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Abstract: To investigate the effects and molecular mechanism of different levels of dietary fibre (Chinese milk
vetch) on Dahe black and Duroc x (Landrace x Yorkshire) (DLY) pigs, 54 of each type of pig were selected and fed
diets that contained 3.5%, 5.5% and 7.5% levels of fibre in the growing (30-60 kg) and fattening stages (60—120 kg).
The production performance, serum physicochemical indices, nutrient digestibility, the amylase activity in the
small intestine, contents of the muscle crude protein and ether extract, and the levels of transcription of the
PRKAG3 and Fsp27 genes were determined. The production performance of the Dahe black pigs with a 5.5% level
of dietary fibre was significantly higher than those with dietary fibre levels of 3.5% and 7.5%. A diet high in fibre
also significantly affected the production performance of the DLY pigs. The apparent digestibility of the nutrients
decreased with an increase in the dietary fibre level, and the Dahe black pigs appeared to more effectively digest
the dietary fibre than the DLY pigs. The serum physicochemical indices, amylase activity, and the expression levels
of the PRKAG3 and Fsp27 genes from the Dahe black pigs were significantly higher than those of the DLY pigs,
and the intramuscular fat content of the Dahe black pigs fed a high fibre diet was significantly higher than that of
the DLY pigs. The dietary fibre levels of 5.5% and 7.5% did not affect the production performance of the Dahe
black pigs during the 30-120 kg period, but they significantly reduced the production performance of the DLY
pigs. The Dahe black pigs were evidently tolerant to high amounts of fibre when fed a high fibre diet.
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Dahe black pigs in Yunnan Province are primarily  ing to the strong physique, coarse feeding toler-
concentrated in the area of Dahe and Fuyuan. They ance, strong stress resistance, high intramuscular
are a new transgenic variety bred from Yunnan fat content and good flavour of the meat from
Wujin and Duroc pigs. The pork produced from these animals, and it is the primary material used
Dahe black pigs is popular among consumers ow-  to produce Xuanwei ham (Shi et al. 2019). The level
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of dietary fibre is one of the key factors that affects
the quality of pork (Han et al. 2020). The water-
absorbing quality of crude fibre (CF) can not only
change the physical properties of feed, but can also
promote the physiological activities of the intes-
tinal tract of the animals. CF is rich in nutrients,
such as pectin and polysaccharides. Moisture and
polysaccharides combine to produce viscosity after
the pigs have eaten dietary fibre, and the exchange
of molecules can enhance the viscosity, thereby re-
ducing the digestibility of other nutrients. Chinese
milk vetch (Astragalus sinicus L.) is a type of green
fertiliser. It can not only improve the soil environ-
ment (Zhou et al. 2019; Zhang et al. 2020; Zhong
etal. 2021), but can also serve as a feed supplement
to improve the quality of the pig’s bodies. Fresh
Chinese milk vetch plants contain a substantial
amount of water, but they can be harvested and
prepared to serve as a feed additive. The addition
of the Chinese milk vetch additive to the feed can
ensure that the pigs will perform highly and reduce
the cost of their feed.

The retention of water and viscosity of dietary
fibre can change the viscosity and rate of flow
of the chyme in the digestive tract, dilute the di-
etary energy, and reduce the digestibility of the
nutrients (Taghipoor et al. 2014; Chen et al. 2015;
Xu et al. 2020). The digestive system of piglets is
not fully developed, and chyme is digested by the
pancreatic juice in the small intestine. Pancreatic
amylase is the primary enzyme that digests cel-
lulose. Currently, there are few studies on the en-
zymes that digest dietary fibre. The related studies
primarily focus on the activities of the intestinal
digestive enzymes during a short period after
consuming dietary fibre, and there are few stud-
ies on the effects of a longer digestive time after
the pigs have been fed dietary fibre. Hedemann
et al. (2006) compared the results of a diet supple-
mented with barley shells and one supplemented
with a high level of pectin. The diet supplemented
with a high level of pectin significantly reduced
the average daily feed intake and average daily gain
(ADG) of the pigs. When growing-finishing pigs
are fed a suitable amount of dietary fibre, it can
improve their production performance, intestinal
health, and intestinal environment (Hermes et al.
2009). A high level of dietary fibre absorbs a large
amount of water in the digestive tract and increases
the flow of the ileal chyme. When the increased
ileal chyme passes through the intestine, the in-
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testinal mucosa is damaged, and the apparent di-
gestibility of other nutrients in the diet is affected.
Wilfart et al. (2007) fed growing pigs with different
levels of wheat bran diets, and the apparent digest-
ibility of crude protein (CP), ether extract (EE)
and energy decreased as the supplemental level
increased. Von Heimendahl et al. (2010) showed
that the apparent digestibility of CP and EE de-
creased in growing pigs fed with beet slag, while
the apparent digestibility of the neutral detergent
fibre (NDF) and acid detergent fibre (ADF) in-
creased. Dietary fibre helps the pigs feel full and
stimulates intestinal tract movements, which is
conducive to excretion. The addition of CF to the
feed of growing-finishing pigs can improve the in-
testinal health of pigs, reduce the addition of grain
in the feed, and reduce the cost of the feed. Rist
et al. (2014) showed that the combination of feed
with high levels of protein and low fibre can pro-
mote the proliferation of bacteria that ferment
protein in the large intestine of piglets. CF can ab-
sorb part of the cholesterol and triglycerides in the
diet and excrete them with the excreta, effectively
reducing the content of the cholesterol and tri-
glycerides in pig’s blood and liver and improving
the health of the animals. Dietary fibre can also
convert cholesterol in the liver to choline, reducing
the levels of cholesterol in the animals. In addition,
the dietary fibre can also reduce the blood glucose
and blood pressure by changing the permeability
of the cell membranes (Johansen and Knudsen
1994). Roth-Maier et al. (1993) showed that the
contents of urinary nitrogen and blood urea ni-
trogen increased as sows were fed with decreas-
ing amounts of pectin. PRKAG3 is a gene related
to the pork quality and stress responses (Uimari
and Sironen 2014). Changes in the environment
can stress the animals, and the activation of adeno-
sine monophosphate kinase in the body enhances
the ability of cells to absorb glucose, thus, increas-
ing the amount of glycogen in the skeletal muscle
cells (Yang et al. 2015; Weng et al. 2016). Owing
to its location on lipid droplets, the Fsp27 protein
can promote the fusion of these droplets, regu-
late the storage of triglycerides (Price et al. 2020),
and inhibit the rate of fat hydrolysis, which leads
to the deposition of fat (Xu et al. 2015). The effects
of different levels of dietary fibre on the produc-
tion performance, serum physicochemical indices
and the expression of the PRKAG3 and Fsp27 genes
in Dahe black pigs merit further study.
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To explore the different levels of dietary fibre on
each index in the fattening growth stage of Dahe black
and Duroc x (Landrace x Yorkshire) (DLY) pigs, this
study measured the serum biochemical indices, pro-
duction performance, nutrient digestibility, digestive
enzyme activities and the expression of genes related
to the meat quality using a variety of modern biological
techniques and Chinese milk vetch as a source of fibre.
We sought to explore the tolerance of Dahe black pigs
to roughage in their diet through these experiments.
This study not only has a guiding role in the scientific
breeding of Dahe black pigs and the utilisation of their
excellent meat quality, but also has important practical
significance for the further exploration of the toler-
ance of Dahe black pigs to consuming roughage and
the optimal utilisation of roughage resources.

MATERIAL AND METHODS
Experimental design

Experimental animals. Owing to the different ge-
netic basis of Dahe black pigs and DLY pigs, there
are significant differences in their feed intake and
growth rate. Therefore, a single factor experimen-
tal design was adopted for the two breeds under
the same dietary composition, level of nutrients,
and feeding and management conditions, where
the DLY pigs were used as controls. A total of 54
healthy Dahe black pigs and 54 healthy DLY pigs
with a body weight of nearly 30 kg were enrolled and
randomly divided into three groups. The pigs used
in the experiment were half male and half female.

The added fibre source was Chinese milk vetch,
and its nutritional composition was 17.86% CP,
39.89% CF and 0.65% EE. After drying and crush-
ing, the Chinese milk vetch was fully mixed with
a premix, corn and soybean meal. The experiment
was divided into the growth stage (30-60 kg) and
fattening stage (60—120 kg). The pigs were fed ex-
perimental diets with a fibre level of 3.5%, 5.5%
and 7.5% in each stage. The experiment was initi-
ated after three days of feeding. The digestion test
was conducted four days before the end of each
stage, and the experiment ended when the weight
of the pigs reached approximately 120 kg. The pigs
ate and drank freely during the experiment.

Ration preparation. The experimental diet
was formulated according to the National Research
Council (NRC 2012) pig nutrient requirements, and
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the dietary fibre source was supplemented at a lev-
el of 3.5%, 5.5% and 7.5% of Chinese milk vetch.
The dietary composition and levels of the nutrients
are shown in Table 1.

Experimental methods

Collection of test samples. During the preparation
of the experimental diets, a 200 g sample was taken
from each of the three diets and stored at —20 °C.

Faecal samples were collected from the Haihe
pig farm in Xuanwei City, Yunnan Province.
Digestibility of the nutrients of the roughage was
determined by the total faeces collection meth-
od. The samples were collected four days before
the end of each stage of the test. Fresh faeces were
collected and weighed at 8 a.m. each day, followed
by the collection of 200 g of faeces to which 1 ml
of sulfuric acid was added for nitrogen fixation.
The faeces were quickly dried under an infrared
lamp and placed in bags for storage at —20 °C.

Fasting blood was collected from all the pigs
at the end of each stage. A volume of 10 ml of blood
was collected using anticoagulant tubing at the
porcine anterior vena cava and immediately cen-
trifuged at 3 500 rpm for 10 minutes. The serum
was prepared and stored at —20 °C for future use.

Two pigs were selected for dissection at the end
of the fattening stage in each experiment, and the
contents of the duodenum were taken and stored
in a tube of 5 ml liquid nitrogen for future use.
The longissimus dorsi muscle was sampled from
the left carcass of the pigs normally slaughtered and
stored in a 5 ml cryopreservation tube at —80 °C
for future use, and then 200 g of the longissimus
dorsi muscle was sampled and stored in a Ziplock
bag at —20 °C for future use.

Determination of the production performance
and nutrient digestibility. The amount of feed and
the residual amount of feed were recorded daily
in each stage of the experiment, and the feed intake
was calculated at the end of the stage. The piglets
were weighed on an empty stomach before the test.
At the end of the growth and fattening stages,
the piglets were weighed on an empty stomach
and recorded again. The average daily feed intake,
average daily gain and feed/gain ratio of pigs in the
two stages were calculated.

The contents of the water, CP, CF, ADF, NDF,
Ca, P, EE and other nutrients in the faecal samples
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Table 1. Composition and nutrient levels of the diets (air dry basis)*

Weight stage (kg) 30-60 60-120

Dietary fibre level (%) 3.50 5.50 7.50 3.50 5.50 7.50
Corn 69.00 63.00 59.00 72.00 66.20 62.40
Soybean meal 43 23.00 21.60 20.00 20.20 18.60 16.00
Chinese milk vetch 3.00 9.00 14.00 3.00 9.00 14.00
Soybean oil 1.00 2.40 3.00 0.80 2.20 3.60
Premix (9240A) 4.00 4.00 4.00 4.00 4.00 4.00
Total 100.00 100.00 100.00 100.00 100.00 100.00
Nutritional level (%)

Digestive energy (MJ/kg) 13.48 13.43 1341 13.47 13.44 13.47
Crude protein 16.00 1591 15.93 15.01 14.89 14.86
Crude fibre 3.51 5.52 7.51 3.52 551 7.49
Neutral detergent fibre 12.56 17.41 19.03 12.83 17.34 19.27
Acid detergent fibre 6.62 8.53 10.01 6.54 8.21 10.28
Ca 0.70 0.70 0.70 0.70 0.70 0.70
p 0.50 0.50 0.50 0.45 0.45 0.45
Lys 0.94 0.94 0.93 0.81 0.82 0.82
Met 0.28 0.28 0.27 0.24 0.23 0.23
Thr 0.67 0.69 0.7 0.63 0.65 0.64
Trp 0.18 0.18 0.18 0.17 0.17 0.17

*Provided per kilogram of diet: 12 000 IU vitamin A; 2700 IU vitamin Ds; 35 mg vitamin E; 2.25 mg vitamin Kj; 3 mg vita-

min B;; 8 mg riboflavin; 4.5 mg vitamin Be; 24 mg vitamin B;y; 60 mg niacin; 1.5 mg folic acid; 0.2 mg biotin; 18 mg panto-
thenic acid; 50 mg Zn (as ZnSOy4); 105 mg Mn (as MnO,); 60 mg Fe (as FeSO,47H,0); 5 mg Cu (as CuSO4-5H,0); 0.68 mg I

(as KI); 0.18 mg Se (as NaySeO3-5H,0)

The digestive energy was a calculated value and the other ones were measured values

were measured, and the apparent digestibility of the
dietary nutrients was calculated.

Serum biochemical indices and the assay of the
amylase activity. The contents of the total protein
(TP), albumin (ALB), total cholesterol (TC), triglyc-
erides (TG) and urea in all the serum samples were
measured using kits (Nanjing Jiancheng Company,
Nanjing, China).

The activity of amylase activity was assayed using
an amylase kit. The amount of hydrolysed starch
and amylase activity was calculated by a spectro-
photometer (UV-8000; Cany Precision Instruments
Co., Ltd, Shanghai, China).

Detection of pork nutritional components. The
water content in the longissimus dorsi muscle was
measured using the method in GB/T 9595.15-2008
Determination of moisture-direct drying method.
The CP content was measured using the Kjeldahl
nitrogen determination method, and the EE con-
tent was measured by Soxhlet extraction.
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Fluorogenic quantitative PCR. The genome se-
quences of PRKAG3, Fsp27 and f3-actin were down-
loaded from the National Center for Biotechnology
Information (www.ncbi.nlm.nih.gov/). Primer v5.0
(Premier Biosoft, Palo Alto, CA, USA) was used
to design the primers, and the primer sequences
(Table 2) were sent to Shanghai Ruijie Biological
Co., Ltd (Shanghai, China) for the DNA synthesis.
The TRIzol method was used to extract the total
RNA from the pork samples, and reverse transcrip-
tion was performed using a reverse transcription kit
(TaKaRa Bio, Inc., Shiga, Japan). The Eva Green I
method was adopted. Fluorescence quantitative
polymerase chain reaction (PCR) was performed us-
ing SsoFast™ EvaGREEN® Supermix 10 pl (Bio-Rad,
Hercules, CA, USA) with upstream and downstream
primers (100 uM) 1.0 pl of each, cDNA 2.0 pl, and
the addition of sterilised deionised water to 20 pl.
The reaction conditions were 95 °C for 10 min, 95 °C
for 55, 60 °C for 20 s, 72 °C for 15 s, and 40 cycles.
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Gene

Primers

Length (bp)

F:5-CTTGGGCTGGTGGAAGAGAA-3'

PRKAG3 (AY264345.1) 269
R: 5'-CCCACGAAGCTCTGCTTCTT-3'
F: 5-TCACAGCAGGGCACTAGGTA-3'

Fsp27 (JF923469.1) 83
R: 5'-AGGTTGAAGGTTACACGGGC-3'
F: 5'-GTGCGGGACATCAAGGAGAA-3'

B-actin (AJ312193.1) 242

F: 5-ATGTCCACGTCGCACTTCAT-3'

Statistical analyses

The levels of the gene expression were expressed
as the relative levels of the expression using 5-actin
from the pigs as an internal reference. The fluores-
cence quantitative results were calculated by the
Pfaffl method, and the other test results were
analysed using Microsoft Excel 2003 (Redmond,
WA, USA). The significance of the statistics were
analysed using a one-way analysis of variance
(ANOVA) in SPSS v19.0 (IBM, Inc., Armonk, NY,
USA). The results were expressed as the mean
+ SD (standard deviation). A P-value less than 0.05
was considered statistically significant.

RESULTS

Effects of the level of dietary fibre
on the production performance of the pigs

Effects of the different levels of dietary fibre on
the production performance of the Dahe black pigs.
As shown in Table 3, both the average daily weight
gain and average daily feed intake of the Dahe black
pigs during the growth stage (30-60 kg) differed
significantly between the groups with 3.5% and
5.5% CF and the group with 7.5% CF (all P < 0.05),
and the feed/gain ratio also differed significantly
between the 5.5% group and those at 3.5% or 7.5%
(both P < 0.05). The average daily feed intake during
the fattening stage (60-120 kg) of the Dahe black
pigs differed significantly between the 5.5% and
7.5% groups (P < 0.01), as well as between the 3.5%
and 5.5% groups (P < 0.05), and the feed/gain ra-
tio in the 5.5% group was significantly higher than
those in the 3.5% and 7.5% groups (both P < 0.05).

Effects of the different levels of dietary fibre
on the production performance of the DLY pigs.
As Table 4 indicates, the average daily gain of the
DLY pigs differed significantly between the 3.5%,
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5.5% and 7.5% groups (both P < 0.05). The aver-
age daily feed intake differed significantly between
the 5.5% and 3.5% groups, as well as between the
5.5% and 7.5% groups (both P < 0.01), and the feed/
gain ratio differed significantly between the 5.5%
and 7.5% groups (P < 0.05). The average daily weight
gain of the fattening pigs differed significantly be-
tweenthe 7.5% and 3.5% fibre groups, as well as be-
tween the 7.5% and 5.5% groups (both P < 0.05).
The average daily feed intake differed significantly
between the 5.5% and 3.5% fibre groups, as well
as between the 5.5% and 7.5% groups (both P < 0.01),
and the feed/gain ratio also differed significantly be-
tween the 3.5% and 5.5% groups (P < 0.01), as well
as between 3.5% and 7.5% groups (P < 0.05). The av-
erage daily weight gain of the growing-finishing
DLY pigs differed significantly between the 7.5%
and 3.5% groups, as well as between the 7.5% and
5.5% groups (both P < 0.01). The average daily feed
intake differed significantly between the 5.5% and
7.5% fibre groups (P < 0.05), and the feed/gain ratio
differed significantly between the 7.5% and 3.5%
groups, as well as between the 7.5% and 5.5% groups
(both P < 0.01).

Effects of the level of dietary fibre
on the apparent digestibility of the
nutrients by the pigs

Effects of the different levels of the dietary fibre
on the apparent digestibility of the nutrients by the
Dahe black pigs. As shown in Table 5, the apparent
digestibility of the CP during the growth stage (30—
60 kg) of Dahe black pigs differed significantly be-
tween the 3.5% and 5.5% groups, as well as between
the 3.5% and 7.5% groups (both P < 0.01). The ap-
parent digestibility of the CF differed significantly
between the 3.5% and 7.5% groups (P < 0.01), as well
as between the 5.5% and 7.5% groups (P < 0.05).
The apparent digestibility of the NDF and ADF
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Table 5. Effects of the dietary fibre levels on the apparent digestibility of the dietary nutrients of the Dahe black pig

Weight stage (kg) 30-60 60-120

Dietary fibre level (%) 3.50 5.50 7.50 3.50 5.50 7.50
Crude protein 75.50 + 0.76%  70.67 + 0.80%> 6533 £ 1.23°° 7878 + 0.49%*  74.89 + 0.42%> 70.89 + 0.35¢
Crude fibre 56.83 £ 1.28%*  54.83 + 1.254% 51,00+ 0.73% 6056 + 0.96* 5844 +0.73*  51.33 + 0.80°
Neutral detergent fibre 46.83 + 0.60%* 43.50 + 0.92%> 42,83 +0.31%° 5311 + 0.94"* 48,00 + 0.65%° 41.44 + (.84

Acid detergent fibre

Ether extract
Ca
P

38.17 + 0.9842
78.17 + 1.3042
43.33 + 2,654
39.33 + 2.614%

33.33 + 0.42"P
75.00 + 11842
36.17 + 1.92FP
32.00 + 132480

32.33 + 0.67"
70.33 + 0.67"
33.00 + 2.03%P
25.17 + 1.33B¢

41.22 + 0.78"2
71.67 + 0.76A2
45.33 + 0.5042
31.22 + 2,60

38.11 + 0.26"°
67.11 + 0.63"°
41.89 + 0.48%°
34.78 + 1.67°

34.33 + 0.60%
62.56 + 0.85
39.00 + 0.67¢¢
28.00 + 0.82°

Lowercase, superscript letters are used to indicate significant differences among the means within a row at the same

weight stage

*~°Means lacking a common lowercase superscript were statistically different at P < 0.05

A-CMeans lacking a common uppercase superscript were statistically different at P < 0.10

differed significantly between the 3.5% and 5.5%
groups, as well as between the 3.5% and 7.5% groups
(both P < 0.01). The apparent digestibility of the
EE differed significantly between the 7.5% and 3.5%
groups, as well as between 7.5% and 5.5% groups
(both P < 0.01). The apparent digestibility of the
Ca differed significantly between the 3.5% and 7.5%
groups (P < 0.01), as well as between the 3.5% and
5.5% groups (P < 0.05). The apparent digestibility
of the P differed significantly between the 3.5%
and 7.5% groups (P < 0.01), and it also differed
significantly between the 5.5% and 3.5% groups,
as well as between the 5.5% and 7.5% groups (both
P < 0.05). The apparent digestibility of the CP dur-
ing the fattening stage (60—120 kg) of Dahe black
pigs differed significantly among the 3.5%, 5.5%
and 7.5% dietary fibre groups (all P < 0.01). The ap-
parent digestibility of the CF differed significantly
between the 7.5% and 3.5% groups, as well as be-
tween the 7.5% and 5.5% groups (both P < 0.05).
The apparent digestibility of the NDF, ADF, EE and
Ca were the same and exhibited significant differ-
ences between the 3.5%, 5.5% and 7.5% fibre groups
(all P < 0.01), and the apparent digestibility of the
P differed significantly between the 5.5% and 7.5%
fibre groups (P < 0.05).

Effects of the levels of the different dietary fibre
on the apparent digestibility of the nutrients by the
DLY pigs. As shown in Table 6, the apparent di-
gestibility of the CP differed significantly among
the 3.5%, 5.5% and 7.5% dietary fibre groups dur-
ing the growth stage (30-60 kg) of the DLY pigs
(all P < 0.01). The apparent digestibility of the CF
was significant between the 3.5% and 7.5% groups
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(P < 0.01) and the 5.5% and 7.5% groups (P < 0.01),
as well as between the 3.5% and 5.5% groups
(P < 0.05). The apparent digestibility of the NDF
differed significantly between the 3.5% and 7.5%
groups, as well as between the 5.5% and 7.5% groups
(both P < 0.05). The apparent digestibility of the
ADF differed significantly between the 3.5% and
5.5% groups, as well as between the 3.5% and 7.5%
groups (both P < 0.01). The apparent digestibility
of the EE differed significantly between the 7.5% and
3.5% groups, as well as between the 7.5% and 5.5%
groups (both P < 0.01). The apparent digestibility
of the Ca differed significantly between the 3.5%
and 5.5% groups (P < 0.05), and the apparent di-
gestibility of the P differed significantly between
the 3.5% and 7.5% groups (P < 0.01), as well as be-
tween the 5.5% and 7.5% groups (P < 0.05).

The apparent digestibility of the CP during the fat-
tening stage of the DLY pigs differed significantly
among the 3.5%, 5.5% and 7.5% groups (all P < 0.01).
The apparent digestibility of the CF differed signifi-
cantly between the 7.5% and 3.5% groups as well
as between the 7.5% and 5.5% groups (both P < 0.05).
The apparent digestibility of the NDF differed sig-
nificantly between the 7.5% and 3.5% groups, as well
as between the 7.5% and 5.5% groups (both P < 0.01).
The apparent digestibility of the ADF differed signifi-
cantly among the 3.5%, 5.5% and 7.5% fibre groups
(all P < 0.01). The apparent digestibility of the EE
and Ca were the same and differed significantly be-
tween the 7.5% and 3.5% groups, as well as between
the 7.5% and 5.5% groups (both P < 0.01). The ap-
parent digestibility of the P differed significantly
between the 3.5% and 7.5% groups (P < 0.05).
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Table 6. Effects of the dietary fibre levels on the apparent digestibility of the dietary nutrients in finishing DLY pig

Weight stage (kg)
Dietary fibre level (%)

Crude protein
Crude fibre

Neutral detergent fibre
Acid detergent fibre

Ether extract
Ca
P

30-60 60-120

3.50 5.50 7.50 3.50 5.50 7.50
79.83 + 0484 71,67 + 0.56" 61.83 £+ 0.87°  80.56 + 0.69%* 72.33 + 0.44%° 63.89 + 0.79
54.00 + 0.82%*  51.17 + 0.65"° 46.67 + 1.23%° 5778 £ 0.76"* 59.11 + 0.614* 46.44 + 0.29%

40.33 + 0.49°
34.67 + 0.614?
76.50 + 25742
40.67 + 1.52°
37.83 + 2.814%

40.17 + 0.75
30.67 + 0.49"
70.83 + 0.604°
34.33 + 2.12°
35.00 + 1.16482

38.33 + 0.49°

28.17 + 1.35%
64.00 + 0.585¢
35.50 + 1.75%
27.67 + 2,03%P

45.67 + 0.69A2
37.89 + 0.544?
72.11 + 0.9242
47.78 + 0.80A%
32.56 + 1.14°

44.00 + 0.44°°
33.00 + 0.67"
64.56 + 0.85"
40.67 + 0.24%°
29.00 + 2.25%

35.78 + 0.64"P
27.83 + 0.97¢
56.89 + 0.59¢¢
34.33 + 0.75%
26.89 + 1.24°

Lowercase, superscript letters are used to indicate significant differences among the means within a row at the same

weight stage

*~°Means lacking a common lowercase superscript were statistically different at P < 0.05

A-CMeans lacking a common uppercase superscript were statistically different at P < 0.10

Effects of the levels of the dietary fibre
on the physicochemical indices of the pig
serum

Effects of the levels of the different dietary fibre on
the physicochemical indices of the Dahe black pig
serum. As shown in Table 7, the content of total
protein (TP) in the serum during the growth stage
(30-60 kg) of Dahe black pigs differed significantly
between the 7.5% and 3.5% groups, as well as be-
tween the 7.5% and 5.5% groups (both P < 0.01).
The albumin (ALB) content differed significantly
between the 3.5% and 5.5% groups (P < 0.05); and
there was also a significant difference in the total
cholesterol (TC) content in the serum between
the 3.5% and 5.5% groups (P < 0.01).

The content of the serum TP during the fatten-
ing stage (60-120 kg) of Dahe black pigs differed
significantly between the 7.5% and 3.5% groups

(P < 0.01) and between the 7.5% and 5.5% groups
(P < 0.01), as well as between the 3.5% and 5.5%
groups (P < 0.05). The serum ALB content differed
significantly between the 7.5% and 3.5% groups,
as well as between the 7.5% and 5.5% groups (both
P <0.01). The serum GLU content differed signifi-
cantly between the 3.5% and 7.5% groups (P < 0.05).
The TC content in the serum differed significantly
between the 3.5% and 7.5% groups (P < 0.01), as well
as between the 3.5% and 5.5% groups (P < 0.05).
The triglyceride (TG) content in the serum differed
significantly between the 3.5% and 5.5% groups
(P < 0.01), as well as between the 3.5% and 7.5%
groups (P < 0.05).

Effects of the levels of the different dietary fibre on
the physicochemical indices of the DLY pig serum.
As shown in Table 8, the serum TP content during
the growth stage (30-60 kg) of the DLY pigs dif-
fered significantly between 7.5% and 3.5% groups,

Table 7. Effects of the dietary fibre levels on the serum biochemical parameters in the finishing Dahe black pigs

Weight stage (kg) 30-60 60-120

Dietary fibre level (%) 3.50 5.50 7.50 3.50 5.50 7.50
Total protein (g/1) 414+ 6.78% 43.65 + 4.78%> 7359 + 2,554 80.75 + 1.934*  70.86 + 3.114> 55.37 + 2.528¢
Albumin (g/1) 32.12 +6.01° 46.86+3.14* 40.12 + 3.13% 47.80 + 1.56%  44.16 + 1.45%* 34.70 + 1.67%
Urea (mmol/l) 311+025  457+090  3.77+0.68 432+017°  4.02+010® 3.79+0.17°
Total cholesterol (mmol/l) 1.85+ 0.24%>  3.14 + 0364 254 + 0.28°%> 3,00+ 0.20% 254 +0.124%> 229 + 0.10%"
Triglycerides (mmol/l) ~ 0.39 + 0.10 0.56 + 0.12 0.47 + 0.14 0.86 + 0.13%*  0.43 + 0.05®®  0.55 + 0.06""

Lowercase, superscript letters are used to indicate significant differences among the means within a row at the same

weight stage

2~°Means lacking a common lowercase superscript were statistically different at P < 0.05

ABMeans lacking a common uppercase superscript were statistically different at P < 0.10
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Table 8. Effects of the dietary fibre levels on the serum biochemical parameters in the finishing DLY pigs

Weight stage (kg) 30-60 60-120

Dietary fibre level (%) 3.50 5.50 7.50 3.50 5.50 7.50
Total protein (g/1) 107.24 + 4.19%* 99.94 + 4.314*  64.16 + 9.66™" 88.15+5.71 88.83 + 1.38 86.08 + 5.58
Albumin (g/1) 58.35+3.63 59.28 + 3.80 45.36 + 6.65 56.45 + 5.68 49.40 £ 1.42 47.83 £ 2.30
Urea (mmol/l) 6.72 £ 0.76° 6.30 + 0.45% 4.17 £ 0.70P 5.23+0.35 5.08 + 0.36 4.92 £ 0.22
Total cholesterol (mmol/l)  3.85 + 0.23* 3.87 £0.17% 2.81 + 0.40° 3.20 £ 0.16 3.11 £ 0.07 3.68 + 0.46
Triglycerides (mmol/1) 0.78 £0.12 0.72 £ 0.14 0.45+0.11 1.11 £ 0.33 0.71 £ 0.06 0.83 £ 0.07

Lowercase, superscript letters are used to indicate significant differences among the means within a row at the same

weight stage

abMeans lacking a common lowercase superscript were statistically different at P < 0.05

ABMeans lacking a common uppercase superscript were statistically different at P < 0.10

as well as between the 7.5% and 5.5% groups (both
P < 0.01). The urea content in the serum differed
significantly between the 7.5% and 3.5% groups,
as well as between the 7.5% and 5.5% groups (both
P < 0.05). The serum TC content also differed
significantly between the 7.5% and 3.5% groups,
as well as between the 7.5% and 5.5% groups (both
P < 0.05). The serum TP, ALB, GLU, TC and TG
contents in the DLY fattening pigs did not differ
significantly.

Effects of the levels of the dietary fibre
on the activity of small intestine amylase
in the pigs

As shown in Figure 1, the amylase activity of the
Dahe black pigs in the small intestine differed signif-
icantly between the 3.5% and 5.5% groups (P < 0.01)
and the 3.5% and 7.5% groups (P < 0.01), as well
as between the 5.5% and 7.5% groups (P < 0.05).
Figure 1 indicates that the amylase activity of the
DLY pigs differed significantly between the 3.5%
and 7.5% groups (P < 0.05).

Effects of the levels of the dietary fibre
on the nutritional composition of the pork

As shown in Table 9, there were no significant
differences in the moisture and CP contents among
the experimental groups in the pork from the Dahe
black pigs, but there were significant differences
in the EE contents between the 7.5% and 3.5%
groups, as well as between the 7.5% and 5.5% groups
(both P < 0.01). The moisture, CP and EE contents
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of the DLY pig pork had no significant differences
among the groups.
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Figure 1. Effects of the levels of the dietary fibre on
the amylase activity in the pigs

(A) Comparison of the amylase activity between different
pig breeds at the same dietary fibre level; (B) comparison
of the amylase activity between the different dietary fibre
levels by the same pig breed

*A significant difference between groups (P < 0.05)

**A significant difference between groups (P < 0.01)
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Table 9. Effects of the dietary fibre levels on the meat quality in the finishing Dahe black pigs and the finishing DLY pigs

Breed Dahe black pig DLY pig

Dietary fibre level (%) 3.50 5.50 7.50 3.50 5.50 7.50
Water content (%) 70.29 + 0.88 68.42 + 1.04 66.70 £ 2.34 70.79 £ 0.42 71.00 £ 0.16 7042 £ 1.26
Crude protein (%) 23.2+0.70 24.66 + 1.07 24.46 £ 0.80 24.85 + 0.12 23.75£0.28 23.89 £1.29
Ether extract (%) 3.32+£0.03%  3.74+006%  4.88+0.28 2.11 £ 0.06 2.43 £ 0.14 2.59 +0.22

Lowercase, superscript letters are used to indicate significant differences among the means within a row at the same

weight stage

abMeans lacking a common lowercase superscript were statistically different at P < 0.05

ABMeans lacking a common uppercase superscript were statistically different at P < 0.10

Effects of the levels of the dietary fibre
on the expression of PRKAG3 and Fsp27
in the pigs

As shown in Figure 2, the PRKAG3 expression
level in the Dahe black pigs in the 7.5% fibre group

(A) Fibre [N 3.5% 5.5% [ 7.5%
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Dietary fibre level (%)

differed significantly from those in the 3.5% and 5.5%
groups (both P < 0.01), and the Fsp27 expression lev-
el in the 3.5% fibre group differed significantly from
those in the 5.5% and 7.5% groups (both P < 0.01).
The PRKAG3 expression level differed significant-
ly between the 5.5% and 3.5% groups (P < 0.05)
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Figure 2. Effects of the dietary fibre levels on the PRKAG3 and Fsp27 genes in the finishing Dahe black pigs and

the DLY pigs

(A, B) Comparison of the mRNA expression between the different dietary fibre levels by the same pig breed; (C, D) com-

parison of the mRNA expression between the different pig breeds at the same dietary fibre level

*A significant difference between groups (P < 0.05); **a significant difference between groups (P < 0.01)
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and the 5.5% and 7.5% groups (P < 0.05), as well
as between the 3.5% and 7.5% groups (P < 0.01).
The Fsp27 expression level differed significantly be-
tween the 7.5% and 3.5% groups, as well as between
the 7.5% and 5.5% groups (both P < 0.05).

DISCUSSION

In recent years, the addition of high-quality fi-
bre to a pig’s diet has become an important subject
of nutritional research in animals. CF feed is a rela-
tively cheap and abundant feed resource. Pigs can-
not completely digest dietary fibre, but microbial
fermentation can act on the dietary fibre to produce
volatile fatty acids in the large intestine, which can
be absorbed by the pigs, and the energy produced
can provide approximately 30% of the energy used
for body growth and development (Urriola and Stein
2010; Zhao et al. 2020). Hermes et al. (2009) report-
ed that piglets fed with dietary fibre had improved
growth performance, intestinal development, and
intestinal microflora. The results showed that there
were significant differences in the digestibility and
utilisation of dietary fibre between the Dahe black
and DLY pigs, which was related to the character-
istics of the pig breeds and the digestibility of the
intestinal nutrients. DLY pigs are a breed of pig
that performs at a high level in production. They
can perform well at a level of 3.5% dietary fibre,
but they do not thrive when fed a diet high in fibre.
Dahe black pigs have the pedigree of local Wujin
pigs. When fed a diet that has a higher level of fibre
(CF 5.5% and 7.5%) in the 30—120 kg stage, the Dahe
black pigs had a better genetic growth potential and
obvious tolerance to being fed roughage. Dahe black
pigs fully utilise the nutrients in the feed and de-
velop their genetic growth potential when fed lower
amounts. In contrast, DLY pigs require a high level
of nutrition to perform at optimal levels.

Studies have shown that pigs that were fed diets
supplemented with CF digest other nutrients in their
diet more poorly (Wilfart et al. 2007). The results
in this study showed that with an increase in the
dietary fibre, the digestibility of the CP, CF and EE
in Dahe black pigs decreased by 15.56%, 11.43% and
11.14%, respectively, while those in the DLY pigs de-
creased by 29.11%, 15.71% and 19.13%, respectively.
There could be two reasons for this. First, the soluble
fibre in the dietary fibre increases the viscosity of the
chyme and reduces the contact between the intes-
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tinal mucosa and the nutrients, while the water-
holding capacity of the dietary fibre accelerates
the rate of flow of the chyme in the digestive tract.
As aresult, the small intestine does not have enough
time to absorb nutrients, which leads to a decrease
in the ability to digest dietary nutrients. Second,
the dietary fibre damages the intestinal mucosa,
increasing the burden on the digestive tract and
reducing the digestibility of the dietary nutrients.
The index of nutrient digestibility decreased with
an increase in the level of the dietary fibre in both
types of pigs. When the dietary fibre level was 3.5%,
the nutrient digestibility of the DLY pigs was high-
er than that of the Dahe black pigs. However, with
an increase in the level of the dietary fibre, the abil-
ity of Dahe black pigs to digest nutrients gradually
became higher than that of the DLY pigs. The results
suggest that Dahe black pigs had more advantages
under a high level of dietary fibre. The Dahe black pig
was bred by introducing the Duroc pedigree based
on the selection and breeding of the Yunnan Wujin
pig. Whether the advantages of Dahe black pigs
at high levels of fibre are related to genetics merits
further study. If it is owing to the genetic differences
between the breeds, this would provide a powerful
advantage that should be utilised.

Among the results, the ALB content in the growing
Dahe black and DLY pigs decreased with an increase
in the level of fibre, suggesting that a higher level
of dietary fibre may improve the metabolic level and
immunity of pigs. Dietary fibre improves hypergly-
caemia through its physicochemical properties and
possible modulation of the gut hormone secretion,
such as glucagon-like peptide 1 (Kim et al. 2016).
The blood sugar content of both the Dahe black and
DLY pigs tended to continuously decrease as the level
of dietary fibre increased. In the fattening stage of the
Dahe black pigs and the growth stage of the DLY pigs,
the TP values differed significantly between the 7.5%
and 3.5% fibre groups, as well as between the 7.5%
and 5.5% fibre groups. The TP values tended to in-
crease at first and then decrease during the growth
stage of the Dahe black pigs and the fattening stage
of the DLY pigs. In contrast, during the fattening
stage of the Dahe black pigs and the growth stage
of the DLY pigs, the values of TP gradually decreased
with an increase in the dietary level, but the value
in DLY pigs always outranked that in the Dahe black
pigs. The Dahe black pigs could effectively utilise
the dietary fibre. The performance of Dahe black
pigs in production was not affected at higher levels
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of fibre, and the serum indicators showed that the
Dahe black pigs were healthier. Pancreatic amylase is
the main enzyme that degrades dietary fibre in ani-
mals, and the activity of the pancreatic amylase is
positively correlated with the content of the dietary
fibre. Vahouny and Cassidy (1985) found that die-
tary fibre can improve the activity of the pancreatic
digestive enzymes through in vitro experiments.
This study found that the amylase activity of both
the Dahe black and DLY pigs increased with an in-
crease in the level of the dietary fibre, but the rate
of increase in the Dahe black pigs was quicker, which
also indicated that the Dahe black pigs could tolerate
roughage in their feed. A comparison of amylase and
digestibility indicates that the high amylase activity
and decreased nutrient digestibility correlated. This
could be caused by the fact that an increase in the
level of fibre caused the chyme to move faster in the
digestive tract and reduced the time that it was in
contact with the digestive enzymes.

The intramuscular fat content is the primary factor
that affects the pork quality. In this study, the intra-
muscular fat content of the Dahe black pigs increased
by 57.3%, 53.9% and 88.4% than those of DLY pigs,
respectively, and the quality of pork significantly
improved. In addition, the intramuscular fat con-
tent of the pork increased with the level of the di-
etary fibre. Muscle is the last place in which fat is
deposited during the growth process. It is difficult
to improve the fat content in the muscle without
affecting the lean meat rate. Therefore, improving
the quality of the pork from a heredity perspective is
an effective method. PRKAG3 is the main gene that
affects the pork quality, and the Fsp27 gene can ac-
celerate the fusion between the lipid droplets. In this
study, the level of PRKAG3 gene expression in both
pig breeds increased as the level of dietary fibre
increased, and that in Dahe black pigs was always
significantly higher than that in the DLY pigs. This
suggests that Dahe black pigs can more effectively
utilise nutrients, improve the gene expression, syn-
thesise intramuscular fat, and increase the flavour and
taste of meat under a higher level of dietary fibre.
To our knowledge, there have been no reports on
the expression of Fsp27 under different levels of di-
etary fibre. The level of expression of the Fsp27 gene
in the Dahe black pigs was significantly higher than
that in the DLY pigs at all the levels of dietary fibre,
and the level of expression of the Fsp27 gene in both
pig breeds increased with an increase in the levels
of the dietary fibre. There was a positive correlation
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between the level of the dietary fibre and the expres-
sion of the Fsp27 gene. Therefore, we hypothesised
that the level of the dietary fibre can regulate the tran-
scription and translation of the Fsp27 gene in pigs and
affect the fat metabolism. The specific mechanism
by which dietary fibre influences the fat metabolism
remains unclear, and further research is merited. With
an increase in the level of the dietary fibre, the expres-
sion levels of two intramuscular fat-related genes in-
creased significantly, and the expression levels of the
Dahe black pigs were much higher than those of the
DLY pigs. The intramuscular fat content has always
been an important index used in evaluating the pork
quality and flavour. A higher intramuscular fat content
results in better pork quality. Therefore, an increase
in the level of the dietary fibre is highly significant
for improving the flavour of both types of pork. In ad-
dition, the high Fsp27 gene expression level in the
Dahe black pig lays a theoretical foundation for the
development and utilisation of the advantages of local
pig breeds and has practical significance in improving
the pig breeds and pork quality.

CONCLUSION

The digestibility of Dahe black pigs and DLY pigs
showed significant differences under diets with dif-
ferent fibre levels, where the Dahe black pigs obvi-
ously tolerated roughage under diets with 5.5% and
7.5% fibre levels.

Feeding the pigs with diets of 5.5% and 7.5% fi-
bre induced the up-regulation of the PRKAG3 and
Fsp27 gene expression in the muscle and, thus, af-
fected the meat quality from the Dahe black pigs
compared with the DLY pigs. Increasing the dietary
fibre level could significantly increase the intra-
muscular fat content of Dahe black pigs.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

ChenJ, Zhao Q, Wang L, Zha S, Zhang L, Zhao B. Physico-
chemical and functional properties of dietary fiber from
maca (Lepidium meyenii Walp.) liquor residue. Carbo-
hydr Polym. 2015 Nov 5;132:509-12.



Original Paper

Czech Journal of Animal Science, 67, 2022 (10): 394—406

Han P, Li P, Zhou W, Fan L, Wang B, Liu H, Gao C, Du T,
Pu G, Wu C, Zhang Z, Niu P, Huang R, Li H. Effects
of various levels of dietary fiber on carcass traits,
meat quality and myosin heavy chain [, IIa, IIx and IIb
expression in muscles in Erhualian and Large White pigs.
Meat Sci. 2020 Nov 1;169: 108160.

Hedemann MS, Eskildsen M, Laerke HN, Pedersen C, Lind-
berg JE, Laurinen P, Knudsen KE. Intestinal morphology
and enzymatic activity in newly weaned pigs fed contrast-
ing fiber concentrations and fiber properties. ] Anim Sci.
2006 Jun;84(6):1375-86.

Hermes RG, Molist F, Ywazaki M, Nofrarias M, Gomez de
Segura A, Gasa ], Perez JF. Effect of dietary level of pro-
tein and fiber on the productive performance and health
status of piglets. ] Anim Sci. 2009 Nov;87(11):3569-77.

Johansen HN, Knudsen KE. Effects of reducing the starch
content in oat-based diets with cellulose on jejunal flow
and absorption of glucose over an isolated loop of jeju-
num in pigs. Br ] Nutr. 1994 Nov;72(5):717-29.

Kim EK, Oh TJ, Kim LK, Cho YM. Improving effect of the
acute administration of dietary fiber-enriched cereals on
blood glucose levels and gut hormone secretion. ] Korean
Med Sci. 2016 Feb;31(2):222-30.

NRC - National Research Council. Nutrient requirements
of swine. 11th rev. ed. Washington, DC, USA: National
Academies Press; 2012. 420 p.

Price AM, Doner NM, Gidda SK, Jambunathan S, James
CN, Schami A, Yurchenko O, Mullen RT, Dyer JM, Puri V,
Chapman KD. Mouse Fat-Specific Protein 27 (FSP27)
expressed in plant cells localizes to lipid droplets and
promotes lipid droplet accumulation and fusion. Bio-
chimie. 2020 Feb 1;169:41-53.

Rist VT, Weiss E, Sauer N, Mosenthin R, Eklund M. Effect
of dietary protein supply originating from soybean meal
or casein on the intestinal microbiota of piglets. Anaer-
obe. 2014 Feb;25:72-9.

Roth-Maier DA, Machmuller A, Kreuzer M, Kirchgess-
ner M. Effects of pectin supplementation on the digestion
of different structural carbohydrate fractions and on bac-
terial nitrogen turnover in the hindgut of adult sows.
Anim Feed Sci Technol. 1993 Jul;42(3-4):177-91.

ShiY, Li X, Huang A. A metabolomics-based approach in-
vestigates volatile flavor formation and characteristic
compounds of the Dahe black pig dry-cured ham.
Meat Sci. 2019 Dec;158: 107904.

Taghipoor M, Barles G, Georgelin C, Licois JR, Lescoat P.
Digestion modeling in the small intestine: Impact of di-
etary fiber. Math Biosci. 2014 Dec 1;258:101-12.

Uimari P, Sironen A. A combination of two variants
in PRKAG3 is needed for a positive effect on meat qual-
ity in pigs. BMC Genet. 2014 Feb 28;15(1): 9 p.

406

https://doi.org/10.17221/63/2022-CJAS

Urriola PE, Stein HH. Effects of distillers dried grains with
solubles on amino acid, energy, and fiber digestibility and
on hindgut fermentation of dietary fiber in a corn-soy-
bean meal diet fed to growing pigs. ] Anim Sci. 2010
Apr;88(4):1454-62.

Vahouny GV, Cassidy MM. Dietary fibers and absorption of
nutrients. Proc Soc Exp Biol Med. 1985 Dec;180(3):432-46.

Von Heimendahl E, Breves G, Abel HJ. Fiber-related diges-
tive processes in three different breeds of pigs. ] Anim
Sci. 2010 Mar;88(3):972-81.

Weng KP, Yuh YS, Huang SH, Hsiao HC, Wu HW, Chien
JH, Chen BH, Huang SM, Chien KJ, Ger LP. PRKAG3
polymorphisms associated with sporadic Wolff-Parkin-
son-White syndrome among a Taiwanese population.
J Chin Med Assoc. 2016 Dec;79(12):656-60.

Wilfart A, Montagne L, Simmins PH, van Milgen ], Noblet J.
Sites of nutrient digestion in growing pigs: Effect of di-
etary fiber. ] Anim Sci. 2007 Apr;85(4):976-83.

Xu L, Xia X, Arshad M, Zhou L. Gene expression profile
in the fat tissue of Fsp27 deficient mice. Genom Data.
2015 Jul 11;5:326-8.

Xu Y, Curtasu MV, Bendiks Z, Marco ML, Norskov NP,
Knudsen KE, Hedemann MS, Laerke HN. Effects of die-
tary fibre and protein content on intestinal fibre degrada-
tion, short-chain fatty acid and microbiota composition
in a high-fat fructose-rich diet induced obese Gottingen
Minipig model. Food Funct. 2020 Nov 24;11(12):10758-73.

Yang G, Zhou H, Wang R, Hickford J. Variation in the ovine
PRKAG3 gene. Gene. 2015 Aug 10;567(2):251-4.

Zhang S, DengY, Fu S, Xu M, Zhu P, Liang Y, Yin H, Jiang L,
Bai L, Liu X, Jiang H, Liu H. Reduction mechanism of Cd
accumulation in rice grain by Chinese milk vetch residue:
Insight into microbial community. Ecotoxicol Environ
Saf. 2020 Oct 1;202: 110908.

Zhao ], Bai Y, Zhang G, Liu L, Lai C. Relationship between
dietary fiber fermentation and volatile fatty acids’ concen-
tration in growing pigs. Animals. 2020 Feb 7;10(2): 14 p.

Zhong C, Liu Y, Xu X, Yang B, Aamer M, Zhang P, Huang G.
Paddy-upland rotation with Chinese milk vetch incorpo-
ration reduced the global warming potential and green-
house gas emissions intensity of double rice cropping
system. Environ Pollut. 2021 May 1;276: 116696.

Zhou Q, Wang LC, Xing Y, Ma SM, Zhang XD, Chen J,
Shi C. Effects of Chinese milk vetch intercropped with
rape under straw mulching on soil aggregate and organic
carbon character. Ying Yong Sheng Tai Xue Bao. 2019
Apr;30(4):1235-42.

Received: March 29, 2022
Accepted: October 10, 2022
Published online: October 26, 2022



