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Abstract. Alfalfa (Medicago sativa) is a high-yielding perennial legume, cultivated worldwide with rich
nutritional characteristics, and active compounds. A total of 48 crossbred (Duroc x Landrace x Yorkshire)
piglets weaned at 28 days old with an average body weight of 8.42 &+ 1.88 kg was used in this study. The
results indicated that the supplementation of 6-12% alfalfa fibre significantly (P < 0.05) increased the
growth performance. The digestibility of crude protein (CP) increased at higher dietary alfalfa fibre
concentrations. The crude fibre (CF) and dry matter (DM) levels increased first and then decrease at
higher alfalfa fibre concentration. The inclusion of alfalfa fibre increased the nitrogen (N) metabolism
through increasing N digestibility and utilization and decrease fecal and urinary N content. In addition,
the supplementation of alfalfa fibre increased the albumin, globulins, and total protein levels. However,
dietary alfalfa fibre decreased blood glucose levels, cholesterol, triglyceride, aspartate aminotransferase,
and alanine aminotransferase. There was a significant increase in the villus height (VH), crypt depth
(CD), and villus height to crypt depth (VH-CD) ratio after introducing alfalfa fibre in the diet. Therefore,
the inclusion of alfalfa fibre to piglet’s diet is significant in improving the production performance and
health in piglets.
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Introduction

The increasing consumer demand for organic food products such as natural pork and
the emergence of antibiotic resistance among many pathogenic microorganisms has
necessitated the search for an alternative approach to healthy production systems and
the control of microbial infection in pigs (Che et al., 2018; Adams et al., 20193, 2019b).
The use of different plant base components such as dietary fibre, prebiotics, and
polysaccharide seem to be promising (Griggs and Jacob, 2005; Che et al., 2018; Adams
et al., 2018a). However, there are differences in the nutritional composition of different
fibre containing feedstuffs (Jarrett and Ashworth, 2018). Dietary fibre can be defined as
the indigestible portion of food obtained from plants which form the main component of
many animals (pig) diet (Jarrett and Ashworth, 2018). Dietary fibre influences the
functions of the gastrointestinal tract and the health of both animals and human (Bikker
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et al., 2006; Adams et al., 2018b). The consumption of high dietary fibre decreases the
bioavailability of some key nutritional components such as some minerals and vitamins
(Adams et al., 2018b) and may influence the rate of digestion of food substances and
energy metabolism (Adams et al., 2018c). The intake of high-fibre diet can also increase
the activities of the gut microbial composition (Varel 1987; Metzler and Mosenthin
2008), hence producing short-chain fatty acid that accounts for 10-30% of the total
energy requirement of animals (Christensen et al., 1999).

Alfalfa is a high-yielding perennial legume which is cultivated worldwide with rich
nutritional characteristics and active compounds (Yu et al., 2014; Chen, et al., 2016).
Alfalfa fibre is primarily composed of insoluble dietary fibre, such as cellulose, lignin,
and xylans, which represents more than 90% of the total dietary fibre composition of
alfalfa (Bach Knudsen, 1997; Chen et al., 2013a). Alfalfa meal is high in protein and
minerals as well as vitamins (Ensminger, 1992). For example, alfalfa contains vitamins
such as: A, B1, B2, B6, B12, C, D, E, K, Niacin, Panthothanic acid, Inocitole, Biotin,
and Folic acid with minerals such as: Boron, Calcium, Chlorine, Copper, Cobalt, Iron,
Magnesium, Manganese, Molybdenum, Phosphorus, Potassium, Sodium, and Sulphur,
as well as, well balanced amino acids, rich in carotenoids, and xanthophylls (Sen et al.,
1998; Ponte et al., 2004; Jiang et al., 2012). Reportedly, alfalfa contains 17.5% CP,
24.1% CF, and 1,200 kcal/kg metabolizable energy (National Research Council, 1994).
Wang et al. (2018) indicated that the growth of pigs on alfalfa pastures produces natural
and good quality pork, which is currently gaining more attention in Europe and North
America. Interestingly, for the production of better quality pork, alfalfa is used as a
fresh fodder in some traditional style pig production systems in China (Wang et al.,
2018). Alfalfa fibre is a high-quality protein feed hence increasing its supplementation
may improve the nutritional requirement of pigs and improve the growth of piglets. Few
studies reported that the supplementation of natural compounds such as flavonoids
extracted from alfalfa had insignificant estrogenic impacts, which may increase the
production performance, enhance antioxidant, anti-stress induction, and eradicate free
radicals from animals (Xie, 2001).

Weaning in piglets is a harsh condition that is mostly associated with a growth
disorder and health effects. Weaning piglets are associated with less feed consumption
and low nutrient metabolism due to the immature digestive systems, stress as a result of
the separation from the dam and littermates, and the sudden change from the easily
digestible sow’s milk to a less digestible solid feed (Chen et al., 2017). These piglets
have limited susceptibility to diseases and infections from enteric bacteria accompanied
with frequent diarrhea, stunted growth, low nutrient utilization efficiency, and even
mortality (Kick et al., 2012; Che et al., 2018). The supplementation of alfalfa in the diet
of pigs has increased in recent years due to the beneficial effects of dietary alfalfa
consumption. Dietary alfalfa supplementation increased the short-chain fatty acid
concentration in fecal samples of growing pigs (Chen et al., 2013a). Also, alfalfa
increased the microbial activities and butyrate levels in the hindgut of the intestinal tract
of pigs (Wang et al., 2018).

Therefore, we hypothesize that supplementing alfalfa fibre in the diet of weaning
piglets may increase the production performance, blood biochemical composition, and
improve the intestinal development and health. Hence, the aim of this study was to
investigate the effects of dietary alfalfa fibre supplementation on the growth
performance, nutrient digestibility, N metabolism, blood biochemical composition, and
intestinal development in piglets.
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Materials and methods
Experimental site and location

The animal feeding experiment was conducted from 27th June to 21st August, 2017,
involving 7 days of a pre-feeding period and a 48 days’ formal test period at the animal
breeding station of Jilin Agricultural University, located in Changchun city in the Jilin
Province in the People’s Republic of China. Jilin is found on latitude 43°42° N and
longitude 126°12° E, and Changchun is on latitude 43°88’ N and longitude 125°35° E.
The annual rainfall ranges between 350-1000 mm (March-August) and the dry season
between September — February. Winter ranges between November — March with
temperatures between -8 °C (17 °F) — -20 °C (-4.6 °F) and summer temperatures
between 16 °C (61.4 °F) and 28 °C (81.2 °F) around May-July.

Sample preparation

The alfalfa was obtained from the STONE WINGSII, LLC. & SW Forage, LLC,
USA. The alfalfa fibre was extracted by crushing it through a 5 mm sieve and the
extract was stored in a closed vessel at room temperature prior to being incorporated
into the trial diets.

Experimental animals, design and feeding management

A total of 48 crossbred (Duroc x Landrace % Yorkshire) piglets weaned at 28 days
old with an average body weight of 8.42 + 1.88 kg were used in this study (Fig. 1). The
trials were divided into four treatment groups according to a completely randomized
design with each treatment group comprised of four replicates and each replicate
contains three piglets. The animals were housed in pens (1.8 x 1.2 m) with a concrete
slatted floor each pen contained three piglets. The pens were cleaned on a daily basis to
prevent disease outbreak in piglets. The animals were allowed to acclimatize to the diets
for a week prior to the beginning of the experiment and lasted for 48 days. Four
experimental diets containing 0.00% alfalfa fibre (control group, MO0), 6.00% alfalfa
fibre (M6), 12.00% alfalfa fibre (M12), and 18.00% alfalfa fibre (M18) were formulated
according to the requirements of the National Research Council (2012). The diets
contain soybean meal and cracked corn as the main sources of protein and energy
respectively (Table 1). The piglets were fed twice a day at 08: 30 am and 05:30 pm and
had ad libitum access to clean drinking water. Feed intake and leftover were recorded
daily in the morning for each animal.

“ﬂ‘.““' A \

Figure 1. Photo of experimental pigs
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Table 1. Composition and nutritional levels of the basal diets (g kg™ as fed)

Items MO M6 M12 M18

Corn 53.50 50.29 45.00 40.00

Soybean meal 28.00 26.32 24.64 22.00

Alfalfa fibre 0.00 6.00 12.00 18.00

Fish meal 3.00 2.82 3.69 5.10

Whey powder 9.00 5.50 5.50 5.00
Wheat bran 1.00 1.00 1.00 1.00
Limestone powder 1.30 1.22 1.14 0.90
Calcium hydroxide 0.80 0.75 0.70 0.66
Wheat middlings feed 2.00 1.88 1.76 1.64
Rapeseed oil 0.60 1.50 3.56 4.70
Premix 1.00 1.00 1.00 1.00

Nutritional level

Digestive energy Mcal/kg 341 3.33 3.31 3.26

Ccp 20.10 20.02 20.06 20.27

CF 2.83 4.21 5.55 6.84

Lysine% 1.14 1.12 1.12 1.13
Methionine % + cysteine % 0.69 0.67 0.65 0.65
Threonine% 0.81 0.81 0.81 0.82
Isoleucine% 0.87 0.86 0.86 0.87
Leucine% 1.72 1.68 1.65 1.64

Proline % 0.92 0.92 0.92 0.91
Phenylalanine% 0.99 0.98 0.98 0.99
Tryptophan% 0.30 0.32 0.34 0.38
Calcium to phosphorus ratio 2:1 2:1 2:1 2:1

Premix is available per kg of feed: VA 130-396 KIU, VD2 30-124 KIU, VE 400 mg, VK2 40-150 mg,
VB1 25 mg, VB2 75 mg, Cu 1500-7500 mg, Fe 1500-7500 kg, Zn 1500-3700 kg, Mn 400-3700 kg,
moisture 9%, sodium chloride NaCl 6-14%, total phosphorus P 2%, lysine Lys 1.3%, Ca 10-20%,
Phytase 12500U. MO: 0.00% alfalfa diet, M6: 6.00% alfalfa diet, M12: 12.00% alfalfa diet, M18:
18.00% alfalfa diet

Sample collection

The fecal samples were collected continuously from 08:30 am to 05:30 pm on day 40
to day 45 of the trial period for the determination of nutrient digestibility. The urine was
collected within the same time frame as the fecal samples. After each collection, 10%
hydrochloric acid was added for fixation of fecal and urine N. The fecal samples were
thawed and homogenized within the group, weighed, and dried at 55 °C for 72 h. The
dry fecal samples were ground through a 1-mm screen sieve and stored in -20 °C until
chemical analysis. The experimental diets were sampled and stored in -20 °C for the
DM, CP, and CF analysis. Blood samples were collected from the precaval vein by
venepuncture at 8:30 am on day 47 after 12 h of fasting and centrifuged at 1500xg for
30 min at 4 °C. The serum samples were then isolated and frozen at -20 °C until
analysis. At the end of the experiment on day 48, all the pigs were electrically stunned
and killed by exsanguination. The abdominal cavity was immediately opened to remove
the duodenum, jejunum, and ileum. The middle part (5 cm) of the duodenum, jejunum,
and ileum was collected and fixed in 10% formalin solution for intestinal morphological
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analysis. The sample of mucosa scraped obtain from the duodenum, jejunum, and ileum
was immediately frozen in liquid N, then stored in -80 °C until biochemical analysis
(Wu et al., 2018).

Determination of growth performance

The piglets were weighed early in the morning prior to feeding on the first and last
days of the feeding trials. The average daily feed intake (ADFI) was determined by
estimating the total feed consumption per day. The average daily gain (ADG) was
calculated by subtracting the initial body weight from the final body weight and divided
by the days of the experiment. Feed conversion ratio (FCR) was determined by dividing
the feed intake by the body weight gain.

Determination of nutrient digestion

The feed and fecal samples were analyzed for CP, CF, and DM digestibility
according to the procedures described by (Hassanat et al., 2017; Che et al., 2018).
Briefly, the DM content was estimated by drying feed and fecal samples in a vacuum
oven at 100 °C overnight (AOAC, 1990; method 934.01). The CP (N x 6.25) was
estimated using the macro-Kjeldahl procedure (AOAC, 1990; method 990.03) and the
CF was determined using the procedures adapted for use in an Ankom200 Fiber
Analyzer (Ankom Technology Corp., Fairport, NY).

Determination of nitrogen metabolism

The N content of all the samples was analyzed using the KjeltecTM 8400 automated
Kjeldahl analyzer (PT Haes Brothers, Laboratory & Scientific Equipment). The
following formula (Egs. 1-6) was used to estimate the N metabolism in the diet, urine,
and fecal samples.

daily feed intake =CPY in the diet *15.67

The N intake (g) = — (Eq.1)

N in feces (g) = average daily fecal DM(g) X fecal N(%) (Eq.2)
N in urine (9) = average daily urine (mL) X N in urine (%) (Eq.3)

N deposition (g) = N intake (g) — fecal N(g) — N in urine (Eq.4)

N intake —focal N

Apparent N digestibility (%) = X 100 (Eq.5)

N intake

N intake —fecal N—N in urine

N utilisation = % 100 (Eq.6)

N intake

Determination of blood biochemical composition of piglets

The albumin, globulin, blood glucose, urea N, triglyceride, cholesterol, aspartate
aminotransferase, and alanine aminotransferase in the serum were determined by an
automatic  blood analyzer (7020 Clinical Analyzer, https://www.hitachi-
hightech.com/global/) according to the manufacturer’s instruction.
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Piglet’s intestinal morphological analysis

The intestinal segments such as the duodenum, jejunum, and the ileum was analyzed
for the VH, CD, and VH - CD ratio using paraffin sectioning and the procedures
described by Wu et al. (2018). Briefly, the paraffin sections were made by 1. Flushing:
The trimmed tissue samples were wrapped in gauze and rinsed under running water for
24 h. 2. Dehydration: The washed tissue samples were taken out and placed on alcohol
for dehydration. The concentration of alcohol as a dehydrating agent is gradually
increased from 30% so that the tissue sample is gradually dehydrated, and finally
dehydrated thoroughly with absolute ethanol. 3. Transparent: The dehydrated tissue
sample was soaked in a solution prepared with alcohol and xylene 1:1 to replace the
alcohol in the tissue sample for transparent treatment. 4. Immersion wax: After the
tissue sample was treated with xylene and alcohol solution, it was preheated in an oven
at 57 °C, and then placed in soft wax a, soft wax b and hard wax for 1 h each time, so
that the paraffin was fully immersed in the sample. 5. Embedding: The melted paraffin
was poured into a carton, the wax-impregnated tissue was placed into it, then cooled in
cold water, solidify and cut into cubes. 6 Slices: The embedded wax blocks were placed
on a microtome for continuous sectioning and the cut paraffin pieces were placed in hot
water to be flatly attached to the glass slides and dried in an oven at about 40 °C. 7.
Dewaxing: The dried chips were first placed in a xylene solution for dewaxing and then
immersed in absolute ethanol at 95%, 85%, 70% and 50% alcohol in each 2 min, and
finally rinsed with distilled water. 8. Hematoxylin and Eosin (H & E) staining: The
dewaxed sections were first immersed in hematoxylin dye for 10 min, then rinsed with
distilled water, and placed in hydrochloric acid for 5 seconds. The sections were taken
out and rinsed with tap water. Put it in 50%, 70%, 85%, 95% alcohol for 2 min, and
finally dye with 0.5% eosin alcohol. 9. Dehydrated and transparent: The stained slices
were dehydrated by placing alcohol in different solubility and then placed in a xylene
solution for transparent treatment. 10. Sealing: Neutral resin is dropped on the slice,
then covered with a cover glass, and the sealed slice was observed under a microscope.

Data analysis

The data were analyzed using a one-way analysis of variance ANOVA procedure of
SPSS software version 20.0 (SPSS Inc., Chicago, IL, USA). A probability value of p
valve <0.05 was considered statistically significant and were differences between means
was noticeable, Duncan multiple range tests (DMRT) was employed to ascertain the
difference among the treatments.

Results
Growth performance of weaning piglets

As shown in Table 2, the addition of the M6 and M12 alfalfa fibre to the diet
increased the ADG in piglets. However, there was a decrease in the ADG at M18 alfalfa
fibre supplementation. There was no significant difference (P > 0.05) between the MO
and the other treatment groups however the M18 group was significantly lower
(P < 0.05) than the M6 and M12. The ADFI of the M6 group was higher than that of the
other treatment groups. The ADFI of the M6 group was significantly higher (P < 0.05)
than the MO group and the M18 group, but not significantly different (P > 0.05) from
the M12 group (P < 0.05). There was no significant difference (P > 0.05) in the FCR
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between the MO group and the other treatment groups. The M6 group recorded the

highest FCR and the M12 group had the lowest FCR.

Table 2. Effects of alfalfa fibre on the growth performance of piglets

Items MO M6 M12 M18
ADG (kg) 0.44+0.08% 0.5140.032 0.47+0.06* 0.37+0.03"
ADFI (kg) 0.96+0.18° 1.1840.112 1.02+0.14%® 0.82+0.05°

FCR 2.19+0.09 2.31%0.19 2.1420.06 2.2240.13

In the same row, values with different small letter superscripts mean a significant difference (P < 0.05),
while with the same or no letter superscripts mean no significant (P > 0.05). ADG: average daily gain,
ADFI: average daily feed intake, FCR: feed conversion ratio. M0O: 0.00% alfalfa diet, M6: 6.00% alfalfa
diet, M12: 12.00% alfalfa diet, M18: 18.00% alfalfa diet.

Nutrient digestion of weaning piglets

The effect of dietary alfalfa fibre supplementation on nutrient digestibility of piglets
was shown in Table 3. The digestibility of CP in piglets increased with the increase in
the proportion of alfalfa fibre in the diet, but there was no significant effect (P > 0.05)
among treatments. The digestibility of CF increases first, and then decreases with the
addition of high concentrations of alfalfa to the meal. There was no significant
difference (P > 0.05) between the treatment groups. The digestibility of DM in M6
group was higher than the other treatment groups and significantly different (P < 0.05)
from the M12 group and the M18 group but not different (P > 0.05) from the MO group.
The MO group was significantly different from the M12 group.

Table 3. Dietary supplementation of alfalfa fibre on nutrient digestibility of piglets (%)

Items MO M6 M12 M18
CP 79.72+1.19 80.99+1.12 81.93+2.53 83.15+2.03
CF 47.80+1.70 49.37+0.61 47.724+0.93 46.95+5.10
DM 82.29+0.77% 82.63+1.302 79.76+0.82°¢ 80.22+1.39%¢

In the same row, values with different small letter superscripts mean a significant difference (P < 0.05)
while with the same or no letter superscripts mean no significant (P > 0.05). CP: crude protein, CF:
crude fibre, DM: dry matter. MO: 0.00% alfalfa diet, M6: 6.00% alfalfa diet, M12: 12.00% alfalfa diet,
M18: 18.00% alfalfa diet.

Nitrogen metabolism of piglets

As shown in Table 4, the intake of N in each group varied due to the difference in
feed consumption of piglets. The N intake in M12 was higher and significantly different
(P <0.05) from the M18 group but not significantly different (P > 0.05) from the MO
and M12. The fecal N content of piglets decreased with the increase in the concentration
of alfalfa fibre in the diet. The fecal N content in the MO was higher and significantly
different (P < 0.05) from the M12 and M18, but not significantly different (P > 0.05)
from the M6. The urine N content in the M18 was higher and significantly different
(P <0.05) from the M6 group, but not significantly different (P >0.05) from the MO
and M12. The apparent N digestibility and N deposition were higher in the M12 in
comparison with the other treatment groups. The apparent N digestibility in the M12
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was significantly different (P < 0.05) from the MO, but not significantly different from
the other two treatment groups, while the N deposition in the M12 was significantly
different from the M18, but not significantly different (P > 0.05) from the MO and M6.
The N deposition rate and N utilization rate in the M6 were significantly higher
(P <0.05) in comparison with the MO and M18, but not significantly different
(P > 0.05) from the M12 group.

Table 4. Effects of alfalfa fibre supplementation on N metabolism in piglets

Items MO M6 M12 M18
N intake (g/d) 44.26+1.15% | 4528+1.58% | 47.78+2.86% | 42.08+4.22°
N in feces (g/d) 4.29+0.40? 3.8540.08% 3.76+0.20° 3.64+0.11°
N in urine (g/d) 9.24+0.31% | 7.21+£1.16P 8.92+1.66%® 9.52+1.012
N apparent digestibility (%) 90.30+1.03° | 91.50+0.32% | 92.13+£0.62% | 91.32+0.62%
N deposition (g/d) 30.73+1.68%® | 33.58+1.46% 34.47+2.01* | 28.91+2.68°
N deposition rate (%) 69.41£2.03% | 74.14+0.76% | 72.17£1.99% | 68.73+0.54¢
N utilization rate (%) 76.85+1.54° | 81.03+0.79% | 78.33+2.12% | 75.27+1.10°

In the same row, values with different small letter superscripts mean a significant difference (P < 0.05)
while with the same or no letter superscripts mean no significant (P > 0.05). N: nitrogen. M0: 0.00%
alfalfa diet, M6: 6.00% alfalfa diet, M12: 12.00% alfalfa diet, M18: 18.00% alfalfa diet.

Blood biochemical parameters of piglets

As shown in Table 5, the concentrations of albumin, globulin, and total protein
increased first and then decreases with the increase in alfalfa fibre in the diet of piglets.

Table 5. Effects of alfalfa fibre on blood biochemical indexes of weaning piglets

Items MO M6 M12 M18
Albumin (g/L) 24.0+0.82° 25.0£2.16° 29.5+3.79% | 25.81+£3.19°
Globulin (g/L) 32.440.70 33.0+1.37 32.85+4.9 32.73+3.78
Total protein (g/L) 56.4+0.98 58.04£2.60 62.35+8.47 | 57.48+3.70
Blood glucose (mmol/L) 3.87+0.26 3.75£0.56 3.78+0.55 3.9240.33
Urea N (mmol/L) 4.64+0.40° 3.39+0.06° 4.08+0.02% | 4.29+0.417
Triglyceride (mmol/L) 0.60+0.032 0.56+0.362 0.47+0.06° 0.58+0.06%
Cholesterol (mmol/L) 2.3+0.06 2.19+0.16 2.06+0.14 2.18+0.32
Aspartate aminotransferase (u/L) 48.0£3.16 46.0£3.74 47.5+6.45 48.5+7.77
Alanine aminotransferase (u/L) 42.5+2.89 39.542.65 41.25+4.27 40.75+4.5

In the same row, values with different small letter superscripts mean a significant difference (P < 0.05),
while with the same or no letter superscripts mean no significant (P > 0.05). M0O: 0.00% alfalfa diet,
M6: 6.00% alfalfa diet, M12: 12.00% alfalfa diet, M18: 18.00% alfalfa diet.

The albumin concentration in the M12 group was significantly different (P < 0.05) from
the other treatment groups. There was no significant difference (P >0.05) in the
globulin and total protein levels between the treatment groups. However, the highest
globulin concentration was recorded in the M6, while the highest total protein level was
registered in the M12. There were no significant differences (P >0.05) in the blood
glucose, cholesterol, aspartate aminotransferase, and alanine aminotransferase
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concentrations between the groups. The highest blood glucose and aspartate
aminotransferase concentrations were observed in the M18 group, while the highest
alanine aminotransferase was observed in the MO group. While the highest cholesterol
was observed in the MO group. The concentration of urea N decreased with the addition
of alfalfa fibre to the diet and later increased with the increase in the proportion of
alfalfa fibre, but not higher than the control. The urea N level in the M6 was
significantly lower (P < 0.05) in comparison with the MO and M18, but not significantly
different (P > 0.05) from the M12 group. The triglyceride concentration in the M12 was
significantly lower (P <0.05) in comparison with the other three groups. The MO
recorded the highest triglyceride concentration.

Intestinal development of weaning piglets

As shown in Table 6 and Figure 2, the M12 group registered the highest VH in the
duodenum of each treatment group and the VH of the M12 was significantly higher
(P <0.05) than the VH in the M18, but not significantly different (P > 0.05) from the
MO and M6. The CD of the duodenum was higher in the M18, but there was no
significant difference (P > 0.05) between the treatment groups. The VH - CD ratio of
the duodenum was significantly lower (P < 0.05) in the MO group in comparison with
the other groups. From Table 6 and Figure 3, the VH in the jejunum was significantly
higher (P <0.05) in the M12 group in comparison with the MO, but not significantly
different from the M6 and M18. There was no significant difference (P > 0.05) in the
CD of the jejunum between the treatment groups. However, the M12 recorded the
highest CD. The VH - CD ratio of the jejunum was significantly higher (P < 0.05) in the
M18 in comparison with the MO and M6, but not significantly different (P > 0.05) from
the M12. From Table 6 and Figure 4, the VH of the ileum first increased with the
increase in the concentration of alfalfa fibre in the diet and later decreased at higher
dietary alfalfa fibre levels. However, there was no significant difference (P > 0.05)
between the treatment groups. The CD of the ileum was significantly higher (P < 0.05)
in the M12 in comparison with the M0 and M6, but not significantly different (P > 0.05)
from the M18. The VH - CD ratio of the ileum was higher in the M6, but there was no
significant difference (P > 0.05) between the treatment groups.

Table 6. Effect of alfalfa fibre supplementation on intestinal development of weaning piglet

Item Properties MO M6 M12 M18

VH (pm) 561.48+19.36® | 563.85+44.35%® | 594.18+28.78% | 524.19+44.35°
Duodenum | CD (um) 247.76+19.46 245.62+33.16 237.08+33.29 287.64+58.69
VH:CD 1.10+0.10° 1.44+0.222 1.57+0.242 1.60+0.12
VH (um) 459.25+40.95" 489.24+66.61 | 538.94+37.89% | 481.25+30.18%
Jejunum CD (um) 187.92+22.65 204.91£27.69 223.69+59.21 194.63+66.64

VH:CD 2.47£0.37° 2.44+0.62° 2.54+0.68% 2.71£0.9228
VH (um) 394.61+34.41 406.16+29.21 426.87+50.71 369.46+30.90

lleum CD (um) 182.37+37.81° 190.60+45.86° | 253.85+15.132 | 244.03+14.25%
VH:CD 2.20+0.37 2.2340.59 1.68+0.13 1.51£0.03

In the same row, values with different small letter superscripts mean a significant difference (P < 0.05),
while with the same or no letter superscripts mean no significant (P > 0.05). VH: Villus Height, CD:
Crypt Depth, VH:CD means the ratio of the Villus Height to Crypt Depth. M0: 0.00% alfalfa diet, M6:
6.00% alfalfa diet, M12: 12.00% alfalfa diet, M18: 18.00% alfalfa diet
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Figure 1. Intestinal morphometry analysis of the villus height, crypt depth, and villus height to
crypt ratio in the duodenum among the different treatment groups
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Figure 2. Morphological analysis of the villus height, crypt depth, and villus height to crypt
ratio in the jejunum among the different treatment groups

Figure 3. Morphological analysis of the villus height, crypt depth, and villus height to crypt
ratio in the ileum among the different treatment groups
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Discussion
Growth performance of pigs

The current study showed that the addition of different dietary concentrations of
alfalfa fibre to the diet of piglets promotes their growth performance. However, at
higher concentrations, there was a downward trend in the growth performance of
piglets. These findings indicated that supplementing the optimum concentrations (6.00-
12.00%) of alfalfa fibre to the diet of piglets will significantly promote the growth and
development of piglets. Our results were in agreement with the findings of (Che et al.,
2018; Adams et al., 2018a; Wang et al., 2010; Yuan et al., 2006). In supplementing
Astragalus membranaceus fibre to the diet of weaning piglets (Che et al. 2018) and
Adams et al. (2018a) observed an increase in the growth performance of piglets weaned
at 28 days old. Similarly, Yuan et al. (2006) observed an increase in the growth
performance of piglets after feeding on Astragalus polysaccharides. Also, after feeding
on both Astragalus membranaceus roots powder and Astragalus polysaccharide, Wang
et al. (2010) observed an increase in the growth performance of broiler chicks. Wang et
al. (2016) reported an increase in the growth performance of weaning pigs fed with
sugar beet pulp. Chen et al. (2016) reported that adding alfalfa flavonoid to the diet of
Yangzhou geese increased their growth performance. However, supplementing higher
concentration (18.00%) of alfalfa fibre will have a detrimental effect on the growth
performance of weaning piglets. This is because weaning piglets cannot utilize the high
fibre content present at the maximal concentrations of alfalfa fibre due to the immature
gastrointestinal tract and less gut microbial composition and diversity (Che et al., 2018).
Similarly, Chen et al. (2017) and Adams et al. (2018b) indicated that piglets have
immature gastrointestinal systems and adapting to a less digestible solid feed such as
dietary fibre seems challenging. The supplementation of dietary fibre to the diet of
piglets promotes the growth and health of piglets, as these fibre components can be
fermented by microorganisms in the intestinal tract to produce large volumes of short-
chain fatty acid, that serves as the main energy source for weaning piglets (Christensen
et al., 1999; Che et al., 2018), reduce the population of enteric bacteria in the gut that
causes piglet diarrhea during weaning (Li et al., 2011; Che et al., 2018). In contrast to
our findings, Wellock et al. (2008) observed a decrease in the growth performance of
piglets after feeding on a dietary fibre supplemented diet. In addition, there was no
effect on the growth performance of lambs after feeding on a diet supplemented with
sugar beet pulp and roasted canola seed (Asadollahi, et al., 2018). Also, Jin et al. (2018)
observed no change in the growth performance of growing lambs after feeding on a
dietary Urtica cannabina supplemented diet. Moreover, dietary supplementation of
alfalfa saponins had no effect on the growth performance of lambs (Liu et al., 2018).
Furthermore, Wang et al. (2018) observed no effect on the ADG and ADFI in piglets
after feeding on alfalfa containing diet. Jiang et al. (2012) observed no change in the
growth performance of ducks fed with alfalfa meal. The difference between our findings
and these studies may be due to the difference in animal species and the fibre source or
alfalfa plant concentration applied. Therefore, dietary inclusion of alfalfa fibre at an
optimum level can positively promote the growth performance of piglets.

Nutrient digestion of piglets

Che et al. (2018) indicated that the main importance of any nutritional supplement
added to an animal’s diet was as a result of its ability to be utilized by the animal.
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Hence, the digestibility of nutritional components of a dietary supplement is a vital
parameter in evaluating its inclusion in the diet. The findings of this study indicated that
the supplementation of alfalfa fibre to the diet of piglets increased their nutrient
digestibility. This study showed that the digestibility of CP increased with the increase
in alfalfa fibre concentrations in the diet. Also, the CF and DM digestibility first
increased with the addition of alfalfa fibre and then decreased as the concentration
increases. Similarly, Jin et al. (2018) observed an increase in the CP digestibility after
supplementing Urtica cannabina in the diet of growing lambs. In addition, Lara et al.
(2018) observed an increase in nutrient digestibility in wethers after feeding on corn
silage inoculated with Lactobacillus plantarum and Bacillus subtilis. Moreover, the
supplementation of dietary alfalfa saponins in the diet of lambs increased their nutrient
digestibility. Furthermore, Ebrahimi et al. (2018) reported a decrease in the nutrient
digestibility of neonatal calves after feeding on Trachyspermum ammi and Thymus
vulgaris oils in their diets. The supplementation of alfalfa fibre promotes the
development of piglets’ intestinal tract and increase the digestive function of piglets.
The alfalfa fibre is a high-quality protein feed hence increasing its supplementation may
increase the nutrient digestibility of piglet, especially CP digestibility. However, higher
fibre content in the diet may decrease the bioavailability of some key nutritional
components such as some minerals and vitamins (Adams et al., 2018b) and reduce the
proportion of digestible substances in food and digestive energy (Adams et al., 2018c).
In contrast to our findings, Che et al. (2018) reported a decrease in nutrient digestibility
after feeding Astragalus membranaceus fibre to weaning piglets. Wang et al. (2016)
reported a decrease in nutrient digestibility in weaning piglets after feeding on a sugar
beet pulp. Also, Jergensen et al. (1996) reported a low nutrient digestibility in pigs fed
with high fibre concentrated diet. In addition, Dilger et al. (2004) fed high soy hull fibre
to pigs and observed low DM digestibility. Furthermore, dietary fibre affects the
function of the gastrointestinal tract, as indicated by low nutrient digestibility and
accessibility of feeds with high-fibre levels (Bikker et al., 2006; Adams et al., 2018c).
Pinheiro et al. (2018) reported that dietary supplementation of higher alfalfa
concentrations in the diet of European adult rabbits had no effect on the digestibility of
dietary components. Moreover, dietary fibre intake impacts the various methods in
nutrients absorption and digestibility and this may lead to a delay in the glycemic
response (Adams et al., 2018b). As reported in a review by Adams et al. (2018b, c),
dietary fibre and prebiotics impact the health of the host animal by regulating blood
glucose or insulin levels, stool bulking effects, enhancing the acidity of the gut, short-
chain fatty acids synthesis, reducing intestinal transit time, inspiring the growth of
intestinal microbes, and increase the production of blood biochemical components.
Therefore, the effects of dietary fibre on nutrient digestibility may depend on the dietary
fibre source or form, the nutritional component, the age of the animal, and the health of
the animal.

Nitrogen metabolism and blood biochemical parameters in piglets

The difference in dietary feed consumption influence the rate of N metabolism in
animals. The results of this study showed that dietary supplementation of alfalfa fibre
increased the N metabolism in piglets. The piglets that were fed with 12% of alfalfa
fibre (M12) had the highest N intake. Meanwhile, the fecal N content in piglets
decreased with the increase in the concentration of alfalfa fibre in the diet. The highest
urine N content was observed in the M18 group while the apparent N digestibility and N
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deposition were observed in the M12 group. According to the test results, we observed
that the addition of alfalfa fibre to the piglet’s diet maintained the normal growth
performance of piglets. Therefore, optimum dietary fibre concentration can promote the
N utilization in the body, but the excessive concentration of alfalfa may reduce the time
during which the chyme stays in the intestine hence reduce the N utilization rate. In
addition, urinary urea levels may rapidly decompose to ammonia by exposing to the
environment (Aarnink and Verstegen, 2007), causing environmental pollution. In this
experiment, the addition of alfalfa fibre reduced the emission of fecal N and urinary N,
hence reduced environmental pollution. Therefore, improving the fibre levels of the diet
may be an important means of reducing the N emissions from pig farms.

Blood contains various proteins, sugars, lipids, and other metabolic substances such
as enzymes and hormones which affect the growth and metabolism of nutrients in the
body. Blood biochemical indicators influence blood levels, animal health, and impacts
growth and nutrient regulation in animals. The findings of this study indicated that the
supplementation of alfalfa fibre to the diet increased the albumin, globulin, and total
protein concentrations in the blood of piglets. The addition of the optimum (6.00-
12.00%) alfalfa fibre to the diet of piglets decreased the blood glucose, cholesterol,
aspartate aminotransferase, and alanine aminotransferase in piglets, but higher alfalfa
fibre increased blood glucose and aspartate aminotransferase concentration. Meanwhile,
the triglyceride levels decreased with the addition of alfalfa fibre to the diet. The serum
total protein, including albumin and globulin relate to the protein synthesis in the body.
It influences protein concentration, synthesis, and functions in immune responses,
transportation, and coagulation (Paschke et al., 2010). The results of this experiment
indicated that supplementing alfalfa fibre to the diet may increase the total protein levels
in pigs. Similarly, Chen et al. (2016) reported that the supplementation of alfalfa
flavonoid to the diet of Yangzhou geese has no adverse effects on the total protein
metabolism and liver functions. Furthermore, these authors reported that adding 150 to
450 mg/kg alfalfa flavonoids increased serum total protein concentration in geese (Chen
et al., 2016). However, when the amount of alfalfa fibre reached 18%, the total protein
content of the serum began to decrease. The addition of fibre to the diet has no adverse
effects on the metabolic processes in piglets but excess fibre may attenuate the
metabolic functions in piglets. Therefore, supplementing the optimum concentration of
alfalfa fibre will promote the health and productivity of pigs. Serum urea N is the final
metabolite of protein and amino acid catabolism in animals (Chen et al., 2016). Its
content can accurately reflect the nutritional status of an animal and the absorption and
utilization of protein in the body. Studies have shown that when serum urea N
decreases, there may be a decrease in the protein metabolism of the body and increase
in the N deposition (Paschke et al., 2010). Also, the findings of this experiment
indicated that the urea N composition of the trial groups was lower in comparison with
the MO. The M6 group had the lowest urea N content and the highest N deposition.
Contrarily to our observation, Chen et al. (2016) observed an increase in the serum urea
N after adding alfalfa flavonoid to the diet of Yangzhou geese. Also, Qiu et al. (2009)
reported an increase in the serum urea N concentrations after feeding protein diet
supplemented with dietary zinc. This further confirms the relationship between serum
urea N and N deposition in animals. The blood glucose is mainly metabolized in the
hepatic glycogen decomposition and intestinal absorption. It forms the main tissue
components and energy metabolic substrates of the body. Therefore, changes in the
blood glucose levels may influence the dynamic balance between the sugar absorption,
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transport, and metabolism in the body. The findings of this study further showed that
there was no significant effect on the blood glucose concentration in piglets after
feeding on alfalfa fibre, this indicates that the rate of energy conversion between the
treatment groups maintained a dynamic equilibrium. The cholesterol and triglyceride
concentrations in the serum can reflect the total lipid metabolism in the body (Chen et
al., 2016). The higher the cholesterol or triglyceride content, the higher the body’s
ability to metabolize fat. The results of this experiment indicated that alfalfa fibre may
reduce the cholesterol and triglyceride concentrations in the blood of weaning piglets,
hence indicating that alfalfa fibre has a certain lipid-lowering effect. Similarly, Chen et
al. (2016) deemed that the addition of alfalfa flavonoid decreased the triglycerides and
total cholesterol levels in Yangzhou geese. Similarly, Zhou (2011) reported that an
increase in cholesterol metabolism and a reduction in the cholesterol deposition of the
body, thus promoting meat quality parameters. Aspartate aminotransferase and alanine
aminotransferase are involved in the metabolism of amino acids in the body and are
important indicators for evaluating liver functions (Chen et al., 2016). The addition of
alfalfa fibre to the diet had no significant effect on the two transaminase enzymes, hence
indicating that high fibre level in the diets had no effect on the amino acid metabolism
of the body. Contrarily to our observation, Chen et al. (2016) observed that the addition
of alfalfa flavonoid significantly increased the levels of aspartate aminotransferase and
alanine aminotransferase in comparison with the control group. Also, there was an
increase in the aspartate aminotransferase and alanine aminotransferase level when
rapeseeds diet was fed to geese (Wang et al., 2015a) and alfalfa diet fed to sheep (Wang
et al., 2015b). The difference between our findings and that of these authors may be due
to the form of alfalfa used and the experimental animal involved. Therefore, adding
alfalfa fibre may promote the N metabolism, improve biochemical parameter, and no
adverse effect on the amino acid metabolism.

Intestinal morphometry of piglets

Studies have indicated that dietary fibre is a valuable nutrient for the prevention of
intestinal disorders and improving intestinal health in both humans and animals (Ingvar,
2004). The small intestine is the main site for digestion and absorption of various
nutrients in the diet. The villi are the functional units of the small intestine and the
height of the villi can affect the nutrient absorption abilities of the small intestines. The
villus atrophy occurs when the cells at the top of the villi are detached or the rate of cell
regeneration is decreased and the number of mature cells is reduced leading to
gastrointestinal inflammatory disease (Geboes et al., 2018). The intestinal glands and its
CD reflect the maturation rate of the cells and the deepening of the crypts means that
the cell maturation rate decreases, therefore decreasing the rate of transport of
substances from the epithelial cells to the top of the villi (Wallig, 2018). The ratio of the
VH - CD influence the functions of the small intestine (Hu et al., 2018). The higher the
ratio of the VH - CD, the higher the intestinal mucosal functions and the absorption
capacity of the small intestine. However, lower VH - CD indicates that the intestinal
mucosa is damaged and the absorption capacity of the intestine decreases (Hu et al.,
2018). The results of this study showed that the VH of the duodenum, jejunum, and the
ileum was higher in the M6 and M12 in comparison with the control group. In
agreement with our study was the findings of Xia et al. (2005) who reported that the
supplementation of copper-bearing montmorillonite to the diet of weaning piglets
significantly increased the VH and the VH - CD ratio in the small intestinal mucosa
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compared to the control group. Meanwhile, Xia and colleagues observed no significant
effects on the small intestinal morphology after supplementing CuSOs to the diet of
piglets (Xia et al., 2005). Similarly, Jiang et al. (2012) reported that there was a
significant difference in the VH, CD, and VH - CD ratio in the duodenum, jejunum, and
ileum of ducks fed with different concentrations of alfalfa meal. Broiler chickens fed
with wet diet had high VH and low CD in the duodenum, jejunum, ileum, cecum, and
the colon in comparison with those fed with dry diet (Yasar and Forbes, 1999). High
VH was observed in the duodenum after feeding birds with Bacillus subtilis (Samanya
and Yamauch, 2002) and yeast cell wall (Zhang et al., 2005). Also, Hedemann et al.
(2006) observed that feeding pigs with high-insoluble fibre diets may guard the small
intestine against pathogenic bacteria by increasing the VH. In addition, Chen et al.
(2013b) indicated that piglets that were fed with wheat bran fibre had a higher VH in
the ileum than those fed with soybean fibre. These same authors found that the
supplementation of wheat bran fibre and pea fibre in the diet of weaning piglets
increased the number of mucosal goblet cells in the colon (Chen et al., 2013b).
Furthermore, Xu et al. (2003) indicated that feeding fructooligosaccharide (0.4%) to
broilers increased the ileal VH, CD, and VH - CD ratio. We observed that the VH of the
duodenum and the ileum decreased at higher concentration of alfalfa fibre (M18) in
comparison with the other groups. Xia et al. (2005) indicated that the digestive tract
accommodates some stresses that relatively causes a deviation in the intestinal mucosa
of piglets due to the close proximity of the mucosal surface of the intestinal
components. The supplementation of dietary fibre levels in the diet promotes the
development of the intestinal villi in piglets, but higher fibre content may lead to
atrophy of the villi. The variations in the intestinal morphology such as shorter villus
and deeper crypts have been related to the presence of toxins and other chemical agents
(Xu et al., 2003). Gerritsen et al. (2012) showed that dietary fibre levels affect the
changes in the intestinal morphology of animals, mainly due to the changes in the
surface area of the intestines such as the height and number of villi. Kleessen et al.
(2003) reported that feeding high fibre diets to pigs increased the VH of the ileum and
jejunum, but had no significant effect. Also, the ileal VH - CD ratio in piglets fed with
wheat bran fibre was higher than piglets that were fed with maize bran fibre (Chen et
al., 2013a). In this study, the ratio of the VH - CD in the duodenum and jejunum
increased with the increase in the supplementation of alfalfa fibre in the diet while in the
ileum the highest VH - CD ratio was recorded in the M6 group. The above test results
showed that a piglet fed diet with alfalfa as the main fibre source can promote the
development of the small intestinal villi and improve nutrient digestibility and
utilization rate. In contrast to our study, Nabizadeh (2012) reported that dietary
supplementation of inulin in the diet of broiler chicks had no effect on VH, CD, and the
VH - CD ratio in the duodenum and jejunum on day 42 of age. In addition, cellulose
supplementation significantly reduced the VH in both the jejunum and ileum (Chen et
al., 2014). However, inulin inclusion significantly increased ileal VH in broiler chickens
at 42 days of age (Chen et al., 2014). Studies have shown that the level of feed intake
affects the height of the small intestinal villi and the depth of the crypt. The increase in
feed intake promotes the development of the small intestine. The reason may be that
some fibre components can regulate the composition of microorganisms in the intestine
through fermentation to increase the intestinal VH and CD of animals (Jiang et al.,
2012). The supplementation of fibre in the diet may stimulate volatile fatty acids
produced by intestinal microbial fermentation, while butyric acid promotes the intestinal
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cell production, thereby deepening CD (Gidenne et al., 2002). Early weaning of piglets
can cause stress induction in piglets which may cause changes to the intestinal
morphology, atrophy of the small intestinal villi, and deepening of the crypts, hence
affecting the body’s absorption ability and utilization of nutrients and decreased
immunity. Therefore, piglets weaning stress may be alleviated by appropriately raising
the fibre level of the diet to maintain the intestinal health of piglets.

Conclusion

This experimental study showed that adding 6-12% of alfalfa fibre to the diet of
weaning piglets may improve the growth and nutrient digestibility of piglets, reduce N
emissions, and improve N utilization in piglets. Also, adding 6-12% of alfalfa fibre to
the diet of piglets may promote the utilization of protein and maintain the balance in
glucose metabolism. At the same time improve the intestinal morphological structures
and improve the digestion and absorption of the small intestine. Therefore, further
research is recommended to elucidate the effects of alfalfa fibre on the gut microbial
function with reference to nutrient digestibility and N metabolism in piglets.
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