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Abstract
With the development of high-density, intensive animal husbandry, animal wel-
fare issues have become increasingly concerning, severely constraining the de-
velopment of China’s livestock industry. This production model, which sacri-
fices animal welfare, induces adverse physiological and psychological responses
in poultry, leading to outbreaks of respiratory diseases, ascites syndrome, and
other conditions, thereby reducing production performance, economic efficiency,
and product quality. In recent years, nations worldwide have placed growing
emphasis on animal welfare issues. By summarizing and analyzing indicators for
broiler welfare evaluation, this study aims to provide a theoretical foundation
for establishing a poultry welfare evaluation system in China, enhance welfare
standards in broiler production, and promote the healthy development of animal
husbandry.
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Abstract: With the development of high-density, intensive animal husbandry,
animal welfare issues have become increasingly concerning, seriously restrict-
ing the development of China’s livestock industry. This production model,
which sacrifices animal welfare, causes adverse physiological and psychological
responses in poultry growth, leading to outbreaks of respiratory diseases and
ascites, while reducing production performance, economic benefits, and product
quality. In recent years, countries worldwide have attached greater importance
to animal welfare issues. This paper summarizes and analyzes broiler welfare
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evaluation indicators to provide theoretical guidance for establishing a poul-
try welfare evaluation system in China, improve broiler welfare standards, and
promote the healthy development of animal husbandry.
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1 Overview of Poultry Welfare
In recent years, animal welfare has gradually gained attention from researchers,
farmers, and consumers [8]. Improving animal welfare can reduce the incidence
of respiratory diseases and ascites, promote healthy animal growth, improve live-
stock product quality, and increase economic benefits [9]. The concept of animal
welfare is diverse and continuously evolving, but in simple terms, it refers to
the healthy physiological and psychological development of animals in a comfort-
able state free from pain, disease, abnormal behavior, and stress [10]. As living
beings, animals not only possess various sensory functions but also have rich
emotions, requiring basic feed and water, as well as appropriate activity space
and living environment [11-12]. Currently, there is international consensus that
animal welfare encompasses both physical and psychological aspects, primarily
including freedom from hunger and thirst, comfort, freedom from injury and
disease, freedom from stress and fear, and freedom to express normal behavior
[13-15].

The goal of animal welfare is to enable animals to grow healthily and happily,
essentially treating them kindly by providing comfortable housing conditions,
adequate nutrition, and humane management practices [16]. However, dur-
ing production, factors such as feeding management, environmental conditions,
nutrition, transportation, and slaughter all affect poultry welfare and lead to
reduced production performance. Research shows that the physiological and
psychological states of livestock can be directly or indirectly reflected through
various physiological conditions, behavioral performances, immune functions,
and production traits [17]. Therefore, animal health and welfare status can be
evaluated using behavioral, physiological, and immune indicators. Four main
principles guide poultry welfare assessment: good feeding, good housing, good
health, and appropriate behavior [18-19]. Currently, welfare assessment systems
primarily include two aspects: evaluating animal health status and assessing
the living environment [20]. Only through scientific, objective, and comprehen-
sive evaluation of poultry welfare can we understand poultry health status and
promptly improve environmental and nutritional conditions to promote healthy
broiler growth, which is significant for developing healthy farming practices.
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2.1 Broiler Behavior
Animal behavior represents an organism’s response to its environment and can
promptly reflect its health status [21]. Therefore, broiler behavior serves as an
effective indicator for evaluating broiler health and welfare [22]. Broiler behav-
iors are mainly divided into state behaviors (standing, lying, walking, feeding,
drinking, and preening) and event behaviors (pecking, dust bathing, and feather
pecking) [23]. Under comfortable environmental conditions and adequate nutri-
tion, broilers’physiological and psychological needs are met, and they express
feelings of contentment through various behaviors [24]. However, with the devel-
opment of high-density, intensive farming, broilers cannot express normal behav-
iors and exhibit many abnormal behaviors [25]. Installing surveillance cameras
in chicken houses for remote observation records various broiler behaviors with-
out causing disturbance stress to experimental birds while objectively reflecting
their behavioral performance and welfare status. Mack et al. [26] reported that
heat stress (32.6 °C) significantly increased wing spreading and resting behav-
iors while reducing feeding and locomotor activities. Hu et al. [27] used infrared
cameras to record broiler behavior and found that heat stress at 30 °C signifi-
cantly altered resting behavior, decreasing sitting rest and increasing prone rest.
Li et al. [28] reported that ammonia concentration at 50 mg/kg significantly re-
duced lying duration, while 80 mg/kg significantly increased standing frequency
and duration and walking frequency, and significantly decreased lying duration.
These studies demonstrate that observing and recording broiler behavior can
reflect welfare status.

Tonic immobility (TI) is a phenomenon where broilers experience accelerated
heartbeat and respiration, muscle paralysis, and complete immobility when sub-
jected to external stress [29]. TI duration serves as an indicator for evaluating
fearfulness in poultry—the greater the fear, the longer the immobility period [30-
31]. TI testing is conducted in a quiet, dimly lit room using methods described
by Wang et al. [32] or Zhao [25], with higher TI values indicating greater fear-
fulness [33]. Tanaka et al. [34] found that enriched environments could reduce
fearfulness in poultry. Jiang et al. [10] reported that broilers in perch and toy
groups showed significantly reduced TI duration, indicating that environmental
enrichment can reduce fearfulness and improve welfare. In summary, TI can
reflect broiler welfare levels to a certain extent. Additionally, the avoidance
distance test can evaluate the relationship between animals and humans. Fol-
lowing methods described by Graml et al. [35], this test indirectly reflects animal
welfare through animals’approach or avoidance behavior toward humans [36].
Scoring criteria based on avoidance distance and avoidance rate are as follows
[37]: avoidance distance of 0-30 cm: avoidance rate >40% scores 1 point, avoid-
ance rate <40% scores 10 points; avoidance distance of 30-60 cm: avoidance
rate >50% scores 4 points, avoidance rate <50% scores

chinarxiv.org/items/chinaxiv-201711.00453 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00453


2.2 Feather Quality
Broiler feathers provide both insulation and protection against dust and
pathogens, with feather quality indirectly reflecting broiler comfort and welfare
status [38]. Feather damage can trigger feather pecking and aggressive behavior
from other individuals, reducing production performance and affecting welfare
[39]. Feather condition (including breast, back, wings, tail, etc.) is generally
scored on a 4-level scale [40-41]: extensive feather damage (damage area >1/3)
scores 1 point; partial feather loss (damage area ~50%) scores 2 points; minor
feather damage (damage area <1/3) scores 3 points; intact feathers score 4
points.

2.3 Bone Development
With advances in genetic breeding technology, broiler market age has gradually
shortened while growth rate has significantly increased, causing broiler weight
to exceed what their bones can support. This excessive leg burden leads to bone
deformation, hindering normal activity and feeding, and reducing welfare levels
[42]. Therefore, bone development status is an important welfare indicator.

Fluctuating asymmetry (FA) refers to minor random directional deviations when
comparing bilaterally symmetrical traits [16,43]. FA serves as a behavioral pa-
rameter for evaluating environmental conditions and genetic stress, as well as an
important indicator for assessing broiler welfare and comfort, reflecting growth
status under specific environmental conditions. Larger FA values indicate poorer
rearing environments and lower welfare levels [24].

Gait scoring (GS) is a widely applied and recognized method for assessing broiler
leg health and walking ability [44]. Garner et al. [45] developed a 6-point gait
scoring system: normal gait scores 0; slightly slow gait scores 1; moderately
slow gait scores 2; moderately abnormal gait scores 3; severely abnormal gait
with only small steps possible scores 4; complete inability to walk scores 5.
Jiang [33] reported that net-reared broilers mainly scored 2-3 points, while free-
range rearing significantly reduced gait scores, indicating that free-range activity
benefits bone growth and development.

Elbow damage refers to dermatitis and bone deformation in the hock joint area,
with severe cases showing skin ulceration, scabbing, and joint swelling. The
elbow damage score uses a 5-point scale [7]: healthy hock joint with no damage,
ulceration, or inflammation scores 0; small pinpoint erythematous lesions with
inflammation scores 1; slightly larger hock damage (~0.1-0.5 cm diameter) scores
2; obvious inflammation and damage (~1 cm diameter) scores 3; severe hock
damage (>2 cm diameter) scores 4 (Fig. 1 [Figure 1: see original paper]). Meng
et al. [46] reported that ammonia concentrations of 75 and 50 mg/kg significantly
increased elbow damage scores, indicating that ammonia stress exacerbates hock
joint damage and is detrimental to bone growth.

Foot pad dermatitis is a skin inflammation on the bottom of broiler feet, ranging
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from discoloration and black lesions to severe ulceration of subcutaneous tissue.
The foot pad damage score uses a 5-point scale [47]: clean foot pad with no dam-
age, ulceration, or inflammation scores 0; star-point lesions with inflammation
scores 1; slightly larger foot pad damage (0.1-0.5 cm diameter) scores 2; obvious
inflammation and damage (~1 cm diameter) scores 3; severe inflammation and
damage (>2 cm diameter) scores 4 (Fig. 2 [Figure 2: see original paper]).

2.4 Gut Microbiota
The interaction between poultry gut microbiota and the host forms a dynami-
cally balanced microecosystem that plays important roles in defending against
pathogens and improving immune function. Cecal microbial growth status is
an important indicator of poultry intestinal health and welfare. Peng et al. [48]
reported that continuous moderate heat treatment at 31 °C reduced cecal mi-
crobiota diversity, inhibited colonization of Ruminococus faecis and Faecalibac-
terium prausnitzii, and promoted growth of Lutisporathermophila. Tuyttens et
al. [49] reported that lactobacillus counts in broiler ceca could serve as a health
parameter for evaluating broiler welfare. These studies demonstrate that gut
microbiota can reflect poultry health and welfare status to some extent, though
specific evaluation methods and standards require further research and discus-
sion.

2.5 Blood Indicators
Measuring corticosterone (CORT) content in blood, feathers, or feces can serve
as a method for evaluating broiler welfare [50]. Su et al. [51] reported that
heat stress at 35 °C significantly increased fecal CORT content in broilers. The
heterophil/lymphocyte (H/L) ratio is an indicator of hypothalamic-pituitary-
adrenal (HPA) axis activity and a non-specific stress response indicator [52].
Stress factors such as poor environment, inadequate nutrition, and transporta-
tion can increase H/L ratios [10]. When muscles are intensely exercised or
damaged, cell membrane function and permeability are compromised, releasing
creatine kinase (CK) into the blood. CK is a marker of skeletal muscle damage
and an important characteristic of stress response, making it a useful welfare
indicator [53]. During early stress or infection stages, certain plasma protein lev-
els change, collectively termed acute phase reaction (APR) proteins. C-reactive
protein (CRP) content is a sensitive indicator of infection and can serve as an
effective parameter for monitoring poultry health and welfare [54]. Addition-
ally, immunoglobulin content can reflect immune function and, to some extent,
broiler welfare levels.

2.6 Environmental Welfare
Housing environment quality directly affects animal health and welfare, sub-
sequently influencing product quality. During broiler production, key environ-
mental factors related to welfare include temperature and humidity, air quality,
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litter quality, and lighting [55]. Poor environments affect broiler health, reduce
welfare levels, and may even cause mortality. Therefore, environmental quality
is also an important welfare indicator.

The optimal temperature for chicks is 32-35 °C, gradually decreasing daily based
on chick response to maintain 26-27 °C by day 21. Excessively high or low tem-
peratures cause heat or cold stress, leading to panting or huddling. Tempera-
ture assessment uses a 5-point scale based on broiler response [9]: no panting
or huddling scores 0; panting or huddling in <20% of birds scores 1; panting or
huddling in 50% of birds scores 2; panting or huddling in >50% of birds scores
3; panting or huddling in all birds scores 4.

Air quality is an important environmental indicator, with ammonia, hydrogen
sulfide, and carbon dioxide concentrations being commonly used metrics. Eval-
uation standards are shown in Table 1 .

Additionally, the types and quantities of airborne microorganisms in poultry
houses are important environmental indicators. Microorganisms such as E. coli
and Staphylococcus aureus can invade broilers through the respiratory tract,
causing tracheitis or bronchitis, with microorganisms reaching alveoli potentially
causing pneumonia, seriously threatening animal health and welfare [16]. Indica-
tor microorganisms (E. coli, hemolytic staphylococcus, Clostridium perfringens,
etc.) are commonly used to represent microbial conditions in poultry houses
[43]. Airborne bacterial endotoxins are important components of bioaerosols
that produce toxic effects after entering the body, severely threatening animal
health and welfare [16,56].

Litter quality is also an important factor affecting poultry welfare, as long-
term contact with wet litter can trigger arthritis, breast blisters, and foot pad
dermatitis [57]. Lighting also affects broiler welfare, influencing behavior and
leg health [58]. Evaluation methods for litter quality, lighting, and other factors
require further research.

Zhen et al. [59] found that the daily water-to-feed ratio in broilers was extremely
significantly correlated with ambient temperature, core body temperature, and
respiration rate, indicating that water-to-feed ratio reflects broiler thermal com-
fort under heat stress and can serve as a welfare evaluation indicator. Body tem-
perature (core and surface) and respiration rate are commonly used to evaluate
broiler welfare under hot and humid conditions. Zhou et al. [60] reported that
under incremental heat stress, broilers at 85% relative humidity (RH) showed
significantly higher respiration rates and core temperatures than those at 60%
RH. Measuring eyeball transverse diameter, longitudinal diameter, and weight
after enucleation can reveal eye development and indirectly reflect welfare sta-
tus. Jensen et al. [61] reported that continuous light exposure increased chicken
eyeball volume and weight. Deep et al. [62] found that broilers under 1 lx had
significantly greater eyeball weight and volume than those under 10, 20, and
40 lx. Research shows that animal vocalizations convey rich information cor-
related with external stimuli, hunger, and other conditions, reflecting physical

chinarxiv.org/items/chinaxiv-201711.00453 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00453


condition and environmental stress to some extent, making vocalization assess-
ment a reference indicator for animal welfare [63-64]. Additionally, production
performance can reflect poultry welfare status [65]. Low welfare levels cause
abnormal behavior, energy waste, reduced feed conversion efficiency, and daily
weight gain. Respiratory diseases and ascites reduce poultry welfare, with some
diseases even causing mortality [66]; therefore, disease incidence and mortality
are also important welfare indicators.

Currently, various animal welfare evaluation standards exist, but they are in-
consistent and evaluation methods remain somewhat one-sided. With scientific
and technological development, we should actively explore sensitive, time-saving,
and easy-to-operate broiler welfare indicators. By comprehensively considering
these indicators, we can establish a scientific, objective, and comprehensive an-
imal welfare evaluation system suitable for China’s livestock industry. Fur-
thermore, we must strengthen and improve animal welfare laws and regulations,
raise awareness among farmers, and improve animal welfare through nutrition,
environment, feeding methods, and daily management to promote healthy farm-
ing development.
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