Plant-derived polyphenols can rescue meat quality of broilers under heat stress
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Abstract — This study aimed to evaluate the effect of single/combination of two plant-derived polyphenols, curcumin (CUR)
and oregano essential oil (OEQ) on the broilers meat quality under heat stress. 432 Arbor Acres broilers were randomly
allocated into sixth dietary groups with six replicates, and 12 animals in each replicate. On day 42, we found that the
overall performance of growth and meat quality in the group under heat stress were significantly reduced than control
group (P<0.05), demonstrating the reliability of our heat stress model. Compared with single component, the combination
of 10 ppm CUR and 10 ppm OEO could significantly reverse the negative impact of heat stress from the perspectives of
antioxidant capacity and mitochondrial biogenesis-associated genes in breast muscle (P<0.05).
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l. INTRODUCTION

Heat stress is a crucial problem in the poultry industry, which induces significantly impaired growth performance,
intestinal health regeneration and poor meat quality [1]. As previously reported, heat stress can induce oxidative injury,
which may lead to the increased production of reactive oxygen species (ROS) [2]. Consequently, some important meat
guality traits which are significantly sensitive to the oxidative status are negatively affected, such as meat color related
to ferric ion status derived from myoglobin, and drip loss/water hold capacity (WHC) associated with the protein
oxidation [1]. In addition, as an important homeostasis regulator, mitochondria can also be easily affected by heat
stress for both content and functionality, leading to the impaired growth performance and meat quality in livestock
animals [3,4]. Therefore, in the current experiment, we compared the effect of single or the combination of CUR and
OEO on broilers meat quality under simulated chronic heat stress, from the perspectives of anti-oxidative capacity and
mitochondrial status.

1. MATERIALS AND METHODS

432 Arbor Acres broilers were randomly allocated into sixth dietary groups with six replicates, and 12 animals in each
replicate. The simulated chronic heat stress (HS, 32 + 1°C for 8h) was conducted from day 28 of life. The treatment
details of each group are as followed: positive control (PC) which is a normal diet (ND); negative control (NC) which
is a normal diet under HS; S1 diet corresponds to ND with 10 ppm CUR under HS; S2 corresponds to ND with 10
ppm OEO under HS; S3 corresponds to ND with 10 ppm CUR plus 10 ppm OEO under HS and S4 which corresponds
to ND with 5ppm CUR plus 5 ppm OEO under HS. On day 42, meat quality traits were measured. We also
investigated the malonaldehyde (MDA) content as antioxidative indicator, and genes like PPARG coactivator 1 alpha
(PGC1-a), sirtuin 1 (SIRT1) and uncoupling protein 1 (UCP1) as the reflection of mitochondrial status.

"l RESULTS AND DISCUSSION

In current research, we found that heat stress can significantly decrease the overall meat quality performance of broiler
breast muscle in the present study (P < 0.05), in particular the PM pH and L* values at 24h PM, and drip loss at both
24h and 48h post-mortem (PM) (Table 1). Furthermore, our plant extract blend could well reverse this effect at
different levels, in particular the S3 group (Table 1).

Table 1 Meat quality traits in different groups*

Item PM time PC NC S1 S2 S3 S4 SEM P-Value

pH 24h 5.902 5.87% 6.00° 5.862 5.98aP 5.88aP 0.016 0.10

L* 24h 48.23% 50.00P 47 55 46.81% 45 52@ 48.940 0.374 0.15

Drip loss,% 24h 5.762 9.40P 7.50% 7.31% 6.262 8.06aP 0.003 0.05
48h 9.642 13.58° 13.35° 10.30% 9.642 11.8aP 0.005 0.03

*Post-mortem (PM); positive control (PC) which is a normal diet; negative control (NC) which is a normal diet under HS; S1 diet
corresponds to ND with 10 ppm CUR under HS; S2 corresponds to ND with 10 ppm OEO under HS; S3 corresponds to ND with
10 ppm CUR plus 10 ppm OEO under HS and S4 which corresponds to ND with 5ppm CUR plus 5 ppm OEO under HSTo



estimate the oxidative degrees in skeletal muscle, activities of total antioxidants, catalase, glutathione peroxidase
(GSH-PX) and content of MDA were measured in the breast muscle samples on day 42. However, the results showed
that only MDA had significantly different expression levels in skeletal muscle among all the groups (P < 0.05, Table
2). Consistently, in previous research OEO was indicated to effectively decrease MDA level [5]. And given MDA is
mainly generated from the lipid peroxidation process, the low MDA content is directly correlated with pleasant meat
flavor and long shelf life hence the better marketability of meat cuts [6]. These results indicated that our plant extract
supplementation had great potential to improve the antioxidative capacity of broilers under heat stress, thus ensuring
the fundamentally physiological conditions to maintain the acceptable meat quality under heat stress.

In addition, as an important meat quality indicator, mitochondrial was regarded to be negatively affected by heat stress.
In our research, we found that the genes controlling mitochondrial biogenesis and functionality were all impaired by
heat stress, whilst well protected by our plant polyphenols treatment (Table 2). This is consistent with the previous
report that CUR is a reliable mitochondrial biogenesis agent [7].

Table 2 MDA content and mitochondrial-related genes expression levels in different groups*

Item PC NC S1 S2 S3 S4 SEM P-Value
MDA MDA 0.62° 0.74¢ 0.422 0.382 0.432 0.67b¢ 0.026
PGC1-a 1.26a 0.71b 0.76b 0.65b 1.14a 0.60b 0.07 0.002
SIRT1 1.052 0.65° 0.57° 0.71° 1.282 1.13¢ 0.06 <0.01
UCP1 0.812 0.37° 0.802 0.922 1.032 0.902 0.06 0.01

*Malonaldehyde (MDA); PPARG coactivator 1 alpha (PGC1-a); sirtuin 1 (SIRT1); uncoupling protein 1 (UCP1 positive
control (PC) which is a normal diet; negative control (NC) which is a normal diet under HS; S1 diet corresponds to ND
with 10 ppm CUR under HS; S2 corresponds to ND with 10 ppm OEO under HS; S3 corresponds to ND with 10 ppm
CUR plus 10 ppm OEO under HS and S4 which corresponds to ND with 5ppm CUR plus 5 ppm OEO under HS

V. CONCLUSION

In current research, a successful heat stress model of broilers was established. Two plant polyphenols, CUR and OEO
were used to alleviate the negative impacts of heat stress on broilers. It was found that CUR and OEO could well exert
their antioxidative feature and biological function to protect broilers against chronic heat stress, therefore they are
regarded to be the promising functional ingredient candidates to rescue growth performance and meat quality of
broilers under stress conditions.
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