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Abstract: The aim of this research consisted in assessing the effect of various kinds of environmental enrichment 
(EE) on the physiological responses of weaned piglets. The mean age of the 96 piglets that participated was 27 days. 
The piglets were weaned and then housed under two conditions: with no disruption of the social order (SO), 
and with disruption of the social order (DSO). After establishing the two experimental conditions, we proceeded 
to evaluate four different treatments; namely, control (C), suspended ropes (SR), aromatized bottles (AB) and pet 
toys and balls (PTB). The protocol required drawing three blood samples: at 30 (T30), 60 (T60) and 90 min (T90) 
after weaning. The DSO piglets had higher pH and haematocrit levels than those weaned in the SO condition 
(P < 0.05). Also, pCO2, potassium (K+) and base excess (BE) concentrations were higher in the SO animals than 
in those in the DSO group (P < 0.05). The control piglets, which did not receive any type of EE, showed higher 
pCO2 levels, but lower glucose and pH (P < 0.05) values, while the ones enriched with SR had increased lactate 
levels, but lower values for pH and HCO3– compared to the piglets in the other EE treatment regimens (P < 0.05). 
The SR-enriched piglets had higher lactate and haematocrit levels, but lower values for pH and bicarbonate (HCO3–) 
than the animals in the other EE groups (P < 0.005). The piglets subjected to sensorial EE with AB had higher 
plasma glucose than the ones in the other groups (P < 0.005). Finally, the PTB-enriched subjects showed higher 
Na+ levels than controls (P < 0.005). The alterations that were found to be related to the factor sampling time were 
more pronounced at T30 (P < 0.05) than T60 and T90. These results indicate that the conditions (SO, DSO) and EE 
(C, SR, AB, PTB) under which the piglets were weaned influenced the blood variables measured in the study.
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One particularly important area of research in 
the field of animal welfare norms deals with the 
problems provoked by conditions of intensive con-
finement. In swineproduction today, the weaning 
process is classified as a stressful event for piglets 
because it entails separation from the dam, living 
with unknown animals (Parratt et al. 2006; Pluske 
et al. 2007), a modified diet, a novel environment 
due to relocation to new pens and handling proce-
dures not previously experienced (Orihuela et al. 
2018). The results of changes of this magnitude can 
include physiological, endocrine and behavioural 
imbalances (Merlot et al. 2004; Stokes et al. 2004; 
Weary et al. 2008; Roldan-Santiago et al. 2013; 
Mota-Rojas et al. 2014; Lau et al. 2015; Mota-Rojas 
et al. 2015; Lezama-Garcia et al. 2019). 

These effects emphasize the importance of 
designing strategies that will help to reduce the 
impact of these stress factors on piglets, and so 
improve their welfare as they go through this chal-
lenging phase of their development (Orihuela et al. 
2018). The concept of environmental enrichment 
(EE) refers to the process of modifying a  bar-
ren captive environment such that it improves 
the biological functioning of nonhuman animals 
(Newberry 1995; Orihuela et al. 2018).The aim of 
EE is to augment animal welfare by diminishing 
the effects of stress provoked by various factors 
(McGlone 2001). In the case of the wellbeing of 
pigs, EE is considered sufficiently important to 
be included among the requirements stipulated 
by the European Union (2009) in its Directive 
2008/120/EC and Commission Recommendation 
(EU) (2016/336 82016). The latter document states 
that “pigs must have permanent access to a suf-
ficient quantity of material to enable proper in-
vestigation and manipulation activities, such as 
straw, hay, wood, sawdust, mushroom compost, 
peat or a mixture of such, which does not compro-
mise the health of the animals”. The reality, how-
ever, is that some of the materials mentioned in 
this Directive are impractical under conditions of 
industrial production (Van de Weerd et al. 2003; 
Orihuela et al. 2018). One example is that plac-
ing excessive amounts of straw, hay or sawdust in 
normal pens that have partly or fully slatted floors 
can block liquid-slurry waste disposal systems (Van 
de Weerd and Day 2009; Westin et al. 2013). Also, 
these measures raise certain biosafety issues and 
could increase labour costs because they require 
additional handling. Hence, it is important to assess 

evidence which suggests that materials like balls 
and ropes, among others, can be used successfully 
to enrich an animal’s environment, as long as they 
are sufficiently attractive to remain of interest over 
extended periods (Van de Weerd and Day 2009).

Jezek et al. (2018) argue that biochemical blood 
analyses can provide insight into an animal’s meta-
bolic and health condition, and it is important to 
keep in mind that when animals perceive stress 
– from either internal or external stimuli – ad-
justments to their physiology will occur (Eze et al. 
2010; Brown and Vosloo 2017). On this topic, work 
by Becerril-Herrera et al. (2010), Mota-Rojas et al. 
(2012a), Mota-Rojas et al. (2012b), Mota-Rojas 
et al. (2012c) and Fazzio et al. (2015) have proven 
the usefulness of determining the levels of several 
physiological variables, especially, lactate, pH, 
glucose and blood gases (pCO2, pO2) as means of 
assessing stress and animal wellbeing. These physi-
ological profiles have been shown to be effective for 
evaluating acute stress and animal welfare in the 
context of the survival rates of neonate and weaned 
piglets (Orozco-Gregorio et al. 2010; Trujillo-
Ortega et al. 2011; Mota-Rojas et al. 2011, Mota-
Rojas et al. 2012b; Martinez-Rodriguez et al. 2015; 
Mota-Rojas et al. 2018a; Islas-Fabila et al. 2018; 
Perez-Pedraza et al. 2018). Stress is a commonly 
used indicator of low animal welfare because it re-
veals the effects of nervous and emotional stimuli 
from the environment on physiological systems, 
e.g. nervous, endocrine, circulatory, digestive, as it 
modifies their functions in ways that can be meas-
ured precisely (Mota-Rojas et al. 2018b). Especially 
important is the fact that internal homeostasis in-
duces changes in autonomic nervous system activ-
ity and the hypothalamus-pituitary-adrenocortical 
axis (HPA) (Manteca et al. 2013; Brown and Vosloo 
2017; Lezama-Garcia et al. 2019).

Various studies have observed that when applied 
post-weaning, EE can impact behaviour indirectly, 
perhaps by easing stress or providing distractions 
(Oostindjer et al. 2011; Orihuela et al. 2018). To 
be successful, EE measures need to reduce the fre-
quency of abnormal behaviour patterns (for pigs: 
stereotypies, belly-nosing, ear- and tail-biting) but 
raise the incidence of species-specific behaviours 
like social interaction, foraging end exploration 
(Petersen et al. 1995; Kelly et al. 2000; Van de Weerd 
et al. 2003; Nowicki et al. 2007; Trickett et al. 2009; 
Van de Weerd and Day 2009; Nowicki and Klocek 
2012; Telkanranta et al. 2014; Nowicki et al. 2015; 
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ter born to multiparous dams with no mixing 
after weaning. 

2.	 With disruption of the social order (DSO): 
these were the offspring of multiparous sows, 
but piglets from 30 distinct litters were mixed 
(i.e. non-siblings). The final distribution of 
the recently-weaned piglets was based on 
size, while the subjects were divided even-
ly by gender into the different treatment 
groups. This protocol respected the handling 
routines used on the farm, so the piglets were 
mixed by a veterinarian and the handler re-
sponsible for the area.

After defining the conditions, four treatment 
regimens were analysed (Figure 1): 
•	 Control treatment (C): piglets without envi-

ronmental enrichment (EE).
•	 Suspended ropes (SR): the piglets were pro-

vided with occupational enrichment by plac-
ing four braided nylon ropes in the crates (red 
with blue colour). The ropes were 5 mm in 
diameter and hung from the roof of the crate 
to a height of 25 cm from the floor so that 
they were within reach of the piglet’s snout 
and could be pulled, twisted or bitten.

•	 Aromatised bottles (AB): here, sensorial en-
richment took the form of six variably sized, 
high-density polyethylene (HDPE) bottles. 
Before being introduced into the crates, the 
bottles were aromatised with a synthetic 
strawberry essence. This scent was select-

Orihuela et al. 2018). Despite these findings, how-
ever, few studies have set out to assess the effects 
of EE on the physiological indices of weaned pig-
lets, and some of those limited their evaluations 
to immune activity or hormone levels (Rodarte 
et al. 2004; Nannoni et al. 2016). In light of this, 
our work was conceived to precisely identify the 
physiological modifications that occur in weaned 
piglets in relation to gas exchange, acid-base bal-
ance, energy metabolism and hydric equilibrium. 
The experiment involved two conditions: with and 
without disruption of the social order and with the 
application of four distinct kinds of EE.

MATERIAL AND METHODS

This research was conducted in June and July 2016 
in the weaning-fattening area of a commercial farm 
located in central Mexico. There, 720 sows were han-
dled in a full-cycle (intensive) production system, 
with a mean of 330 piglets being weaned weekly.

Animals and housing conditions. The study 
evaluated 96 weaned piglets (12 per treatment regi-
men in each condition). All piglets were Yorkshire 
× Landrace hybrids. Their mean age at weaning 
was 27 ± 1.6 days, while average body weight was 
7.01 ± 0.20 kg. During their time in the farrowing 
barns they remained with their mothers in indi-
vidual crates with flat-iron flooring (no plastic cov-
er). Mean relative humidity and temperature in the 
barn were 60% and 30.5 °C, respectively. The crates 
held a moulded plastic box (1.45 m long × 0.52 m 
wide × 0.57 m high) and had a solid, integrated 
plastic floor in the frontal area. Before beginning 
the experiment, all piglets were given water and 
standard commercial feed in pellet form with 1.25% 
lysine and 20% raw protein ad libitum. This diet was 
introduced at seven days of age and was continued 
after weaning. The piglets were weaned during the 
study period and then moved to crates raised 55 cm 
off the floor. The surface area of the crates was 
6 m2 (3 m long × 2 m wide), so the vital space avail-
able to each animal was 0.5 m2. The crates had 
a nipple-type water dispenser and a stainless-steel 
bowl for food (91 cm high × 63.5 cm wide).

Treatments. As mentioned above, once weaned, 
the piglets were housed under one of two condi-
tions (Figure 1): 

1.	 Without disruption of the social order (SO): 
this group included piglets from the same lit-

Figure 1. Experimental design for treatment of weaned 
piglets incorporating two conditions, four treatments 
and three blood sampling times

AB = aromatised bottles; C = control; n = number of weaned 
piglets sampled; PTB = pet toys and balls; SR = suspended 
ropes
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ed in light of previous work by Nowicki 
et al. (2015) with 35-day-old weaned piglets, 
which found that strawberry was the most 
popular aroma.

•	 Pet toys and balls (PTB): these piglets also 
received occupational enrichment, but the 
stimuli were three natural rubber pet toys 
and three latex balls of different sizes.

Blood sampling. Three blood samples were tak-
en from each piglet in the different experimental 
groups, first at 30 min post-weaning (T30), then at 
60 (T60), and 90 min post-weaning (T90) (Figure 1). 
Lithium heparin was applied to the hypodermic 
syringes to prevent effects on blood gas values. All 
samples were drawn from the vena cava according 
to the relevant Mexican norms. For this procedure, 
piglets were placed in a supine position with the 
head and neck stretched out and the front limbs 
pulled backwards. Handlers located the right jugu-
lar groove and inserted the needle just cranial to 
the thoracic inlet. Ideally, the needle entered the 
top of the opposite shoulder at an angle of approxi-
mately 30° from the median and 90° from the neck 
line (i.e. from the thoracic inlet to the head). The 
experimenters who took the samples succeeded in 
drawing blood on the first try in < 12 seconds. It is 
important to minimise handling to avoid altering 
the blood values, so those individuals were first 
trained. Sample size was ~2 ml.

Immediately after being drawn, the samples 
were placed in the blood gas and electrolyte pa-
rameter analyser to assess the following factors: 
glucose (mmol/l), lactate (mmol/l), calcium (Ca2+, 
mmol/l), sodium (Na+, mmol/l), potassium (K+, 
mmol/l), haematocrit (HTC, %), partial carbon di-
oxide (pCO2) (mmHg) and oxygen pressures (pO2) 
(mmHg), bicarbonate (HCO3–) (mmol/l), base 
excess (BE) (mmol/l) and pH. All measurements 
were made with a critical blood variable analyser 
(GEM Premier 3000, Instrumentation Laboratory 
Diagnostics, Milano, Italy/Lexington, USA), and 
the changes in these biomarkers identified during 
the experiment were used to evaluate the welfare of 
the piglets in the four EE treatment groups, housed 
as described previously.

Ethical note. Veterinary supervision was con-
stant during the entire experimental procedure. 
Handling of the piglets and all experimental 
regimens complied with Mexico’s norms (NOM-
062-ZOO-1999) for experimental animals (a pub-
lication of the Department of Agriculture, Rural 

Development, Fisheries and Alimentation). The 
study protocol was approved by the Doctoral 
Commission of Biological Sciences and Health 
(Code number: DCB.072.15) of the Universidad 
Autónoma Metropolitana Iztapalapa-Xochimilco 
in Mexico City, and obeyed the guidelines for the 
ethical use of animals in applied ethological studies 
(Sherwin et al. 2003).

Statistical analysis. A total of 12 replicates were 
examined for each experimental group (Model 
× Treatment × Time), so three-factor ANOVAs 
were run for each physiological variable to com-
pare the effects of the fixed factors – i.e., condi-
tions (SO, DSO), treatments (C, SR, AB, PTB) and 
blood-sampling times (T30, T60, T90) – including 
their interactions. This ANOVA model considered 
individual variation in each piglet (manifested in 
the replicates) using the “Mean Sum-of-square 
within-groups” technique (i.e., error MS) to cal-
culate F-values. Because certain physiological 
variables (e.g. pH) barely satisfied the paramet-
ric model assumptions, all data were subjected to 
a log10 transformation (Gotelli and Ellison 2004). 
The next step was to verify the assumptions that 
the data achieved normality (D’Agostino-Pearson 
omnibus test) and homoscedasticity (Levene test) 
(Zar 2010). When a significant difference was ob-
served, a multiple comparison Tukey test was ap-
plied (α = 0.05) to compare the means of the levels 
identified for the different factors. All analyses were 
run with SAS 9.2 (SAS 2004). 

The experimenters who conducted the assess-
ment and gathered the study outcomes were una-
ware of the treatments and took no part in choosing 
the animals or analysing the data. Likewise, the 
researcher who carried out the analyses was una-
ware of the treatments.

RESULTS

Environmental enrichment was found to elicit al-
terations in the blood variables analysed (P < 0.05), 
as these assessments revealed significant differenc-
es for the effects of condition, the four treatments 
and the blood sampling times. Table 1 presents 
means + standard errors for the blood variables in 
the piglets under two conditions; that is, with and 
without +on of the social order (DSO, SO). For 
the effect of condition our findings show that the 
animals weaned in the DSO condition had higher 
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pH (7.44) (P < 0.005) and haematocrit (32.56%) 
(P < 0.05) levels than the ones in the SO group 
(7.42 and 31.76%, respectively). The concentra-
tions of pCO2 (42.15 mmHg) (P < 0.005), potassium 
(K+) (5.39 mmol/l) (P < 0.005) and base excess (BE) 
(2.34 mmol/l) (P < 0.05) were all higher in the SO 

subjects than in the piglets weaned under the DSO 
condition (38.59 mmHg, 4.93 mmol/l, 1.23 mmol/l, 
respectively). 

Table 2 displays the means + standard errors for 
the piglets’ blood variables in relation to the four 
treatment regimens. The analysis of the effect of 

Table 1. Physiological responses (mean ± s.e.) of piglets weaned under two conditions: without disruption of the 
social order, and with disruption of the social order 

Blood variables
Conditions Significance 

(P-value)
SO (n = 144)
mean ± SE

DSO (n = 144)
mean ± SE model

pH 7.42 ± 0.0043 7.44 ± 0.0043 0.0017
pCO2 (mmHg) 42.15 ± 0.497 38.59 ± 0.497 0.0001
pO2 (mmHg) 37.91 ± 1.48 38.54 ± 1.48 0.9842
Na+ (mmol/l) 140.43 ± 0.276 139.82 ± 0.276 0.1411
K+(mmol/l) 5.39 ± 0.0756 4.93 ± 0.0756 0.0001
Ca++(mmol/l) 1.19 ± 0.0091 1.20 ± 0.0091 0.3528
Glucose (mmol/l) 5.52 ± 0.07 5.49 ± 0.07 0.6317
Lactate (mmol/l) 2.31 ± 0.12 2.62 ± 0.12 0.2983
Haematocrit (%) 31.76 ± 0.2616 32.56 ± 0.2616 0.0434
Bicarbonate HCO3– (mmol/l) 26.86 ± 0.1870 26.52 ± 0.1870 0.1487
Base Excess (mmol/l) 2.34 ± 0.3671 1.23 ± 0.3671 0.0343

DSO = disruption of the social order; n = number of weaned piglets sampled; SO = social order

Table 2. Physiological responses (mean ± s.e.) of weaned piglets subjected to four different treatments: C = control; 
SR = suspended ropes; AB = aromatised bottles; PTB = pet toys and balls

Blood variables

Treatments Significance (P-value)
C

(n = 72)
SR

(n = 72)
AB

(n = 72)
PTB

(n = 72) Treatment  Cond X Tr
mean ± SE mean ± SE mean ± SE mean ± SE

pH 7.42 ± 0.006c 7.42 ± 0.006c 7.44 ± 0.006a 7.43 ± 0.006b 0.0377 0.7738
pCO2 (mmHg) 42.02 ± 0.70a 39.84 ± 0.70a,b 38.80 ± 0.70b 40.80 ± 0.70a,b 0.0105 0.8170
pO2 (mmHg) 35.83 ± 2.09a 37.76 ± 2.09a 40.38 ± 2.09a 38.94 ± 2.09a 0.4183 0.2386
Na+ (mmol/l) 139.33 ± 0.39b 140.05 ± 0.39a,b 139.90 ± 0.39a,b 141.22 ± 0.39a 0.0085 0.4005
K+ (mmol/l) 5.18 ± 0.10a 5.36 ± 0.10a 5.07 ± 0.10a 5.01 ± 0.10a 0.0856 0.1479
Ca++ (mmol/l) 1.20 ± 0.01a 1.20 ± 0.01a 1.18 ± 0.01a 1.20 ± 0.01a 0.7563 0.3539
Glucose (mmol/l) 5.30 ± 0.11b 5.43 ± 0.11b 5.87 ± 0.11a 5.41 ± 0.11b 0.0043 0.1536
Lactate (mmol/l) 2.40 ± 0.17a,b 2.90 ± 0.17a 2.22 ± 0.17b 2.35 ± 0.17a,b 0.0077 0.6248
Haematocrit (%) 31.75 ± 0.37a 32.66 ± 0.37a 31.90 ± 0.37a 32.33 ± 0.37a 0.3181 0.0408
Bicarbonate HCO3– (mmol/l) 26.87 ± 0.26a 25.86 ± 0.26b 26.85 ± 0.26a 27.17 ± 0.26a 0.0067 0.3819
Base Excess (mmol/l) 2.33 ± 0.51a 0.91 ± 0.51a 2.04 ± 0.51a 1.86± 0.51a 0.2403 0.5994

Cond = conditions evaluated (OS, DSO); n = number of weaned piglets sampled; Tr = treatments evaluated (C, SR, AB, PTB)
The superscript letters a, b and c in the same row indicate statistically significant differences (P < 0.05) between treat-
ments (Tukey test)
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treatment showed clearly that the piglets without 
EE (the control group, C) had higher pCO2 con-
centrations (42.02 mmHg) than those that were 
given sensorial enrichment with AB (38.80 mmHg) 
(P < 0.05). Measurements of Na+ found that the 
PTB-enriched piglets showed higher levels 
(141.22 mmol/l) than controls (139.33 mmol/l) 
(P  <  0.005). Results for plasma glucose levels 
showed that the AB-enriched piglets presented 
higher concentrations (5.87 mmol/l) than all other 
animals (C: 5.30, SR: 5.43 and PTB: 5.41 mmol/l) 
(P < 0.005). Turning to lactate values, data showed 
that the piglets enriched with SR had higher val-
ues (2.90 mmol/l) than the AB-enriched piglets 
(2.22 mmol/l) (P < 0.005). The interaction ANOVA 
(condition × treatment) proved statistical signifi-
cance for the percentage of haematocrit (P < 0.05), 
while for bicarbonate levels (HCO3–) it is clear 
that the SR-enriched piglets had lower concen-
trations (25.86 mmol/l) than the subjects in the 
other treatment groups (C: 26.87, AB: 26.85 and 
PTB: 27.17 mmol/l) (P < 0.01). Generally speak-
ing, model × treatment interactions did not reach 
the level of significance (P > 0.14), which means 
that the factor model did not impact the treatment 
factor patterns, except in the case of haematocrit 

(P < 0.05). This finding indicates that the mean 
values of the treatments (C, SR and AB) in the DSO 
model exceeded those of the SO model, while the 
PTB treatment revealed the inverse pattern.

Table 3 presents the means + standard errors 
found for the blood variables in the piglets at the 
three sampling times: 30 (T30), 60 (T60) and 90 min 
after weaning (T90). Observations of Ca++ indicate 
lower concentrations at T90 (1.17 mmol/l) (P < 0.005) 
than T30 (1.22 mmol/l) and T60 (1.20  mmol/l). 
Findings for blood glucose levels revealed differ-
ences (P < 0.005) related to the effect of sampling 
time, since the readings taken at T30 (5.85 mmol/l) 
were higher (5.85 mmol/l) than those ascertained 
at T90 (5.24 mmol/l). 

Similarly, the interaction treatment × time had 
only a marginal effect on blood glucose levels 
(P = 0.0537), though these differences did prove to 
be significant in all treatment groups, except PTB. 
Turning to plasma lactate levels, the differences 
found (P < 0.005) are attributable to the effect of 
sampling time, since the piglets had higher concen-
trations at T30 (3.04 mmol/l) than T60 (2.20 mmol/l) 
and T90 (2.16 mmol/l). 

These analyses further indicated that the in-
teraction treatment × time affected lactate levels 

Table 3. Physiological responses (mean ± s.e.) of weaned piglets at the three blood sampling times: 30 (T30), 60 (T60), 
and 90 (T90) min post-weaning

Blood variables

Sampling times (T) Significance (P-value)
T30

(n = 96)
T60

(n = 96)
T90

(n = 96) time
(T)

interaction 
Cond1 XT

interaction
Tr2 × T

mean ± SE mean ± SE mean ± SE
pH 7.42 ± 0.005a 7.44 ± 0.005a 7.43 ± 0.005a 0.0863 0.0217 0.8735
pCO2 (mmHg) 40.65 ± 0.60a 40.43 ± 0.60a 40.02 ± 0.60a 0.7567 0.1315 0.7936
pO2 (mmHg) 39.21 ± 1.81a 37.43 ± 1.81a 38.04 ± 1.81a 0.6958 0.1126 0.4338
Na+ (mmol/l) 140.39 ± 0.33a 140.07 ± 0.33a 139.91 ± 0.33a 0.5536 0.7725 0.1536
K+ (mmol/l) 5.21 ± 0.09a 5.08 ± 09a 5.18 ± 09a 0.5040 0.2914 0.6549
Ca++ (mmol/l) 1.22 ± 0.01a 1.20 ± 0.01a 1.17 ± 0.011b 0.0028 0.2997 0.3422
Glucose (mmol/l) 5.85 ± 0.09a 5.41 ± 0.09b 5.24 ± 0.09b 0.0001 0.1130 0.0537
Lactate (mmol/l) 3.04 ± 0.15a 2.20 ± 0.15b 2.16 ± 0.15b 0.0001 0.2763 0.0146
Haematocrit (%) 33.16 ± 0.32a 31.78 ± 0.32b 31.54 ± 0.32b 0.0017 0.7174 0.9148
Bicarbonate HCO3– (mmol/l) 26.36 ± 0.22b 27.22 ± 0.22a 26.49 ± 0.22a, b 0.0158 0.0132 0.6646
Base Excess (mmol/l) 1.05 ± 0.44b 2.62 ± 0.44a 1.69 ± 0.44a, b 0.0487 0.0374 0.5457

Cond = conditions evaluated (without (SO) and with (DSO) disruption of the social order (SO); n = number of weaned 
piglets sampled; T = times of blood sampling (T30, T60, T90); Tr = treatments evaluated: control (C), suspended ropes 
(SR), aromatised bottles (AB), and pet toys and balls (PTB)
The superscript letters a and b in the same row indicate statistically significant differences (P < 0.05) among blood samples 
(Tukey test)
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(P < 0.05), since the sequence of the values for the 
SR and AB treatments was T30 > T60 > T90, while 
the measurements for C and PTB showed a return 
to average values at T90.

Results for the percentage of haematocrit include 
differences (P < 0.005) also attributable to a sampling 
time effect. In this case, the percentage in the pig-
lets at T30 was 1.62% higher than at T90. Finally, for 
bicarbonate (HCO3–) (P < 0.05) and base excess (BE) 
(P < 0.05) values, higher levels were found at 
T60 (HCO3–: 27.22 mmol/l; BE: 2.62 mmol/l) 
than T30 (HCO3–: 26.36 mmol/l; BE: 1.05 mmol/l) or 
T90 (HCO3–: 26.49 mmol/l; BE: 1.69 mmol/l). In this 
case, however, a significant effect of model × time 
interaction on bicarbonate (P < 0.05) and base ex-
cess (P < 0.05) was determined, since in both cases 
the sequence of the mean values for the SO model 
was T60 > T30 > T90, whereas for the DSO model 
it was T60 > T90 > T30.

DISCUSSION

Our results show that piglets weaned and housed 
under two experimental conditions and four means 
of environmental enrichment experienced a vari-
ety of physiological imbalances. Observations on 
the impact of the two conditions included lower 
pH and higher pCO2, K+ and BE levels (P < 0.05) in 
the piglets in the SO condition compared to their 
DSO counterparts. Metabolic acidosis is caused by 
an increase in the production of metabolic acid, the 
inability to eliminate the excess acid and/or the kid-
neys’ capacity to reabsorb excess base. Metabolic 
acidosis decreases blood pH (Ruffin et al. 2014) 
but raises the concentration of K+ (Aronson and 
Giebisch 2011; DiBartola 2012b; Klein 2014). In 
the context of our study, this result could be due to 
hypoventilation (i.e., reduced alveolar ventilation) 
in the piglets in this experimental condition, which 
increased pCO2, K

+ and BE levels, but lowered pH. 
A higher percentage of haematocrit was found in 
the piglets in the DSO experimental group com-
pared to the SO animals (P < 0.05). A particularly 
important aspect is that this increase was larger 
through the first 30 min post-weaning (T30) than at 
T60 and T90 (P<0.05). Swine production systems that 
are intensive in nature often mix unfamiliar piglets 
in the weaning period, a measure that obliges the 
animals to form new hierarchies, but often results 
in more fights among the piglets involved. This 

aggression tends to be more intense in the first 
1–2 h, and usually decreases steadily to low lev-
els around 24–72 h after the formation of the new 
groups (Berry and Lewis 2001; Gonyou and Keeling 
2001; Fels et al. 2014). This finding clearly shows 
that mixing triggered a stress response in the piglets 
(Main et al. 2004; Mota-Rojas et al. 2014). On this 
topic, Becerril-Herrera et al. (2010) have stated that 
higher catecholamine levels cause splenic contrac-
tions that, in turn, raise percentages of haematocrit. 

In terms of glucose levels in weaned piglets, 
Rootwelt et al. (2012) found base glucose levels of 
2.6 ± 0.11 mmol/l, values that are below those re-
ported here. In all our treatment groups, we found 
higher plasma glucose concentrations, though the 
piglets that experienced AB sensorial enrichment 
had the highest values of all treatment groups 
(P  <  0.005). Another significant observation is 
that this increase was greater (P < 0.05) in the first 
30 min after weaning (T30) than at T60 and T90. 
These results can be attributed to catecholamine 
secretion, because this regulates metabolism during 
processes of stress. Mota-Rojas et al. (2011) have 
argued that glucose values should only be taken as 
indirect indicators of stress. Epinephrine secretion 
raises glucose concentrations through glycogen-
olysis, but this newly formed glucose tends to be 
released into the bloodstream, where it increases 
glucose levels (Becerril-Herrera et al. 2009; Orozco-
Gregorio et al. 2010; Mota-Rojas et al. 2011; Orozco-
Gregorio et al. 2011; Wijtten et al. 2011; Mota-Rojas 
et al. 2012a; Mota-Rojas et al. 2012b; Mota-Rojas et 
al. 2012c). The greater glucose values seen in our 
work suggest that the act of weaning itself may alter 
metabolic indices, apart from the changes caused 
by the possible contact of the piglets with this kind 
of EE. These results could also be related to greater 
physical activity, perhaps because the AB are more 
manipulatable or, at least, can be chewed and moved 
more easily, a fact that increases expenditures of en-
ergy reserves. On this aspect, Van de Weerd et al. 
(2003) affirmed that scent is a particularly impor-
tant property of objects that significantly affects 
their attractiveness at the first moment of contact. 
This concurs with Nannoni et al.’s (2016) findings, 
since they reported higher glucose levels in piglets 
weaned at 25 days that received EE in the form 
of wooden logs (6.84 mmol/l) and edible blocks 
(7.38 mmol/l) placed in their crates, than in animals 
that had access to hanging metal chains and wooden 
briquettes.
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Similar to our observations of glucose levels, 
a  larger increase in lactate concentrations, but 
lower pH and bicarbonate (HCO3–) values, were 
observed in the piglets in the group that was given 
occupational enrichment with SR, compared to 
the ones that received sensorial enrichment with 
AB (P < 0.05). In a recent study, Roldan-Santiago 
et al. (2015) used physiological profiles to identify 
the impact of transportation on weaned piglets. 
Their results included an increase in blood lactate 
above reference values in piglets aged 8, 15 and 
22  days when transported with no straw bed-
ding in the vehicle. Roldan-Santiago et al. (2015) 
registered basal values of piglets at weaning 
(22 days of age), finding a value for base lactate 
levels of 1.24 mmol/l. In our findings, mean-
while, plasma lactate concentrations increased at 
T30 (3.04 mmol/l), which was 0.86 mmol/l more 
than the readings taken at T60 (2.20 mmol/l) and 
T90 (2.16 mmol/l). Barth et al. (2007), in turn, ob-
served that epinephrine-induced hyperglycaemia 
coincided with hyperlactataemia, while Gladden 
(2004) stated that blood lactate levels offer a more 
exact indication of sympathoadrenal activity, be-
cause adrenaline activates phosphorylase, and so 
increases anaerobic glycolysis and lactate produc-
tion as a result of insufficient O2 delivery. Those 
effects might account for the higher lactate lev-
els seen in the piglets in our study. Lactate and 
pCO2 values combine with water to produce car-
bonic acid (H2CO3) in organisms, but this reduces 
pH, as seen in our SR piglets, which experienced 
alterations in the acid-base balance. Blood pH lev-
els usually remain in a narrow range thanks to the 
action of various buffer systems in the body, such as 
bicarbonate (HCO3–) (Orozco-Gregorio et al. 2008), 
which react to an increase in the production/con-
centration of hydrogen ions by acting to capture 
more hydrogen ions from the environment. This 
leads to the formation of carbonic acid (H2CO3), 
which unfolds in water, and carbonic anhydride, 
which is released by respiration. In our findings, the 
lower level of bicarbonate (HCO3–) at T30 (P < 0.05) 
may have buffered the lactate-elicited decrease 
in pH. In terms of Ca++ concentrations, the pre-
sent work found higher levels at T30 than T60 and 
T90 (P < 0.05). DiBartola (2012a,b) reported that 
hypercalcaemia results from a dehydration process 
that is attributable to haemoconcentration, which 
signals the kidneys to increase calcium re-absorp-
tion. This finding agrees with the higher haema-

tocrit percentage found in our study at T30, since 
the retention of Ca++ and water can be caused by 
a larger release of the antidiuretic hormone, greater 
cortisol secretion and activation of the renin-an-
giotensin system.

The results of this experiment show that pro-
viding weaned piglets with environmental results 
in variations in blood variables, because the ani-
mals handled in the SO condition proved to have 
greater susceptibility to acid-base, hydric and gas 
exchange imbalances. It is possible that the SO pig-
lets required less time to re-establish social hier-
archies, which could entail more physical activity 
(i.e., exploring the new surroundings) than that un-
dertaken by the DSO piglets. Regarding the altera-
tions attributed to the impact of the four treatment 
regimens, the piglets without EE (controls) were 
more prone to acid-base and gas exchange imbal-
ances, while the SR piglets had higher lactate and 
haematocrit indices, but lower pH and bicarbonate 
(HCO3–) values than the ones in the other treatment 
groups. These piglets were also more susceptible 
to acid-base and metabolic imbalances. Alterations 
caused by the effect of sampling time were found to 
affect Ca2+, glucose, lactate and haematocrit levels, 
since higher concentrations were seen at T30 than 
T60 and T90. The conditions and EE under which 
weaning takes place are thus key aspects of ani-
mal welfare, since only 90 min sufficed to cause 
physiological imbalances. Finally, further studies 
are necessary due to the importance of exploring 
behavioural and other physiological indicators that 
could complement the results of this study, and be-
cause of the potential importance of these aspects 
for the field of swine production.
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