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EFFECT OF PRE-SLAUGHTER CONFINEMENT STRESS ON
PHYSICOCHEMICAL PARAMETERS OF CHICKEN MEAT
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Abstract

The effect of pre-slaughter lairage stress on biogenic amines, pH, and color with the CIELab system
(where three variables L*, a*, b* are estimated: L* for lightness, a* defines redness, and b* defines
yellowness) in chicken breast meat was investigated. Before slaughtering, 25 broilers were selected
and divided into five groups according to lairage holding time (30 min or 3 h), day/night schedule
(daylight or nighttime) and control (no lairage). After slaughtering, breasts (M. Pectoralis major)
were removed, stored for 9 days at 4 °C, and analyzed every 3 days. The results showed a pH decrease
during nighttime holding. Also, a three-hour pre-slaughter holding (daytime or night) resulted in high
biogenic amine concentration, increase in lightness (L*), and reduction in redness (a*) during storage.
Cadaverine concentration showed a rapid increase from day 6 onward. The time and schedule of
chicken lairage is a pre-slaughter stress factor that affects meat quality. Based on these observations,
it is recommended to slaughter chickens immediately on arrival at the processing plants.

Keywords: biogenic amines, lairage, poultry meat, storage, stress.

Resumo

Foi avaliado o efeito do estresse produzido pelo tempo de espera pré-abate sobre a produgdo de
aminas biogénicas, pH e cor pelo sistema CIELab (onde trés variaveis L*, a*, b* foram determinadas:
L* indica a luminosidade, a* indica o vermelho e b* determina o amarelo) na carne de peito de
frango. Antes do abate 25 frangos de carne foram selecionados e divididos em cinco grupos conforme
o tempo de espera pré-abate (30 min ou 3 h), programacao dia/noite (diurno ou noturno) e controle
(sem tempo de espera). Apos abate, os peitos (M. Pectoralis major) foram separados, estocados por
9 dias a 4°C, e analisados cada 3 dias. Os resultados evidenciaram uma reducdo do pH nas aves que
aguardaram o abate na noite. Além disso durante a estocagem incrementou-se os valores de aminas
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biogénicas e da luminosidade (L*) e houve reducdo dos teores de vermelhos (a*) no tempo de espera
de trés horas (diurno ou noturno). As concentragdes da cadaverina incrementaram-se a partir do dia 6
de estocagem. O tempo e horario de espera em frangos de carne pode ¢ um fator de estresse pré-abate
que afeta a qualidade da carne. Contudo, ¢ recomendavel realizar o abate dos frangos imediatamente
apos de sua chegada ao centro de abate.

Palavras chave: Aminas biogénicas, tempo de espera, carne de frango, estresse
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Introduction

Pre-slaughter phase in the production process of the chicken meat industry has potentially important
implications for animal welfare. Potential stressors such as handling, noise, vibration, and thermal
variations during the transport, feed and water withdrawal, unfamiliar environments, high density in
crates, and lairage time could predispose damage and even death, possibly more so when flocks are
in poor health®,

Chickens may be temporarily held in lairage before slaughtering to recover from transport stress.
However, an improper holding period can be a major factor in lowering meat quality. Lairage periods
longer than 2 or 4 h alter the metabolism, cause hyperglycemia, hypercalcemia, hyperlactatemia,
hyperkalemia, hyponatremia, acidosis, severe dehydration, and modifies the physical parameters
in chicken meat®. Sometimes, a continuous processing line in slaughterhouses involves a longer
lairage time to maintain the animal stock before slaughtering. In this case, methods to ensure animal
welfare are essential. In fact, the quality of poultry meat is a result of complex interactions between
genotype and environment, mainly in relation to stress severity before slaughtering®.

Meat quality is frequently evaluated only by microbial indicators or sensory characteristics. However,
the use of chemical indicators, such as volatile bases and acids, nucleotide breakdown, and biogenic
amines, is a more precise method®. These compounds are a result of enzymatic decarboxylation of
specific free amino acids. Prerequisites for the formation of amines in foods are the availability of
free amino acids, the presence of decarboxylase-positive microorganisms, and favorable conditions
for microbial growth and decarboxylase activity. Therefore, decarboxylation can be largely prevented
by controlling bacterial growth through regulating temperature, oxygen availability, redox potential,
and pH®> 79,

Knowing the mechanisms of production and control of biogenic amines is important for assessing
public-health hazards. Consuming foods containing high concentrations of biogenic amines can
induce adverse reactions such as headaches, nausea, palpitations, and rashes. Likewise, carcinogenic
effects of nitrosamines, compounds formed by the interaction of biogenic amines with nitrites, have
been reported!?. Therefore, detection of biogenic amines in the food industry is a valuable tool for
assessing freshness and quality of a wide variety of protein-containing products. This study evaluated
the effect of preslaughter lairage stress on biogenic amine concentration, pH, and color of chicken
breast meat.
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Material and methods

The experiment received ethical approval (Code number MC-2014/1-43) from the Institutional
Committee on the Care and Use of Animals of the Universidad Nacional Autonoma de México in
Mexico City. Broilers (Ross) were reared on a commercial farm located in central Mexico (2649 m
above sea level), 18 °C mean ambient temperature and 68% relative humidity (RH). During the final
rearing period, the birds were fed with 18% crude protein, 3225 kcal/kg gross energy. At the end of the
rearing period and before slaughter, a total of 25 commercial female chickens (49 days old and 3 kg
live weight on average) were taken and placed randomly in crates. Each crate held 5 birds on 0.55 m?
(0.11 m?/bird). Five groups (four treatments and one control) were performed. Treatments consisted
of antemortem stress based on two lairage time during day (08:00) or night (20:00) slaughtering
process, as follows: 30 min lairage in daylight (D30); 180 min lairage in daylight (D180); 30 min
lairage during nighttime (N30); and 180 min lairage during nighttime (N180). Chickens in the control
group (C) were slaughtered within 10 min from the catching. The slaughtering process was carried out
on the farm in order to avoid the stress of transport. Stunning was carried out by cervical dislocation
and killing by neck severing, in accordance with Mexican Regulations for Animal Slaughtering!".
Finally, the carcasses were manually eviscerated, washed, labeled by group, and transported to the
laboratory under refrigerating conditions (4 °C) for analysis. All these actions were performed in over
3 separate trial days according the daylight, nighttime, and control groups.

Upon arrival at the laboratory from the farm (within 2 hours after slaughtering), both sides of the breast
(M. Pectoralis major) were removed from each carcass (10 breasts per group), cut into sections, and
stored at 4 °C for 9 days. Instrumental color, pH, and concentration of biogenic amines (putrescine,
cadaverine, and histamine) were analyzed at 0, 3, 6, and 9 days of storage. Meat pH was analyzed
by a HI 99163 portable penetration potentiometer (Hanna®) equipped with an FC 232D electrode
(Hanna®).

Instrumental color was measured in terms of CIELab, in which L* (lightness), a* (redness), and b*
(yellowness) were measured using a ColorFlex™ colorimeter (Hunter-Lab, Reston, VA) with a D65
reference illuminant and a view angle of 10°("?. Measurements were performed on the upper (ventral)
side of the Pectoralis major muscle from different locations on the muscle surface.

Biogenic amines were determined by liquid chromatography. In order to obtain linear calibration
curves, regression equations, and coefficients of determination (r*), standard solutions (10 g/L)
were prepared with 18.24 mg putrescine dihydrochloride (CsHi2N2 2HCI), 17.14 mg cadaverine
dihydrochloride (CsHisN2 2HCI), and 16.57 mg histamine dihydrochloride (CsHsNs 2HCI) in 1 mL
0.1 N HCI (Sigma-Aldrich, St. Louis, MO) and stored at 4 °C until use. Working solutions (0.2, 0.4,
0.8, 1.6, 3.1, 6.3, 12.5, 25, 50, and 100 mg/L) were obtained by diluting the stock solution.

The concentration of biogenic amines in meat samples was determined according to the method
reported by Lazaro et al.””. In brief, the meat was treated with 5% perchloric acid, using NaOH to
neutralize the system and derivatized with benzoyl chloride (40 pL). The reaction was stopped with
5 M NaCl"¥, The mixture was extracted with diethyl ether and evaporated to dryness with a nitrogen
stream. Finally, the residue was dissolved in 1000 pL acetonitrile:water (50:50) and stored at 4 °C.
Identification and quantification were carried out using a Varian HPLC ProStar system, fitted with a
ProStar 210 solvent delivery module. Control and data analysis were carried out using the software
Galaxy (version 1.9). Chromatographic separations were achieved using a reversed-phase HPLC
column C18 (Beckman Ultrasphere ODS, 250 mm x 4.6 mm 1.d., 5 um) and guard column (Waters
Symmetry C18, 3.9 x 20 mm). The mobile phase for gradient elution consisted of two solvent systems:
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acetonitrile (solvent A) and MilliQ water (solvent B). The gradient elution was carried out as follows:
50% solvent A for 12 min; solvent A was increased to 100% over 5 min; and finally returned to 50%
over 3 min. Other operation conditions were: 1 mL/min flow rate, 254 nm detection wavelength, 20
pL injection volume, and 25 °C column temperature. The eluent was monitored by a UV-Vis Prostar
325 detector. The final result was a mean of three injections of each sample.

For this trial, a total of 25 chicken were selected and divided into 5 groups. Two sides of the breast
(M. Pectoralis major) were removed from each chicken, cut in 6 portions of approximately 125 g (30
breast portions for each group), and stored at 4 °C for 9 days. Sampling was carried out on days 0, 3,
6, and 9 of storage, with 5 samples each (replicates). All analyses were performed in triplicate, except
for the color, which had four replications. Data were subjected to analysis of variance (ANOVA) and
Tukey’s multiple range tests using the SAS program adapted to a personal computer!®. Differences
were considered to be significant at P < 0.05. The statistical model included the effect of day/night
schedule (daylight or night), holding time (30 or 180 min), and storage time (0, 3, 6, and 9 days). The
response variables were: pH, instrumental color (L*, a*, and b*), and concentration of putrescine,
cadaverine, and histamine.

Results and discussion

In Table 1, a decrease was observed on day 3 in groups subjected to daytime stress (D30 and D180),
with a subsequent significant increase (P<0.001). Nighttime holding (N30 and N180) produced an
even steeper decrease, with the lowest pH (5.16) observed for N180.

The rate of the decease of pH and ultimate pH were probably related to stress levels in holding during
nighttime'¥. In our study, a rapid pH decline was observed for nighttime treatments as a result of
bird stress conditions immediately before slaughter. These results were in agreement with Ngoka and
Froning"'®, who reported a steep pH decline in meat from turkeys that struggled in the shackle line.
Warriss et al.!'” evaluated the consequences of vibration during the transport (180 min) and found a
significant reduction of pH levels in white and red chicken muscle. On the other hand, Rodrigues et
al.® determined that different lairage times (2, 4, and 6 hours) in the slaughterhouse did not affect the
initial pH of chicken breast meat (P>0.05). Nannan et al."® determined that actions like showering
and ventilation before slaughtering slowed down postmortem glycolysis and prevented glycogen
from breaking rapidly. In the present study, the pH increased in all treatments after 9 days of storage
due to protein and peptide depletion and amine production. These results are in agreement with those
found by Surmei and Usturoi'?, who reported a pH increase from 5.87 to 6.38 in chicken breast after
10 days of storage.

The L*, a*, and b* values available in Table 1 show that after slaughtering, groups N30 and D180 had
the lowest and highest L* values. Otherwise, a longer holding time (180 min) significantly increased
L* values throughout storage (P<0.001), whereas L* value had non-significant variations during
storage in 30-min holding treatments (P>0.01). These results suggest that L* values increase in
chickens submitted to longer holding time. Zhu et al.?” evaluated and classified chicken meat as PSE-
like muscle (L*>53) and normal muscle (L*=48 to 53) to assess meat quality. Our results showed an
L* <46 in all groups (after slaughtering and during storage). However, the results must be interpreted
with caution because several factors (colorimeter, feed, sex, age, environmental, stress, etc.) can
affect the final values. Contrasting results on the relationship between pre-slaughter stress in poultry
and L* values have been reported. Debutet al.?" found that the pH in the muscle from birds placed
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in a room at 35 °C for 120 min before slaughtering was reduced, but L* values were not affected.
Bianchi et al.?® showed that longer holding periods (>6 h) produced L* = 52.12 when compared to
shorter periods (<6 h), which showed an L* = 52.84.

Table 1. pH and color (L*, a*, and b¥*) of poultry breasts from animals subjected to two day/night and

holding time in craters, stored at 4 °C
Holding conditions in craters

Storage days

0 3 6 9
pH C 6.29 = 0.09? 591 +0.032 5.90 £ 0.02° 5.93=0.01¢
D30 6.02+0.082 5.93+0.012 6.24 = 0.097 6.24 =0.032
D180 5.67 =0.08° 552 £0.11° 5.81 £0.05° 5.89£0.03¢
N30 6.24=0.092 5.29 £0.04> 6.01 = 0.04% 6.06 = 0.02¢
N180 6.36 = 0.09? 5.52+0.11° 5.16 +0.02¢ 5.84 = 0.04¢
L* C 37.91 £ 147 41.24£1.48® 39.07 £ 1.03¢= 39.06 £ 0.97%
D30 38.57£0.61%® 41.73 £0.75% 39.99 & 0.93% 37.73 = 0.84%
D180 40.89 £ 1.30° 42,53 £0.742 44.92 = 0.46* 4433+ 1.17%
N30 3542+ 1.10° 3697+ 1.37° 3798 +1.16¢ 40.02 = 1.742
N180 38.92 £0.79% 4583 £ 1.25° 4223 £0.58® 42,12+ 097%
a* C 7.05 £ 0.40® 7.07x0.73* 5.94+0.312 5.99 = 0.49°
D30 7.23 £ 0.40% 8.16 =0.092 7.50£0.192 6.17 £0.48°
D180 6.09 = 0.29° 822+0.28 6.90 = 0.402 5.80 £ 0.45%
N30 8.24 £ 0.49: 8.20+0.382 7.42+0.242 9.00+0.372
NI180 6.15+0.76° 6.26=0.77* 6.04 = 0.592 5.40 £ 0.40°0
b* C 16.14 £ 0.53¢% 16.65 £ 0.702 17.12£0.67% 16.84 = 0.65%
D30 19.85 £0.412 18.81 £ 0.552 19.13 £0.932 19.34 £ 0.57*®
D180 18.91 £ 0.252 17.80 £ 0.252 1827+ 1.012 20.47 £ 0.36*
N30 18.08 = 0.72%® 16.51 = 0.742 17.13 = 0.852 19.52 £ 0.82®
NI180 18.04 = 0.84%* 17.23 0472 18.30 = 0.68* 18.32 £ 0.74®

D30 = 30 min, daytime; D180 = 180 min, daytime; N30 = 30 min, nighttime; N180 = 180 min, nighttime; C = control
Values represent the mean = SEM. Analysis of variance (ANOVA) and Tukey’s multiple range tests were used.
Means followed by the same lowercase letters in a column indicates non-significant differences (P = 0.05)

In this study, C, D30, and N30 groups had a higher red component (a*) when compared to D180
and N180 after slaughtering. This result shows the effect of longer holding time (3 h) in reducing
a* values. During storage, C, D30, D180, and N180 groups showed a similar trend. Debut et al.
concluded that high a* is a result of rapid pH decrease in meat. However, our results do not agree with
theirs because groups with high a* values also showed high pH levels. On the other hand, the yellow
component (b*) mostly showed non-significant differences among treatments and during storage. Our
results were similar to those of Lazaro et al.?®, who found b* values in a range of 10 to 16 for the
same period of storage, but higher than those found by Qiao et al.®¥, who reported b* values of 6 to 9.
Variations in meat color could be related to differences in chicken breeds, diet, housing, management,
colorimeter calibration, location of measurement, etc. However, Garcia et al.®> reported that b*
values in chicken meat were not influenced by stress factors before slaughtering.

According to Mota-Rojas et al.'®, color is directly related to the final pH; a paler appearance results
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from final low pH in meat, whereas darker meat is related to high pH. Nannan et al."® indicated that a
faster glycolytic rate would lead to a high lactate accumulation in a short time during the postmortem
period, and then the pH value decreases rapidly, resulting in lower ultimate pH value, paler color,
and poor water-holding capacity in breast meat. The reason to explain these changes was most likely
related to muscle protein denaturation.

Chromatograms identified biogenic amine (Fig. 1). The absence of minor peaks indicated that these
compounds were efficiently separated from other meat components by the extraction method described
above. Our results are in agreement with those of Lazaro et al.(7), who found a similar efficiency in
peak separation for putrescine and cadaverine when applying the same chromatographic method.
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Figure 1. Chromatograms related to the (A) overlapping of three concentrations of biogenic amine
standards and (B) analysis of biogenic amines in chicken meat sample.

About the concentration of biogenic amines in the meat during storage (Table 2), the results suggest
that lairage time affected the cadaverine levels. After slaughtering, meat from birds held for 30 min in
lairage (D30 and N30) showed concentrations below 1.0 mg/kg, followed by a slight increase during
storage and reaching levels that did not exceed 4 mg/kg. On the other hand, groups held in lairage for
180 min (D180 and N180) began with levels above 1.0 mg/kg, followed by a slight increase to below
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2.0 and 5.0 mg/kg, respectively, until day 6, and finally reached levels between 12 and 14 mg/kg on
day 9. In contrast, the control group, slaughtered immediately without previous crating, showed a
similar trend to D180 and N180 treatments.

Table 2. Biogenic amine concentration (mg/mL) of poultry breasts from animals subjected to two
day/night and holding time in craters, stored at 4 °C

Storage days

0 3 6 9
Putrescine C 0.28 =0.01° 0.44£0.13b 0.80 = 0.32 1.76 £ 0.022
D30 0.42 +0.04° 0.52=0.06° 0.51 +0.04° 1.24+0.13%
D180 0.71 £0.02= 1.22£0.21=2 1.25+£0.242 1.33£0.10°
N30 0.28 £0.03% 0.55=0.10° 0.64 = 0.06%* 1.12£0.01*
N180 0.53 £0.04v 1.40£0.01= 1.23+£0.232 1.57£0.33®
Cadaverine C 1.65+0.012 1.97=0.11% 3.59+0.36° 8.80+0.35Y
D30 0.74 £ 0.05¢ 1.97 =0.10° 2.05%0.17¢ 3.28+0.03¢
D180 1.77 £0.102 2.88+£0.282 4.82 £0.062 12.89 £(0.232
N30 0.90 +0.12¢ 1.18 £ 0.06¢ 1.60 £ 0.12¢ 1.94 £ 0.29¢
N180 1.26 £ 0.00° 1.55 £ 0.60% 1.87 £0.73<® 14.12 £ 0.992
Histamine C 0.18+0.012 0.40=0.01Y 0.24 =0.06° 5.09 £0.282
D30 0.16 £ 0.022 0.29£0.01¢ 0.66 £0.01° 0.80 £ 0.024
D180 0.22 £0.02= 0.60 £0.01= 0.89 £0.032 1.44 £0.16°
N30 0.15 £ 0.002 0.15 = 0.004 0.14 £ 0.00¢° 0.15+0.01¢
N180 0.23 £0.042 0.25+0.03¢ 0.71 £0.10% 2.55+£0.17°

Means followed by the same lowercase letters 1n a column indicates non-significant differences (P < 0.05)
D30 =30 min, daytime; D180 = 180 min, daytime; N30 = 30 min, nighttime; N180 = 180 min, nighttime; C = control
Values represent the mean = SEM. Analysis of variance (ANOVA) and Tukey’s multiple range tests were used.

At the beginning of this study, all groups showed putrescine levels below 0.50 mg/kg, with no
significant differences (P>0.01), except for D180 (180 min, daytime), which showed the highest level
(0.71 mg/kg). A gradual and slight increase was observed from day 3 onward for C, D30, and N30
groups, reaching concentrations in a range of 1.12 to 1.76 mg/kg. Groups D180 and N180 rapidly
increased to 1.22 and 1.40 mg/kg, respectively, on day 3, and afterward did not change significantly
(P>0.01) during storage.

Except for N30, which had no significant variations during storage (P>0.01), histamine concentrations
in all groups gradually increased, more strongly from day 6 onward. At the end of storage, C group
showed the highest histamine concentrations (5.09 mg/kg). Treatments D30, D180, and N180 showed
histamine levels of 0.80, 1.44, and 2.55 mg/kg, respectively.

Some authors®® %27 have reported the usefulness of biogenic amines as quality indicators during
storage, and there seems to be a close relationship with biochemical and bacteriological parameters.
Our results for cadaverine, putrescine, and histamine at 24 h after slaughtering were rather low in
comparison to those reported by Sander et al.?®, who found 200 and 500 mg/kg for putrescine and
cadaverine, respectively, in chicken carcasses. Kozova et al.?” reported putrescine levels of around
1.0 mg/kg in chicken breast meat. On the other hand, Rokka et al.®” found putrescine and cadaverine
concentrations below 10 mg/kg during one week of storage at 4 to 8 °C, and Silva and Gloria®" did
not detect putrescine, cadaverine or histamine during the first ten days of storage at 4 °C, but a rapid
increase occurred on day 15, reaching values of 20.4, 4.3, and 10.3 mg/kg for each amine.
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Environmental stressors such as catching, crating, and transport led to changes in muscle and meat
metabolite concentrations®. Energy exhaustion is responsible for the ultimate properties of meat©?.
PSE meat has a lower final pH than normal, promoting protein breakdown (presence of free amino
acids) and providing favorable conditions for bacterial growth®®. Lairage time is considered a stress
factor that can affect chicken meat quality and accelerate the production of biogenic amines. In this
experiment, the longer crating duration (D180 and N180) resulted in increases in putrescine and
cadaverine levels during storage, which suggested that these two biogenic amines could be useful
indicators for chicken meat freshness.

No definite evidence is available regarding the direct effect of in vivo stressors on biogenic amine
production in chicken meat. Ozogul and Ozogul®® determined that slaughtering rainbow trout by
suffocation in ice slurry (stress method) increased the levels of putrescine and cadaverine compared
to slaughtering by percussion (conventional method). On the other hand, Cruz-Monterrosas et al.*”
suggested that bruised areas in meat promote its fast decomposition and bacteria growth. This fact
favored an increment of biogenic amine concentrations in beef meat. These results emphasized the
importance of implementing best management practices during pre-slaughter operations to reduce
a possible risk factor. However, according to Jacobs et al.", although lairage time is an important
stressor, it is not the unique factor that affects meat quality and even the death in the pre-slaughter
phase.

Conclusion

In conclusion, longer holding times resulted in paler and less-yellow meat, with a low pH and high
cadaverine concentrations from day 6 onward regardless of the schedule (daylight/nighttime). These
results show the importance of reducing bird stress before slaughtering. Based on these observations,
it would seem desirable that chickens should be killed immediately on arrival at the processing plants,
and the recommended lairage time is no more than one hour.
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