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A B S T R A C T

The objective of this study was to investigate the effect of dietary Tartary buckwheat extract (TBE) supple-
mentation on animal growth performance, meat quality and antioxidative activity in the Longissimus thoracis et
lumborum muscle of lambs. The results showed that dietary TBE increased body weight, average daily gain,
carcass weight, dry matter intake, and digestive organ weight. Dietary TBE had no effect on the pH, color, shear
force or intramuscular fat of Longissimus muscle examined, whereas the cooking loss was decreased. The total
antioxidative capacity and glutathione peroxidase 4 (GPx4) activity of Longissimus muscle were increased in
lambs fed TBE. The mRNA contents of superoxide dismutase, catalase, GPx4 and nuclear factor-like-2 factor (Nrf2)
did not vary among the groups, and greater protein levels of GPx4 and Nrf2 were observed. Taken together, these
results suggest that TBE can be used as a feed ingredient in lamb production to improve its growth performance,
and relieve oxidative stress and increase water holding capacity of meat.

1. Introduction

Tartary buckwheat (Fagopyrum tataricum Gaertn.) is grown in the
mountainous regions of China, India and Nepal (Fabjan et al., 2003),
and is used as a functional food due to its richness of extractable
components such as ascorbic acid, flavonoids and other phenolic
compounds (Kim, Kim, & Park, 2004). Flavonoids are a large group of
polyphenolic compounds, which exhibit a wide variety of beneficial
biological effects (Peluso, Miglio, Morabito, Ioannone, & Serafini,
2015). The application of buckwheat as a feed supplement provides the
possibility to improve animal growth performance and meat quality. In
pigs, dietary Tartary buckwheat supplementation effectively improves
the growth efficiency and marbling score (Qian, Wang, Yang,
Yan, & Lin, 2011). In broiler chickens, dietary buckwheat supple-
mentation increases the serum HDL-cholesterol concentration and de-
creases the concentrations of total cholesterol, triglycerides, and LDL-
cholesterol (Sayed et al., 2015).

Lamb production has substantially increased in several parts of the
world to meet the needs of increased consumption (Morris, 2009;
Ponnampalam, Holman, & Scollan, 2016). In China, areas of lamb
production are mainly located in the West and Northwest regions,
which possess a fragile ecosystem sensitive to stress environmental

conditions (Zhu et al., 2016). To protect the ecosystem and improve the
production efficiency, lambs in these areas are encouraged to be raised
under penned conditions, and this intensive production elevates ani-
mal's exposure to oxidative stress conditions (Casamassima, Palazzo,
Martemucci, Vizzarri, & Corino, 2012).

Tartary buckwheat bran accounts for approximately 11.5% of the
total weight and is a byproduct of Tartary buckwheat processing. To the
best of our knowledge, no report has investigated the application of
Tartary buckwheat bran in the lamb industry. The aim of this study is to
investigate the effects of dietary Tartary buckwheat bran extract (TBE)
on the growth performance and meat quality of ewe lambs, and anti-
oxidant activity of resulting meat.

2. Materials and methods

2.1. Care and use of animals

All animal procedures were approved by the Shanxi Agricultural
University Animal Care and Ethical Committee. A total of thirty 1/2
Dorper (♂) × 1/2 small thin-tailed (♀) crossed ewe lambs (5 months
old, 25.0 ± 1.0 kg) were randomly selected and housed in individual
stalls (3 m× 0.8 m) equipped with feeders and a water source. All
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animals were injected with ivermectin to eliminate parasites (0.2 mg/
kg of body weight, BW). The lambs were equally assigned to each of the
three dietary treatments that consisted of a control diet (basal diet) and
a control diet supplemented with either 1 g or 5 g of TBE per kg of feed.
The TBE containing 40.18% polyphenolic compounds, was purchased
from Tiandi Yuan Biological Technology Co., Ltd. (Xi'an, Shanxi,
China). The basal diet was formulated as a pelleted mixed diet based on
the National Research Council's (NRC, 2007) recommendation, and the
ingredients and nutrient contents are shown in Table 1. The lambs were
individually fed ad libitum twice a day at 8:00 am and 18:00 pm, and
had free access to clean water and a salt block. Prior to the experiment,
the animals were fed an experimental diet for 10 d ad libitum for
adaptation, and the feeding experiment lasted for 78 d before sampling.

Prior to slaughter and muscle sample collection, the lambs were
fasted for 16 h, and their shrunk body weight (SBW) was recorded
immediately after fasting. After being anesthetized via CO2 inhalation,
the animals were exsanguinated and the weights of the hot carcass,
internal organs and visceral adipose tissue were recorded. The gastro-
intestinal (GI) tract, including the esophagus, rumen, reticulum,
omasum, abomasum, and small and large intestine, were weighed after
the removal of ruminal contents. Meanwhile, one small chop sample
(1.5 g) was obtained from the left Longissimus thoracis et lumborum
muscle using biopsy punch (5 mm, Miltex Inc., York, PA, USA) and
snap-frozen in liquid nitrogen for biochemical analysis. The carcass was
then chilled at 4 °C in a cold room before meat quality analysis.

2.2. Serum biochemical index analysis

Whole blood samples (5–8 mL) were collected via jugular veni-
puncture in a sterile tube and allowed to clot by leaving it undisturbed
at room temperature. The clot was then removed by centrifuging at
1500 ×g for 10 min at 4 °C and the serum was aliquoted. The serum
biochemical indices, including total protein, albumin, total cholesterol,
triglyceride, high/low-density lipoproteins, aspartate/alanine amino-
transferase, alkaline phosphatase, lactate dehydrogenase, γ-glutamine
transpeptidase, blood urea nitrogen and glucose, were analyzed by the
2nd Hospital of Jinzhong using automatic biochemical analyzer
(Mindray BS-220, Guangdong, China) (Zhou et al., 2015).

2.3. Meat quality determination

The pH value at 0 h in Longissimus thoracis et lumborum muscle was
measured immediately after evisceration by using a pH meter equipped
with a penetrating electrode (pH-STAT, SFK-Technology, Denmark).
Before measurement, pH meter was calibrated with standard pH buffer
(pH 4.0, 7.0 and 10.0). At 24 h postmortem, the entire Longissimus
thoracis et lumborum muscle was removed for pH, meat color, cooking

loss, and intramuscular fat (IMF) content analysis. For color (L*, a* and
b*) measurement, meat surface was exposed to air for 15 min for
blooming, and then scanned using a spectrophotometer (Konica
Minolta Inc., Tokyo, Japan). Before measurement, the spectro-
photometer was calibrated with a white tile (model CR-A43). For the
cooking loss analysis, 300 g of muscle was weighed and cooked in water
bath to a central temperature of 70 °C. After that, the sample was re-
moved, blotted dry on filter paper, and reweighted. Cooking loss was
expressed as a percentage of weight change before and after cooking.

Warner-Bratzler shear force (WBSF) was determined based on an
established method in our lab (Zhao, Liu, Zhang, Yin, & Li, 2015).
Briefly, 2.54 cm thick steaks were cut from the Longissimus thoracis et
lumborum muscle and cooked in an oven set at 177 °C. After the center
temperature reached 70 °C, samples were removed, cooled to room
temperature, and chilled for 24 h at 4 °C. Next, six cylindrical cores
(diameter = 1.27 cm) from each steak were used for the WBSF mea-
surement using Shear Force Instrument (Mecmesin, West Sussex, UK).

2.4. Intramuscular fat content analysis

Intramuscular fat content was determined using the Soxhlet petro-
leum-ether extraction method according to previously described
methods (Zhang et al., 2014). Briefly, Longissimus thoracis et lumborum
muscles were lyophilized to a constant weight (no evaporable moisture
remaining) using vacuum freeze dryer (SCIENTZ-18ND, NingBo, Zhe-
jiang, China), and then subjected to ether extraction using the Soxhlet
apparatus and diethyl ether. After 8 h of extraction, the samples were
removed, air-dried and reweighed to determine fat loss.

2.5. Enzyme activity and malondialdehyde content analysis

The snap-frozen Longissimus muscle samples were powdered in li-
quid nitrogen using a pestle and mortar. Muscle powder (500 mg) was
weighed out and homogenized on ice in 4.5 mL of 0.9% saline, and then
centrifuged at 2500 ×g for 10 min at 4 °C. The supernatant was used to
analyze the enzyme activity and malondialdehyde (MDA) content using
ELISA kits as follows: total antioxidant capacity (T-AOC, no. HY-
60021), catalase (no. HY-60015), glutathione peroxidase 4 (GPx4, no.
HY-60005), superoxide dismutase (SOD, no. HY-60001) and MDA (HY-
60003). All kits were from Beijing SINO-UK Institute of Biological
Technology (Beijing, China).

2.6. Real-time quantitative PCR (RT-PCR)

Total RNA in muscle samples was extracted using TRIzol reagent
(Sigma, Saint Louis, MO, USA) followed by DNase I (#M0303s, New
England Biolabs, Ipswich, MA) digestion. The concentration and in-
tegrity of the RNA samples were determined using the NanoDrop ND-
2000 instrument (NanoDrop Instruments, Delaware, USA) and 2%
agarose gel electrophoresis. A total of 1 μg RNA was used for cDNA
synthesis using a reverse transcription kit (TAKARA Co., Ltd. Dalian,
China), and then RT-PCR was performed using the CFX RT-PCR de-
tection system (Bio-Rad, Hercules, California, USA) and a SYBR Green
RT-PCR kit (TAKARA Co., Ltd. Dalian, China). The primer sets used are
listed in Table 2. Three replicates for each sample were used, and both
the non-template negative control and no reverse transcriptase negative
control were set. The standard curves were derived from the 10-fold
serial dilutions of cDNA (5 points), and PCR efficiencies were calculated
from the slope of the standard curve. The PCR cycle parameters were as
follows: 36 3-step cycles of 95 °C for 20 s; 60 °C for 20 s; and 72 °C for
20 s. After amplification, a melting curve (0.01 °C/s) was carried out to
confirm the product purity and agarose gel electrophoresis was used to
confirm the target size. Relative mRNA content was normalized to
PRL13 content, and 2−△△Ct method was used to analyze the relative
changes in gene expression.

Table 1
Composition and nutrient level of basal diets (air-dry matter basis, %).

Dietary ingredient Percentage (%)

Corn 27
Soybean meal 10
Wheat bran 4
Oil cake of flax seed 6
Mineral/vitamin premix 5
Naked oats straw 48
Total 100
Nutritional level
Dry matter (%) 89.06
Digestible energy (MJ/kg) 9.49
Metabolizable energy (MJ/kg) 7.83
Crude protein (%) 11.8
Neutral detergent fiber (%) 40.35
Calcium (%) 0.40
Phosphorus (%) 0.25
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