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1. Introduction

In the current pig production system, increas‑
ing attention is paid to high animal welfare standards 
as this is seen to be an indicator for safe, healthy, 
and high quality food (Klauke et al., 2013). Ani‑
mal welfare problems are also ethically important 
(Marco-Ramell et al., 2011). During the pre‑slaugh‑
ter period, pigs are exposed to many environmen‑
tal stressors (Stajkovic et al�, 2017). An animal’s 
response to a stressor involves a variety of adap‑
tive physiological mechanisms designed to restore 
homeostasis (Salamano et al., 2008). Behavioral 
(aggression, immobilization, exploration, etc.) and 

physiological (plasma levels of cortisol and catecho‑
lamines, i.e., adrenaline and noradrenaline) mark‑
ers are commonly used to assess level of stress, but 
these parameters may increase for reasons unrelat‑
ed to stress (Levine, 1985; Terlow, 2005). Hence, the 
selection of suitable biomarker is a basic necessi‑
ty in order to objectively and rapidly evaluate ani‑
mal stress at any given time. Acute phase proteins 
(APPs) are a group of species‑specific plasma pro‑
teins which respond to infection, inflammation and/
or trauma and have been proposed as indicators for 
farm animal stress monitoring (Diack et al., 2011; 
Petersen et al�, 2004; Murata, 2007).
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The objective of this study was to evaluate the 
effect of pre‑slaughter stress on changes on concen‑
tration of acute phase proteins in pigs and to evalu‑
ate methods and fluids for APP determination.

2. Pre‑slaughter stress

Stress is a general term used to describe envi‑
ronmental factors soliciting adaptation mechanisms 
and the response to these challenges (Mormède et 
al., 2007). Pre‑slaughter stress induced by transport, 
housing, and slaughter include psychological stimu‑
li (exposure to new social group, personnel, smells, 
and noises, or any other change to the familiar situ‑
ation) and physical stimuli (food and water restric‑
tion, extreme thermal conditions, fatigue due to 
movements of the lorry, etc.) that might be aversive 
for the animals. Stress levels of the animal depend 
indirectly on the situation, and directly on the ani‑
mal’s evaluation of the situation, but they can only 
be indirectly assessed, using behavioral and physio‑
logical measurements (Terlow, 2005).

3. Acute phase proteins

APP are primarily synthesized by hepatocytes 
as part of the acute phase response (APR) which is 
part of the early‑defense or innate immune system 
triggered by stress, infection, trauma, neoplasia, and 
inflammation (Cray et al., 2009). The APR is a com‑
plex reaction mediated by proinflammatory cytokines, 
such as interleukins‑1β and –6 (IL‑1β and IL‑6), and 
tumor necrosis factor‑α (TNF‑α). During the APR, 
the serum concentration of the APP changes dramat‑
ically and can be increased or decreased after a trig‑
gering event. APPs are classified as positive (major, 
moderate, or minor) or negative. Depending on the 
magnitude of increase during the APR, major proteins 
increase 10‑ to 100‑fold (pig major acute phase pro‑
tein (pig‑MAP), haptoglobin (Hp), serum amyloid A 
(SAA), c‑reactive protein (CRP)), moderate proteins 
increase 2‑ to 10‑fold (α‑1‑acid glycoprotein (AGP)), 
and minor proteins undergo only a slight increase 
(fibrinogen (Fb)) (Ceron et al., 2005; Saco and Bas-
sols, 2023). Albumin is the major negative APP in 
swine which, during the APR, decreases in blood 
concentration, as does apolipoprotein A1 (Apo‑A1) 
(Ceron et al., 2005; Saco and Bassols, 2023). The spe‑
cific effect of pre‑slaughter stress on APP concentra‑
tions is difficult to evaluate, since the handling of ani‑
mals for slaughter consists of a series of procedures 
(transport, lairage, stunning, etc.) that are unusual for 

them and, therefore, stressful. Also, there are concur‑
rent subclinical infections and traumatic lesions inher‑
ent in the crowding of animals. The kinetics of the 
APR should also be taken into account. The serum 
concentration of the rapid reacting first‑line APPs 
(such as SAA and CRP) increases within four hours 
(Petersen, 2004). Second‑line APPs are Hp, CRP and 
Pig‑MAP (Weschenfelder et al�, 2012; Salamano et 
al., 2008). Also, in order to adequately determine the 
impact of stress on concentration of APP, the range of 
concentration of APP in healthy and sick animals must 
be established, as well as differences in their concen‑
tration between sex, and age.

The concentration of Pig‑MAP and Hp increas‑
es in pigs confronted with stressful situations and 
compromising animal welfare, such as longer trans‑
port, crowding, mixing unfamiliar pigs, or inade‑
quate handling of feed (Marco-Ramell et al., 2011; 
Piñeiro et al�, 2009; Piñeiro et al�, 2004; Piñeiro et 
al., 2007a; Piñeiro et al., 2007b). Extreme hot tem‑
perature elevated the concentration of Hp. Pig‑MAP 
was the only APP whose concentration differed in 
pigs housed at different stocking densities. High‑den‑
sity pens had higher pig‑MAP concentrations (Mar-
co-Ramell et al., 2011). The pig‑MAP biomarker has 
the advantage of relatively low variability in its nor‑
mal state compared to Hp and other APPs (Diack, et 
al�, 2011; Piñeiro et al., 2009). CRP and SAA con‑
centrations increase after shorter transport, probably 
because they are first‑line APPs (Saco and Bassols, 
2023). Higher concentrations of CRP may be also 
induced by stressful situations, such as alterations in 
feeding patterns and access to water and food (Piñei-
ro et al�, 2007a). Correlations between Hp, Pig‑MAP, 
and CRP and stress status were found in research 
on mixing stress and human‑animal relationships 
(Valent et al., 2017). Stressors, such as social isola‑
tion and short road transport elevated levels of saliva 
SAA (Soler et al., 2013).

4. Sample types and main methodologic 
techniques for quantification of APP

The most commonly used matrixes for the 
measurement of APP are serum or plasma obtained 
from blood, since blood can reflect the overall pic‑
ture of the biochemical changes occurring in the body 
(Franco-Martinez et al., 2020; Saco and Bassols, 
2023). Determination of APP in blood can be used 
for monitoring animal health and welfare on farms. 
The blood collection is highly stressful and painful, 
both for the animal and the staff in charge of the sam‑
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pling (Cerón et al., 2022). APP measurements in oth‑
er fluids, such as meat juice and saliva, can be prac‑
tical. The use of such non‑invasive samples can offer 
various advantages compared to blood because they 
are in most cases pain and stress‑free, they are fast‑
er and easier to obtain, and do not need specialized 
staff for their collection (Franco-Martinez et al., 
2020). However, it is important to point out the ques‑
tion of whether the concentrations of APPs always 
reliably reflect the concentrations of these mole‑
cules in blood. Meat juice can be easily obtained at 
slaughter, and with a standardized meat juice extrac‑
tion protocol, which includes harmonization of mus‑
cle type and size, the results of APPs might be uni‑
versally comparable. Concentrations of Pig‑MAP and 
Hp in meat juice are closely correlated with those in 
plasma. These results open new possibilities for the 
assessment of animal health in pig production, with 
implications for food safety and meat quality (Piñei-
ro et al�, 2009). Saliva can be obtained by easy proce‑
dures, and repeated specimens can be obtained any‑
time and anywhere, leading to the possibility of more 
frequent analysis and better control of health and wel‑
fare. Saliva could substitute for blood in some cases, 
such as for measuring Hp and SAA, indicators of the 
health status of farms and some stress conditions such 
as transport, housing, isolation, and restraint. There is 
a good agreement between APPs quantified in sali‑
va and serum (Saco et al., 2023). Some salivary APPs 
can be influenced by sex and by circadian patterns 
(Gutiérrez et al., 2013).

Analytical techniques for the determination of 
APP in swine include colorimetric (Hp), ELISA (Hp, 
CRP, Pig‑MAP, SAA), immunoturbidimetric (Hp, 
CRP, Pig‑MAP), radial immunodiffusion (RID) (Hp, 
SAA), and point‑of‑care type of analysis (Hp, CRP, 
SAA). Other technologies and biosensors have been 

adapted more recently (Saco and Bassols, 2023). All 
those methodologic assays have advantages and dis‑
advantages and are still being improved to increase 
their specificity, sensitivity, economic availability, 
and user‑friendliness. All of them, except the color‑
imetric method, are species‑specific. When a large 
number of samples have to be assayed, automated 
techniques such as colorimetric and immunoturbidi‑
metric are advisable.

For adequate interpretation of the results 
obtained by these methods, accurate reference inter‑
vals (RIs) of APP are necessary. Calculation of RIs 
has to take into account the influence of variables 
such as age, sex, breed, and type of housing. Also, 
an adequate analytical validation must be performed 
in order to assure analytical test specificity, reliabil‑
ity, accuracy, and repeatability, as well as to ensure 
harmonization and standardization of analytical pro‑
cedures.

5. Conclusion

APP concentrations change in pigs confront‑
ed with situations causing stress and compromising 
animal welfare, such as transport, crowding, mixing 
with other pigs, or inadequate handling of feed. The 
use of APPs as biomarkers of pre‑slaughter stress 
needs to be recognized and further explored. The 
most commonly used matrixes for the determination 
of APP are serum or plasma. Other sample types, 
saliva and meat juice, show potential uses. Refer‑
ence materials for the calibration of reagents are 
necessary to expand the use of analytical techniques 
to determine APPs. The main problem in consider‑
ing APPs as valid to assess pre‑slaughter stress is the 
lack of standard basal values from healthy animals 
from different farm conditions, ages, and sex.
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