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Abstract

Naringin is a major flavanone derivate that has many important biological functions in animals.
However, its effect on pigs is unknown. The aim of this study was to investigate the effect of naringin
supplementation on performance, carcass traits, meat quality and oxidative stability in finishing pigs. Ninety-
six pigs, with an average initial body weight of 66.2 + 0.63 kg, were randomly divided into four groups. One
group was fed a basal diet without supplementation (control), and the three others were fed diets
supplemented with 0.5, 1.0 or 1.5 g naringin /kg DM of feed for 50 days. Each treatment was replicated six
times with four pigs per replicate. Feed and water were available ad libitum. The 0.5 g/kg naringin treatment
group had an improved loin eye muscle area, reduced serum triglycerides and were leaner compared with
the other groups. Pigs in the 1.5 g/kg naringin treatment had higher pHysmn values and inosine
monophosphate concentrations, and lower MyHC llb mRNA expression in muscle than the other groups.
MyHC lla mRNA expression was significantly up-regulated in all naringin-supplemented diet groups. Naringin
significantly increased superoxide dismutase (SOD) activity and total anti-oxidative capacity in meat, as well
as SOD and glutathione peroxidase activity in the liver. These results indicate that the dietary addition of
naringin at 0.5 g/kg improved carcass characteristics, while 1.5 g/kg improved the oxidative stability and pork
quality in finishing pigs.
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Introduction

Flavonoids are natural compounds with various biogenic functions. The most important flavanone
derivates, including naringin, hesperidin, catechin, quercetin, apigenin and kaempferol, have been shown to
have anti-oxidative, anti-inflammatory, anti-hypolipidemic and anti-carcinogenic effects (Ahmad et al., 2015;
Alam et al., 2014; Boots et al., 2008; Burkina et al., 2016; Kamboh & Zhu, 2013; Zaidun et al., 2018). In
recent years, there has been broad interest in the use of flavonoids in livestock, since they can retard lipid
oxidation and improve meat quality parameters without leaving residue in the product (Jiang & Xiong, 2016;
Salami et al., 2016).

Naringin is a major flavanone glycoside obtained from citrus fruits. It was first isolated in 1928 by
Asahina and Inubuse (Asahina & Inubuse, 1928; Bharti et al., 2014). Naringin is composed of naringenin, an
aglycone and neohesperidose attached to the hydroxyl group at C-7, and possesses strong anti-
inflammatory and antioxidant activities (Jiao et al., 2015). Several studies have suggested that naringin
supplementation is beneficial for the treatment of obesity, diabetes, hypertension and metabolic syndrome in
humans (Viswanatha et al., 2017; Zaidun et al., 2018). Due to the beneficial effect of naringin on animal
health, the European Food Safety Authority authorized its use as a feed additive for animals in 2011 (EFSA,
2011). Recent studies in broiler chickens, lambs and rabbits demonstrated that naringin supplementation
greatly improved the oxidative stability of meat, but did not affect growth or meat quality characteristics
(Bodas et al., 2012; Goliomytis et al., 2015; Jeon et al., 2004).
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Dietary antioxidants have many biogenic effects in pigs. For example, Gonzalez and Tejeda (2007)
reported that dietary supplementation with RRR-a-tocopheryl-acetate had a significant influence on lipid
oxidation in lberian pig meat. The incorporation of an antioxidant blend into the diet of weaned piglets,
significantly elevated total anti-oxidative capacity (T-AOC), activity of superoxide dismutase (SOD) and
glutathione peroxidase (GPx), and reduced malondialdehyde (MDA) content in the jejunum and colon tissues
(Xu et al., 2014). Additionally, hesperidin had a positive effect on performance and antioxidant function in the
weaned piglets (Liu et al., 2009), and naringin improved growth performance and nutrient digestibility in post-
weaning piglets (Goodarzi Boroojeni et al., 2018). Naringin is a flavanone derivate that is beneficial, however
its effects on finishing pigs are unknown. The objective of the current study was to explore the effects of
different levels of naringin on performance, carcass traits, meat quality and oxidative stability in finishing
pigs, in order to elucidate the functional effects and optimal use of naringin in pig diets.

Materials and methods

All research involving animals was performed according to the Regulations for the Administration of
Affairs Concerning Experimental Animals. The Institute Ethics Committee of the Chongqing Academy of
Animal Science approved the relevant ethical issues in this study (permit number: xky-20180312).

Naringin (purity = 95%) was obtained from Xi'an Haoxuan Biotechnology Company (Xi'an, China). A
total of 96 Yorkshire x Rongchang pigs, with an initial body weight of 66.2 + 0.63 kg, were randomly
allocated to four treatments. Each treatment consisted of six replicates with four pigs per replicate (half
males and half females). The control group (NO) was fed a basal diet, and the three treated groups (N1, N2,
N3) were fed the control diet supplemented with 0.5, 1.0 or 1.5 g naringin per kg (dry matter basis),
respectively. The basal diet (Table 1) was formulated to meet the NRC (2012) requirements for finishing

pigs.

Table 1 Composition and analysis of the basal diet to test effects of naringin supplementation of finishing
pigs

Items Diet

Ingredients (%)

Corn 72.97
Soybean meal 10.60
Wheat bran 14.50
Limestone 0.30
Calcium hydrogen phosphate 0.20
NacCl 0.30
Lysine 0.13
Premix* 1.00
Total 100.00
Nutrient levels
Net energy (MJ/kg) 13.28
Crude protein (%) 13.03
Calcium (%) 0.51
Total phosphorus (%) 0.43
Available phosphorus (%) 0.18
Lysine (%) 0.56
Methionine (%) 0.18
Threonine (%) 0.34
Tryptophan (%) 0.11

" Provided per kilogram of diet: Copper: (CuSO4-5H20) 15 mg, Iron: (FeSO4-7H20) 100 mg, Zinc: (ZnSO4-7H20) 100 mg,
Manganese: (MnSQO4-H20) 40 mg, Selenium: (Na,Se0s) 0.3 mg, lodine: (KI) 0.3 mg, vitamin A: 1 750 IU, vitamin D3: 200
IU, vitamin E: 11 IU, vitamin Kz: 0.5 mg, niacin: 20 mg, pantothenic acid :9 mg, folic acid: 0.3 mg, vitamin B1: 1 mg,
vitamin B: 3 mg, vitamin Be: 1.5 mg, vitamin B12: 15 ug, biotin: 0.05 mg, choline chloride: 1.0 g, phytase: 0.1 g, antimold:
0.5g.
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All pigs were housed in pens (2.6 m x 4.2 m) with solid concrete floors in an environmentally controlled
room, and males were castrated. During the experiment, pigs had ad libitum access to feed and water. Feed
intake was measured weekly, and the initial and final body weight of pigs in each pen was recorded to
calculate the average daily gain (ADG), average daily feed intake (ADFI) and feed to gain ratio (F/G). After
50 days, the pig closest to the average weight of each replicate (six pigs/treatment, half males and half
females) was selected and blood samples were collected from the jugular vein using a sterile syringe. The
blood samples were centrifuged at 2000 x g for 10 min to obtain the serum. The glucose (GLU), total protein
(TP), albumin (ALB), globulin (GOB), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), total cholesterol (TC) and triglyceride (TG) concentrations and alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) activities in the serum were measured using an automatic
biochemical analyzer 7020 (Hitachi, Tokyo, Japan). Feed was withdrawn from the pigs for 16 h prior to
slaughter via exsanguination after electrical stunning. The warm carcass weight was recorded for calculation
of carcass vyield. The left side of the carcass was used to measure the carcass straight length, lean meat
content, loin eye muscle area and backfat thickness (at the 4th-5th thoracic vertebra). Weights of the heart,
liver and kidneys were also recorded.

The longissimus dorsi (LD) muscle from the 10th to 13th ribs of the left carcass was used for meat
quality measurements. The values of pHsmin and pH,4n of LD were measured by portable pH meter (pH-
STAR, MATTHAUS, Germany). Objective color measurements (CIELAB system based on L* = lightness, a*
= redness and b* = yellowness) were performed at 24 h postmortem by using a CS-200 colorimeter (CHN
spec, Hangzhou, China). The L* value ranged from 0 (black) to 100 (white), a* value component from green
(-) to red (+), and b* value component from blue (-) to yellow (+). As suggested by the National Pork
Producers Council (1991) and Honikel (1998), subjective LD muscle color (1 = pale pinkish gray to 6 = dark
purplish red) and marbling (1 = devoid to 5 = abundant) were scored via color card or marbling plate,
respectively. Each sample was measured three times at different locations to calculate the average value.
Intramuscular fat (IMF) and inosine monophosphate concentrations (IMP) of LD samples were analyzed
using the Association of Analytical Chemists method and high performance liquid chromatography,
respectively (Li et al., 2015; Prevolnik et al., 2005). A slice of fresh LD (50.1 + 1.5 g) was placed in a plastic
container on a grid, parallel to the fiber direction, and the drip loss percentages were calculated after 24 h of
storage at 4 °C.

Total RNA was extracted from LD samples using a Trizol reagent (Takara, Dalian, China). The total
RNA was treated with DNase | to remove DNA and synthesized as single-stranded cDNA using the
PrimeScript™ RT reagent Kit (Code No.: RR047A, TaKaRa, Dalian, China), according to the manufacturer’s
protocol. MRNA expression was then assessed using the SYBR® Premix Ex Taq™ Il kit (Code No.: RR820A,
TaKaRa, Dalian, China), following the manufacturer’s instructions. The reactions were run in triplicate with a
QuantStudio™ 6 Flex RT-PCR system (Life Technologies, CA, USA), and the data were analyzed using the
222°T method. The mMRNA expression levels of four myosin heavy chain (MyHC) isoform genes were
determined. GAPDH was used as the endogenous control gene. All the primers are listed in Table 2.

Table 2 Primers used for quantitative real-time polymerase chain reaction to detect differences in gene
expression levels

Gene Primer sequence (5'-3")
MyHC | F: AAGGGCTTGAACGAGGAGTAGA

R: TTATTCTGCTTCCTCCAAAGGG
MyHC lla F: GCTGAGCGAGCTGAAATCC

R: ACTGAGACACCAGAGCTTCT

F: ATGAAGAGGAACCACATTA
MyHC Ilb

R: TTATTGCCTCAGTAGCTTG

F: AGAAGATCAACTGAGTGAACT
MyHC lIx

R: AGAGCTGAGAAACTAACGTG
GAPDH F: GAAGGTCGGAGTGAACGGAT

R: CATGGGTAGAATCATACTGGAACA
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Approximately 0.1 g tissue samples were weighed and homogenized in 1 mL of 0.9% saline on ice
and centrifuged at 2000 x g for 10 min at 4°C. Total protein content was then measured in the supernatant
using the bicinchoninic acid method (Osnes et al.,, 1993). T-AOC (Code No.: A015-2), SOD (Code No.:
A001-3), GPx (Code No.: A005) and catalase (CAT) (Code No.: A007-1-1) activities and MDA content (Code
No.: A003-1) were measured at appropriate dilutions, according to corresponding procedures. All kits were
purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, Jiangsu, China).

The Kolmogorov-Smirnov test was used to assess goodness-of-fit of data to normal distribution and
ANOVA was used to analyze data differences between treatment groups using SPSS software (version 18.0,
SPSS Inc., Chicago lllinois, USA). The results are presented as means and standard error of means (SE).
Differences among treatment means were detected by Tukey's test; P <0.05 was considered significant, and
0.05< P <0.10 was considered a tendency.

Results

The effects of dietary naringin supplementation on growth performance of finishing pigs are shown in
Table 3. Naringin supplementation had no significant effect on these measures of growth (P >0.05).
However, compared with the control group, the ADG of the N1 group was increased numerically by 6.4%
and F/G ratio was decreased by 9.04%.

Table 3 Effects of dietary naringin supplementation on growth, feed intake and efficiency of finishing pigs

, Treatment*
Trait SE P-value
NO N1 N2 N3
Initial body weight (kg) 66.20 66.20 66.18 66.19  0.63 1.000
Final body weight (kg) 10541  107.90 105.74 10449  0.85 0.542
ADG (kg/day) 0.78 0.83 0.79 077 001 0.150
ADFI (kg/day) 259 251 250 261  0.03 0.360
FIG 3.32 3.02 3.16 3.39 0.67 0.181

TNO: no additive, N1, N2 and N3: 0.5, 1.0 and 1.5 g naringin per kg feed, respectively
2 ADG: average daily gain, ADFI: average daily feed intake, F/G: feed to gain ratio

Effects of dietary naringin supplementation on serum profiles of finishing pigs are shown in Table 4.
There were no significant differences in serum biochemical indices between control and naringin groups,
apart from TG levels. Pigs in the N1 group had lower TG levels compared with the NO group (P <0.05).

Effects of dietary naringin supplementation on carcass traits of finishing pigs are shown in Table 5.
Loin eye muscle area was higher in pigs in the N1 and N2 groups compared with controls and lean meat
content was higher in pigs in the N1 group compared with controls (P <0.05). However, the other carcass
traits, including warm carcass weight, carcass yield, carcass straight length, backfat thickness and tissue
weight were not affected by the naringin supplementation treatments (P >0.05).
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Table 4 Effects of dietary naringin supplementation on serum profiles of finishing pigs

Group®
Items? SE P-value
NO N1 N2 N3
GLU (mmol/L) 5.22 4.18 4.81 5.43 0.37 0.703
TP (g/L) 67.65 67.30 68.15 67.03 0.41 0.820
ALB (g/L) 41.03 42.23 42.58 40.58 0.33 0.078
GLB (g/L) 26.63 25.08 25.58 26.45 0.42 0.566
ALB/GLB 1.53 1.70 1.65 1.53 0.04 0.222
HDL-C (mmol/L) 1.37 1.33 1.28 1.33 0.04 0.927
LDL-C (mmol/L) 1.02 1.34 1.15 1.08 0.07 0.362
TC (mmol/L) 255 2.78 2.57 2.56 0.10 0.844
TG (mmol/L) 0.362 0.21° 0.30% 0.34% 0.02 0.044
ALT (U/L) 43.00 49.25 45.50 45.00 1.15 0.298
AST (U/L) 29.25 22.25 30.25 24.75 1.49 0.183

Y'NO: no additive, N1, N2 and N3: 0.5, 1.0 and 1.5 g naringin per kg feed, respectively

2 ALT: alanine aminotransferase, AST: aspartate aminotransferase, TP: total protein, ALB: albumin, GLB: Globulin, GLU:
glucose, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TC: total cholesterol,
TG: triglyceride

ab Means with different superscripts in the same row differ significantly (P <0.05)

Table 5 Effect of dietary naringin supplementation on carcass traits of finishing pigs

Group®
ltems SE P-value
NO N1 N2 N3
Warm carcass weight (kg) 80.10 78.50 79.83 79.73 0.55 0.777
Carcass yield (%) 75.24 74.04 75.10 75.42 0.27 0.264
Carcass straight length (cm) 96.10 96.38 97.63 97.75 0.78 0.859
Backfat thickness (cm) 5.04 4.80 5.06 5.17 0.12 0.797
Lean meat content (%) 46.39" 49.93% 48.18% 47.89" 0.19 0.012
Loin eye area (cm?) 27.87° 33.85° 31.85% 30.35% 0.79 0.030
Heart weight (g) 343.38 366.55 349.70 361.33 7.60 0.735
Liver weight (g) 1538.85 1633.60 1701.83 1516.50 66.53 0.780
Kidneys weight (g) 258.75 296.25 290.00 252.93 9.98 0.334

TNO: no additive, N1, N2 and N3: 0.5, 1.0 and 1.5 g naringin per kg feed, respectively
ab Means with different superscripts in the same row differ significantly (P <0.05)

Table 6 summarizes the effects of naringin dietary supplementation on quality of meat from the LD.
The pHysmin and IMP content were higher in the N3 group compared with the NO group (P <0.05). In contrast,
meat quality parameters such as pHa4,, incarnadine score (subjective color score), color indices (L*, a*, b*),
drip loss, marbling score and IMF content were not significantly affected by the dietary treatment (P >0.05).

Table 7 shows that dietary naringin did not affect the mRNA expression levels of MyHC | and MyHC
lIx. There was a significant decrease in the level of MyHC lIb in the N3 group, and the MyHC lla mRNA
expression level was also significantly up-regulated (P <0.05) in all three groups receiving naringin dietary
supplementation.
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Table 6 Effect of dietary naringin supplementation on meat quality of finishing pigs

, Group®
ltems SE P-value
NO N1 N2 N3

PHasmin 5.91° 5.93" 6.07" 6.60° 0.10 0.035
PH24n 541 5.40 5.43 5.43 0.01 0.476
Incarnadine score 3.13 3.38 3.75 3.63 0.11 0.163
Colour indices

L* (lightness) 42.28 41.06 38.42 37.98 1.46 0.725

a* (redness) 4.33 5.36 4.22 4.29 0.43 0.251

b* (yellowness) 2.98 2.65 2.05 2.07 0.33 0.733
Marbling score 2.13 2.25 2.25 2.25 0.23 0.894
IMF (%) 2.52 2.79 2.71 2.77 0.20 0.973
IMP (%) 2.61% 2.58% 2.58% 2.84° 0.04 0.026
Drip loss (%) 2.30 2.16 2.18 1.96 0.09 0.533

TNO: no additive, N1, N2 and N3: 0.5, 1.0 and 1.5 g naringin per kg feed, respectively
2 MF: intramuscular fat, IMP: inosine monophosphate
ab Means with different superscripts in the same row differ significantly (P <0.05)

Table 7 Effect of dietary naringin supplementation on relative mRNA expression levels of MyHC genes in
muscle of finishing pigs

Group®
Genes SE P-value
NO N1 N2 N3
MyHC | 1 1.12 1.11 1.15 0.03 0.323
MyHC lla 1° 1.36° 1.25° 1.26° 0.05 0.002
MyHC Ilb 12 0.87% 0.90% 0.80" 0.03 0.048
MyHC IIx 1 0.89 0.88 0.85 0.04 0.618

TNO: no additive, N1, N2 and N3: 0.5, 1.0 and 1.5 g naringin per kg feed, respectively
ab Means with different superscripts in the same row differ significantly (P <0.05)

Dietary naringin supplementation did not affect activity of GPx and CAT (P >0.05) or MDA content, but
did increase the SOD activity (P <0.05) in meat. Furthermore, T-AOC activity was higher in the N3 group
than in the other three groups (P <0.05). SOD and GPx activity in the liver was higher in groups that received
dietary supplementation with 1.0 g/kg and 1.5 g/kg naringin compared with controls (P <0.05). However,
T-AOC and CAT activities and MDA content were not significantly different between control and naringin
groups (P >0.05). However, dietary naringin supplementation tended to increase the T-AOC activity (P =
0.074) and reduce MDA content (P = 0.087) in liver tissue (Table 8).
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Table 8 Effect of dietary naringin supplementation on antioxidative enzyme activities and malondialdehyde
content of meat and liver in finishing pigs

, Group®
Items SE P-value
NO N1 N2 N3

Meat
T-AOC (umol/g) 14.80° 15.75° 16.60° 19.38° 0.52 0.001
SOD (U/mg) 39.29" 47.59° 48.37° 47.60° 1.12 0.001
GPx (U/mg) 3.58 3.51 3.58 3.15 0.20 0.870
CAT (U/mg) 2.54 2.62 2.46 2.99 0.11 0.344
MDA (nmol/mg) 0.24 0.18 0.16 0.18 0.02 0.646

Liver
T-AOC (umol/g) 94.27 96.60 96.15 114.94 3.27 0.074
SOD (U/mg) 345.64° 381.67% 425.46° 431.31° 13.30 0.042
GPx (U/mg) 3.89° 3.45° 6.95" 9.48% 0.79 0.001
CAT (U/mg) 72.13 70.02 71.98 73.06 1.98 0.970
MDA (nmol/mg) 0.34 0.29 0.30 0.28 0.01 0.087

TNO: no additive, N1, N2 and N3: 0.5, 1.0 and 1.5 g naringin per kg feed, respectively

2 T-AOC: total antioxidative capacity, SOD: superoxide dismutase, GPx: glutathione peroxidase, CAT: catalase, MDA:
malondialdehyde

abC \eans with different superscripts in the same row differ significantly (P <0.05)

Discussion

Naringin is a major flavanone derivate in citrus fruits, which has been found to be associated with
beneficial effects on a range of metabolic processes in animals. The current study examined the effects of
naringin on growth performance parameters, serum biochemical indices, carcass traits, meat quality,
oxidative stability, and mRNA expression of MYHC genes in pigs.

No significant effect of dietary naringin supplementation on growth performance was found, which
supports the results of previous studies done in lambs and broilers (Bodas et al., 2012; Goliomytis et al.,
2015). The serum TG level was decreased in pigs treated with 0.5 g/kg naringin, which is in agreement with
the results of Bodas et al. in lambs (Bodas et al., 2011b). Furthermore, in the current study, the loin eye
muscle area and lean meat content of pigs was significantly increased in pigs treated with 0.5 g/kg naringin.
These results suggest that the optimal dosage for improving the anti-obesity properties in finishing pigs is
approximately 0.5 g/kg naringin. In a previous study, naringin dietary supplementation tended to decrease fat
pads in broilers (P = 0.087) (Goliomytis et al., 2015). In a previous experiment done by our group
(unpublished data), dietary supplementation with 0.5% naringin reduced the weight of the abdominal fat by
38.07% and reduced the rate of abdominal fat by 36.84% in mice (P <0.05). In addition, naringin was found
to suppress the proliferation and differentiation of adipocytes, in vitro (Guo et al., 2016; Liu et al., 2007).
Thus, it can be speculated that dietary naringin might reduce fat deposition by regulating fat metabolism in
animals.

Pigs fed the 1.5 g/kg naringin supplemented diet had higher pHsmin and IMP values in LD tissue and
concurrently a numerical decrease of 14.8% in drip loss was observed. Rosenvold and Andersen (2003)
concluded that drip loss is associated with the early postmortem pH, implying that the lower drip loss in pigs
fed the 1.5 g/kg naringin diet was induced by higher pHsmin. As an important indicator of meat quality, the
IMP content is directly related to meat taste (Terasaki et al., 1965; Wang et al., 2014). Data in the current
study showed a significant increase in IMP content in the 1.5 g/kg naringin group, however the other meat
quality characteristics were not affected by the addition of naringin. Previous studies in broilers, lambs and
rabbits found that naringin supplementation had limited influence on meat quality parameters (Goliomytis et
al., 2015; Jeon et al., 2004), indicating that naringin might play distinct roles in different animals.

There are four muscle fiber types in adult pig muscle, including slow-oxidative type |, fast oxido-
glycolytic type IIA, and fast glycolytic types IIB and IIX, which are expressed by MyHC |, MyHC lla, MyHC IIx,
and MyHC lIb, respectively (Zhang et al., 2015). Muscle fiber type composition is strongly related to meat
quality (Zhang et al., 2019). For example, Ryu and Kim (2005) reported that the percentage of type IIB fibre
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is negatively correlated with pHusmin, but positively correlated with drip loss and lightness in pork. Muscles
with a lower proportion of MyHC | and MyHC lla had higher lightness and lower water-holding capacity,
which negatively affected meat quality (Kim et al., 2013). In the current study, naringin treatments
significantly up-regulated the MyHC Ila mRNA expression, which the MyHC IIb mRNA level was obviously
decreased by treatment with 1.5 g/kg naringin, suggested that dietary naringin improves the meat quality by
changing the muscle fiber type composition in pigs.

Naringin exhibits high antioxidant potential in meat (Viswanatha et al., 2017). Both hydroxyl and
superoxide radicals are scavenged by naringin, in vitro. Moreover, naringin significantly inhibited the
xanthine oxidase activity, which is the physiologic source of superoxide anions in eukaryotic cells (Cavia-
Saiz et al., 2010; Katsumura Y, 2000). Naringin also shows strong antioxidant activity in different animals
and/or different conditions, in vivo. In broilers, the MDA value of muscle tissue was significantly decreased by
naringin (Goliomytis et al., 2015). Naringin supplementation also enhanced T-AOC capacity and SOD ability,
and decreased serum MDA level in laying hens (Lien et al., 2008). In lambs, supplementation with naringin
(2.5 g/kg) significantly reduced MDA levels of plasma and meat MDA levels stored at 4°C for up to 8 days
(Simitzis et al., 2019). Bodas et al. (2012) reported that the antioxidant status of liver was improved when
lambs were fed diets supplemented with 1.5 g/kg naringin, but the oxidative stability of the meat did not
seem to be significantly affected. In rodents, naringin reversed metabolic complications by ameliorating
oxidative stress in mice as indicated by improved GPx activity and decreased MDA levels (Adebiyi et al.,
2015; Liu et al., 2016). Naringin also had a protective effect in diabetic animals via improving antioxidant
enzymes such as SOD, CAT, and GPx in hyperglycemic rats (Ali & El Kader, 2004; Punithavathi et al.,
2008). In the current study, dietary naringin improved oxidative stability in pigs via increasing SOD and T-
AOC activity in meat, as well as SOD and GPx activities in the liver. SOD is an enzyme that converts
superoxide radicals into hydrogen peroxide and oxygen (Thirach et al, 2007). Changes in SOD activity
indicate that naringin supplementation can eliminate free radicals and improve antioxidative status in meat
and liver. GPx is a crucial enzyme for reducing reactive oxygen species and maintaining oxygen balance (Xu
et al, 2014). The higher GPx activity level in the N2 and N3 groups indicates that naringin improved the anti-
oxidative capacity of pigs. Furthermore, feeding naringin tended to decrease MDA levels and increase the
T-AOC capacity in liver, although not significantly (P <0.10).

To the best of our knowledge, this study is the first that describes the application of naringin as a feed
additive in the diet of finishing pigs. However, there were a few limitations in the current study that should be
addressed in future research, including the number and size variability of animals in the treatment groups.
The mechanism related to the decrease in TG and the increase in lean meat at an optimal dose of 0.5 g/kg
naringin treatment should also be further investigated.

Conclusion

Supplemental naringin could improve loin eye muscle area and lean meat content and decrease
serum TG level in finishing pigs. Dietary naringin also improved some aspects of meat quality and
antioxidant status of pigs. Thus, naringin could serve as an effective feed additive in the diets of pigs.
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