observed to immediately loose posture, out of all truly unconscious animals. 589 

This was estimated to be 98% (n=26). The reason for the low sensitivity is because immediate loss of 590 

posture without loss of consciousness might be present due to the impact of the bolt on the head. In 591 

these cases, animals would try to regain posture again.  592 

3.2.2.2. Breathing 593 

Description: In key stage 1, effective captive bolt stunning of bovine will lead to immediate onset of 594 

apnoea (absence of breathing), which can be used to monitor the effectiveness of stunning. Ineffective 595 

captive bolt stunning can be recognised from the sustained / presence of breathing, including 596 

laboured breathing. In key stage 2, unconscious bovines will continue to manifest apnoea and 597 

therefore breathing is not applicable in this situation. In contrast, a bovine recovering consciousness 598 

whilst hanging on the overhead shackle will attempt to breath, which may begin as regular gagging 599 

leading to resumption of breathing; such an animal will have to be re-stunned.  600 

An effectively stunned and stuck bovine will remain unconscious until death occurs in key stage 3 and 601 

therefore is not expected to show any signs of breathing. Owing to this, breathing as an indicator is not 602 

applicable at this stage. On the other hand, a bovine recovering consciousness whilst hanging on the 603 

overhead shackle and bleeding will attempt to breath, which may begin as regular gagging leading to 604 

resumption of breathing and such an animal will have to be re-stunned. 605 

Feasibility:  Breathing was rated as easy and normal to assess at stunning by 62% and 31%; at sticking 606 

by 50% and 38%; and 46% and 36% during bleeding. This is probably due to the reason that it may 607 

not be possible to recognise breathing in animals shackled and hoisted on to the overhead rail.  608 

 609 

Sensitivity and specificity: the positive outcome of breathing is the sign of consciousness, namely the 610 

resumption of breathing. Therefore, the sensitivity is the percentage of animals which show presence 611 

of breathing, out of all truly conscious animals. This was estimated by Questionnaire 2 respondents to 612 

be 72% (n=24).  The specificity is calculated as the percentage of animals observed to show apnoea, 613 

out of all truly unconscious animals. This was estimated to be 97% (n=27). The reason for the low 614 
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sensitivity is because captive bolt stunning damage the part of the brain stem controlling the breathing. 615 

However, responders might find difficult to differentiate when gagging becomes to regular gasping 616 

and the resumption of consciousness.  617 

3.2.2.3. Tonic Seizure 618 

Description: In key stage 1, effective captive bolt stunning leads to onset of tonic seizure soon after 619 

collapse, which may be recognised from the occurrence of arched back and legs flexed under the body. 620 

Tonic seizure may not always be recognised, especially when stunning box or restraint is used. 621 

The tonic seizure lasts for several seconds but leads to loss of muscle tone usually before the animal is 622 

rolled out of the stun box, shackled, hoisted and presented for sticking, and therefore, tonic seizure as 623 

an indicator is not applicable at key stages 2 and 3. 624 

 625 

Feasibility: From questionnaire 2, tonic seizure was rated as easy to assess at stunning by 80% of 626 

experts. These ratings are probably due to the fact that captive bolt stunned animals collapse 627 

immediately after shooting in the stunning box and they can be seen only after rolled out of the stun 628 

box for shackling and hoisting. Tonic seizure may sometimes end before the animals are rolled out of 629 

the stun box, especially when there is a long delay between shooting the animal and releasing it from 630 

the stun box. Owing to this, a considerable percentage of experts either considered tonic seizure as 631 

normal or difficult, and higher percentage of them considered it as not applicable at all the three key 632 

stages of monitoring.  633 

 634 

Sensitivity and specificity:  635 

 From the SR report: Two studies provided data suggesting that the presence of seizures (one 636 

study did not specify the type of seizure) was a 100% specific indicator of unconsciousness in 637 

the study animals i.e. unconscious animals have seizures and in the setting of stun-kill studies. 638 

One study (Lambooij et al., 1981) reported narratively that unconsciousness and seizures 639 

occurred immediately in all animals. The other study (Blackmore et al., 1982) reported that 640 

the onset of unconsciousness occurred 12-15 seconds post stun in the 2 animals studied, both 641 

animals had seizures. The SR concluded that the authors did not provide enough data to 642 

estimate the sensitivity of tonic seizure. The working group interpreted that seizure is a clear 643 

indication of unconsciousness due to brain concussion and further evidence indicated that 644 

even in the absence of visible changes in the spontaneous EEG, visually evoked potentials 645 

(VEPs) in the brain were abolished immediately after captive bolt stunning in cattle (Daly et 646 

al, 1988).  647 

 From questionnaire 2: the positive outcome of tonic seizure is the sign of consciousness, 648 

namely the absence of tonic seizures. Therefore, the sensitivity is the percentage of animals 649 

which do not show the onset of tonic seizures immediately after stunning, out of all truly 650 

conscious animals. This was estimated by Questionnaire 2 respondents to be 91% (n=9).  The 651 

specificity is calculated as the percentage of animals observed to show onset of tonic seizures, 652 

out of all truly unconscious animals. This was estimated to be 97% (n=10). The sensitivity of 653 

this indicator is relatively high because responders associate the tonic seizure after immediate 654 

and permanent loss of posture with loss of consciousness. 655 

3.2.2.4. Muscle Tone 656 

Description: Effectively stunned animals will show tonic seizure followed by loss of muscle tone, 657 

which can be recognised from floppy ears and tail, relaxed jaw and protrusion of tongue. These 658 

signs are more visible especially when the animals are hanging from the overhead rail at key stages 2 659 

and 3. On the other hand, conscious animals at key stage 2 and 3 retain or recover certain levels of 660 

muscle tone manifested as stiff ears and jaws, arched tail, retraction of tongue into the mouth. 661 

Animals showing any of these signs of muscle tone must be re-stunned. 662 

Feasibility:  From questionnaire 2: Muscle tone was rated as easy to assess at stunning by 45%, at 663 

sticking by 33% and during bleeding by 45% of experts. Muscle tone was considered as normal by 664 

45% at stunning, 56% at sticking and 45% during bleeding. About 10% of experts considered muscle 665 
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tone as difficult at stunning (9%), at sticking (11%) and during bleeding (9%) and the reason for these 666 

high ratings is unclear. 667 

Sensitivity and specificity:  the positive outcome of muscle tone, namely the presence of muscle tone, 668 

is the sign of consciousness. Therefore, the sensitivity is the percentage of animals which show a 669 

certain level of muscle tone, out of all truly conscious animals. This was estimated by Questionnaire 2 670 

respondents to be 81% (n=9). The specificity is calculated as the percentage of animals observed to 671 

show loss of muscle tone, out of all truly unconscious animals. This was estimated to be 71% (n=11). 672 

A percentage of 19% of conscious animals were estimated not to show muscle tone; this could 673 

depends on the fact that the observers did not recognise muscle tone as such or because the 674 

interpretation of the muscle tone may be different across respondents. 675 

3.2.2.5. Response To Nose Prick or Ear Pinch 676 

Description: Ineffective captive bolt stunning and recovery of consciousness due to poor stunning can 677 

be recognised from the response to nose prick or ear pinch at all key stages of monitoring. Animals 678 

showing positive response to painful stimulus at any stage must be re-stunned. On the other hand, 679 

effective captive bolt stunning of bovine may lead to damage to region of the brain (somatosensory 680 

cortex) associated with perception of nociception, and therefore the animal is not expected to show 681 

response to nose prick or ear pinch at key stages 1, 2 and 3.  682 

Feasibility:  From questionnaire 2: Response to nose prick or ear pinch was considered as easy or 683 

normal by only a minority of experts, respectively 25% and 25% at stunning, 0% and 75% at sticking, 684 

and 0% and 33% during bleeding. Many (up to 67%) of the experts reported that response to nose 685 

prick or ear pinch is difficult at any of the key stage of monitoring. The reason why response to a 686 

painful stimulus, i.e. nose prick or ear pinch cannot be performed at sticking or during bleeding is 687 

unclear. 688 

Sensitivity and specificity: the positive outcome of the response to nose prick or ear pinch is the sign 689 

of consciousness, namely a positive response to nose prick or ear pinch. Therefore, the sensitivity is 690 

the percentage of animals which do respond to nose prick or ear pinch immediately after stunning, out 691 

of all truly conscious animals. This was estimated by Questionnaire 2 respondents to be 70% (n=4). 692 

 The specificity is calculated as the percentage of animals observed to show no response to nose prick 693 

or ear pinch, out of all truly unconscious animals. This was estimated to be 92% (n=4). The reason for 694 

this level of sensitivity is because the lack of response to painful stimulus is associated with the 695 

inability of the animal to perceive them.  696 

3.2.2.6. Body Movements 697 

Description: These include intentional or purposeful kicking and body or head movements that may 698 

occur in response to incision of the skin for the purpose of bleeding and/or insertion of the knife for 699 

the purpose of sticking or neck cutting, or due to unconscious nociceptive arc-reflexes. Since 700 

unconscious animals might show reflex kicking and involuntary body or head movements at sticking, 701 

this indicator is not applicable to monitoring consciousness/sensibility.  702 

Feasibility:  From questionnaire 2: body movements, defined in this opinion as kicking after stunning 703 

and at sticking, were considered by all experts as easy or normal.  One expert considered body 704 

movements as not applicable at sticking.  705 

Sensitivity and specificity: the positive outcome of body movement is the sign of consciousness, 706 

namely occurrence of kicking and body or head movements. Therefore, the sensitivity is the 707 

percentage of animals which do move immediately after stunning, out of all truly conscious animals. 708 

This was estimated by Questionnaire 2 respondents to be 71% (n=10). The specificity is calculated as 709 

the percentage of animals observed to show no body movement, out of all truly unconscious animals. 710 

This was estimated to be 28% (n=10). The reason for the medium-high sensitivity is because in 711 
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captive bolt stunned animal the tonic seizure is followed by relaxed carcasses with sporadic 712 

involuntary leg movements. 713 

3.2.2.7. Vocalisation 714 

Description: Vocalisation is only expected in conscious animals and can be used as an indicator in all 715 

key stages of monitoring. However, not all the conscious/sensible animal will vocalise and hence 716 

absence of vocalisation does not always mean that the animal is unconscious. Animals showing 717 

vocalisation must be re-stunned. Since unconscious animals will not vocalise this indicator is not 718 

applicable to monitoring unconsciousness. 719 

Feasibility:  From questionnaire 2: Vocalisation was considered to be easy or normal, respectively, at 720 

stunning by 71% and 24%, at sticking by 65% and 12%, and during bleeding by 53% and 35% of the 721 

experts. Some experts reported that vocalisation as difficult at any of the key stage, mostly at sticking, 722 

and the reason is not clear. 723 

Sensitivity and specificity: the positive outcome of vocalisation is the sign of consciousness, namely 724 

the presence of vocalisation. Therefore, the sensitivity is the percentage of animals which do vocalise 725 

immediately after stunning, out of all truly conscious animals. This was estimated by Questionnaire 2 726 

respondents to be 45% (n=14).  The specificity is calculated as the percentage of animals observed to 727 

show no vocalisation, out of all truly unconscious animals. This was estimated to be 98% (n=16). The 728 

reason for the low sensitivity is because repeated vocalisations, not associated with exhalation, are 729 

likely to be signs of fear, pain and distress in conscious animals. 730 

3.2.2.8. Eye Movements 731 

Description: In key stage 1, effective captive bolt stunning of bovine will produce fixed eyes (eyes 732 

wide open and glassy) and will remain so until death occurs. Bovines that are not effectively stunned 733 

with captive bolt or those recovering consciousness will show eye movements, including nystagmus 734 

(or rotation of the eye ball), which can be used to recognise consciousness during all the three key 735 

stages. Animals showing any eye movements must be re-stunned. 736 

Feasibility:  From questionnaire 2: Eye movements were considered as easy to assess at stunning by 737 

62% at sticking by 37% and during bleeding by 42% of the experts. Eye movements were rated as 738 

normal to assess at stunning by 24%, at sticking by 16% and during bleeding by 32% of the experts. 739 

Eye movements as an indicator was also rated as difficult at stunning by 14%, at sticking by 47% and 740 

during by 26% of the experts.  It may be difficult or impossible to observe eye movements at the time 741 

of sticking or bleeding because of the orientation of the animal, i.e. the operator is facing the brisket, at 742 

these two key stages. One expert considered eye movements as not applicable at sticking and during 743 

bleeding and the reason is unclear. 744 

Sensitivity and specificity: the positive outcome of eye movement is the sign of consciousness, namely 745 

the presence of eye movement. Therefore, the sensitivity is the percentage of animals which show eye 746 

movement immediately after stunning, out of all truly conscious animals. This was estimated by 747 

Questionnaire 2 respondents to be 65% (n=19). The specificity is calculated as the percentage of 748 

animals observed to show fixed eyes, out of all truly unconscious animals. This was estimated to be 749 

95% (n=20). The reason for the medium sensitivity is unclear.  750 

 751 

3.2.2.9. Palpebral Reflex 752 

Description: Effective captive bolt stunning leads to abolition of palpebral reflex. Effectively stunned 753 

and stuck animals show no palpebral reflex during any key stage. On the other hand, ineffectively or 754 

poorly stunned animals and those recovering consciousness prior to sticking or during bleeding are 755 

expected to show positive palpebral reflex at any key stage. Animals showing positive palpebral 756 

reflex must be re-stunned. 757 
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Feasibility:  From questionnaire 2: Palpebral reflex was rated as easy and normal to assess at stunning 758 

by 29% and 43%, at sticking by 15% and 31%, and during bleeding by 38% and 8% of experts. A 759 

number of experts considered palpebral reflex as difficult at stunning (29%), at sticking (54%) and 760 

during bleeding (54%) and one expert considered palpebral reflexes as not applicable at sticking and 761 

during bleeding; the reason for these ratings is unclear. It is possible to suggest that inaccessibility / 762 

lack of access to animals during bleeding has been taken into consideration for rating eye reflexes 763 

(palpebral and corneal reflexes and spontaneous blinking) as difficult. 764 

Sensitivity and specificity:  765 

 From the SR report: Blackmore et al, (1982) reported that the palpebral reflex was absent in 766 

both calves in the first 20 seconds post stun and that the same animals were unconscious. 767 

Therefore this indicator is 100% specific. The SLR concluded that the authors did not provide 768 

enough data to estimate the sensitivity of palpebral reflex. 769 

 From questionnaire 2: the positive outcome of palpebral reflex is the sign of consciousness, 770 

namely the positive palpebral reflex. Therefore, the sensitivity is the percentage of animals 771 

which show palpebral reflex immediately after stunning, out of all truly conscious animals. 772 

This was estimated by Questionnaire 2 respondents to be 73% (n=12).  The specificity is 773 

calculated as the percentage of animals observed to show no palpebral reflex, out of all truly 774 

unconscious animals. This was estimated to be 96% (n=13). The reason for the medium 775 

sensitivity is unclear.  776 

3.2.2.10. Corneal Reflex 777 

Description: Effective captive bolt stunning leads to abolition of corneal reflex. Effectively stunned 778 

and stuck animals show no corneal reflex during any key stage. On the other hand, ineffectively or 779 

poorly stunned animals and those recovering consciousness prior to sticking or during bleeding are 780 

expected to show positive corneal reflex at any key stage. Animals showing positive corneal reflex 781 

must be re-stunned. 782 

Feasibility:  From questionnaire 2: Corneal reflex was rated as easy to assess at stunning by 52%, at 783 

sticking by 15% and during bleeding by 21% of experts. Corneal reflex was rated as normal at 784 

stunning by 28%, at sticking by 35% and during bleeding by 29% of experts. A number of experts also 785 

considered corneal reflex as difficult at stunning (20%), at sticking (50%) and during bleeding (50%; 786 

further three said it is not applicable) and the reason for these high ratings is unclear.  787 

It is possible to suggest that inaccessibility / lack of access to animals during bleeding has been taken 788 

into consideration for rating eye reflexes (palpebral and corneal reflexes and spontaneous blinking) as 789 

difficult. 790 

 791 

Sensitivity and specificity:  792 

 From the SR report: Two studies assessed the absence of corneal reflex in unconscious 793 

animals. These data suggest that the corneal reflex is absent in unconscious calves stunned 794 

using a captive bolt. Lambooij et al. (1981), reported narratively that immediate absence of the 795 

corneal reflex and ‘immediate’ onset of unconsciousness occurred in the 23 veal calves. 796 

Blackmore et al (1982) reported unconsciousness occurred within 12-15 seconds for the two 797 

study calves and indicated a corneal reflex could not be evoked in the first 20 seconds after 798 

stun. This would suggest 100% specificity for corneal reflex, i.e. unconscious animals stunned 799 

using captive bolt do not have corneal reflex. With respect to specificity, the results from the 2 800 

conscious animals are unclear, but if taken exactly as reported would suggest low specificity, 801 

i.e., conscious animals also had no corneal reflex because the animals were reported as 802 

conscious based on EEG for 12-15 seconds but did not have a corneal reflex at an time in the 803 

1
st
 20 seconds. Realistically it is hard to know how often, if at all, the corneal reflex could 804 

have been tested in the 1
st
 10 seconds. The SLR concluded that the authors did not provide 805 

enough data to estimate the sensitivity of corneal reflex. 806 
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 From questionnaire 2: the positive outcome of corneal reflex is the sign of consciousness, 807 

namely the positive corneal reflex. Therefore, the sensitivity is the percentage of animals 808 

which show corneal reflex immediately after stunning, out of all conscious animals. This was 809 

estimated by Questionnaire 2 respondents to be 91% (n=19). The specificity is calculated as 810 

the percentage of animals observed to show no corneal reflex, out of all truly unconscious 811 

animals. This was estimated to be 97% (n=23). The reason for the high sensitivity is because 812 

captive bolt stunning damage the part of the brain stem controlling the corneal reflex, resulting 813 

in absent of corneal reflex. 814 

3.2.2.11. Blinking 815 

Description: Spontaneous blinking is only expected in conscious animals and can be used as an 816 

indicator in all key stages of monitoring. However, not all the conscious/sensible animal will show 817 

spontaneous blinking and hence absence of blinking does not always mean that the animal is 818 

unconscious. Animals showing blinking must be re-stunned. Since unconscious animals will not show 819 

blinking this indicator is not applicable to monitoring unconsciousness/insensibility. 820 

Feasibility:  From questionnaire 2: Spontaneous blinking was rated as easy to assess at stunning by 821 

63%, at sticking by 50% and during bleeding by 33% of experts. Spontaneous blinking was rated as 822 

normal at stunning by 31%, at sticking by 21% and during bleeding by 47% of experts.  A number of 823 

experts also considered spontaneous blinking as difficult at stunning (6%), at sticking (29%) and 824 

during bleeding (20%) and one expert said spontaneous blinking is not applicable in the later stages; 825 

the reason for these ratings is unclear. It is possible to suggest that inaccessibility / lack of access to 826 

animals during bleeding has been taken into consideration for rating eye reflexes (palpebral and 827 

corneal reflexes and spontaneous blinking) as difficult. 828 

Sensitivity and specificity:  the positive outcome of blinking is the sign of consciousness, namely the 829 

presence of spontaneous blinking. Therefore, the sensitivity is the percentage of animals which show 830 

spontaneous blinking immediately after stunning, out of all conscious animals. This was estimated by 831 

Questionnaire 2 respondents to be 77% (n=13). The specificity is calculated as the percentage of 832 

animals observed to show no spontaneous blinking, out of all unconscious animals. This was estimated 833 

to be 98% (n=14). The reason for the medium sensitivity is because absence of spontaneous blinking 834 

is not induced during the assessment and might be absence also in conscious animals. 835 

3.2.2.12. Pupillary Reflex 836 

Description: Effective captive bolt stunning leads to abolition of pupillary reflex. Effectively stunned 837 

and stuck animals show no pupillary reflex during any key stage. On the other hand, ineffectively or 838 

poorly stunned animals and those recovering consciousness prior to sticking or during bleeding are 839 

expected to show positive pupillary reflex at any key stage. Animals showing positive pupillary 840 

reflex must be re-stunned. 841 

Feasibility:  From questionnaire 2, pupillary reflex was rated as easy to assess at stunning by 36%, at 842 

sticking by 0% and during bleeding by 11% of experts. Pupillary reflex was rated as normal at 843 

stunning by 27%, at sticking by 33% and during bleeding by 33% of experts. Majority of the experts 844 

also considered pupillary reflex as either difficult or not applicable at stunning (36%), at sticking 845 

(67%) and during bleeding (56%) and one expert said pupillary reflex is not applicable in the later 846 

stages. The main reason for these ratings could be the lack of access to animals.  847 

 848 

Sensitivity and specificity: the positive outcome of pupillary reflex is the sign of consciousness, 849 

namely the positive pupillary reflex. Therefore, the sensitivity is the percentage of animals which 850 

show pupillary reflex immediately after stunning, out of all truly conscious animals. This was 851 

estimated by Questionnaire 2 respondents to be 85% (n=8). The specificity is calculated as the 852 

percentage of animals observed to show no pupillary reflex, out of all truly unconscious animals. This 853 

was estimated to be 97% (n=9). The reason for the high sensitivity is consequence of the damage of 854 

the brain stem. 855 
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3.2.3. Developing the sampling protocol for captive bolt stunning 856 

The results of the statistical modelling are summarized in the following three graphs.  857 

Using the 5 parameters of the model presented in equation 1, it is possible to calculate each of them if 858 

the other four are specified. To illustrate the influence of the different parameters the full range of 859 

failure rate and sampling fraction were combined with a) the sensitivity of the indicator, b) the 860 

slaughter population of the slaughter house, and c) the desired accuracy of the sampling protocol, 861 

whilst keeping the respective two other parameters constant. The impacts of different indicator 862 

sensitivity, slaughter population and accuracy values are presented in figures 5a, b and c.    863 

                                                 864 

Figure 5a-c. The effect of Sampling Fraction on Failure rate for three levels of test Sensitivity (a), Slaughter population (b) 865 
and Accuracy (c), given a slaughter population of 1000 animals (a, c), an Accuracy of 0.95 (a, b), and Indicator Sensitivity of 866 
0.75 (b, c).  867 

 868 

Each x-y-coordinate in the diagrams represents one possible particular sampling protocol.  869 

Those sampling protocols that would fall below the line graph would not be able to meet the 870 

purpose of immediate detection of an exceeded failure rate; all those above the line graph 871 

would meet the required purpose and alarm that case.  872 

The following tables (Table 5 a, b and c) show numerical examples of failure rates for three levels of 873 

indicator sensitivity, sample fraction and sampling protocol accuracy. 874 

 875 

 876 

 877 
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Table 5:  5 a, b and c. The effect of Sampling Fraction on Failure rate for three levels of (a) 878 

indicator sensitivity, given a slaughter population of 1000 animals and accuracy of 0.95; (b) 879 

slaughter population, given an accuracy of 0.95 and indicator sensitivity of 0.75; and (c) accuracy, 880 

given a slaughter population of 1000 animals and indicator sensitivity of 0.75. 881 

 882 

3.3. Slaughter without stunning of bovines 883 

3.3.1. Physiology of slaughter without stunning  884 

Slaughter without stunning does not induce immediate loss of consciousness/sensibility in animals. 885 

Animals are gradually rendered unconscious by the severance of carotid arteries as brain perfusion 886 

becomes insufficient to sustain normal function, eventually leading to death. The times to onset of 887 

unconsciousness and to death are highly variable between animals. This is because the rate of bleeding 888 

may not always be profuse or uninterrupted due to incomplete severance of carotid arteries (poor cut), 889 

physical obstruction to the blood flow from the cut ends, or the formation of aneurisms in the cut ends 890 

of the carotid arteries, leading to occlusion. All these factors have welfare consequences and therefore 891 

continuous and systematic monitoring of all the animals slaughtered without stunning is required. 892 

In conscious animal the cerebral cortex integrates posture and movement. Collapse occurring when a 893 

freely standing animal falls to the ground is the earliest indication of approaching unconsciousness 894 

after the neck cut (Gregory et al., 2010; Grandin, 1994; Blackmore, 1984), as it indicates that the 895 

cortex is no longer able to control postural stability (Muir, 2007). However, an animal that had 896 

collapsed after a dramatic loss of blood pressure may nevertheless have the capacity to regain 897 

consciousness due to the body’s own counter-regulation mechanisms (von Holleben et al., 2010).  898 

 899 

Pupillary, palpebral and corneal reflexes, response to threaten and to nose prick - which are reflexes 900 

controlled by cranial nerves - assist in getting an overall picture of brain dysfunction. If all negative, 901 

they are good indicators of impaired midbrain or brainstem activity and unconsciousness can be 902 

inferred, provided the muscles and afferent and efferent nerves which execute the response are still 903 

capable of working and not preoccupied with other stimuli (Gregory, 1998). Cognitive responses can 904 

be also assessed in order to evaluate cranial nerve responses. For example, reaction to a threat stimulus 905 

such as movement of hand towards the eye (Limon et al., 2010). 906 

 907 

When the function of the brainstem is sufficiently impaired due to the blood loss, respiration will 908 

cease and the heart will also stop to function over time (Michiels, 2004; Rosen, 2004; Pallis, 1982a; 909 

Pallis, 1982b; Pallis, 1982c; Pallis, 1982d). The main clinical signs seen of death are permanent 910 

absence of respiration (and also absence of gagging), absence of pulse and absence of corneal and 911 

palpebral reflex. 912 

3.3.2. List of welfare indicators and their performance 913 

Two separate sets of indicators are proposed, one for determination of onset of unconsciousness and 914 

one for the determination of the onset of death. This is mainly because indicators of unconsciousness 915 

may not be relevant to death. In addition, the Regulation 1099/2009 requires that unconsciousness 916 

must be established prior to releasing animals from the restraint while death must be established in 917 

animals prior to begin dressing. 918 

In the first phase of slaughter without stunning, the monitoring focus is on the determination of the 919 

onset of unconsciousness through the respective sign of the tested indicators (sometimes looking for 920 

cessation or abolition of indicators of consciousness is applied). In the second phase of slaughter 921 

without stunning the monitoring focus is on the determination of onset of death through the respective 922 

sign of tested indicators suggestive of death (see Table 2 in Appendix A).  923 
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From the SR report: The SLR concluded that no studies reported the use of an EEG-based measure of 924 

death compared to the occurrence of the indicators in the EFSA tender. Three studies reported the use 925 

of EEG as a means of establishing unconsciousness or insensibility as gold standard for other 926 

indicators (Cook et al., 1996, Lambooij et al., 2012, Newhook et al., 1982) but these indicators were 927 

not relevant for the review, thus no further discussion is presented in this scientific opinion. 928 

3.3.3. Lists of indicators of unconsciousness for slaughter without stunning  929 

This list of indicators of unconsciousness is intended for use before the animal is released from the 930 

restraints. For slaughter without stunning the specific estimates of feasibility and sensitivity/specificity 931 

from questionnaire 2 have to be considered with caution because overall indicators only 12 932 

respondents were addressing this method of slaughter. 933 

3.3.3.1. Posture 934 

Description: It is inevitable that slaughter without stunning will lead to loss of posture provided the 935 

neck cutting was swift and bleeding was profuse and uninterrupted.  Loss of posture (or loss of 936 

balance) is expected to occur as an earliest indicator of onset of unconsciousness and could only be 937 

used in bovine free standing or mildly restrained in upright position. Caution is required as animals 938 

may fall down after slaughter without stunning due to slippery floor and they may continue to struggle 939 

to stand up again without success or simply lay down. Owing to this, close and continuous observation 940 

of bovines is required to ensure that the loss of posture is a true occurrence. Some animals may exhibit 941 

loss of posture due to the loss of significant proportions of circulating blood volume but subsequently 942 

suffer carotid artery occlusion and recover consciousness. Owing to this, these animals will attempt to 943 

regain or attain upright body posture. Therefore, complete loss of posture without attempt to regain 944 

or to retain upright body posture can be used as an indicator of unconsciousness. 945 

Feasibility: From questionnaire 2, loss of posture after neck cutting was rated (n=6) as an easy 946 

indicator to assess by 33% and normal by 17%. However, 50% of experts considered loss of posture 947 

difficult to assess. This is probably because loss of posture can only be assessed when the animal is 948 

free standing or mildly restrained in upright position. If cattle are hold firmly in the restraint, they do 949 

not collapse. 950 

Sensitivity and specificity: the positive test outcome of the indicator, i.e. the sign of unconsciousness, 951 

of the indicator ‘posture’ is the loss of posture. Therefore, the sensitivity is the percentage of 952 

unconscious animals which loose posture after killing out of all truly unconscious animals. This was 953 

estimated by Questionnaire 2 respondents to be 99% (n=6).  The specificity is calculated as the 954 

percentage of conscious animals that do not show collapse, out of all truly conscious animals. This 955 

was estimated to be 89% (n=6). The reason for the reduced specificity is that conscious animals might 956 

collapse by other reasons then loss of consciousness. Nevertheless, the sensitivity is very high because 957 

an unconscious animal has to lose its posture. 958 

3.3.3.2. Muscle tone 959 

Description: Loss of a significant proportion of circulating blood volume is also expected to result in 960 

loss of muscle tone, which can be used to recognise onset of unconsciousness. Involuntary muscle 961 

jerks may occur occasionally. Depending upon the type and severely of restraint, loss of tone in neck 962 

and leg muscles could be used as an indicator of onset of unconsciousness. 963 

Feasibility: From questionnaire 2, muscle tone was rated (n=2) as normal to assess by 100%. These 964 

low ratings of ‘easy’ responses are probably due to the fact that loss of muscle tone is related to the 965 

loss of posture, and therefore difficult to assess when the animals are hold in the restraint.  966 

 967 

Sensitivity and specificity:  the positive outcome of the indicator ‘muscle tone’, i.e. the sign of 968 

unconsciousness, is the loss of muscle tone. Therefore, the sensitivity is the percentage of unconscious 969 

animals without muscle tone immediately after killing, out of all truly unconscious animals. This was 970 

estimated by Questionnaire 2 respondents to be 100% (n=3).  The specificity is calculated as the 971 
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percentage of conscious animals observed to show certain level of muscle tone, out of all conscious 972 

animals. This was estimated to be 96% (n=3). Consciousness is inevitably associated with certain level 973 

of muscle tone, hence the loss of muscle tone is a highly sensitive indicator for unconscious animals. 974 

This confirms the high sensitivity of this indicator reported by the respondents.  975 

3.3.3.3. Breathing 976 

Description: Cessation of breathing can be used as an indicator of unconsciousness in animals. 977 

However, since trachea is also severed at the time of neck cutting at slaughter without stunning, 978 

absence of breathing cannot be assessed from the air movement at external nostrils and will have to be 979 

confirmed by the absence of air bubbles in the liquid blood or sera accumulating at the neck wound or 980 

absence of any flank movements suggestive of breathing.  981 

Feasibility: From questionnaire 2, breathing was rated (n=9) as easy to assess by 33%, normal by 44%. 982 

However, 22% of experts considered breathing as difficult to assess prior to release from restraint. 983 

This is probably because breathing is difficult to recognise through the flank movements when the 984 

animal is restrained and through the nose if the trachea has been severed. 985 

Sensitivity and specificity: the positive outcome of the indicator ‘breathing’, i.e. the sign of 986 

unconsciousness, is the immediate onset of apnoea. Therefore, the sensitivity is the percentage of 987 

unconscious animals which show apnoea after killing, out of all truly unconscious animals. This was 988 

estimated by Questionnaire 2 respondents to be 92% (n=9).  The specificity is calculated as the 989 

percentage of conscious animals observed to show breathing, out of all conscious animals. This was 990 

estimated to be 97% (n=9). The reason for the sensitivity is that rhythmic breathing is present in any 991 

animal with functional brain stem.  992 

3.3.3.4. Pupillary reflex 993 

Description: unconsciousness following slaughter without stunning can be determined from the 994 

absence of pupillary reflex. 995 

Feasibility: From questionnaire 2, pupillary reflex was rated (n=2) either as normal or difficult to 996 

assess (1 respondent each). One cause might be the difficulty to access the eyes of the restrained 997 

animal.  998 

 999 

Sensitivity and specificity: the positive outcome of the indicator ‘pupillary reflex’, i.e. the sign of 1000 

unconsciousness, is absence of pupillary reflex. Therefore, the sensitivity is the percentage of animals 1001 

which do not show pupillary reflex immediately after killing out of all truly unconscious animals. This 1002 

was estimated by Questionnaire 2 respondents to be 98% (n=2).  The specificity is calculated as the 1003 

percentage of conscious animals observed to show positive pupillary reflex out of all truly conscious 1004 

animals. This was estimated to be 100% (n=2).The reason why the sensitivity is not closer to 100%, 1005 

might be due to the difficulties in the assessment of this indicator, under commercial conditions.  1006 

3.3.3.5. Palpebral reflex 1007 

Description: unconsciousness following slaughter without stunning can be determined from the 1008 

absence of palpebral reflex. 1009 

Feasibility: From questionnaire 2, palpebral reflex was rated (n=6) as easy to assess by 17%, as normal 1010 

by 33% and difficult by 50%. The reason for these ratings is unclear, but maybe similar to the other 1011 

eye reflexes. 1012 

 1013 

Sensitivity and specificity: the positive outcome of the indicator ‘palpebral reflex’, i.e. the sign of 1014 

unconsciousness, is absence of palpebral reflex. Therefore, the sensitivity is the percentage of 1015 

unconscious animals showing no palpebral reflex after killing, out of all truly unconscious animals. 1016 

This was estimated by Questionnaire 2 respondents to be 100% (n=3).  The specificity is calculated as 1017 
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the percentage of conscious animals observed to blink in response to stimulus of the palpebraea out of 1018 

all truly conscious animals. This was estimated to be 94% (n=5).  1019 

3.3.3.6. Corneal reflex 1020 

Description: Unconsciousness following slaughter without stunning can be determined from the 1021 

absence of corneal reflex. 1022 

Feasibility: From questionnaire 2, corneal reflex was rated (n=9) as easy to assess by 11% and as 1023 

normal by 33%. Half of the respondents (56%) considered corneal reflex difficult to assess. The 1024 

reason for these ratings is unclear, but maybe similar to the other eye reflexes. 1025 

 1026 

Sensitivity and specificity: the positive outcome of the indicator ‘corneal reflex’, i.e. the sign of 1027 

unconsciousness, is absence of corneal reflex. Therefore, the sensitivity is the percentage of 1028 

unconscious animals showing no corneal reflex immediately after killing out of all truly unconscious 1029 

animals. This was estimated by Questionnaire 2 respondents to be 99% (n=7).  The specificity is 1030 

calculated as the percentage of conscious animals observed to show positive corneal reflex out of all 1031 

truly conscious animals. This was estimated to be 82% (n=8).  1032 

3.3.3.7. Response to threatening movement 1033 

Description: Unconsciousness following slaughter without stunning can be determined from the 1034 

abolition of response to visually threatening movements, e.g. hand movement near the eyes.  1035 

Feasibility: From questionnaire 2, response to threaten was considered (n=2) to be difficult to assess. 1036 

Neither of the experts considers it easy to assess. The main reason might be due to the fact that the 1037 

head is restrained and the assessment of head movements might not be possible during this time.   1038 

 1039 

Sensitivity and specificity: the positive outcome of the indicator ‘response to threatening movement’, 1040 

i.e. the sign of unconsciousness, is missing response to threatening movement. Therefore, the 1041 

sensitivity is the percentage of unconscious animals which do not respond to threaten immediately 1042 

after killing out of all truly unconscious animals. This was estimated by Questionnaire 2 respondents 1043 

to be 95% (n=1).  The specificity is calculated as the percentage of conscious animals observed 1044 

responding to threatening movement out of all truly conscious animals. This was estimated to be 100% 1045 

(n=1).  1046 

3.3.3.8. Response to nose prick or ear pinch 1047 

Description: Unconsciousness following slaughter without stunning can be determined from the 1048 

abolition of response to painful stimulus such as nose prick or ear pinch. 1049 

Feasibility: From questionnaire 2, the experts reported (n=4) that response to nose prick or ear pinch is 1050 

either normal (50%) or difficult (50%) to assess. The main reason might be due to the fact that the 1051 

head is restrained and the assessment of head movements might not be possible on the restrained 1052 

animal.   1053 

Sensitivity and specificity: the positive outcome of the indicator ‘response to nose prick or ear pinch’, 1054 

i.e. the sign of unconsciousness, is the absence of response to nose prick or ear pinch. Therefore, the 1055 

sensitivity is the percentage of unconscious animals which do not respond to nose prick or ear pinch 1056 

immediately after killing out of all truly unconscious animals. This was estimated by Questionnaire 2 1057 

respondents to be 97% (n=2).  The specificity is calculated as the number of conscious animals 1058 

observed responding to nose prick or ear pinch out of all truly conscious animals. This was estimated 1059 

to be 86% (n=3). However 14% of conscious animals were rated not responding to nose prick or ear 1060 

pinch. These might be because the restraining of the dead might impede the reaction of the animal to 1061 

the painful stimuli. 1062 
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3.3.4. List of indicators of death for slaughter without stunning  1063 

This list of indicators of death is intended for use before the carcass dressing begins. 1064 

 1065 

3.3.4.1. Dilated pupils 1066 

Description: Dilated pupil has been used as an indicator of onset of brain death. 1067 

Feasibility: From questionnaire 2, majority of the experts reported (n=7) that dilated pupils are either 1068 

easy (43%) or normal (29%) to assess. Once the animal is released from the restraint the accessibility 1069 

to the eye allows the assessment of the pupils.  1070 

 1071 

Sensitivity and specificity:  the positive outcome of the indicator ‘pupils’, i.e. the sign of death, is 1072 

dilated pupils. Therefore, the sensitivity is the percentage of dead animals which show dilated pupils 1073 

immediately after killing out of all truly dead animals. This was estimated by Questionnaire 2 1074 

respondents to be 85% (n=5). The specificity is calculated as the percentage of live animals observed 1075 

without dilated pupils out of all truly alive animals. This was estimated to be 76% (n=5). The reason 1076 

for the reduced sensitivity may be that the dilation of the pupil is not immediate. 1077 

3.3.4.2. Relaxed body 1078 

Description: Complete loss of muscle tension leading to relaxed body of the animal can also be used 1079 

as an indicator of death. 1080 

Feasibility: From questionnaire 2, relaxed body was considered (n=6) to be easy or normal by 56% 1081 

and 33% of the experts. After the animal is released from the restraint, the relaxed body should be easy 1082 

to assess.  1083 

Sensitivity and specificity:  the positive outcome of the indicator ‘body relaxation’, i.e. the sign of 1084 

death, is a relaxed body. Therefore, the sensitivity is the percentage of dead animals which show 1085 

relaxed body immediately after killing out of all truly dead animals. This was estimated by 1086 

Questionnaire 2 respondents to be 71% (n=3). The specificity is calculated as the percentage of alive 1087 

animals observed to show certain maintenance of muscle tone out of all truly alive animals. This was 1088 

estimated to be 93% (n=3).  1089 

3.3.4.3. End of bleeding 1090 

Description: End of bleeding as an indicator of death can be recognised from the cessation of 1091 

bleeding in both carotid arteries and jugular veins. 1092 

Feasibility: From questionnaire 2, end of bleeding was rated (n=7) as easy to assess by 71% and 1093 

normal by 29%.   1094 

 1095 

Sensitivity and specificity:  the positive outcome of the indicator ‘bleeding’, i.e. the sign of death, is 1096 

the end of bleeding. Therefore, the sensitivity is the percentage of dead animals which end bleeding 1097 

after killing out of all truly dead animals. This was estimated by Questionnaire 2 respondents to be 1098 

82% (n=5).  The specificity is calculated as the percentage of live animals observed to bleed out of all 1099 

truly alive animals. This was estimated to be 98 % (n=6). The reason for the specificity of 18% live 1100 

animals that ceased bleeding is unclear. 1101 

3.3.4.4. Cardiac activity 1102 

Description: Absence of cardiac activity (heart beat) can be used as an indicator of death in animals. 1103 
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Feasibility: From questionnaire 2, cardiac activity was rated (n=3) as difficult by 100% of experts. 1104 

Cardiac activity is normally assessed with a stethoscope that might not be present in the 1105 

slaughterhouses.  1106 

 1107 

Sensitivity and specificity:  the positive outcome of the indicator ‘cardiac activity’, i.e. the sign of 1108 

death, is the absence of heart beat. Therefore, the sensitivity is the percentage of dead animals without 1109 

cardiac activity after killing out of all truly dead animals. This was estimated by Questionnaire 2 1110 

respondents to be 100% (n=2).  The specificity is calculated as the percentage of live animals observed 1111 

to show presence of heart beat out of all truly alive animals. This was estimated to be 100 % (n=2).  1112 

3.3.4.5. Pulse rate 1113 

Description: Absence of pulse in intact (uncut) arteries (e.g. femoral or coccygeal) can be used to 1114 

confirm death in animals. 1115 

Feasibility: From questionnaire 2, pulse rate is considered (n=2) as difficult to assess by all experts. 1116 

The reason for these high ratings is unclear, but maybe experts are not familiar with the methodology 1117 

to assess pulse rate in bovines. 1118 

 1119 

Sensitivity and specificity: the positive outcome of the indicator ‘pulse rate’, i.e. the sign of death, is 1120 

the absence of pulse. Therefore, the sensitivity is the percentage of dead animals without pulse after 1121 

killing out of all truly dead animals. This was estimated by Questionnaire 2 respondents to be 80% 1122 

(n=3).  The specificity is calculated as the percentage of live animals observed to show positive pulse 1123 

rate out of all live animals. This was estimated to be 100% (n=5). The reason for the reduced 1124 

sensitivity may be that the feasibility already was rated very low. 1125 

 1126 

 1127 

 1128 

4. DISCUSSION 1129 

PLEASE NOTE THAT THE DISCUSSION SECTION IS STILL UNDER CONSTRUCTION AND 1130 

WE WELCOME ANY POINT THAT WE SHOULD CONSIDER. 1131 

4.1. Monitoring procedures for captive bolt stunning 1132 

4.1.1. Combination of selected indicators (the “toolbox”) 1133 

The information on indicators A (detection of conscious animals) sensitivity, specificity and feasibility 1134 

collected from questionnaire 2 and the systematic literature review is presented in Appendix B. A 1135 

summary is presented in Table 6. 1136 

 1137 

Table 6:  Summary of the data from Questionnaire 2 regarding sensitivity and feasibility in the three 1138 

monitoring stages of indicators A (detection of conscious animals) applied during captive bolt 1139 

stunning.  1140 

 1141 
Indicators A 

 

Sensitivity 

% 

Feasibility 

After 

stunning 

Feasibility 

At  neck 

cutting  

Feasibility 

During 

bleeding  

     

Immediate collapse 54  0.96 0.75 0.38 

Breathing 72  0.55 0.38 0.29 
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Tonic seizure 91  0.80 0.25 0.29 

Muscle tone 71  0.36 0.22 0.36 

Response to nose prick or 

ear pinch 

70  -0.25 -0.25 -0.67 

Body movements 71  0.92 0.73 0.50 

Vocalisation 45  0.65 0.41 0.41 

Eye movements 65  0.48 -0.11 0.16 

Palpebral reflex 73  0.00 -0.38 -0.15 

Corneal reflex 91  0.32 -0.35 -0.29 

Spontaneous blinking 77  0.56 0.21 0.13 

Pupillary reflex 85  0.00 -0.67 -0.44 

 1142 

 1143 

For the creation of the toolbox of indicators to be used in the monitoring procedures, indicators A were 1144 

selected from the working group members based on their knowledge and on indicator sensitivity, i.e. 1145 

the number of conscious animals tested as conscious, and feasibility score per key stage. The 1146 

specificity is not relevant for the toolbox considered to address potential welfare issues using the 1147 

indicators A (see section 2.1.2). 1148 

The respondents rated the sensitivity of the indicator “immediate collapse” as insufficient so that this 1149 

posture related indicator was excluded from the toolbox. Indeed, this finding was reasonable as 1150 

immediate collapse may happen to the stunned animals irrespective of being conscious or unconscious 1151 

(see 3.2.2.1). For the purpose of the monitoring procedure the appropriate indicator for detection of 1152 

conscious animals would be the “attempt to regain posture”. Therefore and in difference to 1153 

questionnaire 2, it was concluded to consider the indicator “attempt to regain posture” for the toolbox 1154 

at stunning since very  high sensitivity must be expected, i.e. only the conscious animal will be able to 1155 

perform attempts to regain posture. 1156 

It has to be noted further that several respondents rated feasibility of “tonic seizures” during neck 1157 

cutting and bleeding. However, tonic seizures should occur immediately after stunning and last only 1158 

for seconds. Tonic seizures could still be present at neck cutting if the stun-to-stick interval is 1159 

extremely short. Animals can rather show involuntary movements during neck cutting and bleeding 1160 

and these may be interpreted as being part of the seizures. It was decided not to consider tonic seizure 1161 

as an indicator of the toolbox at neck cutting or during bleeding (i.e. not applicable). 1162 

Indicators with both high sensitivity and high feasibility (see Table 7) were selected as ‘A-level’ (most 1163 

suitable) and those with comparably lower sensitivity and/or feasibility were selected as ‘B-level’ 1164 

(suitable) indicators for the toolbox (cf. green respective yellow shaded areas in Figure 3 a, b and c of 1165 

section 3.1). Some indicators close to being in the B-level, such as eye movement in cattle stunned 1166 

with captive bolt, could be designated as ‘C-level’ because of their moderate feasibility (ease of use) 1167 

and/or sensitivity ratings have potential for improvement through education, training and assessment. 1168 

There were also indicators of insufficient sensitivity and/or feasibility ratings (considered as ‘D-level’ 1169 

indicators) that were seen to have the potential of future improvement due to changes in the lay-out 1170 

and construction of the slaughterhouse as well as appropriate education, training and assessment of the 1171 

personnel.  1172 

The resulting “toolboxes” are assembled in Table 7.  1173 
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Table 7:  Toolbox of indicators  that are considered most suitable (A-Level) or suitable (B-Level) to 1174 

be used for detection of conscious animals at each key stage of the procedure of captive bolt 1175 

stunning in bovines. Please refer to the section 3.2 for the definitions and selection process of the 1176 

indicators. 1177 

Key stage Toolbox as derived from 

questionnaire 2 

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Immediately after stunning 

(between end of stunning and 

shackling) 

 Tonic seizures 

 Corneal reflex 

 [Attempt to regain posture]* 

 Spontaneous 

blinking 

 Muscle tone 

 Breathing 

During neck cutting  Body movements 

 Muscle tone 

 Blinking 

 Breathing 

During bleeding  Muscle tone 

 Breathing 

 Movement 

 Spontaneous 

blinking 

* Suggested indicator additional to the outcome of the questionnaire 2.  1178 

 1179 

 1180 

4.1.2. Developing the sampling protocol for slaughter with stunning 1181 

Independent of the sampling protocol specified in section 3.2.3 and discussed below, but in line with 1182 

the duties of the operator who should process only unconscious animals, all animals (Sampling 1183 

Fraction 100%) are observed to loose and don’t attempt to regain posture after stunning, all animals 1184 

are observed neither to breath nor to move their body in response to sticking, and all animals are 1185 

observed neither to breath nor attempting to regain posture during bleeding.  1186 

4.1.2.1. Risk factors and welfare consequences 1187 

The final welfare consequence of failed captive bolt stunning is the risk of conscious or not fully 1188 

unconscious animals being shackled, stuck or dressed. This risk needs to be reduced to zero, by 1189 

ensuring proper stunning routines and monitoring of stun efficacy. 1190 

In order to develop a monitoring protocol, the mandate from the Commission requests EFSA to 1191 

estimate the optimal frequency with which animals should be checked for signs of consciousness 1192 

following stunning.  1193 

This frequency should take into account risk factors associated with the stunning procedure.   1194 

The most common risk factors involved in the welfare of animals during slaughter are listed in Table 8 1195 

below. They have been linked to two types of risk category: those that affect the quality of the stun, 1196 

and those that affect the quality of the assessment.  1197 

The two types of risk factors have a different effect on the sampling protocol.   1198 
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 1199 

Risk factors that reduce the quality of the stun. 1200 

When the quality of the stun is reduced, the probability of an animal not being properly stunned 1201 

increases. This will increase the number of conscious animals which are presented to the operator for 1202 

checking. This means that the overall proportion (prevalence) of animals out of the slaughter 1203 

population will increase. The model based sampling procedure developed in Chapter 2 is designed to 1204 

detect any increase of the proportion of mis-stunned animals: in particular, the system will detect at 1205 

least one conscious animal as soon as the overall proportion of poorly stunned animals will reach 1206 

prevalence values over the set failure rate. Therefore, in case of risk factors affecting the quality of the 1207 

stun, the frequency of sampling does not have to be increased even though the number of animals that 1208 

are mis-stunned increases. These risk factors do not affect the Sampling Fraction.      1209 

 1210 

Risk factors that reduce the sensitivity of the indicators used  1211 

Factors reducing the effectiveness of the assessment of consciousness will increase the likelihood that 1212 

conscious animals are processed as if they were unconscious. This of course is an undesirable situation 1213 

from an animal welfare point of view. If we deal with the indicators as if they were a diagnostic test, 1214 

the ‘effectiveness’ of an indicator is expressed by the Sensitivity, i.e. the probability of correctly 1215 

classifying a truly conscious animal as conscious. It is intuitive that the lower this probability (i.e. the 1216 

sensitivity of the indicator) the greater the number of animals that have to be tested in order to achieve 1217 

a consistent level of confidence. This relationship is quantified through the model developed in 1218 

Chapter 2.  1219 

The quantification of these sensitivity values is based on the knowledge and experience of a pool of 1220 

stakeholders which were requested to fill in questionnaire 2 (see paragraph 3.2.3.). Therefore, the 1221 

resulting figures have to be referred to as ‘regular’ or ‘average’ for the situation. As a consequence it 1222 

is plausible to assume that in certain circumstances or ‘risk factors’ (e.g. the employment of a new 1223 

operator) the same indicator may perform worse than in regular circumstances. Quantitatively 1224 

speaking, when dealing with these different conditions, the sensitivity reference values have to be 1225 

adapted accordingly (see paragraph 3.2.3.). These risk factors will therefore affect the required 1226 

sampling fraction in the model, because they alter the sensitivity of the indicator.   1227 

Table 8:  Risk factors to animal welfare associated with captive bolt stunning of bovines. 1228 

Component Risk factor Risk of poor 

stunning* 

Risk of poor 

assessment* 

STAFF competence X X 

 experience X X 

EQUIPMENT maintenance X  

 Features (e.g. gun, 

cartridge) 

X  

 Presence of records of 

maintenance (e.g. 

cleaning)   

X  

RECORDS OF THE 

CHECKS 

Conformity in the past X X 

ANIMALS Body weight X X 

 Category/breed X X 
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ESTABLISHMENT Line speed X X 

* The choice of risk category is based on expert opinion only.  1229 

4.1.2.2. Different scenarios for the sampling protocols  1230 

 1231 

The risk factors described in the previous paragraph may require changes to the sampling protocol 1232 

applied in the slaughter house. 1233 

 1234 

“Standard” sampling protocol 1235 

The standard operating procedure for slaughter of cattle will involve a sampling fraction of 100% by 1236 

the operator, as the operators check each animal for indicators of consciousness immediately after 1237 

stunning, before sticking and during bleeding. In addition to this, the Animal Welfare Officer will 1238 

sample a fraction of all animals to monitor the effectiveness of the process, and will correct the 1239 

operator or other aspects of the stunning process if necessary. The fraction sampled by the Welfare 1240 

Officer can be calculated by the model, and is dependent on the test Sensitivity, the Slaughtered 1241 

Population, the maximum allowed Failure Rate and the required Accuracy, as described previously.      1242 

 1243 

‘Reinforced’ sampling protocol  1244 

If a situation should arise in which the Welfare Officer expects a reduction in the sensitivity of the 1245 

indicator applied by the operator, he or she will need to reinforce their back up sampling. This can be 1246 

done by concentrating the sampling efforts in a shorter time following the introduction of the hazard, 1247 

until the risk is identified and rectified. The degree to which the sampling needs to be increased is 1248 

determined by the reduction in indicator Sensitivity. However, because the reduction of indicator 1249 

sensitivity is not available a pragmatic approach is required. This is to test all animals during a period 1250 

represented by one tenth of the Slaughtered Population. For example, if the slaughtered population as 1251 

referred to in the standard sampling protocol was set to 200 animals then for the time till the next 20 1252 

animals are processed, i.e. one tenth of the slaughter population, all animals have to be retested by the 1253 

backup sampling. 1254 

 1255 

‘Light’ sampling protocol 1256 

There are no circumstances under which the sampling frequency (Sample Fraction) of the welfare 1257 

officer can be relaxed, as a reduction of the Sampling Fraction will immediately reduce the Accuracy 1258 

by which a given excess Failure Rate may be detected with the monitoring protocol (the other factors 1259 

of the model, Slaughtered Population and test Sensitivity, being unchanged). 1260 

4.2. Monitoring procedures for slaughter without stunning 1261 

4.2.1. Combination of selected indicators (the ‘toolbox’) 1262 

A summary of the information on indicator sensitivity, specificity and feasibility collected from 1263 

questionnaire 2 and the systematic literature review is presented in Appendix B. A summary is 1264 

presented in Tables 9 and 10. 1265 

 1266 

 1267 

Table 9:  Summary of the data from Questionnaire 2 regarding specificity and feasibility of 1268 

indicators A (detection of unconsciousness) applied prior to release from restraint during slaughter 1269 

without stunning.  1270 

Indicators A (prior to release to restrain) Specificity % Feasibility 
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 (from Quest 2) (from Quest 2) 

Posture 89 -0.17 

Muscle tone 96 0.00 

Breathing 97 0,11 

Pupillary reflex 100 -0.50 

Palpebral reflex 94 -0.33 

Corneal reflex 82 -0.44 

Response to threaten 100 -1.00 

Responses to nose prick or ear pinch 86 -0,50 

 1271 

Table 10:  Summary of the data from Questionnaire 2 regarding specificity and feasibility of 1272 

indicators B (detection of death) applied prior to dressing during slaughter without stunning. 1273 

Indicators B (prior to carcass dressing) 

 

Specificity % 

(from Quest 2) 

Feasibility 

(from Quest 2) 

 

Dilated pupils 76 0.14 

Relaxed body 93 0,44 

End of bleeding 98 0.71 

Cardiac activity 100 -1.00 

Pulse rate 100 -1.00 

 1274 

As explained in paragraph 3.3.1., since in the case of slaughter without stunning unconsciousness and 1275 

death are induced gradually, indicators A and B were selected based on their specificity – number of 1276 

conscious animals tested as conscious. The sensitivity – number of unconscious animals tested as 1277 

unconscious would be less relevant for the purpose of monitoring welfare issues of the process. 1278 

Specificity of the indicators was considered together with the feasibility per stage.   1279 

Additionally to the toolbox resulting from the questionnaire 2 (see Table 9) and referring to the 1280 

physiologically basis of the indicators, it is suggested that absence of corneal reflex is confirmed 1281 

before the animal can be released from the restraint, in addition to absence of breathing and muscle 1282 

tone.. Relaxed body, end of bleeding and dilated pupils should be confirmed before the animal can be 1283 

further processed. 1284 

The resulting “toolboxes” are assembled in Table 11. 1285 

Table 11:  Toolbox of indicators A prior to release from restraint and indicators B prior to dressing  1286 

for slaughter without stunning in bovines that are considered most suitable (A-Level) or suitable 1287 

(B-Level) to be used for detection of animals becoming unconscious and death. Please refer to the 1288 

section 3.3 for the definitions and selection process of the indicators. 1289 

 1290 
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Stage of the process  Toolbox as derived from 

questionnaire 2 

A-Level 

 

Toolbox as derived from 

questionnaire 2 

B-Level 

 

Prior to release from restraint  Breathing 

 Muscle tone 

 [Corneal reflex]* 

 Pupillary reflex 

 Palpebral reflex 

 Loss of posture  

Prior to dressing  Relaxed body 

 End of bleeding 

 Dilated pupils 

* Suggested indicator additional to the outcome of the questionnaire 2.  1291 

4.2.2. Developing the sampling protocol for slaughter without stunning 1292 

According to the Regulation (EC) 1099/2009, when cattle are killed without prior stunning, persons 1293 

responsible for slaughtering shall carry out systematic checks to ensure that the animals present signs 1294 

of unconsciousness before being released from restraint and signs of death before undergoing dressing 1295 

or scalding. Therefore, the responsible personnel for slaughtering should carry out the monitoring in 1296 

all animals slaughtered without stunning.  1297 

 1298 

4.2.2.1. Risk factors and welfare consequences 1299 

The legislation requires the inspection frequency of animals being slaughtered without stunning to be 1300 

100%. Although there are several aspects of the killing procedure likely to affect the time to 1301 

unconsciousness or death, their presence or absence does not affect the frequency of inspection, nor 1302 

any further actions required by slaughter personnel.  1303 

Risk factors affecting the quality of killing have been described in the DIALREL report (von Holleben 1304 

et al., 2010). The restraining device, including both the body and head restrainers, might affect the 1305 

assessment feasibility of unconsciousness.  The design of the head restraint must not obscure the front 1306 

of the head and should also allow good access to the eyes to check corneal (or palpebral) reflex, and 1307 

the trachea to assess breathing. 1308 

  1309 
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CONCLUSIONS AND RECOMMENDATIONS 1310 

(this section is not intended for public consultation)  1311 

  1312 
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 APPENDICES  1368 

A.  APPENDIX A: WELFARE INDICATORS AND THEIR RELEVANCE PER EACH KEY STAGE OF THE 1369 
STUNNING PROCESS 1370 

Table 12:  Welfare indicators of consciousness and unconsciousness per each key stage during 1371 

captive bolt stunning of bovines 1372 

Table I - Bovines: captive bolt 
General 
concept/indic
ator 

Indicators of 
unconscious
ness after 
captive bolt 
stunning 

Indicators 
of 
conscious
ness after 
captive 
bolt 
stunning 

Indicators of 
unconscious
ness at neck 
cutting 

Indicators 
of 
conscious
ness at 
neck 
cutting  

Indicators of 
unconscious
ness during 
bleeding 

Indicators 
of 
conscious
ness 
during 
bleeding 

Posture Immediate 
collapse 

Failure to 
collapse 
and/or  
attempts 
to regain 
posture 

 

n.a Attempts 
to regain 
posture 
(arching of 
the neck 
or body) 

n.a Attempts 
to regain 
posture 
(arching of 
the neck 
or body, 
vigorous 
kicking ) 

Tonic seizure Onset of 
tonic seizure 

n.a. n.a. n.a. n.a. n.a. 

Muscle tone n.a. n.a. Loss of 
muscle tone 
in ears, jaws, 
tail and 
protrusion of 
tongue 

Presence 
of muscle 
tone (stiff 
ears and 
jaws, 
arched 
tail, 
tongue 
retained in 
month) 

Loss of 
muscle tone 
in ears, jaws, 
tail and 
protrusion of 
tongue 

Presence 
of muscle 
tone (stiff 
ears and 
jaws, 
arched 
tail, 
tongue 
retained in 
month) 

Breathing Immediate 
onset of 
apnoea  

Presence 
of 
breathing 
(including 
laboured 
breathing)  

n.a. Presence 
of 
breathing 
(including 
regular 
gagging) 

n.a Presence 
of 
breathing 
(including 
regular 
gagging) 

Responses to 
nose prick or 
ear pinch 

n.a. Responses 
to nose 
prick or 
ear pinch 

n.a. Responses 
to nose 
prick or 
ear pinch 

n.a. Responses 
to nose 
prick or 
ear pinch 

Body 
movements 

n.a n.a. n.a. Kicking 
and body  
or head 

n.a n.a. 
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movement
s during 
sticking 

Vocalization n.a Vocalizatio
n 

n.a. Vocalizatio
n 

n.a Vocalizatio
n 

Eye 
movements 

Fixed eyes Eyes 
movement
s, 
including 
nystagmus 

n.a. Eyes 
movement
s, 
including 
nystagmus 
or rotation 
of the eye 
ball 

n.a. Eyes 
movement
s, 
including 
nystagmus 
or rotation 
of the eye 
ball 

Palpebral 
reflex 

No palpebral 
reflex 

Positive 
palpebral 
reflex 

No palpebral 
reflex 

Positive 
palpebral 
reflex 

No palpebral 
reflex 

Positive 
palpebral 
reflex 

Corneal 
reflex 

No corneal 
reflex 

Positive 
corneal 
reflex 

No corneal 
reflex 

Positive 
corneal 
reflex 

No corneal 
reflex 

Positive 
corneal 
reflex 

Blinking n.a. Spontaneo
us blinking 

n.a. Spontaneo
us blinking 

n.a. Spontaneo
us blinking 

Pupillary 
reflex 

No pupillary 
reflex  

Positive 
pupillary 
reflex  

No pupillary 
reflex  

Positive 
pupillary 
reflex  

No pupillary 
reflex  

Positive 
pupillary 
reflex  

 1373 

 1374 

Table 13:  Welfare indicators of unconsciousness and death during slaughter without stunning of 1375 

bovines. 1376 

 1377 

Table II - Bovines: slaughter without stunning 

8 9 10 

General concept/indicator Indicators of unconsciousness after 
killing without stunning 

Indicators of death 
after killing without 
stunning 

a. Posture Loss of posture (or loss of balance) 
without attempt to regain or to 
retain upright body posture 

n.a. 

b. Muscle tone Loss of neck and leg muscle tone  n.a. 

c. Breathing Cessation of breathing  n.a. 
d. Pupillary reflex No pupillary reflex  n.a. 

e. Palpebral reflex No palpebral reflex  n.a. 

f. Corneal reflex No corneal reflex  n.a 

g. Response to threaten No response to threatening n.a. 
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movements near the eyes 

h. Responses to nose 
prick or ear pinch 

No responses to a nose prick or ear 
pinch  

n.a. 

i. Dilated pupils n.a. Dilated pupils 

j. Relaxed body n.a. Relaxed body  

k. End of bleeding n.a. End of bleeding of 
both carotid arteries 
and jugular veins 

l. Cardiac activity n.a. Absence of cardiac 
activity (heart 
beating) 

m. Pulse rate n.a. Absence of pulse rate 
in the femoral or 
coccygeal artery 

  1378 
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B.  APPENDIX B: OUTCOMES OF QUESTIONNAIRE 2 1379 

Figure 1a, b and c. graphical representations of feasibility of assessing indicators in captive bolt stunned bovines at three key 1380 
stages (results from questionnaire 2).  1381 
 1382 
Figure 1a. Feasibility at stunning  1383 
 1384 

 1385 

 1386 

Figure 1b. Feasibility at neck cutting 1387 

 1388 

 1389 

 Figure 1c. Feasibility during bleeding  1390 

  1391 
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Table 14:  summary of sensitivity and specificity for each indicator in captive bolt stunned bovines 1392 

  1393 
Indicators A 

 

Specificity Sensitivity 

 % (from 

Quest 2) 

% (from 

Quest 2) 

Immediate collapse 98  54  

Breathing 93  72  

Tonic seizure 100 (SLR) 

97  
91  

Muscle tone 81  71  

Response to nose prick or 

ear pinch 

92  70  

Body movements 28  71  

Vocalisation 98  45  

Eye movements 95  65  

Palpebral reflex 100 (SLR) 

87  
73  

Corneal reflex 100 (SLR) 

94  
91  

Spontaneous blinking 98  77  

Pupillary reflex 89  85  
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 1394 

Table 15:  summary of sensitivity and specificity for each indicator in bovines after slaughter without 1395 

stunning. 1396 

 1397 
Indicators A 

 

Specificity % 

(from Quest 2) 

Sensitivity % 

(from Quest 2) 

 

Posture 89 99 

Muscle tone 96 100 

Breathing 97 92 

Pupillary reflex 100 98 

Palpebral reflex 94 100 

Corneal reflex 82 99 

Response to threaten 100 95 

Responses to nose prick or ear pinch 86 97 

Indicators B 

(Indicators of death) 
Specificity % 

(from Quest 2) 

Sensitivity % 

(from Quest 2) 

 

Dilated pupils 76 85 

Relaxed body 93 71 

End of bleeding 98 82 

Cardiac activity 100 100 

Pulse rate 100 80 

 1398 

 1399 

 1400 

  1401 
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C.  APPENDIX C: TOOLBOX OF INDICATORS FOR CHICKEN AND TURKEYS 1402 

STUNNING METHOD: ALL AUTHORISED GAS METHODS 

Toolbox as derived from questionnaire 2 – based on 18 valid records – and working group 

discussion. 

Key stage Toolbox 

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Immediately after stunning 

(between end of stunning and 

shackling) 

 Breathing 

 Wing flapping 

 Spontaneous 

blinking 

 Relaxed body 

During neck cutting  Wing flapping 

 

 Relaxed body 

 [Breathing]* 

During bleeding  Wing flapping 

  Breathing 

 Relaxed body 

 

*= ‘breathing’ was not A level indicator in agreement with the outcomes of questionnaire 2 (it was 

considered difficult to assess). However the working group agrees that it should be considered as a B 

level indicator. 

 1403 

STUNNING METHOD: ELECTRICAL WATERBATH 

Toolbox as derived from questionnaire 2 – based on 33 valid records – and working group 

discussion. 

Key stage Toolbox  

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Immediately after stunning 

(between end of stunning and 

shackling) 

 Tonic seizure  

 Wing flapping  

 Spontaneous blinking 

 Breathing  

 Corneal reflex 

 [Vocalisation]* 

During neck cutting  Wing flapping  

 Tonic seizure   

 Breathing 

 

During bleeding  Wing flapping  

 Breathing  

 Corneal reflex 

 Eye movement 
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*= many people from questionnaire 1 use vocalisation as an indicator of consciousness although it is 

not very sensitive (a conscious animal not necessarily vocalises) 

 1404 

 1405 

 1406 

SLAUGHTER WITHOUT STUNNING  

Toolbox as derived from questionnaire 2 – based on 6 valid records only – and working group 

discussion. 

Key stage Toolbox as derived from 

questionnaire 2 

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Prior to scalding  Breathing  

 Corneal reflex 

 

 Dilated pupils  

 End of bleeding 

 Relaxed body  

 

  1407 
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D.  APPENDIX D: TOOLBOX OF INDICATORS FOR PIGS 1408 

STUNNING METHOD: HEAD-ONLY ELECTRICAL STUNNING 

Toolbox as derived from questionnaire 2 – based on 19 valid records – and working group 

discussion. 

Key stage Toolbox as derived from 

questionnaire 2 

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Immediately after stunning 

(between end of stunning and 

shackling) 

 Tonic seizures 

 Palpebral reflex 

 Immediate collapse 

 Breathing 

 Corneal reflex 

During neck cutting  Breathing 

 Tonic seizures 

 Spontaneous 

blinking 

 Response to nose 

or ear pinch 

During bleeding  Spontaneous blinking 

 Breathing 

 Response to nose 

or ear pinch  

 Muscle tone 

 1409 

STUNNING METHOD: GAS (CO2) 

Toolbox as derived from questionnaire 2 – based on 19 valid records – and working group 

discussion. 

Key stage Toolbox as derived from 

questionnaire 2 

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Immediately after stunning 

(between end of stunning and 

shackling) 

 Muscle tone  

 Breathing  

 Vocalisation 

 Corneal reflex 

During neck cutting  Muscle tone  

 Breathing  

 Vocalisation 

 Corneal reflex 

During bleeding  Muscle tone   Corneal reflex 
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 Breathing  

 Vocalisation 

  1410 
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E.  APPENDIX E: TOOLBOX OF INDICATORS FOR SHEEP AND GOATS 1411 

STUNNING METHOD: HEAD-ONLY ELECTRICAL STUNNING 

Toolbox as derived from questionnaire 2 – based on 27 valid records – and working group 

discussion. 

Key stage Toolbox as derived from 

questionnaire 2 

A-level indicators 

Additional indicators for 

the toolbox 

B-level indicators 

Immediately after stunning 

(between end of stunning and 

shackling) 

 Tonic seizures 

 Muscle tone  

 Spontaneous blinking 

 Corneal reflex 

 Breathing 

 Response to nose 

or ear pinch 

During neck cutting  Tonic seizures 

 Breathing 

 Spontaneous blinking 

 Corneal reflex 

 Muscle tone  

 

During bleeding  Spontaneous blinking 

 Breathing 

 Tonic seizures 

 Muscle tone  

 Corneal reflex 

 1412 

SLAUGHTER WITHOUT STUNNING 

Toolbox as derived from questionnaire 2 – based on 17 valid records – and working group 

discussion. 

Key stage  Toolbox as derived from 

questionnaire 2 

A-Level 

 

Toolbox as derived from 

questionnaire 2 

B-Level 

 

Prior to release from restraint  Corneal reflex 

 Breathing 

 Palpebral reflex 

 Response to nose or ear 

pinch 
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Prior to dressing  End of bleeding  

 Relaxed body 

 Dilated pupils 

 1413 

1414 
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GLOSSARY  1415 

DEFINITIONS OF THE INDICATORS OF CONSCIOUSNESS IN BOVINES AFTER CAPTIVE BOLT 1416 

STUNNING  1417 

Posture: effective stunning will result in immediate collapse of the animal: an instantaneous loss of 1418 

posture, defined by the inability of the animal to remain in a standing position. Ineffectively stunned 1419 

animals will fail to collapse or try to regain posture.  1420 

Breathing: effective stunning will result in immediate and sustained absence of rhythmic breathing 1421 

(apnoea): absence of respiratory cycle (inspiration and expiration occurring usually through the nose). 1422 

It will be indicated by absence of regular flank and/or mouth and nostrils movement. 1423 

Tonic seizure: recognized by arched back and rigidly flexed legs under the body. 1424 

Responses to a nose prick or ear pinch: Absence of reaction to a painful stimulus such as a pin prick to 1425 

the muzzle (area between external nostrils) or the ear with a sharp instrument indicates 1426 

unconsciousness.  1427 

Vocalization: purposeful vocalization such as grunting, bellowing, mooing  Noises generated by fluids 1428 

bubbling and gurgling in the trachea may be falsely taken as vocalization (Diarel). 1429 

Eye movements. Correctly stunned animals will show fixed eyes: they are wide open and glassy, and 1430 

no nystagmus (spontaneous rapid side to side (twitching) movements of the eyeballs). They will also 1431 

not show eyeball rotation, in which the eyeball rolls so mostly pink sclera can be seen and little or no 1432 

iris.. 1433 

Pupillary reflex: pupillary constriction (miosis) in response to light 1434 

Palpebral reflex: blinking (fast or slow) in response to stimulus of the palpebrae. 1435 

Corneal reflex: blinking (fast or slow) in response to stimulus of the cornea.  1436 

Spontaneous blinking: animal opens/closes eyelid on its own (fast or slow) without stimulation.  1437 

Dilated pupils: gradual pupillary widening (midriasis)  1438 

Muscle tone: unconscious animals will show loss of muscle tone in ears, jaws, tail and protrusion of 1439 

tongue. The ears, jaws and tail are hanging, floppy - without any muscle tone- and tongue is 1440 

protruding out of the mouth. 1441 

 1442 

DEFINITIONS OF THE INDICATORS OF UNCONSCIOUSNESS IN BOVINES AFTER SLAUGHTER 1443 

WITHOUT STUNNING 1444 

Posture. An unconscious animal will show complete loss of posture. There will be no attempts to 1445 

regain or to retain upright body posture. 1446 

Breathing. Unconsciousness will lead to immediate and sustained absence of rhythmic breathing 1447 

(absence of respiratory cycle), and is indicated by absence of air bubbles in the liquid blood or sera 1448 

accumulating at the neck wound or absence of any flank movements suggestive of breathing.  1449 

Immediate onset of tonic seizure: recognized by arched back and rigidly flexed legs  1450 
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Responses to a nose prick or ear pinch: unconscious animals will not show a reaction to a painful 1451 

stimulus such as a pin prick to the muzzle (area between external nostrils) or the ear with a sharp 1452 

instrument. 1453 

Vocalization: unconscious animals will not show purposeful vocalization such as grunting, bellowing, 1454 

mooing. Noises generated by fluids bubbling and gurgling in the trachea may be falsely taken as 1455 

vocalization. 1456 

Fixed eyes: when animals are unconscious their eyes will be wide open and glassy. 1457 

Palpebral reflex: blinking (fast or slow) in response to stimulus of the palpebrae. 1458 

Corneal reflex: unconscious animals have no blinking (fast or slow) in response to stimulus of the 1459 

cornea.  1460 

Spontaneous blinking: unconscious animals have no opening/closing of eyelid (fast or slow) without 1461 

stimulation.  1462 

Nystagmus: unconscious animals have no spontaneous rapid side to side (twitching) movements of the 1463 

eyeballs. 1464 

Dilated pupils: unconscious animals have will show gradual pupillary widening (midriasis)  1465 

No full eyeball rotation: the eyeball rolls so mostly pink sclera can be seen and little or no iris 1466 

Loss of muscle tone. In unconscious animals the muscle tone will be lost in ears, jaws, tail and 1467 

protrusion of tongue.  The ears, jaws and tail are hanging, floppy - without any muscle tone- and 1468 

tongue is protruding out of the mouth. Involuntary muscle jerks may occur occasionally. 1469 

 1470 

DEFINITIONS OF THE INDICATORS OF DEATH IN BOVINES AFTER SLAUGHTER WITHOUT 1471 

STUNNING  1472 

Dilated pupils. In dead animals the pupil is widened (midriasis)  1473 

Relaxed carcass. In dead animals there is a loss of muscle tone. This involves a loss of posture: the 1474 

body is floppy and limp, the animal will not actively stretch or withdraw head or extremities. 1475 

End of bleeding: in dead animals the blood from the exanguination cut is no longer flowing, only 1476 

minor dripping can be seen. 1477 

Cardiac activity. Dead animals have a permanent absence of cardiac activity (e.g. pulse or heart beat). 1478 

Pulse rate. In dead animals there is an absence of pulse. The heart beats can no longer be palpated, 1479 

neither distally (by pressing the arteries in an extremity) nor over the heart. 1480 

 1481 

 1482 


