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The Huanjiang mini-pig is a Chinese local breed and, the optimal dietary crude protein
(CP) level for this breed is still unknown. Therefore, the present study was conducted
to investigate its optimum dietary CP level upon the growth performance, serum
biochemical parameters, fecal nitrogen content, and carcass traits. Three independent
trials with 360 pigs were included. A total of 220 pigs (5.32 + 0.46kg) were fed ad
libitum, either a 14, 16, 18, 20, or 22% CP diet from about 5- to 10-kg (trial 1); 84
pigs (11.27 + 1.43kg) were fed either a 12, 14, 16, 18, or 20% CP diet from about
10- to 20-kg (trial 2); and 56 pigs (18.80 £ 2.21 kg) were fed either a 10, 12, 14, 16, or
18% CP diet from about 20- to 30-kg (trial 3). In trial 1, as dietary CP levels increased,
the feed-to-gain ratio (F/G) quadratically decreased (p < 0.05) and was minimal at
the 18.42% CP level. The average daily feed intake (ADFI) and final body weight (BW)
were not affected by dietary CP levels while the fat percentage decreased (p < 0.05).
Besides, a linear decrease in slaughter rate (p = 0.06) and a linear increase in bone
percentage (p < 0.05), serum urea nitrogen (UN) (P < 0.05), and fecal nitrogen content
(o = 0.07) of pigs were observed. In trial 2, as dietary CP levels increased, the average
daily gain quadratically increased (p < 0.05) and was maximum at the 16.70% CP level.
The slaughter rate linearly decreased (p < 0.05) whereas the skin rate, serum UN, and
NH3-N increased (p < 0.05) linearly, as well as fecal nitrogen content (p = 0.06). In trial
3, as dietary CP levels increased, the F/G increased (p < 0.05), while the ADFI and
ADG quadratically decreased (p < 0.05) and was maximum at nearly 14.00% CP level.
The bone percentage and serum UN increased (p < 0.05) linearly but the slaughter rate
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decreased (P < 0.05) linearly, and the fecal nitrogen content quadratically decreased
(p = 0.07) whereas the albumin increased (p < 0.05) quadratically. Taken together, the
optimal dietary CP levels for growth performance of Huanjiang mini-pigs from 5- to 10-kg,
10- to 20-kg, and 20- to 30-kg were 18.42, 16.70, and 14.00%, respectively.

Keywords: carcass traits, dietary protein, fecal nitrogen content, growth performance, Huanjiang mini-pig, serum

biochemical parameters

INTRODUCTION

During the past decades, a large number of western commercial
pig breeds, including Duroc and Yorkshire have been imported
into China. These breeds exhibited higher feed efficiency and
growth rate than did Chinese domestic pig breeds, contributing
nearly 98% of the market in China (1). According to the data
publicized by the Ministry of Agriculture and Rural Affairs of
China, nearly 25 Chinese local breeds of pig are disappearing
and eight breeds have died. With the spread of the African swine
fever into China in 2018 (2), the Chinese indigenous pig breeds
have faced a more serious situation. Predictably, accelerating the
industrial utilization of Chinese local pig breeds could be one of
the crucial strategies for their preservation.

The Huanjiang mini-pig, a famous local pig breed originated
from Huanjiang county, Guangxi province, China, has similar
physiology profiles to human (3). In addition, this mini-pig
was famous for its superior meat quality. Our previous studies
mainly focused on nutritional regulation on the intestinal health
of Huanjiang mini-pigs during the pregnancy (4-7), suckling
(3, 8, 9), and weaning periods (10-12). However, few studies
have focused on the growth and development of weaned or
nursery pigs.

It is well-known that the high growth rate of weaned piglets
is maintained (13), and their growth rate has a profound impact
on the subsequent growing (14). Dietary protein, as one of the
major macronutrients, is critical for the growth, development,
and health status of pigs (15, 16). However, a higher or lower
dietary crude protein (CP) level might cause several adverse
outcomes, such as bowel disease (17). Therefore, the optimal
dietary CP level is essential to support the growth of pigs and then
increase the economic benefits of large-scale farming.

The dietary CP level used by local pig farms might not meet
the requirement for Huanjiang mini-pigs due to the fact that it
was lower than the recommended value of nutrient requirements
of swine (18) and the Chinese nutrient requirements of swine
in China (NY/T65-2004) [(19); Supplementary Figure S1].
Therefore, the present study was conducted to investigate the
effects of dietary CP levels on growth performance, carcass traits,
serum biochemical parameters, and fecal nitrogen content of
Huanjiang mini-pigs during different growth stages, and then

Abbreviations: AA, amino acid; ADFI, average daily feed intake; ADG, average
daily gain; BW, body weight; CP, crude protein; DE, digestible energy; F/G,
feed to gain ratio; Lys, lysine; ME, metabolic energy; Met, methionine; NRC,
National Research Council; SID, standard ileal digestible; Thr, threonine; TP, total
phosphorus; Trp, tryptophan; UN, urea nitrogen.

the optimal dietary CP levels for the Huanjiang mini-pigs would
be evaluated.

MATERIALS AND METHODS
Experimental Animals, Treatments, and

Housing
The present study was conducted in Bamian village
(E108.41265°, N 25.09043°), Huanjiang county, Guangxi

province, China. A completely random block single-factor
design was carried out, and a total of 360 Huanjiang mini-pigs
(half barrows and half gilts) were selected. This study included
three independent trials which were distinguished by the growth
stages of Huanjiang mini-pigs. During the 5- to 10-kg growth
stage (trial 1), a total of 220 Huanjiang mini-pigs (5.32 4 0.46 kg)
were chosen according to their body weight (BW) and gender
and then divided into five dietary groups with 14, 16, 18, 20, or
22% CP, and each diet group had 8-10 replicates (pens) with
five pigs per pen. During the 10- to 20-kg growth stage (trial
2), 84 Huanjiang mini-pigs (11.27 £ 1.43 kg) were chosen and
divided into five dietary groups with 12, 14, 16, 18, or 20% CP,
and each group had 15-19 replicates (pens) with one pig per
pen. During the 20- to 30-kg growth stage (trial 3), 56 Huanjiang
mini-pigs (18.80 £ 2.21kg) were used and divided into five
dietary groups with 10, 12, 14, 16, or 18% CP, and each group
had 11-12 replicates (pens) with one pig per pen.

All the trials had a 5-day adaptation period, and the period of
three trials lasted 28, 28, and 26 days, respectively. All the pigs
were fed three times per day (08:00, 14:00, and 20:30) and had
ad libitum access to feed and water. The pigs were fed with the
diets used by the local pig farm during the adaptation period
and fed with the corresponding experimental diets during the
trial period. The experimental diets (corn-soybean based meal)
were formulated using the recommended values of individual
ingredients to be isoenergetic according to the National Research
Council (18), as shown in Tables 1-3. The dietary CP levels were
designed referring to both the nutrient requirements of swine
(18) and the Chinese nutrient requirements of swine (19). The
temperature and relative humidity in the feeding house were 26.0
=+ 3.4°C and 74.3 £ 11.2%, respectively.

Measurement of Growth Performance

The daily feed intake of pigs was recorded at 07:30 per pen. On
the first day of the 5-day adaptation period, the individual pig was
weighted for the initial BW; at the end of the trial period, the pigs
were weighted for the final BW. All the pigs were weighted after
a 12-h fasting. The initial and final BW were used to calculate the
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TABLE 1 | Ingredients and nutrient levels of the experimental diets for the 5- to
10-kg Huanjiang-mini pigs (air-dried).

TABLE 2 | Ingredients and nutrient levels of the experimental diets for the 10- to
20-kg Huanjiang-mini pigs (air-dried).

Items CP levels, % Items CP levels, %

14 16 18 20 22 12 14 16 18 20
Ingredients, % Ingredients, %
Corn 61.20 56.20 51.80 47.50 42.70 Corn 72.10 66.50 60.90 55.45 49.80
Soybean meal (43.9%) 5.70 10.10 13.20 15.60 18.80 Soybean meal (43.9%) 0.50 6.75 12.95 19.00 25.25
Fish meal 2.00 2.00 2.00 2.00 2.00 Soybean meal (fermented) 4.00 4.00 4.00 4.00 4.00
Wheat bran 9.00 9.00 9.00 9.00 9.00 Fish meal 2.00 2.00 2.00 2.00 2.00
Whey powder (85% lactose) ~ 10.00 10.00 10.00 10.00 10.00 Wheat bran 8.00 8.00 8.00 8.00 8.00
Extruded full-fat soybean 5.00 5.00 5.00 5.00 5.00 Whey powder (85% lactose) 5.00 5.00 5.00 5.00 5.00
Soy protein concentrate 1.00 2.10 4.00 6.30 8.20 Soybean oil 0.80 0.60 0.40 0.20
Corn oil 0.40 0.20 L-Lys (98.5%) 1.10 0.95 0.75 0.60 0.40
L-Lys (98.5%) 1.10 0.90 0.75 0.55 0.40 DL-Met (99%) 0.20 0.15 0.15 0.10 0.10
DL-Met (99%) 0.20 0.15 0.15 0.10 0.10 L-Thr (99%) 0.45 0.35 0.30 0.20 0.10
L-Thr (99%) 0.40 0.35 0.25 0.20 0.10 L-Trp (99%) 0.15 0.10 0.05 0.05
L-Trp (99%) 0.10 0.10 0.05 0.05 Dicalcium phosphate 1.20 1.10 1.00 0.90 0.85
Dicalcium phosphate 1.40 1.40 1.30 1.20 1.20 Premix? 4.50 4.50 4.50 4.50 4.50
Premix® 2.50 2.50 2.50 2.50 2.50 Total 100.00 100.00 100.00 100.00  100.00
Total 100.00 100.00 100.00 100.00  100.00 Nutrient levels®
Nutrient levels® ME, MJ/kg 13.73 13.68 13.64 13.59 13.54
ME, MJ/kg 13.73 13.69 13.68 13.72 13.74 CP 12.06 14.08 16.10 18.08 20.08
CP 14.09 16.10 18.10 20.07 22.08 SID Lys 1.22 1.24 1.22 1.24 1.23
SID Lys 1.36 1.34 1.36 1.34 1.36 SID Met 0.38 0.35 0.38 0.35 0.38
SID Met 0.39 0.37 0.39 0.37 0.40 SID Thr 0.74 0.72 0.75 0.73 0.71
SID Thr 0.76 0.79 0.77 0.80 0.77 SID Trp 0.23 0.21 0.19 0.22 0.20
SID Trp 0.21 0.24 0.22 0.24 0.22 Ca 0.70 0.70 0.70 0.69 0.70
Ca 0.79 0.80 0.80 0.79 0.80 TP 0.59 0.60 0.61 0.61 0.63
TP 0.66 0.69 0.69 0.70 0.72

aProvided the following per kg of the diet: Cu, 128 mg; Mn, 97.6mg; Zn 109mg; Fe,
197.6mg; Se, Tmg; I, 1Tmg; Co, 1mg; VA, 32,500 IU; VD3, 10,000 IU; VE, 80 IU; VK3,
10mg; VB1, 10 mg/kg; VB2, 25mg; VBs, 8mg; VB12, 0.075 mg; biotin, 0.075 mg; folic
acid, 5 mg; nicotinamide, 100 mg; pantothenic acid, 50 mg; choline, 1,600 mg; limestone,
0.80%; NaCl, 0.30%,; mildewcide, 0.10%, ethoxyquinoline (33%), 0.05%; acidifier, 0.25%.
bCalculated according to the nutrient requirements of swine (NRC, 2012); CR crude
protein; Lys, Lysine; ME, metabolic energy,; Met, Methionine; SID, standard ileal digestible;
Thr, Threoine; TR, total phosphorus; Trp, Tryptophan.

average daily gain (ADG), while the feed-to-gain ratio (F/G) was
calculated based on the daily feed intake and ADG.

Sampling and Chemical Analyses

At the end of each trial, blood samples were collected from the
jugular veins using 10-ml centrifuge tubes and centrifuged at
3,000 x g and 4°C for 15min to recover the serum. Then, the
samples were stored at —20°C until biochemical analyses. The
contents of total protein (TP), albumin, urea nitrogen (UN), and
NH3-N in serum were measured using a Cobas C311 automatic
biochemical analyzer (Roche, Basel, Switzerland) and respective
commercial assay kits (Leadman, Beijing, China).

During the 5 days before each trial ended, nearly 100 g of fresh
feces was collected per pen per day and then added into 10%
H,SOy4 solution (W/V, 1:10). The feces collected were well-mixed
according to the pens, dried in a forced air oven at 60°C for 72 h,
and then ground through a 1-mm screen. The fecal samples were

aProvided the following per kg of the diet: Cu, 128 mg; Mn, 97.6 mg; Zn, 109 mg; Fe,
197.6mg; Se, 1mg; I, 1Tmg; Co, 1mg; VA, 32,500 IU; VD3, 10,000 IU; VE, 80 IU; VK3,
10mg; VB1, 10 mg/kg; VBs, 25mg; VBs, 8mg; VB12, 0.075 mg; biotin, 0.075mg; folic
acid, 5 mg; nicotinamide, 100 mg; pantothenic acid, 50 mg; choline, 1,600 mg; limestone,
0.80%; sucrose, 2%, NaCl, 0.3%; mildewcide, 0.10%, ethoxyquinoline (33%), 0.05%;
acidifier, 0.25%.

bCalculated according to the nutrient requirements of swine (NRC, 2012); CR. crude
protein; Lys, Lysine; ME, metabolic energy; Met, Methionine; SID, standard ileal digestible;
Thr, Threoine; TR, total phosphorus; Trp, Tryptophan.

stored at —20°C before further analyses (20). The fecal nitrogen
content was determined using a Mobile Injection Analyzer (AA3,
Seal, Norderstedt, Germany).

Assessment of Carcass Traits

At the end of each trial, one pig per pen was slaughtered quickly
by severance of the jugular veins after an electric shock (120V,
200 Hz), and then carcass traits were determined according to
the ZZWHO01-200 standard (China). The leaf fat was removed,
carcasses were split down the midline, and hot carcass weights
were recorded. The carcass’ straight length and slanting length
were measured with a tape line. The backfat depth (the first rib,
the 6th and 7th ribs, and last lumbar vertebra) and eye muscle
area (the 6th and 7th ribs) were measured using a vernier caliper.
The average backfat thickness was calculated from the individual
measurement. The slaughter rate was calculated according to the
collected weights referred to by Zou et al. (21). The eye muscle
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TABLE 3 | Ingredients and nutrient levels of the experimental diets for the 20- to
30-kg Huanjiang-mini pigs (air-dried).

Items CP levels, %

10 12 14 16 18
Ingredients, %
Corn 69.65 64.25 58.65 53.35 47.60
Soybean meal (43.9%) 1.00 6.90 13.20 19.10 25.50
Soybean meal (fermented) 2.00 2.00 2.00 2.00 2.00
Wheat bran 12.00 12.00 12.00 12.00 12.00
Rice hull and bran? 5.00 5.00 5.00 5.00 5.00
Soybean oil 3.00 2.80 2.60 2.30 2.10
L-Lys (98.5%) 0.95 0.80 0.60 0.45 0.25
DL-Met (99%) 0.15 0.15 0.10 0.10 0.05
L-Thr (99%) 0.35 0.30 0.20 0.15 0.05
L-Trp (99%) 0.10 0.10 0.05 0.05
Dicalcium phosphate 1.10 1.00 0.90 0.80 0.75
Premix? 4.70 4.70 4.70 4.70 4.70
Total 100.00  100.00  100.00  100.00  100.00
Nutrient levels®
ME, MJ/kg 18.27 13.23 13.18 13.12 13.06
CP 10.12 12.11 14.10 16.10 18.13
SID Lys 1.00 1.01 1.00 1.01 1.00
SID Met 0.29 0.31 0.29 0.31 0.29
SID Thr 0.59 0.61 0.59 0.62 0.60
SID Trp 0.17 0.20 0.18 0.21 0.19
Ca 0.67 0.67 0.66 0.66 0.67
TP 0.54 0.54 0.55 0.56 0.57

aNutritional levels were referred to the China Feed Database Information Network Centre
(the 29th edition).

bprovided the following per kg of the diet: Cu, 128 mg; Mn, 97.6mg; Zn, 109mg; Fe,
197.6mg; Se, Tmg; I, Tmg; Co, 1Tmg; VA, 32,500 IU; VD3, 10,000 IU; VE, 80 IU;
VKs, 10mg; VB4, 10 mg/kg; VB2, 25mg; VBg, 8 mg; VB12, 0.075mg; biotin, 0.075 mg;
folic acid, 5mg; nicotinamide, 100mg; pantothenic acid, 50mg; choline, 1,600mg;
limestone, 1%, sucrose, 2%; NaCl, 0.3%,; mildewcide, 0.10%, ethoxyquinoline (33%),
0.05%, acidifier, 0.25%.

CCalculated according to the nutrient requirements of swine (NRC, 2012); CF, crude
protein; ME, metabolic energy; SID, standard ileal digestible; TF, total phosphorus.

area was calculated by area = (height x width) x 0.7. The muscle,
fat, bone, and skin of the pigs were stripped and weighted to
calculate their percentages of weight to carcass weight.

Statistical Analyses

The pen was used as the basic experimental unit for statistical
analysis. Statistical analyses for the growth performance, carcass
traits, serum biochemical parameters, and fecal nitrogen content
were performed using the one-way ANOVA procedure of
SAS software (SAS 8.1, Institute, Inc., Cary, NC, USA), and
a significant difference was obtained by Duncan’s multiple
comparisons. When data did not comply with the normal
distribution or homogeneity, the significance was conducted by
the Kruskal-Wallis test. The linear and quadratic regression
analyses were performed using the GraphPad Prism 7.0
(GraphPad Software, San Diego, CA, USA) and PROC REG of
SAS software, respectively. Results are presented as means =+

pooled standard error of the mean (SEM). Statistical probability
values <0.05 were considered significant, and 0.05 < p < 0.10
was considered a trend of difference.

RESULTS

Effects of Dietary CP Levels on Growth
Performance of Huanjiang Mini-Pigs

During Different Growth Stages

As shown in Table 4, during the 5- to 10-kg growth stage, no
significant difference was observed in the final BW, ADFI, and
ADG among the five groups (p > 0.05). The F/G in the 16 and
18% CP diet groups was lower (p < 0.05) than that in the 14% CP
diet group. A notably quadratic relation was observed between
the dietary CP levels and F/G (p < 0.05). The minimal F/G (1.806)
was achieved at 18.42% CP level (Figure 1A).

During the 10- to 20-kg growth stage, although significant
differences in final BW and ADFI were not observed, the 12%
CP diet group displayed a lower trend (p = 0.07) in ADG than
that of the 14, 16, and 18% CP diet groups. The final BW (R? =
0.90, p = 0.098) and ADG (R? = 0.91, p = 0.088) quadratically
increased as the dietary CP levels increased (p < 0.05). The
optimal final BW and ADG were obtained when the dietary
CP levels were 16.70 and 16.75%, respectively (Figures 1B,C).
No significant difference was observed in F/G among treatment
groups (p > 0.05).

During the 20- to 30-kg growth stage, the 14 and 16% CP diet
groups had a higher ADFI than the 18% CP diet group (p < 0.05).
As aresult, a higher ADG was observed in the 14 and 16% CP diet
groups (p < 0.05) and thus contributed a higher final BW (p =
0.08). A notably quadratic relationship between dietary CP levels
and ADFI and ADG was found (p < 0.05), and the highest values
of ADFI and ADG were achieved when the dietary CP levels were
14.07 and 13.64%, respectively (Figures 1D,E). Besides, the F/G
in the 18% CP diet group was higher (p < 0.05) than that of the
10 and 16% CP diet groups.

Effects of Dietary CP Levels on Serum
Biochemical Parameters and Fecal
Nitrogen Content of Huanjiang Mini-Pigs

During Different Growth Stage

As shown in Table 5, during the 5- to 10-kg growth stage, the
levels of serum UN in the 20 and 22% CP diet groups were higher
than those of other diet groups (p < 0.05). The serum content of
TP of the 22% CP diet group had a tendency to be lower than that
of the 14 and 20% CP diet groups (p = 0.06). During the 10- to
20-kg growth stage, the serum contents of UN and NH3-N in the
20% CP diet group were higher than those of other diet groups
(p < 0.05). Furthermore, the contents of serum UN in the 16 and
18% CP diet groups were higher than those of 12 and 14% CP
diet groups (p < 0.05). During the 20- to 30-kg growth stage, the
content of serum albumin in the 10% CP diet group was lower
than that of the other groups (p < 0.05). Besides, the contents
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TABLE 4 | Effects of dietary crude protein (CP) levels on the growth performance of Huanjiang mini-pigs from 5- to 30-kg'.

ltems? CP levels, % SEM p-values®
D L Q

5- to 10-kg stage 14 16 18 20 22

Initial BW, kg 5.39 5.33 5.29 5.27 5.31 0.07 0.99 0.65 0.85
Final BW, kg 13.12 13.31 13.73 1219 14.14 0.43 0.68 0.87 0.92
ADFI, g 516.51 566.28 556.11 495.2 589.72 24.27 0.63 0.77 0.94
ADG, g 273.12 294.47 320.76 273.63 312.1 11.94 0.63 0.52 0.75
F/G 2,124 1.808 1.798 1.95"8 1.93"8 0.04 0.049 0.50 0.04
10- to 20-kg stage 12 14 16 18 20

Initial BW, kg 11.32 11.21 11.21 11.29 11.33 0.16 1.00 0.93 0.96
Final BW, kg 23.44 25.56 26.48 25.5 25.15 0.40 0.13 0.16 0.04
ADFI, g 1292.65 1374.88 1420.97 1469.29 1375.43 23.24 0.14 0.08 0.04
ADG, g 439.55° 513.612 523.57 510.152 4958 11.01 0.07 0.10 0.02
F/G 2.96 2.68 2.81 2.89 2.80 0.05 0.52 0.65 0.67
20- to 30-kg stage 10 12 14 16 18

Initial BW, kg 18.76 18.85 18.78 18.83 18.79 0.30 1.00 0.98 1.00
Final BW, kg 32.03% 31.19° 32,018 33.592 30.50° 0.42 0.08 0.92 0.34
ADFI, g 1482.26°8 1496.0448 1591.234 1582.834 1448.768 17.93 0.03 0.84 0.03
ADG, g 510.3148 474.318C 509.02/8 549.88" 450.35¢ 9.01 <0.01 0.42 0.02
F/G 2.938 3.18"8 2.96"8 2.898 3.22° 0.04 0.045 0.33 0.47

" Different capital letters indicate differed significantly among the treatments (o < 0.05), and different lowercase indicate a trend of difference (0.05 < P < 0.10); n = 6-8 (5- to 10-kg),
n=7-9(10- to 20-kg), n = 10-11 (20- to 30-kg).
2ADFI, average daily feed intake; ADG, average daily gain; BW, body weight; F/G, feed-to-gain ratio.
3D, diet; L, linear; Q, quadratic.
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of serum UN in the 10 and 12% CP diet groups were lower than
those of other diet groups (p < 0.05).

As shown in Figure 2, during the 5- to 10-kg growth stage,
the fecal nitrogen content in the 14% CP diet group was lower
(p < 0.05) than those of other groups (Figure 2A). During the
10- to 20-kg growth stage, the 20% CP diet group had a higher
(p < 0.05) fecal nitrogen content than the other groups, and
the 18% CP diet group had a higher (p < 0.05) fecal nitrogen
content than the 12 and 16% CP diet groups (Figure 2B). During
the 20- to 30-kg growth stage, the fecal nitrogen content in
the 18% CP diet group was higher (p < 0.05) than the other
groups (Figure 2C).

Effects of Dietary CP Levels on Carcass
Traits of Huanjiang Mini-Pigs During
Different Growth Stages

As shown in Table 6, during the 5- to 10-kg growth stage, the
14% CP diet group tended to increase the skin weight (p = 0.07)
and skin rate (p = 0.06) compared with the 18 and 20% CP
diet groups. A notably quadratic relation between the dietary CP
levels and skin weight and skin rate was found (p < 0.05). The
lean meat percentage and bone percentage were increased (p <
0.05) as the dietary CP levels increased. The lean meat percentage
of the 18% CP diet group was higher (p < 0.05) than the 14 and
16% CP diet groups, and the bone percentage of the 18, 20, and
22% CP diet groups was higher (p < 0.05) than the 14% CP group.
Conversely, the fat percentage was decreased linearly, and the 18,
20, and 22% CP diet groups was lower (p < 0.05) than that of the
14% CP diet group.

As shown in Table 7, during the 10- to 20-kg growth stage,
the slaughter rate was decreased (p < 0.05), whereas the skin
rate was increased (p < 0.05) as the dietary CP level increased.
Furthermore, the slaughter rate in the 12% CP diet group was
higher (p < 0.05) and the skin rate in the 20% CP diet group was
higher (p < 0.05) when compared with the other groups.

As shown in Table 8, during the 20- to 30-kg growth stage, as
dietary CP levels increased, the eye muscle area in the 10% CP
diet group was lower (p < 0.05) than those of the other groups.
However, the slaughter rates of the 10 and 12% CP diet groups
were higher (p < 0.05) than those of the 16 and 18% CP diet
groups. In addition, the 18% CP diet group had a higher trend
(p = 0.052) of the bone percentage than the 10, 12, and 14% CP
diet groups and had a higher trend (p = 0.09) of the skin rate than
the 12% CP diet group.

Relations Between Dietary CP Levels and
Carcass Traits

The linear and quadratic regression analyses were conducted to
investigate the relations between the dietary CP levels and carcass
traits. As shown in Figure 3, during the 5- to 10-kg growth stage,
as the dietary CP level increased, the slaughter rate was decreased
(p < 0.05) linearly, and the bone percentage increased (p <
0.05) linearly, whereas the skin rate showed a quadratic relation
and the minimal points were 18.87 and 10.98%, respectively. As
shown in Figure 4, during the 10- to 20-kg growth stage, as the
dietary CP level increased, the slaughter rate was decreased, and

the skin rate was increased (p < 0.05) linearly. As shown in
Figure 5, during the 20- to 30-kg growth stage, as the dietary
CP level increased, the slaughter rate was decreased and the bone
percentage was increased linearly (p < 0.05), while the skin rate
showed a quadratic relation and the minimal point was (13.27
and 12.32%).

Correlations Between Carcass Traits

The correlations between the slaughter rate and skin rate and
bone percentage, as well as the correlation between the skin rate
and lean meat percentage, were further investigated to explore
their potential associations. As shown in Figure 6, during the 5-
to 10-kg growth stage, a strong negative correlation (r = —0.62,
p < 0.001) was observed between the slaughter rate and bone
percentage (Figure 6A), as well as a strong negative correlation
(r = —0.46, p = 0.005) between the skin rate and lean meat
percentage (Figure 6B). During the 10- to 20-kg growth stage, a

strong negative correlation (r = —0.40, p = 0.018) was observed
between the skin rate and slaughter rate (Figure 6C). Similarly, a
strong negative correlation (r = —0.48, p = 0.002) was observed

between the skin rate and slaughter rate during the 20- to 30-kg
growth stage (Figure 6D).

DISCUSSION

It is well-known that the nutrient requirements for different
pig breeds are not the same and are influenced by genotype,
physiological status, environmental conditions, and other factors.
Generally, the nutrient requirements of pigs are evaluated
using a mathematical modeling method in terms of their
specific performance parameters, such as growth performance
and protein accretion rate (22). Therefore, the present study
investigated the optimal dietary CP level for Huanjiang mini-
pigs by regression equations established based on growth
performance, serum biochemical parameters, and carcass traits.
Our data showed that the optimal dietary CP levels for the 5-
to 10-kg, 10- to 20-kg, and 20- to-30kg growth stages were
18.42, 16.70, and 14.00%, respectively. These findings suggested
that the dietary CP levels derived from the Chinese National
Feeding Standard for Swine (19) or the National Research
Council National Research Council (18) were unsuitable for
Huanjiang mini-pigs during the early growth period, of which
the values recommended were too high to achieve their optimal
growth potential.

In the present study, a quadratic response to the dietary CP
levels was observed for the ADFI, ADG, and F/G of Huanjiang
mini-pigs during different growth stages, and the changes of
ADG and F/G were in agreement with the reports of Tyler
et al. (23) and Hansen and Lewis (24). Considering the same
diet type (corn-soybean meal) used in these studies, it could
be speculated that the response of various pig breeds to the
dietary CP levels might have mainly depended on a diet type,
which warrants further study. Recently, a similar study also
indicated that increasing the dietary CP levels (16.9-20.9%)
resulted in a linear decrease in ADG and a linear increase
in BUN concentration (25), which were consistent with our
present results. The BUN concentration is an indicator of protein
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TABLE 5 | Effects of dietary crude protein (CP) levels on the serum biochemical parameters of Huanjiang mini-pigs from 5- to 30-kg".

ltems? CP levels, % SEM p-values®
D L Q

5- to 10-kg stage 14 16 18 20 22

Total protein, g/L 68.992 65.28% 64.5120 68.262 63.16° 0.75 0.06 0.14 0.31
Albumin, g/L 37.90 39.88 43.12 40.56 39.57 0.73 0.23 0.44 0.10
UN, mmol/L 2.898 2.038 2.86° 4.447 4.62° 0.23 <0.01 <0.01 <0.01
NH3z-N, wmol/L 242.49 227.91 165.88 169.68 166.67 13.04 0.28 0.02 0.04
10- to 20-kg stage 12 14 16 18 20

Total protein, g/L 68.71 69.09 69.80 70.47 68.22 0.65 0.86 0.90 0.63
Albumin, g/L 45.60 46.79 47.91 47.74 44.90 0.69 0.54 0.93 0.29
UN, mmol/L 3.20¢ 3.59¢ 4738 5.75° 7.64° 0.30 <0.01 <0.01 <0.01
NHs-N, wmol/L 169.788 186.608 172.828 180.618 414.807 20.10 0.03 <0.01 <0.01
20- to 30-kg stage 10 12 14 16 18

Total protein, g/L 66.61 74.55 72.038 7214 72.39 1.02 0.17 0.25 0.17
Albumin, g/L 43.838 51.35% 48.55% 49.94A 47.59°8 0.77 0.01 0.31 0.02
UN, mmol/L 3.478 3.748 4.700 518" 5.10° 0.18 <0.01 0.03 0.08
NH3z-N, wmol/L 222.90 330.30 380.20 411.34 437.23 30.42 0.16 <0.01 <0.01

" Different capital letters indicate differ significantly among the treatments (p < 0.05), and different lowercase indicate a trend of difference (0.05 < P < 0.10); n = 6-9 (5- to 10-kg),

n = 7-9 (10- to 20-kg), n = 6-8 (20- to 30-kg).

2UN, urea nitrogen.
3D, diet; L, linear; Q, quadratic.
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TABLE 6 | Effects of dietary crude protein (CP) levels on the carcass traits of Huanjiang mini-pigs from 5- to 10-kg'.

Items CP levels, % SEM p-values?
14 16 18 20 22 D L Q

Carcass straight length, cm 46.00 45.29 45.38 44.71 44.67 0.67 0.97 0.50 0.80
Carcass slanting length, cm 42.13 40.43 41.25 41.14 41.67 0.89 0.98 0.94 0.90
Eye muscle area, cm? 7.96 6.75 7.58 7.79 7.67 0.45 0.94 0.93 0.91
Backfat thickness, mm 11.73 10.96 10.25 10.51 11.85 0.38 0.62 0.82 0.28
Carcass weight, kg 7.95 717 7.01 7.02 7.57 0.24 0.66 0.50 0.29
Slaughter rate, % 59.35 57.00 56.11 55.30 54.38 0.87 0.45 0.06 0.15
Lean meat percentage, % 45,678 43.148 49.46" 46,2148 46.0018 0.59 <0.01 0.36 0.37
Fat percentage, % 19.16"B 22.31A 15.44B 17.648 15.765 0.77 0.02 0.04 0.13
Skin rate, % 14.712 11.75° 11.29° 11.36° 12,312 0.45 0.06 0.07 0.01
Bone percentage, % 20.46° 22.818¢ 23.8148 2479 25.92A 0.51 <0.01 <0.001 <0.001

" Different capital letters indicate differed significantly among the treatments (p < 0.05), and different lowercase indicate a trend of difference (0.05 < P < 0.10; n = 6-8.
2D, diet; L, linear; Q, quadratic.

TABLE 7 | Effects of dietary crude protein (CP) levels on the carcass traits of Huanjiang mini-pigs from 10- to 20-kg'.

Iltems CP levels, % SEM p-values?
12 14 16 18 20 D L Q

Carcass straight length, cm 62.00 59.00 62.57 61.43 61.57 0.44 0.21 0.62 0.76
Carcass slanting length, cm 61.38 59.75 59.71 59.57 59.43 0.46 0.65 0.20 0.33
Eye muscle area, cm? 15.51 13.10 14.55 15.01 14.21 0.35 0.24 0.88 0.76
Backfat thickness, mm 1.85 1.80 1.77 1.72 1.72 0.05 0.89 0.33 0.61
Carcass weight, kg 16.59 15.39 16.20 17.23 15.74 0.31 0.50 0.92 0.99
Slaughter rate, % 70.004 64.928 65.56° 66.128 64.028 0.55 <0.01 <0.01 <0.01
Lean meat percentage, % 43.25 44.67 42.18 42.79 42.78 0.42 0.40 0.33 0.63
Fat percentage, % 28.08 25.29 27.49 25.90 24.47 0.56 0.18 0.15 0.36
Skin rate, % 11.67¢ 12.738 125586 12.738 14.347 0.20 <0.01 <0.01 <0.01
Bone percentage, % 17.26 18.68 18.28 18.25 19.03 0.24 0.23 0.07 0.17

" Different capital letters indicate differed significantly among the treatments (p < 0.05); n = 7-9.
2D, diet; L, linear; Q, quadratic.

TABLE 8 | Effects of dietary crude protein (CP) levels on the carcass traits of Huanjiang mini-pigs from 20- to 30-kg'.

Items CP levels, % SEM p-values?
10 12 14 16 18 D L Q

Carcass straight length, cm 65.71 66.88 66.57 68.13 66.63 0.47 0.62 0.38 0.45
Carcass slanting length, cm 63.14 64.75 63.57 65.13 64.38 0.50 0.74 0.46 0.67
Eye muscle area, cm? 13.55¢ 17.0078 15.458C 19.14A 17.99/8 0.57 0.01 <0.01 0.01
Backfat thickness, mm 2.06 2.24 2.14 2.03 2.00 0.06 0.68 0.38 0.47
Carcass weight, kg 19.77 20.21 18.92 20.06 18.82 0.34 0.60 0.39 0.65
Slaughter rate, % 63.35" 63.55% 61.22°8 59.518 60.458 0.47 0.01 <0.01 <0.01
Lean meat percentage, % 41.66 41.26 42.13 42.81 41.13 0.51 0.84 0.89 0.80
Fat percentage, % 27.85 29.38 27.71 26.13 25.40 0.60 0.22 0.045 0.09
Skin rate, % 13.352 11.73° 12.66%° 13.1120 13.672 0.25 0.09 0.20 0.07
Bone percentage, % 17.145 17.64° 17.510 17.95% 19.807 0.32 0.052 <0.01 0.01

! Different capital letters indicate differ significantly among the treatments (o < 0.05), and different lowercase indicate a trend of difference (0.05 < P < 0.10; n = 7-8.
2D, diet; L, linear; Q, quadratic.
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utilization and is mostly dependent on the balance of amino acids
(AAs) (26, 27). Besides, NH3-N is a substance that originated
from the intestinal microbiota-fermented protein and AAs, and
its serum concentration could also reflect the utilization of dietary
protein. A lower serum NHj3;-N concentration was found in
pigs fed with a lower CP diet (28, 29). Therefore, the increased
serum UN or NH;3-N concentration combined with the impaired
growth performance in the present study suggested an excessive
dietary CP level. The serum TP and albumin contents reflect
the dietary CP level and the utilization of protein by the animal
body, and an increased serum TP content was observed when

pigs’ protein utilization increased (29, 30). In the present study,
as the dietary CP levels increased, a decreased serum TP was
observed during the 5- to 10-kg growth stage (14-22% CP), while
an increased serum albumin content was observed during the 20-
to 30-kg growth stage (10-18% CP). These findings were contrary
to those reported by Zhao et al. (29), and the different dietary CP
levels could be the reason for this difference.

In the present study, although the curve’s change of ADG was
in line with the trend of ADFI of pigs, the response of ADFI of
commercial pigs to the dietary CP levels depended on sex (24).
Whether the ADFI of Chinese indigenous pigs with mixed sexes
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has the same response to the identical dietary CP levels should
be determined in the future. The ADFI of pigs is influenced by
lots of factors, the energy density of which is the most important
(31, 32). Our previous studies showed that the ADFI and ADG
of Huanjiang mini-pigs were 860 and 285¢g during the 10- to
25-kg growth stage, respectively (33), which were lower than
those in the present study. The difference may be attributed to
the difference in the dietary energy density. The dietary energy
density in the present study was higher by 5% than that of the
previous study (14.18 MJ/kg DE vs. 13.48 MJ/kg DE), which
could be a reason that influenced the growth performance of
pigs (34). Dietary CP level is another important factor to regulate
the ADFI of pigs, which referred to dietary AA imbalance (32).
Dietary CP level was 16.13% for pigs during the 10- to 25-kg
growth stage in a previous study (33), which was close to the
level (16.70%) predicted by the mathematical modeling method
in the present study. It would increase the feed intake of growing
pigs when feeding a diet deficiency in Lys or Thr (35). However,
dietary Lys and Thr levels and feed intake of the present study
were higher than those reported by Cai et al. (33). The Lys and
Thr are the primary limiting AAs for pigs, and the feed intake
would be suppressed by a severe deficiency or excessive in dietary
limiting AAs (36). Taken together, we speculated that the Lys in
diet of the previous study might be severely deficient as a lower
feed intake was observed during the 10- to 25-kg growth stage.
Certainly, it was also suggested that the application of the ideal
AA pattern in the diet of Huanjiang mini-pigs would be beneficial
for developing their growth potential. Dietary Lys deficiency or
excessive would decrease the nutrient digestibility (37), and the
F/G in our previous study was higher by 36.5% than that of the
present result (4.04 vs. 2.96) (33). Furthermore, increasing the
dietary CP levels linearly decreases the nutrient digestibility of
pigs (38). Therefore, the appearing difference could be largely
ascribed to a lower nutrient digestibility of pigs in the previous
study. Whether or not the other limiting AAs have a promotion
effect on the nutrient digestibility of Huanjiang mini-pigs could
be a significant research interest in the future. Decreased feed
efficiency or nutrient digestibility could be largely due to a higher
incidence of diarrhea, which could be indirectly reflected by the
fecal nitrogen content (39). In the present study, excessive dietary
CP significantly increased the fecal nitrogen content and the
diarrhea rate (unpublished data). Therefore, the impaired growth
performance of pigs, such as the reduced ADG, could be ascribed
to a higher incidence of diarrhea.

In the present study, dietary CP levels had a distinct effect on
the carcass traits. As dietary CP levels increased, the slaughter rate
of pigs during different growth stages decreased linearly, which
was in agreement with the previous studies (24, 40). Conversely,
several previous studies showed that reducing the CP level by
4% based on a normal CP diet and balanced with crystalline
AAs had no significant effects on the slaughter rate (41, 42).
The different breed and growth phases of pigs might be the
possible reason for the different results that appeared among
these studies. A quadratic response to dietary CP levels was
observed in the skin rate of pigs, and the predicted dietary CP
levels (18.87 and 13.27% for pigs during the 5- to 10-kg and
the 20- to 30-kg growth stages, respectively) were close to that

for optimal growth performance of pigs in the present study,
suggesting that the response of skin rate to dietary CP levels was
consistent with that of the growth performance of Huanjiang
mini-pigs. During the 20- to 30-kg growth stage (10-18% CP),
the eye muscle area was increased with increasing dietary CP
levels. On the contrary, previous studies have shown that dietary
CP levels had no effect on the eye muscle area in cattle (11-14%
CP) or commercial pigs (15-17% CP) (43, 44). The species or
breed difference might be the possible reason for the inconsistent
results, but it warranted further research to determine. During
the 5- to 10-kg growth period, increasing the dietary CP levels
decreased the fat percentage. Similarly, the fat deposition of
calves decreased as dietary CP levels increased irrespective of
growth stage (45), and reduced fat deposition in pigs fed with
high dietary protein was mainly by depression of lipogenic gene
expression (46).

In the present study, no significant difference was observed
in carcass weight, carcass length, and backfat thickness of pigs
during different growth stages, which is in accordance with a
previous study (42). However, a strongly negative correlation
(p < 0.05) was observed between the slaughter rate and bone
percentage (Tbone percentage = —0.62, 5-10kg) and skin rate
(7skin rate = —0.40, 10-20Kg; rgkin rate = —0.48, 20-30kg). As live
weight increases, there are significant increases in slaughter rate
(47), which is in accordance with that reported by Daza et al. (48).
These findings suggested that the increase in the slaughter rate of
Huanjiang mini-pigs might cause the sacrificed development of
skin or skeleton during the early growth stage.

CONCLUSIONS

In summary, as dietary CP levels increased, the F/G quadratically
decreased during the 5- to 10-kg growth stage, the ADG
quadratically increased during the 10- to 20-kg growth stage,
and the ADFI and ADG quadratically increased during the
20- to 30-kg growth stage. Increasing the dietary CP levels
linearly decreased the slaughter rate but linearly increased the
bone percentage of Huanjiang mini-pigs during different growth
stages. Taken together, it is the first time to provide the optimal
dietary CP levels 18.42, 16.70, and 14.00% for Huanjiang mini-
pigs during the 5- to 10-kg, 10- to 20-kg, and 20- to 30-kg growth
stages, respectively.

DATA AVAILABILITY STATEMENT

The data used to support the findings are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The animal study was conducted and according to the Chinese
guidelines for animal welfare and experimental protocols and
approved by the Animal Care and Use Committee of Institute
of Subtropical Agriculture, Chinese Academy of Sciences (No.
ISA-2019-4-29).

Frontiers in Veterinary Science | www.frontiersin.org

11

December 2021 | Volume 8 | Article 777671


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Zhao et al.

Dietary Protein Affect Pig Performance

AUTHOR CONTRIBUTIONS

XZ, XK, and YY designed the experiment and contributed to the
interpretation of the data. XZ was responsible for the original
draft written, modification of the manuscript, feeding of the
animal, sample collection, and lab analysis. HD participated in
sample collection for the trials. YL was involved in feeding of the
animal during the trial 1. PH provided the kind assistance during
lab analysis. JD provided constructive suggestions on the animal
feeding. All authors contributed to the article and approved the
submitted version.

FUNDING

This present study was jointly supported by the Production
and Research Talent Support Project of the CAS Wang
Kuancheng Initiative Talent Program, Special Funds for
Construction of Innovative Provinces in Hunan Province
(2019RS3022), the STS regional key project of the Chinese

REFERENCES

1. Huang Y, Zhou L, Zhang ], Liu X, Zhang Y, Cai L, et al. A large-
scale comparison of meat quality and intramuscular fatty acid composition
among three Chinese indigenous pig breeds. Meat Sci. (2020) 168:108182.
doi: 10.1016/j.meatsci.2020.108182

2. Zhou X, Li N, Luo Y, Liu Y, Miao E Chen T, et al. Emergence of African
swine fever in China. Transboundary Emerging Dis. (2018) 65:1482-4.
doi: 10.1111/tbed.12989

3. Wang W, Blachier E, Fu D, Pan J, Yang H, Guo J, et al. Ontogenic expression
of the amino acid transporter b (0,4)AT in suckling Huanjiang piglets:
effect of intra-uterine growth restriction. Br J Nutr. (2013) 110:823-30.
doi: 10.1017/S0007114512005843

4. Kong XE, Ji Y], Li HW, Zhu Q, Blachier F, Geng MM, et al. Colonic luminal
microbiota and bacterial metabolite composition in pregnant Huanjiang
mini-pigs: effects of food composition at different times of pregnancy. Sci Rep.
(2016) 6:37224. doi: 10.1038/srep37224

5. Ji Y, Kong X, Li H, Zhu Q, Guo Q, Yin Y. Effects of dietary nutrient
levels on microbial community composition and diversity in the ileal
contents of pregnant Huanjiang mini-pigs. PLoS ONE. (2017) 12:e0172086.
doi: 10.1371/journal.pone.0172086

6. JiY, Guo Q, Yin Y, Blachier F, Kong X. Dietary proline supplementation alters
colonic luminal microbiota and bacterial metabolite composition between
days 45 and 70 of pregnancy in Huanjiang mini-pigs. ] Anim Sci Biotechnol.
(2018) 9:18. doi: 10.1186/540104-018-0233-5

7. DuanY, Zhao Y, Zhu Q, Cai Q, Li H, Yin Y, et al. Dietary nutrient levels alter
the metabolism of arginine family amino acids in the conceptus of Huanjiang
mini-pigs. J Sci Food Agric. (2019) 99:2132-9. doi: 10.1002/jsfa.9405

8. Yang H, Fu D, Shao H, Kong X, Wang W, Yang X, et al. Impacts of birth
weight on plasma, liver and skeletal muscle neutral amino acid profiles and
intestinal amino acid transporters in suckling Huanjiang mini-piglets. PLoS
ONE. (2012) 7:€50921. doi: 10.1371/journal.pone.0050921

9. Fu D, Yang H, Kong X, Blachier E Wang W, Yin Y. Molecular cloning and

expression profiling of excitatory amino acid carrier 1 in suckling Huanjiang

mini-piglets with large or small body weight at birth. Mol Biol Rep. (2013)

40:3341-50. doi: 10.1007/s11033-012-2409-y

Yang H, Li E Xiong X, Kong X, Zhang B, Yuan X, et al. Soy isoflavones

modulate adipokines and myokines to regulate lipid metabolism in adipose

tissue, skeletal muscle and liver of male Huanjiang mini-pigs. Mol Cell

Endocrinol. (2013) 365:44-51. doi: 10.1016/j.mce.2012.09.002

Yang HS, Fu DZ, Kong XE Wang WC, Yang X], Nyachoti CM, et al.

Dietary supplementation with N-carbamylglutamate increases the expression

10.

11.

Academy of Sciences (KFJ-STS-QYZD-052), and the Tianjin
Synthetic Biotechnology Innovation Capacity Improvement
Project (TSBICIP-CXRC-038).

ACKNOWLEDGMENTS

The authors thank the staff and postgraduate students from
the Hunan Provincial Key Laboratory of Animal Nutritional
Physiology and Metabolic Process for collecting samples
and technicians from the CAS Key Laboratory of Agro-
ecological Processes in Subtropical Region for providing
technical assistance.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2021.777671/full#supplementary-material

of intestinal amino acid transporters in weaned Huanjiang mini-pig piglets. J
Anim Sci. (2013) 91:2740-8. doi: 10.2527/jas2013-5795

Kong XE Zhou XL, Lian GQ, Blachier F, Liu G, Tan BE, et al. Dietary
supplementation with chitooligosaccharides alters gut microbiota and
modifies intestinal Juminal metabolites in weaned Huanjiang mini-piglets.
Livest Sci. (2014) 160:97-101. doi: 10.1016/j.]ivsci.2013.11.023

Halas V, Nochta I. Mannan oligosaccharides in nursery pig nutrition and
their potential mode of action. Animals. (2012) 2:261-74. doi: 10.3390/ani20
20261

Pollmann SD. Effect of nursery feeding programs in subsequent grower
finisher pig performance. In: Proceeding of the Fourth Western Nutrition
Conference, University of Alberta. Edmonton, AB (1993). p. 653-64.

Zhang S, Heng ], Song H, Zhang Y, Lin X, Tian M, et al. Role of
maternal dietary protein and amino acids on fetal programming, early
neonatal development, and lactation in swine. Animals. (2019) 9:19.
doi: 10.3390/ani9010019

Che L, Hu L, Zhou Q, Peng X, Liu Y, Luo Y, et al. Microbial insight into
dietary protein source affects intestinal function of pigs with intrauterine
growth retardation. Eur ] Nutr. (2020) 59:327-44. doi: 10.1007/s00394-019-
01910-z

Ma N, Tian Y, Wu Y, Ma, X. Contributions of the interaction between dietary
protein and gut microbiota to intestinal health. Curr Protein Pept Sci. (2017)
18:795-808. doi: 10.2174/1389203718666170216153505

National Research Council. Nutrient Requirements of Swine. Eleventh Revised
Edition ed. Washington, DC: National Academic Press (2012).

Feeding Standard of Swine (NY/T 65-2004). The Ministry of Agriculture of the
People’s Republic of China, Beijing (2004).

. Mauch ED, Young JM, Serao NVL, Hsu WL, Patience JF, Kerr BJ, et al. Effect
of lower-energy, higher-fiber diets on pigs divergently selected for residual
feed intake when fed higher-energy, lower-fiber diets. J Anim Sci. (2018)
96:1221-36. doi: 10.1093/jas/sky065

Zou Y, Xiang Q, Wang ], Wei H, Peng, J. Effects of oregano essential oil or
quercetin supplementation on body weight loss, carcass characteristics, meat
quality and antioxidant status in finishing pigs under transport stress. Livest
Sci. (2016) 192:33-8. doi: 10.1016/j.1ivsci.2016.08.005

National Research Council. Nutrient Requirements of Swine. Tenth Revised
Edition ed. Washington, DC: National Academic Press (1998).

Tyler RW, Luce WG, Johnson RK, Maxwell CV, Hintz RL, Waiters LE. The
effects of level of crude protein on performance of growing boars. ] Anim Sci.
(1983) 57:364-72. doi: 10.2527/jas1983.572364x

Hansen BC, Lewis AJ. Effects of dietary protein concentration (corn:soybean
meal ratio) on the performance and carcass characteristics of growing boars,

21.

22.

23.

24.

Frontiers in Veterinary Science | www.frontiersin.org

12

December 2021 | Volume 8 | Article 777671


https://www.frontiersin.org/articles/10.3389/fvets.2021.777671/full#supplementary-material
https://doi.org/10.1016/j.meatsci.2020.108182
https://doi.org/10.1111/tbed.12989
https://doi.org/10.1017/S0007114512005843
https://doi.org/10.1038/srep37224
https://doi.org/10.1371/journal.pone.0172086
https://doi.org/10.1186/s40104-018-0233-5
https://doi.org/10.1002/jsfa.9405
https://doi.org/10.1371/journal.pone.0050921
https://doi.org/10.1007/s11033-012-2409-y
https://doi.org/10.1016/j.mce.2012.09.002
https://doi.org/10.2527/jas2013-5795
https://doi.org/10.1016/j.livsci.2013.11.023
https://doi.org/10.3390/ani2020261
https://doi.org/10.3390/ani9010019
https://doi.org/10.1007/s00394-019-01910-z
https://doi.org/10.2174/1389203718666170216153505
https://doi.org/10.1093/jas/sky065
https://doi.org/10.1016/j.livsci.2016.08.005
https://doi.org/10.2527/jas1983.572364x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Zhao et al.

Dietary Protein Affect Pig Performance

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

barrows, and gilts: mathematical descriptions. J Anim Sci. (1993) 71:2122-32.
doi: 10.2527/1993.7182122x

Fang LH, Jin YH, Do SH, Hong JS, Kim BO, Han TH, et al. Effects of dietary
energy and crude protein levels on growth performance, blood profiles, and
nutrient digestibility in weaning pigs. Asian-Australas ] Anim Sci. (2019)
32:556-63. doi: 10.5713/ajas.18.0294

Whang KY, Easter RA. Blood urea nitrogen as an index of feed efficiency and
lean growth potential in growing-finishing swine. Asian-Australas ] Anim Sci.
(2000) 13:811-6. doi: 10.5713/ajas.2000.811

Yue LY, Qiao SY. Effects of low-protein diets supplemented with crystalline
amino acids on performance and intestinal development in piglets
over the first 2 weeks after weaning. Livest Sci. (2008) 115:144-52.
doi: 10.1016/j.1ivsci.2007.06.018

Kerr BJ, Yen JT, Nienaber JA, Easter RA. Influences of dietary protein
level, amino acid supplementation and environmental temperature on
performance, body composition, organ weights and total heat production of
growing pigs. ] Anim Sci. (2003) 81:1998-2007. doi: 10.2527/2003.8181998x
Zhao Y, Tian G, Chen D, Zheng P, Yu J, He J, et al. Effects of varying levels
of dietary protein and net energy on growth performance, nitrogen balance
and faecal characteristics of growing-finishing pigs. Rev Bras Zootec. (2019)
48:€20180021. doi: 10.1590/rbz4820180021

Matthews JO, Gentry LR, Chapa AM, Higbie AD, Southern LL, Fernandez
LM, et al. Changes in plasma metabolites and hormones in pigs relative to
time of feeding. ] Anim Sci. (1998) 76:168.

Henry Y. Dietary factors involved in feed intake regulation in growing pigs: a
review. Livest Prod Sci. (1985) 12:339-54. doi: 10.1016/0301-6226(85)90133-2
Li Q, Patience JF. Factors involved in the regulation of feed and
energy intake of pigs. Anim Feed Sci Technol. (2017) 233:22-33.
doi: 10.1016/j.anifeedsci.2016.01.001

Cai Q, Tang W, Jiang H, Huang P, Yu Z, Huang X, et al. Effects of
Lactobacillus delbrueckii and xylo-oligosaccharides on growth performance
and plasma biochemical parameters of Huanjiang mini-pigs. Chin ] Anim
Nutr. (2019) 31:3891-7.

Hinson RB, Wiegand BR, Ritter M]J, Allee GL, Carr SN. Impact of
dietary energy level and ractopamine on growth performance, carcass
characteristics, and meat quality of finishing pigs. ] Anim Sci. (2011) 89:3572—
9. doi: 10.2527/jas.2010-3302

Henry Y. The effects of the dietary levels of lysine, threonine and tryptophan
on the voluntary feed intake in the growing pig. In: Fourth Symposium Protein
Metabolism and Nutrition. Clermont-Ferrand (1983). p. 407-10.

van Milgen ], Dourmad JY. Concept and application of ideal protein
for pigs. ] Anim Sci Biotechnol. (2015) 6:15. doi: 10.1186/s40104-015-
0016-1

Wang XQ, Zeng PL, Feng Y, Zhang CM, Yang JP, Shu G, et al. Effects of
dietary lysine levels on apparent nutrient digestibility and cationic amino acid
transporter mRNA abundance in the small intestine of finishing pigs, Sus
scrofa. Anim Sci J. (2012) 83:148-55. doi: 10.1111/§.1740-0929.2011.00941.x
Shi B, Liu J, Sun Z, Li T, Zhu W, Tang Z. The effects of different
dietary crude protein level on faecal crude protein and amino acid flow
and digestibility in growing pigs. ] Appl Anim Res. (2016) 46:74-80.
doi: 10.1080/09712119.2016.1260570

Rubio LA. Carbohydrates digestibility and faecal nitrogen excretion in rats
fed raw or germinated faba bean (Vicia faba)- and chickpea (Cicer arietinum)-
based diets. Br ] Nutr. (2003) 90:301-9. doi: 10.1079/bjn2003903

40. Aquilani C, Sirtori E Franci O, Acciaioli A, Bozzi R, Benvenuti D, et al.
Effects of different protein levels on the nitrogen balance, performance and
slaughtering traits of cinta senese growing pigs. Animals. (2019) 9:1021.
doi: 10.3390/ani9121021

Jiao X, Ma W, Chen Y, Li Z. Effects of amino acids supplementation
in low crude protein diets on growth performance, carcass traits and
serum parameters in finishing gilts. Anim Sci J. (2016) 87:1252-7.
doi: 10.1111/asj.12542

Zhao Y, Tian G, Chen D, Zheng P, Yu ], He J, et al. Effect of different
dietary protein levels and amino acids supplementation patterns on
growth performance, carcass characteristics and nitrogen excretion
in growing-finishing pigs. J Anim Sci Biotechnol. (2019) 10:75.
doi: 10.1186/s40104-019-0381-2

Bailey CR, Duff GC, Sanders SR, Treichel JL, Baumgard LH, Marchello JA,
et al. Effects of increasing crude protein concentrations on performance and
carcass characteristics of growing and finishing steers and heifers. Anim Feed
Sci Technol. (2008) 142:111-20. doi: 10.1016/j.anifeedsci.2007.08.001

Wang YM, Yu HT, Zhou JY, Zeng XE Wang G, Cai S, et al. Effects of
feeding growing-finishing pigs with low crude protein diets on growth
performance, carcass characteristics, meat quality and nutrient digestibility
in different areas of China. Anim Feed Sci Technol. (2019) 256:114256.
doi: 10.1016/j.anifeedsci.2019.114256

Labussiere E, Dubois S, van Milgen J, Bertrand G, Noblet, J. Effects of dietary
crude protein on protein and fat deposition in milk-fed veal calves. ] Dairy Sci.
(2008) 91:4741-54. doi: 10.3168/jds.2008-1203

Zhao S, Wang J, Song X, Zhang X, Ge C, Gao S. Impact of dietary protein
on lipid metabolism-related gene expression in porcine adipose tissue. Nutr
Metab. (2010) 7:6. doi: 10.1186/1743-7075-7-6

Correa JA, Faucitano L, Laforest JP, Rivest ], Marcoux M, Gariepy
C. Effects of slaughter weight on carcass composition and meat
quality in pigs of two different growth rates. Meat Sci. (2006) 72:91-9.
doi: 10.1016/j.meatsci.2005.06.006

Daza A, Mateos A, Ovejero I, Bote CJ. Prediction of body composition of
Iberian pigs by means bioelectrical impedance. Meat Sci. (2006) 72:43-6.
doi: 10.1016/j.meatsci.2005.05.026

41.

42.

43.

44,

45.

46.

47.

48.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhao, Liu, Ding, Huang, Yin, Deng and Kong. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

13

December 2021 | Volume 8 | Article 777671


https://doi.org/10.2527/1993.7182122x
https://doi.org/10.5713/ajas.18.0294
https://doi.org/10.5713/ajas.2000.811
https://doi.org/10.1016/j.livsci.2007.06.018
https://doi.org/10.2527/2003.8181998x
https://doi.org/10.1590/rbz4820180021
https://doi.org/10.1016/0301-6226(85)90133-2
https://doi.org/10.1016/j.anifeedsci.2016.01.001
https://doi.org/10.2527/jas.2010-3302
https://doi.org/10.1186/s40104-015-0016-1
https://doi.org/10.1111/j.1740-0929.2011.00941.x
https://doi.org/10.1080/09712119.2016.1260570
https://doi.org/10.1079/bjn2003903
https://doi.org/10.3390/ani9121021
https://doi.org/10.1111/asj.12542
https://doi.org/10.1186/s40104-019-0381-2
https://doi.org/10.1016/j.anifeedsci.2007.08.001
https://doi.org/10.1016/j.anifeedsci.2019.114256
https://doi.org/10.3168/jds.2008-1203
https://doi.org/10.1186/1743-7075-7-6
https://doi.org/10.1016/j.meatsci.2005.06.006
https://doi.org/10.1016/j.meatsci.2005.05.026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Effects of Different Dietary Protein Levels on the Growth Performance, Serum Biochemical Parameters, Fecal Nitrogen, and Carcass Traits of Huanjiang Mini-Pigs
	Introduction
	Materials and Methods
	Experimental Animals, Treatments, and Housing
	Measurement of Growth Performance
	Sampling and Chemical Analyses
	Assessment of Carcass Traits
	Statistical Analyses

	Results
	Effects of Dietary CP Levels on Growth Performance of Huanjiang Mini-Pigs During Different Growth Stages
	Effects of Dietary CP Levels on Serum Biochemical Parameters and Fecal Nitrogen Content of Huanjiang Mini-Pigs During Different Growth Stage
	Effects of Dietary CP Levels on Carcass Traits of Huanjiang Mini-Pigs During Different Growth Stages
	Relations Between Dietary CP Levels and Carcass Traits
	Correlations Between Carcass Traits

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


