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SUMMARY

There is pressure to ban the practice of using beak treatment in laying hens and with this

comes the need to find viable alternatives. Natural beak blunting by the inclusion of abrasive

materials in the feeder has been suggested as an alternative, but its applicability to leghorn pul-

lets and laying hens is not fully understood. This study investigated if a specialized feeding

system that has been shown to blunt broiler breeder beaks could effectively replace infrared

beak treatment in Lohmann Brown-Lite and Lohmann LSL-Lite pullets and hens. Birds were

sorted into 3 treatments: untreated control (C), infrared beak treated (IR), or provided with a

specialized beak blunting feeder (SF), which had an abrasive inner feed pan. The SF beaks

were not shortened nor blunted when compared to C beaks from 0 to 16 wk. The feather cover

of SF hens at 36 wk was poorer overall, suggesting that the SF beaks were as effective at pull-

ing and removing feathers as the C hens. Cannibalism-related mortality was highest for the SF

hens from 17 to 36 wk, further supporting the lack of effectiveness of the SF system. Similar

to previous research, infrared beak treatment was effective in controlling cannibalism in lay-

ing hens. No decline in body weight, or increases in stress level suggested any negative impact

of the IR treatment in this study. Overall, the specialized feeders did not negatively impact

productivity or welfare, but were not effective at blunting the beak, resulting in poor feather

cover and increased cannibalism.
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DESCRIPTION OF PROBLEM

Severe feather pecking is a behavior that is

commonly observed in many poultry species,
1Corresponding author: karen.schwean@usask.ca
particularly laying hens and domestic turkeys

(Jendral and Robinson, 2004). This behavior is

a major welfare concern as it can result in

feather loss, damage to the skin, cannibalism,

and mortality (Savory, 1995). Beak treatment

via infrared beak treatment or hot-blade
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trimming are 2 of the most effective methods of

reducing the damage that birds can inflict upon

each other during bouts of injurious pecking;

however, there is growing demand to phase out

all methods of beak treatment. Considering

this, there is a need for research on alternatives

to beak treatments that can effectively control

injurious pecking.

Natural blunting or smoothing of the beak

by the inclusion of an abrasive material in the

feeder or using abrasive enrichment devices

such as pecking stones have been suggested

as an alternative to beak treatments. When the

beak tip comes into contact with the abrasive

material, both the length and the sharpness

are reduced (Fiks-van Niekerk and Elson,

2005). Studies conducted by ADAS UK

(2005) and van de Weerd et al. (2006) found

that laying hens that were exposed to an abra-

sive material in the bottom of the feed trough

had shorter beaks than hens without access to

the material. The length of exposure to the

abrasive material also appears to impact beak

length. Hens that had continuous exposure to

the abrasive material throughout rearing and

laying had significantly shorter beaks com-

pared to hens that only had exposure during

rearing (van de Weerd et al., 2006). Applying

an abrasive material to the bottom of the

feeder does not result in better plumage cover

but it may influence mortality (Fiks-van Nie-

kerk and Elson, 2005). ADAS UK (2005) also

found that application of an abrasive material

throughout rearing and laying did not affect

feed intake, body weight, plumage cover, or

behavior.

Several different enrichment devices

including a blunting board hung vertically at

the front of the cage were investigated by

Morrissey et al. (2016). The authors found

that none of the enrichment devices effec-

tively reduced beak length or sharpness.

Birds provided with the enrichment devices

performed less bird-to-bird pecking but there

was no corresponding effect on mortality or

plumage condition (Morrissey et al., 2016).

The authors concluded that the enrichment

devices long-term effectiveness and applica-

bility to commercial farms may be limited

(Morrissey et al., 2016). Pecking stones have

also been studied as a method to naturally
blunt the beak. However, there is evidence

that they may only be effective in reducing

mortality in birds that are already beak

treated (Iqbal et al., 2020). Pecking stone

consumption was higher in birds that were

not beak treated compared to infrared beak

treated birds; however, this higher stone con-

sumption was coupled with higher mortality

and poorer feather cover (Iqbal et al., 2020).

This suggests that even though untreated

birds spent more time pecking at the stone,

it was not effective at reducing the sharpness

of the beak tip to a point where birds could

not inflict severe damage upon other birds

(Iqbal et al., 2020).

The poultry equipment company Roxell

developed a feeding system for broiler breeders

that promote “natural beak smoothing” (Roxell,

2019). These feeders have an inner pan that is

made of an abrasive metal material. As birds

eat and their beaks contact this abrasive mate-

rial, the external beak tissue is worn down. The

company states that “natural beak smoothing”

results in a better shaped beak compared to

infrared beak treatment, less feed wastage, bet-

ter flock uniformity, improved reproductive

performance, and as much as a 2% reduction in

mortality. However, to date, to the authors’

knowledge, there are no published peer-

reviewed scientific manuscripts that verify

these claims.

The limited scientific literature on beak

blunting indicates that the use of abrasive

materials in the bottom of feed troughs can

effectively shorten and blunt the beak of lay-

ing hens and it does not appear to negatively

affect production or beak-related behavior.

However, it is not fully understood how beak

blunting affects the histology of the beak tis-

sue and the stress response of the bird. For

example, we do not know if the continuous

abrasion to the beak during feeding results in

pain or discomfort for the bird. It is also not

clear if the genetic background of different

strains of egg-production birds influences the

effectiveness of beak blunting. Therefore, the

objectives of this study were to 1) examine

the effect of specialized beak blunting

feeders on the beak characteristics, produc-

tion, behavior, and welfare of 2 different

strains of layer pullets, and 2) investigate the
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further potential impact of only using the

specialized feeders during the brooding/rear-

ing phase on adult hens.
MATERIALS ANDMETHODS

This work was approved by the University of

Saskatchewan’s Animal Research Ethics Board

(AUP 19940248) and adhered to the Canadian

Council on Animal Care guidelines for humane

animal use (2009).

Pullet Management and Housing

Newly hatched Lohmann LSL-Lite (LW)

and Lohmann Brown-Lite (LB) female chicks

(n = 900 per strain; 1,800 total) were obtained

from a commercial hatchery. Prior to arrival at

the research facility, chicks were randomly

assigned to 1 of 3 beak treatments (n = 300 per

beak treatment per strain): untreated control

(C), infrared beak treated immediately post-

hatch (IR), or untreated and provided with a

specialized beak blunting feeder (SF). Infrared

beak treatment was performed by a trained

operator at the hatchery and the treatment set-

tings were 26/23 guard-plate, aluminum mid-

wrap mirror, and 38 power. The guard-plate

determines how much of the top beak is

exposed to the infrared light; the mirror shape

and material determines how much light is

reflected off the mirror onto the bottom beak;

and the power determines how deeply the beak

is penetrated by the infrared light. Beak expo-

sure time was approximately 1.5 s and treat-

ment settings were identical for both strains.

Both the C and SF pullets were sham treated

(placed into the IR equipment but their beaks

were not exposed to the infrared light).

At the research facility, chicks were housed

in floor pens (n = 18; 3 m £ 3 m; 3 pens per

beak treatment per strain) from 0 to 16 wk of

age with 100 chicks per pen (900 cm2 per pul-

let). Perches were provided throughout the

entire rearing period (1 per pen; 56 cm

high £ 114 cm wide £ 218 cm long). All pul-

lets had ad libitum access to water and age-

appropriate commercial feed fed in a crumble

form. For the IR and C treatments, feed was

provided via aluminum tube feeders (2 per pen;
36 cm diameter for first 5 wk and 44 cm for

remaining time). For the SF treatment, feed was

provided via a plastic, oval shaped Vitoo feeder

(2 per pen; Roxell, Maldegem, BE; Figure 1A).

The inner feed pan on the Vitoo feeder was

made from an abrasive metal material that

allowed for blunting of the beak as it came into

contact with it (Figure 1B). Water was provided

via bell drinkers (1 per pen; 38 cm diameter for

first 4 wk and 56 cm thereafter) and bucket

drinkers with 5 nipples attached to the bottom

(1 per pen; 25 cm diameter). Supplemental

feeders and drinkers were provided for all treat-

ments in all pens for the first week.

The photoperiod was 16L:8D (intermittent

4L:2D; 30 lux) from 0 to 1 wk, 14L:10D (10 lux)

from 1 to 3 wk, 12L:12D from 3 to 4 wk,

10L:14D from 4 to 5 wk, 9L:15D from 5 to 6 wk,

and then 8L:16D from 6 wk onwards. Light was

provided using white LED bulbs and included

dawn and dusk periods of 15 min each. Room

temperature started at 33˚C at 1 d and decreased

by approximately 2˚C each week to reach a final

room temperature of 20˚C at 5 wk of age.
Hen Management and Housing

At approximately 17 wk of age, pullets

(n = 432; 72 pullets per beak treatment per

strain) were transferred to the research layer

facility and housed in Layer Specht conven-

tional cages (n = 72; 503 cm2/hen, 60 cm feed

trough and 1 Lubing EasyLine nipple drinker).

All cages were located within the same tier and

2 adjacent cages were considered an experi-

mental unit resulting in 6 replications of

12 hens per treatment. All hens had ad libitum

access to water and commercial layer feed fed

in a mash form in smooth-bottomed trough

feeders. Hens were given 14L:10D (10 lux) per

day (including dawn and dusk periods of

15 min each) via incandescent bulbs. Barn tem-

perature was maintained at approximately 21˚

C. At 36 wk of age, the study was terminated

due to high mortality from cannibalism in the

LB hens.
Data Collection

Body Weight. All pullets were weighed on

a pen basis at 0, 2, 4, 10, and 16 wk of age. All



Figure 1. (A) Specialized beak blunting feeder provided to SF pullets and (B) inner feed pan of the feeder with the
abrasive metal material.

4 JAPR: Research Report
hens were weighed on an individual basis at 36

wk of age. Average hen body weight on a cage

basis was calculated from the individual hen

weights.

Beak Length. At 2, 4, 10, and 16 wk of

age, digital photographs were taken of the

beaks of 30 pullets per treatment using the

Nova-Tech Engineering LLC beak scale

(Figure 2A) and a Canon PowerShot SD1200IS

camera (Canon Canada Inc., Ontario, Canada).

Photographs were analyzed to calculate beak

length (distance between the anterior end of the

nares to the end of the upper and lower beak at

each age) and beak growth (difference in beak

length between 16 and 2 wk of age) using

ImageJ analysis software (version 1.52,

National Institutes of Health, Bethesda, MD;

Figure 2B). At 36 wk of age, photographs were

taken of the beaks of 36 hens per treatment

using the same equipment as during the rearing

period. Photographs were analyzed to calculate

beak length using ImageJ analysis software.

Beak Histology. Beak samples were col-

lected for histology from 4 IR, 2 C, and 4 SF

pullets per strain at 2, 4, 10, and 16 wk of age.

Pullets were humanely euthanized using man-

ual cervical dislocation and their beaks were

removed by cutting where the beak attached to
the skull. Beaks were then placed in 10% neu-

tral buffered formalin and stored at room tem-

perature for a minimum of 2 d before trimming.

The top and bottom beaks were trimmed into

sagittal cross sections of approximately 5 mm

and placed in cassettes. Samples were then sub-

mitted to an independent diagnostic laboratory

for slide preparation (decalcified in 20% formic

acid, embedded in paraffin wax, sectioned at 5

mm, and stained with hematoxylin and eosin

[H&E]). Due to difficulty in trimming and sec-

tioning the 10 and 16 wk beak samples, only

samples from 2 and 4 wk of age were exam-

ined. To avoid bias, the pathologist was blinded

to which slides belonged to which treatment

and all slides were analyzed at the same time.

Heterophil/Lymphocyte Ratio. Blood

samples were collected from the brachial vein

of 12 birds per treatment for heterophil/lympho-

cyte (H/L) ratio determination at 2, 4, 10, 16,

and 36 wk of age. Blood smears were prepared

the same day blood was collected. Blood

smears were dried for 24 h, stained with PRO-

TOCOL Hema 3 (Fisher Scientific, Ottawa,

ON, Canada) and then analyzed under 100X oil

magnification. All heterophils and lymphocytes

within the field of view were counted until 100

cells were counted.



Figure 2. (A) Nova-Tech Engineering LLC beak scale and (B) calculation of beak length using ImageJ software.
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Feather Cover. All hens were individually

scored for feather cover at 36 wk of age by a

trained individual. Each hen was scored for 6

areas: neck, back, breast, wings, tail, and vent.

These areas were given a score ranging from 1

(no feather cover) to 4 (full plumage) using a

scale adapted from Davami et al. (1987) and

Sarica et al. (2008).

Behavior. Pullet behavior was recorded in

all pens for 24 continuous h at 10 and 16 wk of

age using ceiling-mounted infrared video cam-

eras (Matrix Network Inc., Coppell, TX) that

captured the entire pen. The behaviors

described in Table 1 were evaluated using scan

sampling at 20-min intervals.

Mortality. Pullets and hens were moni-

tored daily for mortality or morbidity and

were humanely euthanized using manual cer-

vical dislocation if culling was necessary. All

found-dead and culled birds were weighed

and submitted for necropsy to an independent

diagnostic laboratory. During the laying

period, any cage where feather pecking was

suspected was marked and monitored closely.

Any hen that was being actively pecked as

evident by the presence of small amounts of

blood and/or minor tissue damage (e.g., small

wounds or scratches) were removed from the

experiment and placed into an individual cage

to recuperate. Hens that had extensive tissue

damage were euthanized using manual cervi-

cal dislocation and submitted for necropsy.

Birds that were removed from the experiment

(live culls) and placed into individual cages
were considered mortalities for statistical

analyses.
Statistical Analyses

The experiment was designed as a 3 £ 2 fac-

torial arrangement of beak treatment and strain,

in a completely randomized design. For body

weight, H/L ratio, behavior, and mortality data,

the replicate unit was pen (pullets) or cage

(hens) with 3 (pullets) or 6 replicates (hens) per

treatment. For beak length and feather cover

data, the experimental unit was bird with 30

(pullets) or 36 (hens) replicates per treatment for

beak length and 72 (hens) replicates per treat-

ment for feather cover. Data were analyzed using

PROC MIXED (SAS 9.4, Cary, NC) with

Tukey’s range test to separate means. Percentage

data were checked for normality using PROC

UNIVARIATE (SAS 9.4) and log transformed

(data log + 1) when necessary. Differences were

considered significant when P ≤ 0.05.
RESULTS AND DISCUSSION

During early life, the beak treatment did not

affect pullet body weight except at 4 wk of age,

when SF pullets were lighter compared to C

pullets (Table 2). In the present study, it is pos-

sible that some aspect of the specialized feeders

reduced feed intake during early life; however,

by 10 wk of age, there were no differences in

body weight so the effect was transient. There



Table 1. Ethogram of behaviors commonly performed by commercial layer pullets.

Behavior Definitiona

Feeding Head extended into feeder; manipulating or ingesting feed3

Drinking Head extended to water line, manipulating water nipple3

Standing Standing and idle; eyes may be open or closed1

Walking Taking at least 2 successive steps3,4. May be performed on the floor or while perching.

Jumping up or down from perch counts as walking

Resting Crouching with breast on floor or perch, otherwise inactive, with eyes open or closed2

Preening Grooming own feathers with beak while standing, laying, or perching2

Wing stretch Extension of wings away from body without flapping or walking2

Leg stretch Stretching leg out to the side or behind body and returning leg back under body without

taking a step forward2

Dustbathing Bird lays on side, while head rubbing, bill raking, wing shaking and scratching floor. Bird

may also throw particles of floor material over their bodies2

Feather ruffling Feathers of wings and body are raised/shaken out4

Gentle feather pecking Pecking at plumage of other birds; does not cause harm or damage5. May be performed on

the floor or while perching.

Object pecking Pecking at inedible objects (penning, walls)2

Environmental pecking Pecking at the litter1

Aggressive pecking Pecking directed at the head of other birds and causes birds to flinch and/or vocalize5

Severe feather pecking Pecking at the plumage of other birds; results in the pulling and removal of feathers5

Wing flapping Extension of wings away from body and flapping up and down rapidly but without flight/

walking4

Head scratching Using leg to scratch at head2

Head shaking Head is moved side to side/up and down rapidly2

Unknown Behavior cannot be discerned because bird is not visible or is being blocked by other birds

aDefinitions adapted from.
1Gentle and McKeegan (2007).
2Hurnik et al. (1995).
3Dennis et al. (2009).
4Marchant-Forde et al. (2008).
5Savory (1995).
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were no differences in body weight noted

between C and IR treatments in the present

study, suggesting that infrared beak treatment

did not negatively impact the bird’s ability to

consume feed. This contrasts previous studies

which have reported reductions in body weight
Table 2. Effect of beak treatment and strain on the body we
pullets housed in floor pens from 0 to 16 wk of age and hens

Beak treatment

Age (wk) C IR SF P-value

0 32.4 32.2 32.3 0.79

2 123.9 121.2 121.2 0.08

4 290.8a 286.3ab 284.3b 0.04

10 971.7 949.9 958.0 0.22

16 1,288.4 1,262.5 1,296.9 0.11

36 1,905.8 1,897.5 1,875.0 0.51

Abbreviations: C, untreated control; IR, infrared beak treated; LB

provided with a specialized beak blunting feeder during rearing.
a bMeans within a main effect with different superscripts are sign
A BMeans within a main effect with different superscripts are sign
in infrared beak treated pullets up to 4 wk of

age (Gentle and McKeegan, 2007; Marchant-

Forde et al., 2008; Marchant-Forde and Cheng,

2010; Struthers et al., 2019b). Body weight

between the strains varied throughout the rear-

ing period with LB pullets being lighter than
ight (g) of Lohmann Brown-Lite and Lohmann LSL-Lite
housed in conventional cages from 17 to 36 wk of age.

Strain
Interaction

LB LW P-value P-value SEM

31.7B 32.9A <0.01 0.61 0.16

119.8B 124.4A <0.01 0.91 0.78

283.0B 291.3A <0.01 0.96 1.43

999.2A 920.5B <0.01 0.65 10.65

1,391.6A 1,173.6B <0.01 0.65 27.22

2063.3A 1722.2B <0.01 0.01 31.26

, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

ificantly different (P ≤ 0.05).

ificantly different (P ≤ 0.01).



Table 3. Effect of beak treatment and strain on the top and bottom beak length and overall beak growth (mm) of Loh-
mann Brown-Lite and Lohmann LSL-Lite pullets housed in floor pens from 0 to 16 wk of age and hens housed in
conventional cages from 17 to 36 wk of age.

Beak treatment Strain
Interaction

Age (wk) C IR SF P-value LB LW P-value P-value SEM

Top beak

2 7.8A 6.5B 7.8A <0.01 7.4 7.3 0.83 <0.01 0.07

4 10.2A 7.0B 10.3A <0.01 9.0B 9.3A 0.01 0.92 0.13

10 14.8A 10.7B 14.5A <0.01 13.0b 13.5a 0.02 0.05 0.17

16 16.4A 12.7B 16.7A <0.01 15.3 15.3 0.97 0.20 0.16

36 16.5A 13.1B 16.6A <0.01 15.6a 15.2b 0.02 0.01 0.16

Bottom beak

2 6.5A 5.3B 6.5A <0.01 6.1 6.1 0.76 <0.01 0.08

4 8.6A 5.9B 8.6A <0.01 7.6 7.8 0.07 0.20 0.11

10 13.4A 10.5B 13.2A <0.01 11.9B 12.7A <0.01 0.30 0.14

16 14.6A 13.4B 14.8A <0.01 14.0b 14.5a 0.02 0.54 0.11

36 14.9A 12.9B 14.9A <0.01 14.3 14.1 0.31 0.68 0.12

Abbreviations: C, untreated control; IR, infrared beak treated; LB, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

provided with a specialized beak blunting feeder during rearing.
a bMeans within a main effect with different superscripts are significantly different (P ≤ 0.05).
A BMeans within a main effect with different superscripts are significantly different (P ≤ 0.01).
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LW pullets from 0 to 4 wk but heavier at 10 and

16 wk of age. LB hens were also heavier than

LW hens at 36 wk, regardless of beak treat-

ment. This is similar to what has been reported

previously in pullets and hens (Tauson et al.,

1999; Singh et al., 2009; Struthers et al., 2019b;

Chew et al., 2021a).

Infrared beak treatment was effective at

reducing beak length post-treatment (Table 3),

which agrees with the findings of Henderson

et al. (2009) and Struthers et al. (2019b). IR

birds consistently had shorter top and bottom

beak lengths compared to C and SF birds

throughout both rearing and laying, with no dif-

ferences being observed between the C and SF

treatments. This suggests that the specialized

feeders were not effective at reducing beak

length enough to be significantly different from

the C treatment. Gr€un et al. (2021) found that

turkeys given access to feeders with abrasive

blunting disks inside of them had significant

beak abrasion, but the beak lengths of these tur-

keys were still significantly longer than turkeys

who had been infrared beak treated. The study

also did not include a control treatment to allow

comparison between the blunting disk turkeys

and turkeys that were non-beak treated and had

access to standard feeders. At 4 and 10 wk of

age, LB pullets had shorter top beaks than LW

pullets. At 10 and 16 wk, LB pullets also had
shorter bottom beaks compared to LW pullets.

Interactions between beak treatment and strain

were observed for top beak length at 2, 10, and

36 wk of age and bottom beak length at 2 wk

(Table 4); however, these interactions were in

magnitude only. The SF beaks were never simi-

lar in length to IR beaks and never shorter than

C beaks, regardless of strain.

At 2 wk of age, the beaks of SF pullets were

not histologically different from C pullets. Nor-

mal beak structures were present in both the C

and SF pullets (rhamphotheca [outer keratin

layer], epithelium, connective tissues, bone,

and nerve endings; Figures 3A and B), suggest-

ing that in addition to beak length, the special-

ized feeders were not affecting the beak tissue

at the cellular level. At this age, the IR beaks

(n = 8) were either healed or unhealed. Healed

beaks (n = 4) showed epithelium closure with

early stages of beak remodeling (Figure 3C).

The unhealed beaks (n = 4) showed incomplete

epithelium closure with attached cellular debris

(Figure 3D). At 4 wk of age, SF beaks again

showed no histological differences from C

beaks (Figures 4A and B). All the IR beaks

(n = 8) except 1 had completely healed.

Figure 4C shows advanced remodeling in a

completely healed IR beak. The beak still in the

process of healing (Figure 4D) shows remodel-

ing or shaping of the beak (shaping of the



Table 4. Interaction between beak treatment and strain on top and bottom beak length (mm) of Lohmann Brown-Lite
and Lohmann LSL-Lite pullets housed in floor pens from 0 to 16 wk of age and hens housed in conventional cages
from 17 to 36 wk of age.

Beak treatment £ Strain

LB £ C LW £ C LB £ IR LW £ IR LB £ SF LW £ SF

2 wk of age

Top beak 7.5A 8.0A 7.0B 6.0C 7.6A 8.0A

Bottom beak 6.2AB 6.8A 5.8B 4.8C 6.3AB 6.6A

10 wk of age

Top beak 14.3b 15.2a 10.6c 10.7c 14.5ab 14.6ab

36 wk of age

Top beak 16.4A 16.6A 13.8B 12.4C 16.8A 16.5A

Abbreviations: C, untreated control; IR, infrared beak treated; LB, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

provided with a specialized beak blunting feeder during rearing.
a b cMeans within a main effect with different superscripts are significantly different (P ≤ 0.05).
A B CMeans within a main effect with different superscripts are significantly different (P ≤ 0.01).

Figure 3. (A) Control (C) beak at 2 wk of age. (B) Specialized feeder (SF) beak at 2 wk of age. All beaks show nor-
mal structures: rhamphotheca (R), epithelium (E), dermis (D), bone (B), and nerve endings (NE). (C) Healed infrared
beak treated (IR) beak at 2 wk. Beak shows epithelium closure with early stages of beak remodeling. (D) Unhealed
IR beak at 2 wk. Beak shows incomplete epithelium closure with attached cellular debris (arrow). 2£ magnification.
H&E staining.
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Figure 4. (A) Control (C) beak at 4 wk of age. (B) Specialized feeder (SF) beak at 4 wk of age. All beaks show nor-
mal structures: rhamphotheca (R), epithelium (E), dermis (D), bone (B), and nerve endings (NE). (C) Healed infrared
beak treated (IR) beak at 4 wk. Beak shows advanced remodeling. (D) IR beak still undergoing healing at 4 wk. Beak
shows remodeling or shaping (shaping connective tissues, bony spicules). Arrow indicates incomplete closure of the
epithelium at the beak tip. 2£magnification. H&E staining.
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connective tissues, bony spicules). The healing

response of the IR beaks observed in the present

study is similar to what has been found in hot-

blade trimmed (Gentle et al., 1997) and infrared

beak treated pullets (McKeegan and Philbey,

2012; Struthers et al., 2019c).

H/L ratios are measured as an indicator of

chronic stress in poultry. The three beak treat-

ments did not affect H/L ratios throughout the

rearing or laying period (Table 5). This sug-

gests that neither the specialized feeders nor

infrared beak treatment resulted in more stress

compared to the C treatment. Onbaşılar et al.

(2009) found that H/L ratios were higher in

untreated laying hens compared to hens hot-

blade trimmed at 1 d, 10 d, or 10 wk of age

while Dennis et al. (2009) reported that infrared

beak treatment did not negatively impact stress

physiology measures compared to hot-blade
trimmed birds. At 2, 4, 10, and 36 wk of age,

LB birds had higher H/L ratios compared to

LW. Recent data has suggested that these dif-

ferences may not be due to higher stress levels

in the LB strain but rather are a reflection of the

genetic differences between the strains (Peixoto

et al., 2021; Chew et al., 2021b)

Maintaining good feather cover is important

for laying hens as it protects their bodies from

scratches and aids with thermoregulation (Lee-

son and Walsh, 2004). During the laying period,

IR hens had better overall feather cover com-

pared to the C and SF hens (Table 6), with C

hens being intermediate and SF hens having the

poorest overall feather cover. This suggests that

the specialized feeders were not able to blunt

the beak tip and limit the bird’s ability to suc-

cessfully pull out the feathers of flock mates.

Feather cover by strain differed depending on



Table 5. Effect of beak treatment and strain on the heterophil/lymphocyte ratio of Lohmann Brown-Lite and Loh-
mann LSL-Lite pullets housed in floor pens from 0 to 16 wk of age and hens housed in conventional cages from 17
to 36 wk of age.

Beak treatment Strain
Interaction

Age (wk) C IR SF P-value LB LW P-value P-value SEM

2 0.65 0.55 0.55 0.48 0.84A 0.33B <0.01 0.14 0.075

4 0.43 0.58 0.48 0.11 0.79A 0.20B <0.01 0.49 0.076

10 0.18 0.24 0.17 0.15 0.28A 0.11B <0.01 0.68 0.025

16 0.52 0.64 0.59 0.70 0.66 0.51 0.19 0.30 0.057

36 0.87 0.73 0.75 0.12 1.17A 0.39B <0.01 0.33 0.073

Abbreviations: C, untreated control; IR, infrared beak treated; LB, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

provided with a specialized beak blunting feeder during rearing.
A BMeans within a main effect with different superscripts are significantly different (P ≤ 0.01).

Table 6. Effect of beak treatment and strain on the feather cover scores (out of 4)1 of Lohmann Brown-Lite and Loh-
mann LSL-Lite hens housed in conventional cages from 17 to 36 wk of age.

Beak treatment Strain
Interaction

Body area C IR SF P-value LB LW P-value P-value SEM

Neck 3.2B 3.6A 2.5C <0.01 3.0B 3.2A <0.01 0.95 0.05

Back 3.7A 3.8A 3.4B <0.01 3.5B 3.7A 0.01 0.02 0.04

Wings 3.8B 4.0A 3.7C <0.01 3.7B 3.9A <0.01 <0.01 0.02

Tail 3.2B 3.6A 2.9C <0.01 3.4B 3.1B <0.01 0.72 0.04

Breast 3.4A 3.6A 3.0B <0.01 3.3b 3.4a 0.04 0.65 0.04

Vent 3.9a 3.8ab 3.7b 0.03 3.9A 3.7B <0.01 0.83 0.03

Total (/24) 21.2B 22.4A 19.1C <0.01 20.9 21.1 0.22 0.37 0.16

Abbreviations: C, untreated control; IR, infrared beak treated; LB, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

provided with a specialized beak blunting feeder during rearing.
a bMeans within a main effect with different superscripts are significantly different (P ≤ 0.05).
A B CMeans within a main effect with different superscripts are significantly different (P ≤ 0.01).
1Score of 1 = no feather cover, 2 = greater than 50% of plumage missing, 3 = 50% or less of the plumage missing, and 4 = full,

intact plumage (Davami et al., 1987; Sarica et al., 2008).
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the area of the body. LW pullets scored better

on the neck, back, wings and breast regions,

while the LB had better feather cover on the tail

and vent regions. Interactions between beak

treatment and strain were observed for feather

cover on the back and wings (Table 7). For

both body regions, LB SF pullets had poorer

feather covered compared to the other treat-

ments, particularly the IR pullets of both

strains. Overall, the present study and many

previous others show that the blunt beak shapes

created by infrared beak treatment are less able

to grasp and damage the feathers and body tis-

sues of their flock mates (Damme et al., 2013;

Riber and Hinrichsen, 2017; Struthers et al.,

2019a).
At 10 wk of age, pullet behavioral expres-

sion was not affected by infrared beak treat-

ment or the specialized feeders (Table 8).

Interactions between beak treatment and

strain were noted for percent of time spent

drinking and object pecking at this age. LW

C pullets spent more time at the drinker

compared to LB C pullets, with no differen-

ces being observed for LW and LB pullets in

the other treatments. LW C pullets also spent

more time object pecking compared to the

other treatments. Strain differences were evi-

dent in only a few behaviors (Table 8),

which is not surprising given the different

genetic backgrounds of the strains. Struthers

et al. (2019a) also found very few behavioral



Table 7. Interaction between beak treatment and strain on back and wings feather cover score (out of 4)1 of Loh-
mann Brown-Lite and Lohmann LSL-Lite hens housed in conventional cages from 17 to 36 wk of age.

Beak treatment £ Strain

LB £ C LW £ C LB £ IR LW £ IR LB £ SF LW £ SF

Back 3.5bcd 3.9a 3.8ab 3.8abc 3.3d 3.5cd

Wings 3.7B 4.0A 4.0A 3.9A 3.5C 3.9A

Abbreviations: C, untreated control; IR, infrared beak treated; LB, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

provided with a specialized beak blunting feeder during rearing.
a b c dMeans within a main effect with different superscripts are significantly different (P ≤ 0.05).
A B CMeans within a main effect with different superscripts are significantly different (P ≤ 0.01).
1Score of 1 = no feather cover2 = greater than 50% of plumage missing, 3 = 50% or less of the plumage missing, and 4 = full,

intact plumage (Davami et al., 1987; Sarica et al., 2008).

Table 8. Effect of beak treatment and strain on the behavior (% of time) of Lohmann Brown-Lite and Lohmann LSL-
Lite pullets housed in floor pens at 10 and 16 wk of age.

Beak treatment Strain
Interaction

Age (wk) Behavior C IR SF P-value LB LW P-value P-value SEM

10 Feeding 3.44 3.54 2.98 0.39 3.59 3.06 0.92 0.13 0.122

Drinking 0.71 0.72 0.72 0.99 0.66 0.77 0.12 0.05 0.037

Standing 6.47 6.19 7.57 0.38 5.84 7.65 0.10 0.36 0.285

Walking 1.51 1.40 1.87 0.23 1.24B 1.94A <0.01 0.95 0.097

Resting 68.22 68.56 67.32 0.87 66.57B 69.48A <0.01 0.50 1.139

Preening 3.75 4.86 4.14 0.30 3.55b 4.94a 0.04 0.66 0.189

Wing stretch 0.01 0.02 0.02 0.14 0.01 0.02 0.32 0.41 0.004

Leg stretch 0.03 0.02 0.02 0.60 0.01 0.03 0.16 0.62 0.004

Dustbathing 0.12 0.18 0.16 0.54 0.18 0.13 0.19 0.09 0.020

Feather ruffle 0.02 0.02 0.03 0.48 0.02 0.02 0.43 0.15 0.004

Gentle feather peck 0.12 0.16 0.13 0.31 0.09B 0.18A <0.01 0.19 0.014

Object peck 0.36 0.36 0.31 0.84 0.26B 0.43A <0.01 <0.01 0.030

Environment peck 3.67 3.63 4.66 0.48 4.41 3.57 0.81 0.60 0.179

Aggressive peck 0.01 0.00 0.01 0.39 0.00b 0.01a 0.05 0.78 0.003

Severe feather peck 0.00 0.00 0.00 0.36 0.00 0.00 0.31 0.36 0.001

Wing flap 0.05 0.03 0.03 0.42 0.04 0.03 0.42 0.60 0.006

Head scratch 0.00 0.01 0.01 0.22 0.01A 0.00B 0.01 0.22 0.002

Head shake 0.00 0.00 0.01 0.37 0.01 0.00 0.27 0.28 0.002

Unknown 11.51 10.31 10.01 0.92 13.50a 7.73b 0.02 0.98 0.479

16 Feeding 2.07 2.51 2.02 0.47 2.43 1.98 0.13 0.12 0.096

Drinking 0.87 0.78 0.69 0.29 0.97A 0.60B <0.01 0.33 0.044

Standing 11.09 10.35 10.34 0.93 10.33 10.86 0.39 0.46 0.459

Walking 1.23 1.60 1.45 0.42 1.34 1.51 0.62 0.14 0.110

Resting 66.49 65.47 66.13 0.99 65.19B 66.86A <0.01 0.26 1.213

Preening 3.68 4.06 3.55 0.37 2.85B 4.68A <0.01 0.06 0.194

Wing stretch 0.01b 0.06a 0.01b 0.04 0.02 0.04 0.42 0.42 0.012

Leg stretch 0.01 0.01 0.01 0.94 0.01 0.01 0.87 0.95 0.003

Dustbathing 0.11a 0.07ab 0.05b 0.04 0.09 0.07 0.48 0.88 0.011

Feather ruffle 0.02 0.07 0.02 0.20 0.04 0.03 0.25 0.84 0.015

Gentle feather peck 0.12AB 0.18A 0.08B 0.01 0.17A 0.09B <0.01 0.69 0.013

Object peck 0.18B 0.38A 0.13B <0.01 0.24 0.22 0.86 0.41 0.022

Environment peck 4.70 4.97 4.37 0.63 4.84 4.53 0.86 0.35 0.216

Aggressive peck 0.00 0.00 0.00 - 0.00 0.00 - - 0.000

Severe feather peck 0.00 0.00 0.00 - 0.00 0.00 - - 0.000

Wing flap 0.01 0.02 0.03 0.28 0.03 0.01 0.06 0.84 0.004

Head scratch 0.00 0.00 0.01 0.36 0.00 0.01 0.08 0.36 0.002

Head shake 0.01 0.01 0.01 0.71 0.02a 0.01b 0.05 0.10 0.003

Unknown 9.40 9.46 11.11 0.60 11.45 8.50 0.53 0.10 0.397

Abbreviations: C, untreated control; IR, infrared beak treated; LB, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

provided with a specialized beak blunting feeder during rearing.
a bMeans within a main effect with different superscripts are significantly different (P ≤ 0.05).
A BMeans within a main effect with different superscripts are significantly different (P ≤ 0.01).
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differences between LW and LB pullets at 9

wk of age.

At 16 wk of age, differences between the

beak treatments were observed for 4 behaviors

(Table 8). Two of the behaviors (wing stretch-

ing and dustbathing) are considered comfort

behaviors that birds perform when they are in

positive welfare states (Zimmerman et al.,

2011). IR pullets spent more time wing

stretching compared to both the C and SF

treatments while C pullets spent more time

dustbathing than SF pullets with IR pullets

being intermediate. The other 2 behaviors

were pecking-related with IR pullets spending

more time gentle feather pecking than SF pul-

lets and more time object pecking than both C

and SF pullets. Exploratory behaviors like

gentle feather pecking and object pecking can

also be indicative of a positive welfare state

and when looking at all 4 behaviors, SF pullets

spent the lowest percent of time performing all
Table 9. Effect of beak treatment and strain on the total mort
pullets housed in floor pens from 0 to 16 wk of age and hens

Beak treatment

Age (wk) C IR SF P-value

Total mortality (%)

0−4 7.2a 4.6ab 3.0b 0.03

5−8 0.0 0.1 0.4 0.30

9−12 0.3 0.3 0.2 0.93

13−16 0.2 0.0 0.0 0.40

0−16 7.7a 5.0ab 3.6b 0.03

17−36 10.4 6.9 16.7 0.27

Total mortality by cause (%), 0−16 wk
Cannibalism 0.0 0.0 0.4 0.06

Metabolic 0.0 0.0 0.0 -

Infectious 5.5A 2.7AB 2.4B 0.01

Skeletal 0.0 0.0 0.0 -

Mechanical 0.0 0.0 0.0 -

Other 2.0 2.1 0.8 0.48

Unknown 0.2 0.1 0.0 0.66

Total mortality by cause (%), 17−36 wk
Cannibalism 6.9ab 0.0b 10.4a 0.02

Metabolic 0.0 0.0 0.0 -

Infectious 0.0 0.7 0.7 0.61

Skeletal 0.0 0.0 0.0 -

Mechanical 0.0 0.0 0.0 -

Other 3.5 6.2 5.6 0.61

Unknown 0.0 0.0 0.0 -

Abbreviations: C, untreated control; IR, infrared beak treated; LB

provided with a specialized beak blunting feeder during rearing.
a bMeans within a main effect with different superscripts are sign
A BMeans within a main effect with different superscripts are sign
4. However, for all beak treatments, the 4

behaviors occurred at low incidences (<0.50%
of time) so caution should be used during

interpretation. Overall, there is no indication

that SF pullets had poorer or better welfare

than either the IR or C pullets.

With a ban on beak treatment being consid-

ered or put into place in many countries across

the world, there is an increased risk of mortality

in the non-beak treated flocks. Data from com-

mercial laying hen flocks shows that hens with

intact beaks have significantly higher total mor-

tality and mortality due to cannibalism com-

pared to infrared beak treated hens (Weeks

et al., 2016; Riber and Hinrichsen, 2017;

Struthers et al., 2019a). In the present study,

total mortality levels differed between the 3

beak treatments during early life (0−4 wk) and

for the entire rearing period (0−16 wk)

(Table 9). During these periods, mortality was

highest in the C treatment, intermediate in the
ality (%) of Lohmann Brown-Lite and Lohmann LSL-Lite
housed in conventional cages from 17 to 36 wk of age.

Strain
Interaction

LB LW P-value P-value SEM

2.4B 7.6A <0.01 0.39 0.87

0.0 0.3 0.06 0.30 0.09

0.3 0.2 0.89 0.44 0.13

0.1 0.0 0.35 0.40 0.06

3.0B 8.0A <0.01 0.81 0.84

15.7 6.9 0.22 0.18 2.66

0.0 0.2 0.07 0.06 0.08

0.0 0.0 - - 0.00

0.3B 6.8A <0.01 0.59 0.94

0.0 0.0 - - 0.00

0.0 0.0 - - 0.00

2.6 0.9 0.07 0.98 0.37

0.1 0.1 1.00 0.24 0.08

10.6a 0.9b 0.03 0.30 2.34

0.0 0.0 - - 0.00

0.9 0.0 0.17 0.61 0.32

0.0 0.0 - - 0.00

0.0 0.0 - - 0.00

4.2 6.0 0.74 0.20 1.06

0.0 0.0 - - 0.00

, Lohmann Brown-Lite; LW, Lohmann LSL-Lite; SF, birds

ificantly different (P ≤ 0.05).

ificantly different (P ≤ 0.01).
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IR, and lowest in the SF. However, it is impor-

tant to note that these differences were primar-

ily due to yolk sac infections during early life

and likely were not related to beak treatment.

During the laying period, total mortality was

not statistically different, but the large numeric

differences observed between the beak treat-

ments would be noticeable on a commercial

farm (Table 9). The highest numeric mortality

was found in the SF treatment, followed by the

C, with the lowest noted in the IR hens. When

examining the causes of mortality during the

laying period, it is clear that cannibalism was

the main reason for these differences. About

10.42% of SF hens died from cannibalism com-

pared to 0% of IR hens. C hens were intermedi-

ate at 6.94%. The use of the specialized feeder

system was not effective in reducing or elimi-

nating the damage inflicted when the hens

engaged in severe feather pecking behavior;

however, infrared beak treatment was.

Based on the results of the present study, it is

unclear why these specialized feeder systems

appear to work effectively in broiler breeder

flocks but not in laying hens. There are 2 poten-

tial reasons: 1) differences in body weight may

result in differences in the force used when peck-

ing at the abrasive inner feed pan, and 2) because

broiler breeders are feed restricted, they are more

motivated to spend more time pecking at the

feeder, even when feed is not available. The rea-

son is likely a combination of the 2 factors.
CONCLUSIONS AND

APPLICATIONS

1. The specialized feeders did not negatively

impact pullet body weight or welfare, but

they were not effective at blunting the beak

and reducing beak length.

2. The specialized feeding system utilized dur-

ing the brooding and rearing phase of life is

not a replacement for infrared beak treat-

ment in layer pullets, as poorer feather cover

and potential cannibalism during laying is

more likely.

3. Future areas of research include investigat-

ing why these specialized feeding systems

are more successful in broiler breeders than

laying hens and how these systems can be
adapted for layer pullets and hens without

having to introduce feed restriction.
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