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Abstract

This experiment aimed to investigate the effects of insoluble fiber derived from al-
falfa meal on the colonic microbiota and its fermentation metabolites in growing
pigs. Twenty-four castrated male Duroc x Landrace x Large White pigs with
a body weight of (24.8$+$0.7) kg were randomly divided into 4 groups and fed
diets containing 0 (control group), 5%, 10%, and 15% alfalfa meal, respectively,
with 6 replicates per group and 1 pig per replicate. After a 28-day experimental
period, the pigs were slaughtered and samples were collected to determine serum
fatty acid composition, short-chain fatty acid concentrations in colonic digesta,
and microbial composition. The results showed that feeding alfalfa meal signif-
icantly reduced the feed-to-gain ratio of growing pigs (P<0.05), but had no sig-
nificant effect on average daily gain and average daily feed intake (P>0.05). 16S
rDNA V3 region sequencing of the colonic microbiota indicated that alfalfa meal
had no significant effect on the porcine colonic microbiota (P>0.05), but signif-
icantly increased the concentrations of total short-chain fatty acids, acetate,
and butyrate in colonic digesta (P<0.05). With increasing dietary alfalfa meal
content, serum polyunsaturated fatty acid content was significantly increased
(P<0.05), while saturated fatty acid and monounsaturated fatty acid contents
were significantly decreased (P<0.05). These results suggest that insoluble fiber
derived from alfalfa meal does not affect the structure of the colonic microbial
community, but enhances the fermentation activity of colonic microorganisms
and short-chain fatty acid production, thereby exerting a regulatory effect on
fatty acid composition in pigs.
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Abstract: This experiment was conducted to investigate the effects of insoluble
fiber derived from alfalfa meal on the colonic microbiota and its fermentation
metabolites in growing pigs. Twenty-four Duroc x Landrace x Large White
castrated male pigs with a body weight of (24.83+30.7) kg were selected and
randomly divided into 4 groups. The pigs were fed diets containing 0 (control
group), 5%, 10%, and 15% alfalfa meal, respectively, with 6 replicates per group
and 1 pig per replicate. After 28 d of the experiment, samples were collected
after slaughter to determine serum fatty acid composition, concentrations of
short-chain fatty acids in colonic digesta, and microbial composition. The re-
sults showed that dietary alfalfa meal significantly reduced the feed-to-gain ratio
of growing pigs (P<0.05), but had no significant effect on average daily gain
or average daily feed intake (P>0.05). Sequencing results for the 16S rDNA
V3 region of the colonic microbial community showed that alfalfa meal had no
significant effect on the colonic microbial community of pigs (P>0.05), but sig-
nificantly increased the concentrations of total short-chain fatty acids, acetic
acid, and butyric acid in colonic digesta (P<0.05). As the alfalfa meal content
in the diet increased, serum polyunsaturated fatty acid content increased signif-
icantly (P<0.05), whereas saturated fatty acid and monounsaturated fatty acid
contents decreased significantly (P<0.05). These results suggest that insoluble
fiber derived from alfalfa meal does not affect the structure of the colonic micro-
bial community, but enhances the fermentative activity of colonic microorgan-
isms and the production of short-chain fatty acids, and has a role in regulating
the fatty acid composition of the pig body.

Key words: growing pig; alfalfa meal; insoluble fiber; short-chain fatty acids;
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Dietary fiber plays an increasingly important role in human health and live-
stock production!'~2!, but the regulatory effects of different types of fiber on the
body are not entirely the same. Alfalfa is often used as a high-quality green
feed supplement for pigs raised under extensive systems, and is especially com-
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monly used as a feed fiber source to prevent constipation in sows. The present
study will help develop alfalfa into a healthy, high-value-added insoluble dietary
fiber product to improve the nutrition and health of humans and pigs. Fiber in
feed can be fermented by anaerobic bacteria in the hindgut of pigs and mainly
produces metabolic products such as short-chain fatty acids (SCFA), including
acetic acid, propionic acid, and butyric acid®*4. To date, studies on dietary
fiber have mostly focused on soluble fibers such as inulin, guar gum, and ara-
binoxylan(®-8. In pig production, alfalfa meal is often used as a fiber source in
pig diets, but insoluble
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fiber [9]; however, the effects on the structure of the colonic digesta microbiota
and its fermentation products in pigs have not yet been reported. Therefore, in
this study, different proportions of alfalfa meal were added to the diet to inves-
tigate the effects of insoluble fiber on growth performance, the colonic digesta
microbial community, its metabolites, and serum fatty acid composition in grow-
ing pigs, with the aim of determining whether dietary insoluble fiber can alter
the intestinal microbial community and microbial fermentation metabolites.

1 Materials and Methods

1.1 Experimental animals and experimental design

This experiment was conducted at the Fengning Animal Experimental Base of
the Feed Industry Centre of the Ministry of Agriculture. Twenty-four Duroc x
Landrace x Yorkshire crossbred castrated male pigs, 60 days of age and with
a body weight of (24.8 + 0.7) kg, were selected. A single-factor completely
randomized block design was used, with pigs divided into 4 groups. The sup-
plemental levels of alfalfa meal were 0 (control group), 5%, 10%, and 15%,
respectively. Each group had 6 replicates, with 1 pig per replicate. Before the
formal experiment began, pigs were allowed to adapt for 3 d, and the formal
experimental period lasted 28 d. During the experiment, each pig was housed in
an individual metabolic cage and was fed once daily at 08:00 and 16:00, with free
access to feed and water. The pig house was cleaned twice daily and disinfected
regularly.
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The diet formulas were designed and prepared according to the nutrient require-
ments for growing pigs (25-50 kg) recommended by the NRC (2012). The net
energy level and the ileal standardized digestible amino acids of all essential
amino acids in the diets met the requirements of growing pigs. The composi-
tion and nutrient levels of the diets in the control and experimental groups are
shown in Table 1. No antibiotics were added to the diets.

Table 1 Composition and nutrient levels of the diets (as-fed basis) %

Items Control  Alfalfa meal supplemental level/%
5 10 15

Ingredients
Corn 71.10 64.97 58.00 52.54
Soybean meal 25.00 24.60 25.00 24.00
Alfalfa meal 0.00 5.00 10.00 15.00
Soybean oil 0.52 220 399 558
Limestone 1.16 1.00 0.88 0.72
CaHPO, 0.70 0.70 0.65 0.65
L-Lys - HCI 0.24 0.24 0.21 0.22
L-Thr 0.08 0.08 0.06 0.07
DIL-Met 0.07 0.08 0.08 0.09
L-Try 0.02 0.02 0.02 0.02

Ttem

Premixl) 1.11 1.11 1.11 1.11

Total 100.00 100.00 100.00 100.00

Nutrient levels2)

DM 88.25  88.71  89.24  89.75

NE/(MJ/kg) 10.36  10.36  10.36  10.36

CP 16.93 17.54 17.89 17.61

SDF 1.82 1.51 2.04 2.18

IDF 12.66 13.02 14.82 16.80

TDF 14.48 14.52 16.86 18.98

Lys 1.12 1.16 1.11 1.17

Met+Cys 0.60 0.64 0.65 0.71

Try 0.18 0.20 0.19 0.18

Thr 0.76 0.80 0.77 0.80

1) The premix provided the following per kg of the diet: VA 20 000 IU, VD3 2
000 IU, VE 40 IU, VK3 2 mg, VB1 2 mg, VB2 4 mg, VB6 3 mg, VB12 0.06 mg,
nicotinic acid 20 mg, pantothenic acid 12 mg, folic acid 1.60 mg, biotin 0.14 mg,
Fe 76.50 mg, Cu 140 mg, Zn 50 mg, Mn 19.50 mg, I 0.50 mg, Se 0.40 mg, NaCl
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3 g, antioxidants 0.05 mg, choline chloride 1.20 g, sweetener 0.1 g, feed flavor
0.08 g, phytase 0.10 g.

2) NE was a calculated value, and the others were measured values.

1.2 Slaughter and Sample Collection

On day 28 of the formal trial, blood was collected from the anterior vena cava
of each experimental pig; serum was prepared and stored at —20 °C for analysis
of fatty acid composition. After weighing, all experimental pigs were slaugh-
tered. The abdominal cavity was opened, the colon was separated, and colonic
digesta were collected for determination of SCFA concentrations and microbial
composition.

1.3 Determination of Growth Performance

Each experimental pig was weighed at the start of the formal trial and on day
28, and the average daily gain (ADG) was calculated. The feed intake of each
experimental pig was recorded, and average daily feed intake (ADFI) and the
feed/gain ratio (F/G) were calculated.

1.4 Determination of SCFA Concentrations in Colonic Digesta

After thawing, 1 g of the digesta sample was taken, 3 mL of 50 mmol/L sulfuric
acid solution was added, and the mixture was left at 4 °C for 30 min, then
centrifuged at 20 000xg

Centrifuge for 10 min, filter the supernatant into a sample vial, and analyze
SCFA concentrations by gas chromatography. The chromatographic column was
30 m in length, with an inner diameter of 0.32 mm and a film thickness of 0.5
pm; the injector and detector temperatures were 260 and 280 °C, respectively;
the carrier gas was nitrogen, with a flow rate of 2.5 mL/min.

1.5 Analysis of the microbiota in colonic digesta

Genomic DNA was extracted from 100 mg of sample using the Power Soil
DNA Isolation Kit from Mobio (USA), following the manufacturer’ s in-
structions. The extracted DNA was used as the template to amplify the V3
hypervariable region of 16S rDNA by PCR. The primer sequences were as
follows: forward primer, 338-CCTACGGGAGGCAGCAG-355; reverse primer,
502-ATTACCGCGGCTGCTGG-518. The PCR amplification system (25 uL)
consisted of 2xMaster Mix 12.5 uL, 1.5 uL each of the forward and reverse
primers, DNA template 2.5 uL, and sterile double-distilled water 7 pL. The
PCR amplification conditions were: 94 °C for 5 min; 94 °C for 30 s, 48 °C for
30 s, and 72 °C for 30 s for 25 cycles; finally, extension at 72 °C for 10 min,
followed by storage at 4 °C. The purified PCR products were subjected to
Ilumina MiSeq sequencing.
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The sequencing data were compared and analyzed against the existing 16S rDNA
database, and sequences with adapters and low-quality sequences were removed.
QIIME software was used to count the sequences for each sample, and then
UCLUST software was used to cluster sequences at a 97% similarity level, yield-
ing operational taxonomic unit (OTU) sequences. Based on OTUs, species
richness in the samples was calculated at two taxonomic levels: phylum and
genus.

1.6 Analysis of fatty acid composition in serum

A 1 mL serum sample was placed in a hydrolysis tube, and 4 mL of acetyl
chloride/methanol solution and 1 mL of C11:0 internal standard solution (1.0
mg/mL) were added. After the cap was tightly screwed on, the tube was kept
in an 80 °C water bath for 2 h. After the solution cooled, 5 mL of 7% potassium
carbonate solution was added for neutralization. The lipid-phase solution was
transferred into a sample vial, and fatty acid composition was analyzed by gas
chromatography. The chromatographic column was 60 m in length, with an
inner diameter of 0.25 mm and a film thickness of 0.25 pm; the injector and
detector temperatures were 260 and 270 °C, respectively; the carrier gas was
nitrogen, with a flow rate of 2 mL/min.

1.7 Statistical analysis

After SCFA and fatty acid data were organized using Excel 2013, analysis of
variance was performed using the GLM procedure in SAS 9.3 statistical software.
Microbial relative abundance data were analyzed using the Mann-Whitney U
test. P<0.05 was considered a significant difference, and 0.05<P<0.10 was
considered a trend toward significance.

2 Results and analysis
2.1 Effects of alfalfa meal on growth performance of growing pigs

As shown in Table 2, under the conditions of this experiment, the addition of
alfalfa meal to the diet had no significant effect on final body weight, ADG, or
ADFT in growing pigs (P>0.05). However, compared with the control group,
alfalfa meal supplementation extremely significantly reduced F/G (P<0.01),
while there was no significant difference in F/G among the experimental groups
(P>0.05).

Table 2 Effects of alfalfa meal on growth performance of growing pigs

Table 2 Effects of alfalfa meal on the growth performance of growing pigs

Items Control 5 10 15 SEM Linear Quadratic
Initial 25.13 24.70 24.72 24.58 0.20 0.08 0.46
BW /kg
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Items Control 5 10 15 SEM Linear Quadratic
Final 46.52 46.48 46.58 46.02 0.91 0.74 0.77
BW/kg

ADG/g 712 726 728 714 14 0.91 0.36
ADFI/g 1438 1 406 1410 1 368 24 0.08 0.85
F/G 2.04a 1.94b 1.95b 1.93b 0.02 <0.01 0.09

Alfalfa meal supplemental level/%; P-value.

In the same row, values with different lowercase superscript letters indicate
significant differences (P<0.05). The same applies below.

2.2 Effects of alfalfa meal on SCFA concentrations in colonic
digesta of growing pigs

As shown in Table 3, alfalfa meal significantly increased the concentrations of
total SCFA (linear P<0.01), acetate (linear P<0.01) and valerate (quadratic
P<0.01), as well as the concentrations of butyrate, isobutyrate, isovalerate and
total branched-chain fatty acids (BCFA) (linear P<0.01; quadratic P<0.01);
propionate concentration also tended to increase (linear P=0.07). When the
alfalfa meal supplemental level was 10%, the concentrations of total SCFA, pro-
pionate, butyrate, valerate and total BCFA were the highest.

Table 3 Effects of alfalfa meal on SCFA concentration in colonic di-
gesta mmol/kg

Items  Control 5 10 15 SEM Linear Quadratic
Total 34.21b  35.47b  43.90a  40.80a 1.68 <0.01 0.21
SCFA

Total 1.85¢ 2.33b 3.24a 2.40b 0.14 <0.01 <0.01
BCFA

Acetate 18.36b  17.98b 21.55a  22.11a 1.02 <0.01 0.65
Propionate 9.66 9.27 10.68 10.56 0.47 0.07 0.77
Butyrate 3.59¢  4.79bc 6.94a 4.82b 0.40 <0.01 <0.01
Valerate 0.75¢ 1.08b 1.51a 0.90bc 0.10 0.08 <0.01
Isobutyrate).64c 0.87bc 1.32a 0.94b 0.08 <0.01 <0.01
Isovalerate1.21b 1.45b 1.92a 1.46b 0.10 <0.01 <0.01

2.3 Effects of alfalfa meal on the colonic microbial community

As shown in Table 4, Firmicutes was the most predominant phylum, with a
relative abundance of 79.84% in the control group and 81.28% in the 10% al-
falfa meal supplemental group. The second most predominant phylum was
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Bacteroidetes, with a relative abundance of 8.33% in the control group and
7.56% in the 10% alfalfa meal supplemental group. The phyla with the next
highest relative abundances were Proteobacteria, Actinobacteria, Acidobacte-
ria, and Tenericutes; their relative abundances in the control group were 2.90%,
2.67%, 1.20%, and 0.97%, respectively, and those in the 10% alfalfa meal sup-
plemental group were 1.61%, 1.65%, 0.39%, and 2.90%, respectively. Statistical
analysis of the relative abundances of the microbial communities at the phylum
and genus levels in the control group and the 10% alfalfa meal supplemental
group using the Mann-Whitney U test showed that microbial communities with
relative abundance above 0.1% did not differ significantly at either the phylum
or genus level (P>0.05).

Table 4 Effects of alfalfa meal on relative abundance of colonic mi-
crobiota at the phylum and genus levels %

10% alfalfa meal

supplemental

Taxa Control group group P-value
Phylum
level
Firmicutes 79.84 81.28 0.69
Bacteroidetes 8.33 7.56 0.89
Proteobacteria 2.90 1.61 1.00
Actinobacteria 2.67 1.65 0.69
Acidobacteria 1.20 0.39 0.69
Tenericutes 0.97 2.90 0.11
Gemmatimonadetes 0.67 0.19 1.00
Spirochaetes 0.48 0.33 0.89
Chloroflexi 0.39 0.13 1.00

Taxon

Verrucomicrobia 0.16 0.11 0.89

Planctomycetes 0.16 0.06 0.89

Nitrospirae 0.13 0.04 0.69

Cyanobacteria 0.13 0.11 0.89

Chlamydiae 0.03 0.48 0.20

GAL15 0.11 0.02 0.11

Genus level

Turicibacter 11.38 5.09 0.69

Lactobacillus 5.57 T7.32 0.49

Clostridium 2.29 1.55 0.69

Blautia 1.84 1.16 0.20

Faecalibacterium 1.59 2.06 1.00

Prevotella 1.42 1.58 0.69
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Taxon

Ruminococcus 1.11 213 0.34
Lachnospira 1.04 1.12 0.34
Bulleidia 0.93 0.85 0.69
Streptococcus 0.88 1.44 1.00
Parabacteroides 0.47 0.37 0.89
Treponema 0.39 0.26 0.89
Phascolarctobacterium 0.38 0.33 0.69
Acidiphilium 0.33 0.12 0.69
Oscillospira 0.26 0.41 0.20
Coprococcus 0.20 0.21 1.00
p-75-a5 0.18 0.22 0.89
Propionibacterium 0.16 0.08 0.89
Agrobacterium 0.15 0.04 0.34
Bacillus 0.13 0.03 0.69
Bacteroides 0.13 0.23 0.49

Sphingomonas 0.13 0.06 1.00
Corynebacterium 0.12 0.04 0.49
YRC22 0.09 0.11 0.69

CF231 0.08 0.21 0.34

2.4 Effects of alfalfa meal on serum fatty acid composition

As shown in Table 5, compared with the control group, addition of alfalfa
meal significantly reduced the contents of myristic acid (C14:0), palmitoleic
acid (C16:1), oleic acid (C18:1n-9), eicosatrienoic acid (C20:3n-6), and do-
cosahexaenoic acid (C22:6n-3) in the serum of experimental pigs (linear,
P<0.01), as well as the contents of palmitic acid (C16:0), arachidic acid
(C20:0), docosanoic acid (C22:0), and tetracosenoic acid (C24:1) (linear,
P<0.01; quadratic, P<0.05). However, it significantly increased the contents
of linoleic acid (C18:2n-6), a-linolenic acid (C18:3n-3), and eicosapentaenoic
acid (C20:5n-3) (linear, P<0.01). With increasing alfalfa meal content in the
diet, the contents of saturated fatty acids (SFA) (linear, P<0.01; quadratic,
P<0.01) and monounsaturated fatty acids (MUFA) decreased significantly
(linear, P<0.01), whereas the contents of polyunsaturated fatty acids (PUFA)
and the PUFA /SFA value increased significantly (linear, P<0.01).

Table 5 Effects of alfalfa meal on composition of serum fatty acid in
growing pigs %
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Items Control 5 10 15 SEM Linear Quadratic

Myristic  0.62a 0.49b 0.48b 0.49b 0.04 0.04 0.11
acid

(C14:0)

Palmitic 19.78a 17.87b 16.92¢ 18.38b 0.24 <0.01 <0.01
acid

(C16:0)

Stearic 17.34 17.76 16.30 17.35 0.27 0.25 0.26
acid

(C18:0)

Arachidic 0.45a 0.28b 0.27b 0.28b 0.04 <0.01 0.02
acid

(C20:0)

Docosanoid).36a 0.19b 0.20b 0.20b 0.03 <0.01 <0.01
acid

(C22:0)

Tetracosanoik97 2.00 1.98 2.00 0.15 0.95 0.95
acid

(C24:0)

SFA 40.51a 38.59b 36.15¢ 38.70b 0.47 <0.01 <0.01
Palmitoleic0.87a 0.73ab 0.65ab 0.60b 0.08 0.03 0.59
acid

(C16:1)

Oleic 17.98a

acid

(C18:1n-

9)

Item

Monounsat9uziad 17.86ab 17.22b 16.37b 0.60 <0.01 0.52
fatty

acids

MUFA

Linoleic 23.81c 28.05b 31.46a 33.17a 1.09 <0.01 0.26
acid

(C18:2n-

6)

Linolenic 0.64c 1.34b 1.85a 2.05a 0.14 <0.01 0.09
acid

(C18:3n-

3)
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Item

DocosatriefioTda 0.84a 0.54b 0.46b 0.06 <0.01 0.19
acid

(C20:3n-

6)

Docosatetra@udic 8.85 8.33 8.71 0.39 0.06 0.13
acid

(C20:4n-

6)

FEicosapentfe®®ic  0.41bc 0.50b 0.74a 0.05 <0.01 0.25
acid

EPA

(C20:5n-

3)

DocosahexdeBdic 1.15b 0.84b 0.88b 0.11 <0.01 0.30
acid

DHA

(C22:6n-

3)

Polyunsatdga®eéd  40.63b 43.53ab  46.01a 1.04 <0.01 0.44
fatty

acids

PUFA

Polyunsatuba®ed 1.05b 1.21a 1.19a 0.03 <0.01 0.08
fatty

acids/saturated

fatty

acids

PUFA/SFA

3 Discussion

As shown in Table 1, the contents of soluble fiber in the diets of the 4 groups
were relatively low and basically consistent, whereas the level of insoluble fiber
was relatively high, accounting for about 90% of total fiber and increasing lin-
early. Therefore, the fiber in alfalfa meal was mainly insoluble fiber, and the
experimental effects were mainly derived from differences in the level of insoluble
fiber in the diets.

3.1 Effects of alfalfa meal on growth performance of growing pigs

An appropriate fiber content can increase ADG and ADFT in pigs[10], but when
the fiber content in the diet is too high, it reduces the digestibility of nutrients
throughout the intestinal tract of pigs[9], thereby affecting growth performance.
Xu Xiangyang et al.[11] reported that feeding alfalfa meal at levels of 5% and
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10% significantly increased ADG in growing pigs and significantly reduced F /G,
but had no significant effect on ADFI; when 15% and 20% alfalfa meal were
added to the diet, ADG and ADFI in pigs were not affected.

The results of this study showed that alfalfa meal had no significant effect on
ADG or ADFI in growing pigs, but improved F/G, which is similar to previous
findings. Thus, although alfalfa meal replaced part of the corn and soybean
meal in the diet in this experiment, with the maximum inclusion level being
15%, as long as the dietary net energy and standardized ileal digestible amino
acid levels met the nutritional requirements of pigs, alfalfa meal did not affect
the growth performance of growing pigs.

3.2 Effects of alfalfa meal on fecal SCFA concentrations in the colon
of growing pigs

Dietary fiber in the small intestine of monogastric animals cannot be digested,
but in the hindgut it can be fermented by intestinal microorganisms and pro-
duce large amounts of SCFA[3-4]. SCFA mainly include acetic acid, propionic
acid, and butyric acid, which together account for approximately 95% of total
SCFA[12]. SCFA participate in host energy metabolism and nutrient transfor-
mation and exert specific physiological functions; for example, butyric acid is
the main energy source for the colonic epithelium. After being absorbed by the
colonic epithelium, it can provide pigs with 5%-20% of their energy.

as substrates for gluconeogenesis; after acetate is taken up by the liver, it en-
ters peripheral tissues through the blood circulation and is taken up and uti-
lized["{14}]. In addition, SCFA can lower the pH in the large intestine, thereby
preventing the proliferation of pathogenic bacteria[~5,”{15}] and promoting the
proliferation of colonic epithelial cells[~3]. It has also been reported that SCFA,
by activating free fatty acid receptor (FFAR) 2 or FFAR3, induce endocrine
L cells to produce and release peptide YY and glucagon-like peptide-1["{16}-
“{17}], thereby regulating satiety in animals[~{18}-"{19}].

The concentration of SCFA is an important indicator reflecting the intensity
of hindgut fermentation activity["{20}]. Insoluble fiber has important effects
on hindgut fermentation activity and on the production and absorption of
SCFA[™{21}]. In this experiment, as the level of alfalfa meal in the diet increased
linearly, the level of insoluble fiber increased linearly, and the concentrations
of total SCFA, acetate, and butyrate in colonic digesta also increased linearly;
among them, the 10% and 15% alfalfa meal supplementation groups showed
significant increases compared with the control group. This is similar to the
findings of Chen et al.[79]. When the level of alfalfa meal supplementation was
10%, the concentration of SCFA produced was the highest; when alfalfa meal
supplementation was increased to 15%, the level of insoluble fiber in the diet
was 16.8%, which affected the fermentation efficiency of the hindgut microbiota,
resulting in a significant decrease in butyrate concentration compared with the
10% alfalfa meal supplementation group. In addition, when the alfalfa meal
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supplementation level was 5%, its insoluble fiber level was basically the same
as that of the control group, and therefore did not affect the concentrations of
acetate, propionate, and butyrate in colonic digesta.

3.3 Effects of alfalfa meal on the colonic microbiota

It has been suggested that resistant starch is also classified as insoluble
fiber[~{22}]; however, because it is highly fermentable, it can markedly alter
the microbial community structure in the hindgut of pigs and produce large
amounts of SCFA["{23}-7{24}]. At present, there have been no reports on the
effects of alfalfa meal on the colonic microbiota of pigs. This study found that
alfalfa meal had no significant effect on the colonic microbiota of growing pigs.
Insoluble fibers from different sources, together with their different physico-
chemical properties, also differ in their effects on the fermentation activity
of hindgut microorganisms in animals. In the present study, although the
microbial community structure did not differ significantly, the concentration
of SCFA in colonic digesta in the experimental group was significantly higher
than that in the control group, suggesting that insoluble fiber from alfalfa may
enhance the metabolic activity of the colonic microbiota.

3.4 Effects of alfalfa meal on serum fatty acid composition

This study found that feeding alfalfa meal significantly increased the PUFA con-
tent and PUFA /SFA ratio in pig serum, while reducing the contents of MUFA
and SFA; these results are similar to previous findings in rabbits["{25}]. Some
studies suggest that the increase in PUFA content may be a protective effect of
certain antioxidant components in the diet["{26}]. The insoluble fiber in alfalfa
meal can improve the body’ s antioxidant capacity by increasing the activities
of superoxide dismutase and glutathione peroxidase and by reducing malondi-
aldehyde content["{10}]. In addition, alfalfa meal contains trace amounts of
medicarpin and tricin and other substances, which also have positive effects on
improving the body’ s antioxidant capacity[ {10}]. The antioxidant mechanism
of dietary fiber may be that it interferes with the absorption and synthesis of
bile acids, affects bile acid metabolism, and reduces the accumulation of lipids
in serum, thereby alleviating lipid peroxidation in the body[ {25}].

4 Conclusion

Insoluble fiber derived from alfalfa meal can significantly reduce the F/G of
growing pigs and significantly increase the colonic digesta’ s

SCFA concentrations, but did not affect the structure of the colonic microbiota.

When the alfalfa meal supplementation level was 10%, the concentrations of
butyric acid, valeric acid, total SCFA, and total BCFA were the highest.

Insoluble fiber derived from alfalfa meal increased the PUFA content and the
PUFA/SFA ratio in pig serum, and reduced the contents of MUFA and SFA;
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this is of great significance for regulating the fatty-acid composition of pigs.
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Effects of Dietary Alfalfa Meal Supplementation
on Colonic Microbiota and Its Metabolites in
Growing Pigs
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Technology, Nanjing Agricultural University, Nanjing 210095, China; 2. State
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Abstract: The present study aimed to investigate the effects of insoluble
dietary fiber from alfalfa meal on colonic microbiota and its fermentation
metabolites in growing pigs. In this experiment, 24 castrated male pigs
(DurocxLandracex Yorkshire) with initial body weight of (24.8$+%0.7) kg
were randomly divided into 4 groups with 6 replicates per group and 1 pig per
replicate. Pigs in each group were fed one of four diets (0, 5%, 10% and 15%
level of alfalfa meal). Pigs were slaughtered after 28 d for sampling. Then
we determined serum fatty acid composition, short-chain fatty acid (SCFA)
concentration and microbiota composition in colonic digesta. The results
showed that diets with alfalfa meal significantly decreased feed to gain ratio
(P<0.05), but had no significant effect on average daily gain and average daily
feed intake of growing pigs (P>0.05). Analysis of colonic microbiota 16S rDNA
V3 region revealed that alfalfa meal had no significant effect on microbiota
composition (P>0.05), but significantly increased total SCFA, acetate and
butyrate in colonic digesta of pigs (P<0.05). With the addition of alfalfa
meal in diets, polyunsaturated fatty acid content was significantly increased
(P<0.05), while the contents of saturated fatty acid and monounsaturated fatty
acid were significantly decreased in the serum (P<0.05). The results indicate
that insoluble dietary fiber from alfalfa meal has no effect on colonic microbiota
structure, but enhances fermentation activity of colonic microbiota and SCFA
producing, and also plays a role in regulating fatty acid profile of growing pigs.

Key words: growing pigs; alfalfa meal; insoluble dietary fiber; SCFA; colonic
microbiota; fatty acid
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