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ABSTRACT 
The first experiment aimed to compare the effects of manual and electric beak-trimming on feed intake, body weight, 

and some biochemical parameters of eight-week-old pullets. A total of 20 pullets aged 3 weeks were assigned to two 

treatment groups; those in group A were manually debeaked while the samples in group B were electro debeaked. 

The findings indicated that 2 hours post-beak-trimming (PBT), the packed-cell volume of group A was significantly 

higher than that of group B. Plasma cortisol level of group A was significantly higher than that of group B at 2 and 6 

hours PBT while total plasma protein level of group A was significantly lower than that of the group at 2 and 72 

hours PBT. Furthermore, feed intake and body weight markedly decreased in the pullets debeaked with both methods 

until 72 hours PBT. The chickens’ beak trimmed with both methods experienced intense pain of varying degrees 

lasting up to 72 hours. In the second experiment, 40 eight-week-old pullets were assigned to four groups; group A 

was the control, group B was treated with a vitamin supplement, group C was treated with acetaminophen, and group 

D was treated with vitamin supplement plus acetaminophen. After 24 hours, chickens were beak-trimmed using a 

manual cutter. The results revealed that 2 hours PBT, plasma cortisol level in groups B, C, and D were significantly 

lower than that of group A. Blood glucose was lowest in groups A and D at 6 and 24 hours PBT, respectively. It is 

concluded that the pre-treatment with vitamins and NSAIDs could reduce stress and pain in debeaked chickens. 
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INTRODUCTION 
 

Beak-trimming, formerly known as debeaking, is a routine 

husbandry procedure performed in many poultry species, 

such as laying hens, turkeys, ducks, and quails (Gentle et 

al., 1995; Gustafson et al., 2007; Fournier et al., 2015). It 

is the act of amputation or cauterization of approximately 

one-quarter to one-third of the upper beak or both upper 

and lower beak of a bird (Gentle et al., 1995; Van Liere, 

1995) to prevent aggressive behaviors, feather pecking, 

and cannibalization (Dennis et al., 2009).  There are 

several methods for debeaking, including mechanical 

beak-trimming using simple blades or scissors (Gentle et 

al., 1995; Gustafson et al., 2007), cold blade method (Van 

Liere, 1995), hot blade method (Gentle et al., 1995; Van 

Liere, 1995), chemical beak-trimming (Van Liere, 1995), 

electrical debeaking (Gentle et al., 1995), freeze-drying 

method, as well as robotic and laser beak-trimming 

(Marchant-Forde et al., 2008). The choice of the method to 

be used depends on the financial capability of the farmer. 

Therefore, smallholder farmers inevitably use manual and 

hot blade methods while large-scale commercial farmers 

and hatcheries can afford to utilize the electrical, laser, or 

infrared methods.   

The practice of beak-trimming has raised numerous 

welfare concerns due to its potential to cause acute and 

chronic pain as well as the loss of function in poultry 

(Gentle, 2011). Researches have demonstrated that beak-

trimming results in acute pain in young poultry, whether 

performed by the conventional hot-blade method or the 

new infra-red procedure (Marchant-Forde et al., 2008). 

Moreover, beak-trimming of adults can lead to the 

incidence of neuroma and chronic pain (Breward and 
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Gentle, 1985; Duncan et al., 1989; Gentle, 1991). The 

utilization of the conventional hot-blade debeaking 

method is not usually encouraged since it is an invasive 

method which can cause stress, pain, and intense suffering 

in poultry. However, most small-scale farmers still employ 

this method of beak-trimming with the intention of 

achieving better productivity (Dennis et al., 2009; Dennis 

and Cheng, 2010). Furthermore, all manual methods of 

beak-trimming seem to be inefficient, time-consuming, 

and are often poorly performed (Dennis et al., 2009). As 

reported, infra-red trimming can result in a higher decrease 

of growth and feed intake in the following weeks, 

compared to the hot-blade trimming method. This means 

that the pain induced by infra-red beak-trimming may be 

similar to or more severe than the pain caused by the hot-

blade method (Honaker and Ruszler, 2004; Marchant-

Forde et al., 2008).  

Environmentalists condemn beak-trimming since it 

is perceived as painful mutilation of the beak which 

impairs feed and water intake days after trimming 

(Marchant-Forde et al., 2008) leading to stress and 

mortality among poultry. Thus, the egg production 

industry is under intense pressure to stop beak-trimming. 

However, the abolishment of this procedure in layer farms 

may negatively impact animal welfare, as it increases the 

aggressive behaviors of the subjected poultry. (Guesdon et 

al., 2006; Dennis and Cheng, 2010). Thus, to address 

welfare concerns and reduce stress and pain following 

beak-trimming, it is a common practice for veterinarians 

and farmers to administer anti-stress medications to 

poultry a day before beak-trimming.  However, the 

efficacy and implications of this practice have not been 

experimentally supported.   

This study was conducted to compare the stress level 

experienced by eight-week-old pullets following the use of 

a manual cutter and an electric debeaker for beak-

trimming. The study further investigated the effect of pre-

beak-trimming administration of a vitamin supplement, 

acetaminophen, and vitamin plus acetaminophen 

combination on stress-related changes and acute pain 

responses in pullets. 

 

METHODOLOGY 

 

Ethical approval 

The protocols used for this research were performed 

in conformity with the National Institutes of Health 

revised guidelines for laboratory animals’ care and use 

(NIH, 1985) and approved by the Faculty of Veterinary 

Medicine, University of Nigeria, Nsukka (Approval no. 

UNFVM/11/19/021). 

 

Animals 

One hundred day-old ISA brown pullets were 

procured from a commercial hatchery and raised in the 

poultry pen of the Department of Veterinary Medicine, 

University of Nigeria, Nsukka for eight weeks. The 

chickens were routinely vaccinated against Newcastle 

disease, Infectious bursa disease, and fowlpox disease 

before the start of the study. Water and feed were provided 

ad libitum throughout the experiment. Before beak-

trimming, chickens were dewormed with levamisole Hcl 

(100 g in 200 L water). The diet contained 15% crude 

protein, 8% fat, 15 crude fibre, 0.9-1.2% calcium, 0.35% 

phosphorus and 2600 Kcal/Kg of metabolisable energy 

 

Experiment I: Comparison of acute pain induced 

by beak-trimming using manual beak cutter and 

electric debeaker 

Pre-beak-trimming measures 

A total of 20 eight-week-old pullets were assigned to 

two treatment groups (n=10). Each group of pullets was 

housed separately. Both groups of chickens were fed pre-

determined weights (1000 g) of growers ration (Vital 

feed®, Nigeria) for three days to ascertain their feed 

intakes.  The body weights, heart rates, and rectal 

temperature of chickens were measured 10 minutes before 

beak-trimming. Blood (2 ml) was also collected from the 

jugular vein of each pullet for the determination of packed 

cell volume (PCV), plasma cortisol level, and total plasma 

protein level.   

Beak-trimming  

One-third of the upper beak of each pullet was 

trimmed using a manual cutter (group A) and an electric 

debeaker (group B). Following beak-trimming, chickens 

were returned to their cages and provided with a weighed 

quantity (1000 g) of growers ration. Clean medication-free 

drinking water was also provided for the chickens. 

Measured parameters post-beak-trimming 

Feed intake of chickens was determined at 24, 48, 

72, and 96 hours post-beak-trimming. Feed intake by the 

chicken was determined by weighing the remained feed 

rations given at 24, 48, 72, and 96 hours and subtracting it 

from the weight of the initial 1000 g of growers ration fed 

the previous day. Percentage changes in feed intake per 

group were subsequently determined. The weight of each 

chicken was re-determined 24 and 168 hours (day 7) after 

beak-trimming using a weighing scale. 
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At 2, 6, and 24 hours post-beak-trimming, blood was 

collected from the pullets into EDTA plastic vacutainers 

for the following laboratory investigations. The PCV was 

determined using the microhaematocrit methods as 

described by Natt and Herrick (1952). Plasma was 

obtained by the centrifugation of anti-coagulated blood to 

determine cortisol and total plasma protein. Plasma 

cortisol was measured using a Cortisol ELISA Kit (Medix 

biotech kit
®
, USA) according to the manufacturer’s 

instructions. Total plasma protein was determined using 

the Randox
®
 kit (United Kingdom) under standard 

conditions.  

Heart rate (HR) and temperature were taken 24 hours 

after beak-trimming. The heart rate was determined with 

the use of veterinary multi-parameter monitor TM-9009 

(Technocare Medisystems, India) and the temperature was 

determined with a clinical thermometer. 

 

 Experiment II:  Effect of pre-beak-trimming 

administration of vitamin supplement, acetaminophen, 

and vitamin supplement plus acetaminophen on 

changes in feed intake, body weight, and acute pain 

response 

Pre-beak-trimming protocols 

Forty 8-week-old pullets of similar weights were 

selected and assigned to four treatment groups. Each group 

(n=10) was housed separately and was fed pre-determined 

weights (800g) of growers ration (Vital feed
®
, Nigeria) for 

three days to ascertain their feed intakes. Medications 

administered to the groups consisted of vitamin 

supplement (Vitalyte Extra
®
 United Kingdom; group B), 

acetaminophen (Sigma Aldrich
®
 Germany; group C), 

vitamin supplement plus acetaminophen (group D). The 

vitamin supplement and acetaminophen were included in 

drinking water of chicken in groups B and C at dose rates 

of  2 and 0.4 g/4 liters of water, respectively, based on 

manufacturer recommendations. Drinking water (4 liters) 

of birds in group D was medicated with 2 g of a vitamin 

supplement and 0.4 gram of acetaminophen. The pullets in 

the treatment groups were allowed access to the medicated 

water for 1 hour prior to beak trimming.  No medication 

was administered to chickens in group A (control group). 

Regarding post-beak-trimming, medicated water was 

provided for chickens in the treatment groups ad libitum 

for 5 days. 

Ten minutes before beak-trimming, blood (2 ml) was 

collected from the jugular vein of each pullet for the 

determination of baseline values of PCV, blood glucose, 

plasma cortisol level, and total plasma protein level.    

 

Beak-trimming 

One-third of the upper beak of each pullet was 

trimmed using a manual cutter. Following beak-trimming, 

chickens were returned to their cages and provided with a 

weighed quantity (800g) of growers ration. They were also 

provided with clean medication-free water. 

Parameters measured post-beak-trimming 

Feed intakes were determined 24, 48, 72, and 96 

hours after beak-trimming. Feed intake was calculated by 

subtracting the weight of the remnant feed 24, 48, 72, and 

96 hours after the initial 800 g of growers ration fed the 

previous day. Percentage change in feed intake per group 

was subsequently determined. At 2, 6, and 24 hours post-

beak-trimming, blood was collected from the pullets into 

EDTA plastic vacutainers for the following laboratory 

investigations. Blood glucose was determined using a 

handheld glucometer (Accucheck advantage Π®). PCV, 

plasma cortisol, and total plasma protein were determined 

as described in Experiment I. Percentages of changes in 

the glucose levels of pullets were calculated. 

 

Statistical analysis 

The obtained data were reported as mean ± standard 

error of the mean. Mean values of the investigated 

parameters obtained in Experiment I were compared using 

the student’s T-test while those of Experiment II were 

compared using one-way ANOVA. Post hoc comparison 

was performed using LSD at a probability of less than 

0.05. 

 

RESULTS  

 

Experiment I 

Feed intake  

As shown in Figure 1, feed intake of pullets 

decreased markedly in group A by 98.7%, compared to a 

62.97% decrease in the weight of consumed feed by 

pullets in group B when compared with the weight of feed 

consumed before beak-trimming. Furthermore, a decrease 

in feed intake of group A (19.34%) was higher than that of 

group B (17.07%) 48 hours after beak-trimming. As 

indicated, 72 hours after beak-trimming, feed intake 

increased in group B, however, there was a decrease in 

group A. The findings indicated that 96 hours after beak-

trimming, the feed intake of pullets in groups A and B 

increased by 5.28% and 22.41%, respectively. 

Body weight and vital parameters 

Twenty-four hours after beak-trimming, body 

weights of chickens in groups A and B decreased by 

4.09% and 2.26% 24, respectively. The body weights of 
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chickens in groups A and B increased by 11.5% and 

15.98%, respectively, 7 days after beak-trimming (Figure 

2). Heart rates and rectal temperatures of both groups were 

not significantly (p > 0.05) different at the investigated 

post-beak-trimming time points (Table 1). 

Packed cell volume, plasma cortisol, total plasma 

protein  

By 2 hours post-beak-trimming, there was a 

significant decrease of PCV of group A than group B (p < 

0.05). There was no significant difference between the 

PCV of groups at other time points (Table 2). Plasma 

cortisol of group A was significantly higher than that of 

group B by 2 and 6 hours post-beak-trimming (p < 0.05). 

No significant difference was observed among the groups 

24 hours after beak-trimming (Table 2). The total protein 

level of group A was significantly lower than that of group 

B by 2, 6, and 24 hours post-beak-trimming (p < 0.05, 

Table 2). 

 

Experiment II 

Feed intake 

The results of the percentage change in feed intake 

are presented in Figure 3. By 24 hours post-beak-

trimming, feed intake in all four groups decreased by 

98.97% (group A), 97.7% (group B), 93.66% (group C), 

and 61.48% (group D), compared to pre-beak-trimming 

feed intake. The feed intake decreased 48 hours after beak-

trimming in groups A, B, C, and D by 79.7%, 92.88%, 

42.25%, and 45%, respectively. The results obtained 72 

hours post-beak-trimming indicated that feed intake 

increased in groups C and D while there was a decrease in 

the feed intake in groups A and B were 69.6% and 

10.56%. Although 72 and 96 hours after beak-trimming 

the feed intake of chickens increased above the baseline, 

feed intake in groups C and D remained low.  

Plasma cortisol, total plasma protein, and blood 

glucose 

The results obtained 2 hours after beak-trimming 

revealed that plasma cortisol levels of group B, C, and D 

were significantly lower than that of group A (p < 0.05). 

Cortisol levels of all the groups were not significantly 

different 6 and 24 hours post-beak-trimming (p > 0.05, 

Table 3). Total plasma protein levels of all the groups 

were not significantly (p > 0.05) different 2, 6, 24, and 72 

hours post-beak-trimming (Table 3). Glucose levels of 

chickens in all groups decreased after beak-trimming. 

Glucose levels in groups A, B, C, and D decreased to 

13.85%, 15.09%, 27.1%, and 20.5%, respectively, 6 hours 

after beak-trimming. However, 24 hours after beak-

trimming, glucose levels of groups A, B, C, and D 

decreased to 26.83%, 25.19%, 24.88%, and 5.28%, 

respectively (Figure 4). 

 

 
Figure 1. Percentage changes in feed intake of pullets post-beak-trimming using a manual cutter and electro debeaker. 
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Figure 2. Percentage changes in body weight of pullets post-beak-trimming using the manual cutter and electro debeaker. 

 

 
Figure 3. Percentage changes in feed intake of pullets treated with different medications. 
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Figure 4. Percentage change in blood glucose of pullets treated with different medications. 

 
Table 1. Heart rate and body temperature of pullets pre and post-beak-trimming using different methods. 

Parameters Groups Pre-beak-trimming 24 hours PBT 

Heart rates (beats/min) 
Group A 343.20 ± 7.73a 325.60 ± 8.10 a 

Group B 341.60 ± 11.28 a 356.30 ± 3.66 a 

Temperature (°C) 
Group A 41.30 ± 0.14 a 41.06 ± 0.06 a 

Group B 40.96 ± 6.08 a 41.08 ± 0.08 a 

*Different superscript letters in a column indicate a significant difference between mean values of groups A and B at p < 0.05. PBT: Post-beak-trimming. 

Chickens of group A were beak-trimmed using a manual cutter and group B by electro debeaker. 

 
Table 2. Packed cell volume, cortisol, and total plasma protein levels of pullets pre- and post-beak-trimming using different 

methods. 

Parameters Groups Pre-beak-trimming 2 hours PBT 6 hours PBT 24 hours PBT 

Packed cell volume (%) 
Group A 27.2 ± 0.37a 20.6 ± 0.49a 23.0 ± 1.05a 24.0 ± 5.03a 
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Cortisol (µg/dl) 
Group A 0.48 ± 0.05a 0.71 ± 0.05a 1.04 ± 0.36a 0.898 ± 0.54a 

Group B 0.53 ± 0.07a 0.66 ± 0.01b 0.51 ± 0.28b 0.57 ± 0.13a 

Total plasma protein (g/dl) 
Group A 3.58 ± 0.62 a 3.04 ± 0.30 a 3.22 ± 0.16 a 3.50 ± 0.13 a 

Group B 3.32 ± 0.96 a 3.24 ± 0.04 b 3.00 ± 0.20 a 4.18 ± 0.42 b 

*Different superscript letters in a column indicate a significant difference between mean values of groups A and B at p < 0.05. PBT: Post-beak-trimming. 

Chickens of group A were beak-trimmed using a manual cutter and group B by electro debeaker. 
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Table 3. Cortisol and total plasma protein levels of pullets treated with different medications. 

Parameters Groups Pre-beak-trimming 2 hours PBT 6 hours PBT 24 hours PBT 

Cortisol (µg/dl) 

Group A 0.67 ± 0.15 1.51 ± 0.40a 0.83 ± 0.08a 0.76 ± 0.09 

Group B 0.83 ± 0.18 0.68 ± 0.13b 0.62 ± 0.08 b 0.62 ± 0.18 

Group C 0.64 ± 0.16 0.55 ± 0.97b 0.71 ± 0.17 b 0.73 ± 0.09 

Group D 0.68 ± 0.11 0.46 ± 0.03b 0.63 ± 0.02 b 0.57 ± 0.09 

Total plasma protein (g/dl) 

Group A 3.65 ± 0.26 2.95 ± 0.14 3.10 ± 0.06 4.45 ± 0.49 

Group B 3.4 ± 0.00 3.45 ± 0.26 3.45 ± 0.32 3.4 ± 3.34 

Group C 3.45 ± 0.23 3.03 ± 0.06 3.35 ± 0.30 3.85 ± 0.27 

Group D 3.73 ± 0.06 3.73 ± 0.42 2.95 ± 0.14 3.80 ± 0.36 

*Different superscripts in a column indicate a significant difference between mean values of groups A, B, C, and D at p < 0.05. PBT: Post-beak-trimming. 

Group A (control), Group B (vitamin supplement), Group C (acetaminophen), and Group D (vitamin supplement plus acetaminophen). 

 
DISCUSSION 

 

Beak-trimming is acutely painful, as many sensory 

nociceptors are present in the beak (Van Liere, 1995). 

Post-beak-trimming behaviors in chickens can be reflected 

through reduced feed intake, reduced activity, and beak 

guarding (Gentle et al., 1997; Marchant-Forde et al., 

2008). According to Dubbeldam et al. (1995), there was a 

decrease in the feeding intake time of chickens during the 

first post-beak-trimming weeks as a result of pain. Thus, 

the severe decrease in feed intake and body weight of 

samples in manual beak cutter and electric debeaker 

groups of the current study could suggest that the samples 

experienced intense pain at different levels lasting up to 72 

hours. This result was not in accordance with previous 

reports on the outcome of debeaking in very young 

chickens indicating no clear evidence of prolonged acute 

pain in chickens. According to these studies, young 

chickens experienced less pain and no scar tissue or 

neuroma development after beak-trimming due to rapid re-

growth of their beaks (Dubbeldam et al., 1995; Lunam et 

al., 1996; Gentle et al., 1997).  However, in chickens as 

old as the samples in the current study, studies have shown 

that the trimmed beak rapidly heals but does not 

regenerate. The tips of the beaks underlying the epidermis 

were composed of scar tissues (Breward and Gentle, 

1985). In addition, branches of the trigeminal nerve 

innervating the beak are damaged during beak-trimming 

while neuromas formed subsequently at the tip of the beak 

often regress in the early stage of healing (Duncan et al., 

1989). However, if severe beak-trimming methods are 

used, neuromas may persist and exhibit ectopic activity 

leading to chronic pain in the beak stump (Gentle et al., 

1990; Gentle, 1991; Crespo and Shivaprasad, 2003). 

Therefore, it can be concluded that the short duration of 

pain in chickens subjected to manual and electric beak-

trimming methods in the current study suggests low 

severity of these two methods. Moreover, a higher 

decrease in feed intake cum weights of pullets in the group 

debeaked with manual cutter could suggest that more pain 

was felt by chickens in this group.  Less pain might have 

been felt in the electro-debeaked pullets since the use of 

the electric current in debeaking causes complete loss of 

afferent nerve supply and sensory nerve endings with no 

neuroma formation (Gentle et al., 1995). Thus, chickens 

debeaked with the electric debeaker might not experience 

beak guarding and can resume feeding earlier than their 

counterparts debeaked with the manual cutter. 

The primary glucocorticoid released in response to 

stress and pain is cortisol (Molony and Kent, 1997). 

Therefore, serum cortisol assay is recognized as one of the 

objective methods of assessing stress and pain in many 

species (Carroll et al., 2006; Keita et al., 2010). Higher 

plasma cortisol levels among chickens 2 and 6 hours after 

beak-trimming using the manual cutter suggest that the use 

of the cutter for chickens could lead to higher levels of 

stress and pain. This probably leads to higher rates of 

weight loss and a decrease in the total plasma protein level 

as also seen in this group.  

PCV of pullets in both groups studied decreased 

following beak-trimming probably because bleeding 

occurred in the pullets. However, the PCV of the manual 

cutter group was significantly lower PCV than that of the 

electro debeaker group in the immediate period (2 hours) 

post-beak-trimming. This suggests that more beak 

bleeding might have occurred in this group. This finding 

highlights the advantage of the electro debeaker method of 

beak-trimming over manual beak-trimming since the 

beaks are immediately cauterized by the electro debeaker 

as they are being cut. However, despite this advantage of 

the electro debeaker, its use is not common in our locality 

due to their non-availability and cost leaving farmers with 

no choice but to recourse to the use of manual cutters, 

such as a simple blade or scissors-like devices. 
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Experiment II was conducted to ascertain the 

efficacy of drugs administered to pullets as anti-stress 

medications prior to beak-trimming. The outcome of the 

study showed that administration of acetaminophen and a 

combination of vitamin plus acetaminophen significantly 

ameliorated stress and pain in pullets. The use of 

acetaminophen alone gave the best outcome. This can be 

seen in the results obtained by 72 hours from the 

assessment of feed intake and post beak-trimming plasma 

cortisol assay after 2 and 6 hours. At the aforementioned 

time points, there was a marked decrease in feed intake 

and high plasma cortisol levels, compared to results 

obtained in the control group (that were debeaked using 

the manual cutter without any form of drug intervention) 

and the vitamin group. Similarly, Glatz (2000) revealed 

that analgesics have the potential to ameliorate the initial 

pain felt by chickens post-beak-trimming, According to 

Glatz (2000), a mixture of bupivacaine and 

phenylbutazone can be swabbed unto the beak 

immediately after beak-trimming. Therefore, the addition 

of mild analgesics, such as acetaminophen in water for 

preemptive analgesia prior to manual beak-trimming 

should be encouraged in layer farms in order to hasten the 

return to feeding and drinking in chickens.  

The current study also showed that blood glucose 

levels of pullets in all the groups remained decreased 

significantly for up to 24 hours post-beak-trimming. This 

was not expected since an increase in blood glucose had 

characterized the immediate post-trauma period in other 

animals, such as dogs (Lemke et al., 2002; Ugwu et al., 

2020), goats (Udegbunam et al., 2013), and rats 

(Udegbunam et al., 2012). Blood glucose rise post-trauma 

had been attributed to post-operative pain which leads to 

the increased production of epinephrine, norepinephrine, 

cortisol, growth hormones, and adrenocorticotropic 

hormone (Kuo et al., 2015). Cortisol also leads to 

hyperglycemia (Singh, 2003). In addition, catecholamines 

mainly epinephrine and glucagon activate glycogenolysis 

and mobilization of glucose principally from muscles with 

a consequent increase in the production of lactate and 

glucose (Prunier et al., 2005). There has been no study 

assessing the glucose response in chicken post-beak-

trimming so far. However, it may be assumed that the 

avian species do not respond to trauma as other species 

probably due to their small body muscle mass. Regarding 

glucose response, it is required to include glucose powder 

in drinking water for pullets during the first few days post-

beak-trimming to energize the chickens which exhibit zero 

to poor feeding due to severe pain induced by beak-

trimming. However, this finding excludes the use of 

glucose rise as an index of severe pain in chicken.  

 

CONCLUSION 

 

The manual beak cutter and electric debeaker led to 

intense pain of varying degrees lasting up to 72 hours. 

This period of acute pain was characterized by a severe 

decrease in feed intake, weight loss, blood glucose level, 

PCV, and total plasma protein levels of pullets as well as 

the increase in serum cortisol level. Accordingly, the 

administration of acetaminophen and a combination of 

vitamin plus acetaminophen significantly ameliorated pain 

in chickens.  
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