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Introduction 

Background and rationale 

Maintaining sufficient energy stores in the body by consuming food is essential for the 

survival of humans and non-human animals (hereafter, animals) alike. Thus, many species are 

equipped with a series of signalling systems (such as fluctuation in leptin and ghrelin 

hormones; MacCormack & Muscatell, 2019) to alert the animal to changes in their energy 

status and to promote appropriate behavioural changes (e.g., increased foraging behaviour 

when energy is depleted). However, animals are not always in a position to act on the 

neurobiological and physiological prompts to feed if food is not available. In particular, many 

captive animals are routinely feed-restricted. Broiler chickens (including breeders) and layer 

hens are feed-restricted to improve feed efficiency and prevent excessive fat deposition, leg 

disorders, and metabolic diseases, all of which occur as a result of rapid growth rates due to 

artificial selection (Mench, 2002; Santoso, 2003). Gestating sows are typically fed less than 

50% of ad libitum intake, to maintain adequate production and body weight (Read et al., 2020) 

and to prevent leg disorders (Jørgensen & Sørensen, 1998). Preweaned dairy calves are often 



fed restricted quantities of milk (10% of their body weight; Khan et al., 2011) to promote rumen 

development (Khan et al., 2007) and to encourage consumption of solid feed to mitigate 

reduced weight gains during weaning (Steele et al., 2017; Terré et al., 2007). Laboratory 

rodents frequently experience feed restriction or deprivation, as this prevents the early onset of 

metabolic disease that may confound the findings of clinical trials (Keenan et al., 2005). Feed 

restriction can also keep animals in a state of physiological need for studies on hedonics, 

motivation, cognition, and reinforcement (Rowland, 2007; Tolman & Honzik, 1930). Despite 

some health benefits of restricted feeding, these animals show signs of hunger, such as 

increased stereotypies (Terlouw et al., 1991), physiological indicators of stress (De Jong et al., 

2002; Hocking et al., 1996), and vocalisations (Valizaheh et al., 2008; Welk et al., 2023). Given 

that freedom from hunger and malnutrition is one of the Five Freedoms for animal welfare 

(FAWC, 2009), feed restriction leading to a persistent, distressful level of hunger are a threat 

to animal welfare. Thus, understanding how animals experience routine feed restriction is 

important in the assessment of welfare consequences induced by these practices.  

In humans, hunger can have a strong impact on affective state (defined here as internal 

states that consist of shorter-term emotions and longer-term moods; Paul et al., 2020) and a 

variety of cognitive functions, and it has been suggested that feelings of hunger are likely to be 

high arousal and negative in nature (Maccormack, 2016). In self-report-based studies, humans 

often describe the feeling of hunger as both physical (feeling lightheaded and weak) and 

psychological (thoughts of food, lack of concentration, and irritability) sensations (Murray & 

Vickers, 2009). 

Self-reports of subjective experiences of hunger cannot be directly accessed in animals. 

As such, a variety of indirect approaches have been used to investigate hunger-related affective 

states, such as changes in physiology, spontaneous behaviours that are thought to indicate 



hunger, or performance in behavioural tests which are assumed to reflect affective state. 

However, there are difficulties in ‘measuring’ hunger, including validation of measures, 

different measures arriving at diverging conclusions about the animal’s hunger state, and 

debate as to how well some measures target affective states rather than simply nutritional state 

(reviewed by D’Eath et al., 2009). Physiological measures can provide useful insight into 

arousal-related responses, but less so on whether the emotion is positively or negatively 

valanced (Paul et al., 2005). Additionally, certain spontaneous behaviours may provide more 

information on emotional valence (e.g. vocalisations; Whitham & Miller, 2024), but may not 

allow for strong inferences regarding specific emotions experienced, such as pain versus 

anxiety (Weary et al., 2017). Nonetheless, understanding the affective component of hunger in 

animals is necessary given both the prevalence of feed restriction practices across many billions 

of animals globally (bringing with it welfare concerns) and the increasing emphasis placed on 

affective states as part of an animal’s welfare (Duncan, 2004). Global hunger is considered a  

To inform future research on the affective impacts of hunger in animals and to better 

understand the impacts of feed restriction on animal welfare, it is therefore important to 

understand which methods have been used to study this topic, and the potential limitations and 

opportunities of using different methods. This can aid future research in designing experiments 

that build from the successes and learnings of previous work and use measures that may be 

more effective at detecting hunger-related affective states. Whilst a variety of reviews have 

been written on how feed restriction impacts animals, they are often species-specific (e.g. focus 

on broiler chickens (Sahraei, 2012), dairy cattle (Leduc et al., 2021), or farmed rabbits 

(Gidenne et al., 2012)) and do not focus exclusively on the affective component of hunger. To 

our knowledge there are no existing reviews on methods used to assess the affective component 

of hunger that span the range of species studied.   

Objective 



The aim of this scoping review will be to describe the methods used to assess the 

affective component of hunger in animals, and to identify promising approaches as well as 

discuss main limitations of different methods. 

 

Methods 

This protocol followed the guidance for scoping review protocols written by Lely et al. 

(2023). This review will follow the reporting guidelines outlined in the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis for Scoping Reviews (PRISMA-ScR; Tricco 

et al., 2018), and the protocol is uploaded to the Systematic Reviews for Animals and Food 

(SYREAF) database, which is accessible at www.syreaf.org. 

Eligibility criteria 

Articles will be included if they meet all of the following criteria: 

- Written in English 

- Primary research article in a refereed journal 

- Studied any animal species 

- Compared two or more different diets, feeding regimes or allowances provided to 

animals  

- Aimed to assess affective states, confirmed on the basis that one or more of the 

following terms were explicitly stated in the abstract: emotion(s), feel(ing), affective, 

subjective experience, subjective state, mood, hunger state, hunger stress, hunger, 

hungry, satiation, satiety, satiated, sated 

-  At least one measurement was collected from live animals that were subjected to diet 

manipulations 



Articles will be excluded if they meet one or more of the following criteria: 

- Not written in English 

- Review, conference proceedings, grey literature 

- Human studies 

- Did not directly compare at least two diets provided to animals 

- Investigated water restriction without any changes in diet applied 

- No measurements collected from live animals that were subjected to diet manipulations, 

e.g. only post-mortem analysis, or only the offspring of animals receiving diet 

manipulations were studied 

While our criteria on the use of affective state-related terms aims to minimise any 

subjective (and thus, biased) interpretation of authors’ aims to study affective states, we 

acknowledge that a limitation of this criteria is that some authors may be interested in affective 

states but did not state this explicitly in their abstracts, and these articles will be excluded from 

this review. However, this approach was necessary to minimise subjective (and thus, biased) 

interpretation of whether authors truly aimed to assess the affective component of hunger. 

Information sources and search strategy 

All authors of this review developed the search strategy. 

Web of Science Core Collection and  Scopus will be searched for relevant records 

using a search string that captures 1) articles that studied feed manipulations, 2) articles that 

studied affective states, and 3) articles that studied any animal species. The full search string is 

as follows: 

hunger OR hungry OR "feed restricted" OR "feed restriction" OR "food restricted" OR "food 

restriction" OR "feed deprivation" OR "feed deprived" OR "food deprived" OR "food 



deprivation" OR "dietary restriction" OR "fasting" OR "fasted" OR "satiated" OR "satiation" 

OR "sated" 

AND 

emotion* OR feel* OR "affective" OR "subjective experience" OR "subjective state" OR mood 

OR "hunger state" OR "hunger stress" 

AND  

zoo OR captiv* OR aquarium OR "human care" OR "human manag*" OR dog OR cat OR bird 

OR rabbit OR tortoise OR turtle OR horse OR pony OR hamster OR snake OR mammal* OR 

laboratory OR farm* OR livestock OR fur OR fox OR mink OR aquaculture OR chick* OR 

cockerel OR hen OR poultry OR fowl OR duck OR “turkey” OR “turkeys” OR sheep OR lamb 

OR ewe OR goat OR kid OR pig* OR sow OR swine OR boar OR cow OR cattle OR bull OR 

steer OR heifer OR calf OR crustacean OR mollusc OR cephalopod OR decapod OR salmon 

OR trout OR shrimp OR carp OR rana OR xenopus OR *fish OR ferret OR gerbil OR rat OR 

monkey OR macaque OR marmoset OR tamarin OR mouse OR beagle OR quail OR primate 

OR rodent OR equid OR amphibian OR reptil* OR carnivor* OR donkey OR insect OR 

invertebrate   

 

Study selection 

All screening will take place in Rayyan. Following identification of articles from the 

search, articles will be screened first by title and abstract. To be included, papers must meet all 

of the inclusion criteria. Records that cannot be excluded based on abstract and title will then 

be accessed for the full-text which will be retrieved via the publisher website, ResearchGate, 

or through the University of Bristol Library online database. Articles that do not have a full-



text available online will be excluded. Additionally, reference lists from relevant review papers 

will be mined for additional records. Review papers will be identified from the original search 

results and will be read if they assess the effects of feed restriction on animals. Reference lists 

will be screened based on Wohlin (2014), where articles with titles that suggest eligibility for 

inclusion (e.g. assessed the effect of diet manipulation on affective states in animals) will be 

included for full text screening. 

Full-text screening will follow the same criteria as for the title and abstract screening, 

with the exception that full texts will not be required to contain terms related to affective state 

on the basis that if affective state or similar terms were described in the abstract, they are likely 

to also be present in the full text. One reviewer (JH) will screen all articles, and a random subset 

of 1/3 of papers during the full-text screening stage will be assessed by a second reviewer for 

inter-reviewer reliability. Any disagreements between the two reviewers will be resolved 

through discussion until a consensus is reached. Any ambiguous papers where the primary 

reviewer cannot come to a decision on their inclusion will be resolved through discussion with 

the second reviewer (and a third reviewer, if needed) until a consensus is reached.  

The process for title, abstract, and full-text screening was piloted on 75 papers identified 

from the final search string.  

We acknowledge that our criteria for online availability of article full texts creates a 

bias against older articles that may not have been published online, and articles that may not 

have as wide reach where online full texts are easily accessible.  

Data extraction 

Data extraction will take place in Rayyan and NVivo (for qualitative extraction such as 

study limitations) and will be carried out by JH. From each included article, information on the 

authors, publication year, article title, species, study context (i.e., why the study was 



conducted), dietary manipulations (along with other non-dietary treatments such as a drug), 

and outcome measures will be extracted. The direction of effect for both the hypotheses and 

results for each outcome measure will be extracted to determine whether some methods are 

providing results as hypothesised better than others. Study conclusions, as well as limitations 

and future directions of the outcome measures used will be extracted and summarised. When 

articles describe multiple experiments, only experiments which directly compare two or more 

diets will be included in data extraction. 

The general format for data extraction is described below: 

- Species: Report common name as reported by authors – e.g. if paper reports ‘dairy calf’ 

or ‘sow’ use these words to provide additional information on life stage. 

- Study context: Use defined categories in Table 1. Provide description of context if listed 

as ‘Other’. 

- Hypothesis: Provide a summary (1 sentence) of the study hypothesis. 

- Dietary manipulations: Use defined categories in Table 1 AND record the numerical 

comparison for quantitative manipulations (e.g. X g/day vs. Y g/day, feed deprived for 

12h vs. control), or record description of qualitative manipulations (e.g. diet containing 

X vs. Y% fibre, supplementation of X to feed). Describe other experimental designs in 

a few sentences.    

- Outcome measures: Use defined categories in Table 1 AND report the specific measure 

as described by the authors (e.g. Physiological; hair cortisol, Behavioural test; 

judgement bias task). 

- Results: State whether the results match the hypothesis (yes/no) for each outcome 

measure. 

- Conclusions: Provide a summary (1-2 sentences) of key findings either from the 

conclusion section. Do not report test statistics. 



- Limitations and future directions: Provide a summary (1-2 sentences) of 

methodological limitations and future directions of the outcome measures used as 

described by the authors. 

 

Study context 
- Animal model: Animals are used as a model for the affective experience of hunger in 

humans. 
- Husbandry application: Assessment of hunger-related affective states for the purpose 

of investigating the impact of routine feeding practices on affective states and 
welfare.  

- Exploration of mechanisms: Use of validated measures to investigate the 
mechanisms involved in the subjective experience of hunger in animals. 

- Method validation: Validation of a method to assess the affective experience of 
hunger in animals. 

- Other: Article context which does not fit the other options. 
 

Dietary manipulation 
- Quantitative: Manipulation of diet volume/weight, or temporal restriction (e.g. 24h 

feed deprivation). 
- Qualitative: Manipulation of diet quality (e.g. nutritional content). 

Outcome measures 
- Physiological: Measurement of organ or organ system function. 
- Molecular: Measurement at the cellular level. 
- Spontaneous behaviour: Observed behaviour performed in the home pen in the 

absence of a test designed to elicit specific behaviours. 
- Behavioural test: Animals are subjected to a test which is expected to elicit specific 

behaviour (e.g. elevated plus maze, novel object test, operant responding). 
Table 1. Categories and descriptions for study context, dietary manipulation, and outcome 

measures.  

 

Data synthesis 

 Data will be organised in NVivo, such as for sorting extracted measures into categories 

described in Table 1. A PRISMA flow diagram will be used to report screening results. Key 

information (authors, publication year, paper title, species, study context, dietary treatments, 

outcome measures, and conclusions) will be presented as a table. Qualitative synthesis will 

take place in the form of maps to interconnect data themes (e.g. types of study limitations) or 

word clouds, if relevant.  



Ethics 

 No ethical approval is required for this review.  

 

Conclusions 

 The purpose of this scoping review is to describe methods used to study affective states 

related to hunger in animals. By identifying measures used to investigate this topic, along with 

limitations and opportunities of using different measures, this review will inform future 

research in this field, informing study designs that may be better able to address questions 

surrounding the subjective experience of hunger.  
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