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As one kind of high-quality feed with rich nutrients, including high quality

protein and amino acids, dietary fiber, enriched vitamins and mineral elements

and bioactive molecules, alfalfa has been widely used in the production

of ruminant livestock. As the understanding of alfalfa becomes more and

more comprehensive, it is found that the high-quality nutrients in alfalfa

could have positive e�ects on pigs. An increasing number of researches

have shown that supplementing dietary alfalfa to the diet of gestating

sows reduced constipation, alleviated abnormal behavior, improved satiety

and reproductive performance; supplementing dietary alfalfa to the diet of

piglets improved growth performance and intestinal barrier function, reduced

intestinal inflammatory response and diarrhea; supplementing dietary alfalfa

to the diet of growing-fattening pigs improved production performance

and pork quality. Moreover, the mechanisms by which various nutrients of

alfalfa exert their beneficial e�ects on pigs mainly including dietary fiber

stimulating intestinal peristalsis, enhancing the activity of digestive enzymes,

and promoting the colonization of beneficial bacteria in the intestinal tract

through fermentation in the intestine, producing short-chain fatty acids and

thus improving intestinal health; high quality protein and amino acids are

beneficial to improve animal health condition; rich vitamins and mineral

elements play an important role in various physiological functions and growth

and development of the body; and bioactive molecules can improve the

antioxidant and anti-inflammatory level. Therefore, alfalfa could be used as pig

feed ingredient to alleviate various problems in the pig industry and to improve

pig production performance. In this review, we detail the current application

of alfalfa in pigs and discuss the potential mechanisms involved in how alfalfa

improves growth and reproductive performance, pork quality, and intestinal

health of the animals, thus laying the foundation for the increased application

of high-quality forage in pig production.
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Introduction

The current intensive farming model of animal husbandry

has brought about many negative problems, such as the

decline in reproductive performance of sows (1), the increase

of diarrhea in piglets (2) and the deterioration in pork

quality (3). Especially after the implementation of the

“antibiotic ban”, a series of problems have emerged in the

pig breeding industry. The development of grain-saving

healthy breeding has become an important goal in the current

animal husbandry.

Alfalfa (Medicago sativa L.) is one kind of perennial herb

belonging to the legume family (4) that is rich in nutrients,

including protein, dietary fiber, vitamins, and minerals (5). In

addition, alfalfa contains a variety of bioactive molecules and

unknown growth factors, including saponins, polysaccharides,

flavonoids and other bioactive molecules. Consequently,

alfalfa is known as the “king of forage grass”. In the past, it

has been found that supplementing alfalfa hay to cow diets

increased milk yield (6), and that increasing the amount

of alfalfa hay supplementation in the cow’s diet shortened

the interval to conception (7). In recent years, more and

more studies have found that adding alfalfa to pig diets at

different stages can help to improve pig performance. In

this review, we summarize the nutritional value of alfalfa,

including the positive physiological effects of its dietary

fiber, and detail the current application of alfalfa in pigs.

We further discuss the potential mechanisms underlying

how alfalfa improves animal growth and reproductive

performance, intestinal health, and pork quality, thus laying

the foundation for the increased application of forage in

pig production.

The nutritional value of alfalfa

Alfalfa is rich in crude protein, vitamins,
minerals, and other bioactive molecules

Alfalfa is rich in essential nutrients such as protein, vitamins,

minerals, and fiber, in addition to as yet unidentified growth

factors required by animals. The level of crude protein is

one of the most important indicators of the nutritional value

of forage. The level of crude protein in alfalfa is relatively

high, generally about 18–20% (8). The lysine, tryptophan and

other amino acids in alfalfa have a reasonable pattern and

relatively balanced composition ratio, which are easily digested

and utilized by animals. Alfalfa is also rich in lysine and

methionine, about 0.80 and 0.23% (9), respectively, which is

beneficial to balance the deficiency of lysine in grain feed.

Alfalfa has an abundance of beneficial fatty acids, of which

the amount of α-linolenic acid and linoleic acid are higher

and oleic acid is lower (10). α-Linolenic acid can help lower

the risk for cardiovascular disease and the occurrence of

hyperlipidemia (11). Moreover, linoleic acid plays an important

role in maintaining the permeable barrier of epidermis, and

it is a precursor component for the synthesis of various

bioactive molecules such as prostaglandins and leukotrienes

(12). Oleic acid can cause neutrophils to produce reactive

oxygen species (ROS) and induce leukocyte death (13). Besides,

alfalfa is also rich in vitamins, including folic acid; vitamins

B, C, E, and K; and carotene (14, 15). Furthermore, the

calcium, magnesium and potassium content of alfalfa meal

concentrate is ∼21, 7.9, and 23 mg/g, respectively (16). High

levels of calcium and potassium have bone-strengthening

effects, while magnesium can improve immune function

(17). Alfalfa also contains bioactive molecules, including

polysaccharides, saponins, and flavonoids, in addition to as yet

unidentified growth factors. Alfalfa polysaccharides possess a

variety of properties, including exerting immunomodulatory

and anti-inflammatory effects and promoting the proliferative

transformation of lymphocytes (18). Alfalfa saponins have been

shown to stimulate cholesterol excretion and also exhibit anti-

inflammatory, antioxidant, and antibacterial properties (19).

Meanwhile, numerous studies have found that flavonoids have

physiological effects such as anti-cancer, promoting animal

growth and enhancing the immunity (20). Alfalfa is also rich

in unidentified growth factors that may be beneficial for animal

production performance.

Alfalfa is a source of high-quality dietary
fiber

The term “dietary fiber” was first introduced by Hipsley

in 1953 (21). It is now generally accepted that dietary fiber

refers to polysaccharides primarily containing resistant starch,

oligosaccharides, fructans, pectins, cellulose, hemicellulose, and

lignin, which cannot be directly absorbed and utilized by

animals. Southgate (1978) classified fiber into two types using

chemical classification: structural fiber including non-fibrous

polysaccharides, cellulose and lignin and nonstructural fiber

including pectins, gums, algal polysaccharides and denatured

fiber (22). Depending on the solubility of the fiber, dietary fiber

can be divided into insoluble dietary fiber (IDF) and soluble

dietary fiber (SDF) (23).

The average crude fiber content in alfalfa hay is ∼24.8%

(24), with insoluble dietary fiber, such as cellulose, hemicellulose,

xylan, and lignin, accounting for more than 90% of the total

(25, 26). Regarding chemical classification, in alfalfa hay, non-

structural carbohydrates such as sugar, pectin, and starch

comprise 20–35% and structural carbohydrates such as cellulose,

hemicellulose, and lignin 30–50% of the total crude fiber content

(27). Most of the dietary fiber in alfalfa can be degraded and

absorbed by the intestinal flora of animals, whereas lignin,
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which is difficult to degrade and utilize, accounts for only a

relatively small proportion (28–30). These observations indicate

that alfalfa can serve as a high-quality fiber source feed.

The digestion and utilization of dietary
fiber by pigs

In the past, dietary fiber was widely used in ruminant

production due to the commonly held belief that the

gastrointestinal tract of monogastric animals was weak in

fiber decomposition, and it was once thought to reduce the

digestibility of feed for monogastric animals and reduce their

production performance. In recent years, with the increasing

awareness of dietary fiber, it has been referred to as the “seventh

macronutrient”. With the continuous deepening of research on

fiber nutrition, dietary fiber has been found to have certain

physiological nutritional functions for pigs (31). The IDF can

stimulate peristalsis, reduce intestinal stagnation and increase

digestive enzyme activity in pigs, thus increasing gastrointestinal

feed intake, which in turn increases the passage rate of digestive

liquids in the digestive tract to reduce intestinal infections

and pathogens adhering to the mucosa of the gastrointestinal

tract (32). The SDF is easily fermented and decomposed by

the microbiota in the animal’s gastrointestinal tract, improving

the intestinal flora, promoting the colonization of beneficial

bacteria in the intestinal tract and the production of short-chain

fatty acids (SCFAs), while reducing the production of harmful

bacteria and harmful molecules.

As monogastric omnivores, pigs have markedly different

gastrointestinal tract structure and digestive physiology from

that of ruminants such as cattle and sheep, and thus differ greatly

in roughage usage. Digestion and absorption of nutrients in pigs

occurs mainly in the gastrointestinal tract (33). Once feed enters

the digestive tract, it must undergo physical, chemical, and

microbial digestion, which transform it into structurally simple

soluble molecules such as amino acids, glycerol, fatty acids, and

glucose so that it can be absorbed and utilized. The digestive tract

of pigs is rich in microbiota, most of which is present in the large

intestine (34). The fermentation of dietary fiber by pigs occurs

mainly in the cecum and colon, and the fibrinolytic bacteria

that exist in the porcine colon mainly comprise members of

the Lactobacillus and Bifidobacterium genera (35). The number

of fibrinolytic bacteria increases as the pig grows (36). Indeed,

adult pigs having ∼6.7-fold the number of bacteria as growing

pigs (37) and, accordingly, have a greater capacity for digesting

dietary fiber. The fiber content of feed also has a significant

influence on the composition of the intestinal microbiota, and

feed with high levels of fiber can increase the number and

activity of fiber-degrading bacteria in the large intestine of sows

(38). Combined, these findings suggest that the high dietary fiber

content of alfalfa can greatly enhance animal performance.

The application of alfalfa in pig
production

The application of alfalfa in sows

Alfalfa can reduce sow constipation

Constipation refers to the absence of normal defecation

within a certain period of time, manifesting as difficulty

in defecating, abdominal pain, and abdominal distension

(39). Pregnant sows are very prone to constipation because

gastrointestinal motility is weakened during pregnancy and

transit time is significantly prolonged, resulting in increased

water absorption and ultimately sow constipation (40).

Constipation can lead to abdominal distention, intestinal

obstruction and prolonged farrowing, as well as influence

the number of stillborn, which can affect the health and

performance of the sow (41, 42). The addition of fiber to the

sow diet can promote gastrointestinal motility, increase the

water-holding capacity of the feces, and reduce the digestive

transit time of the feces in the intestine (Table 1). Baker et al.

found that adding 5% dehydrated alfalfa meal to the diet

of pregnant gilts increased the softness of sow feces (43),

thereby relieving constipation. Krogh et al. also found that

supplementing an appropriate amount of alfalfa meal to the

diet of gestation sows improved the softness of the feces (44).

The reduction of constipation in pregnant sows can improve

the overall performance of the sows (45), which improves fetus

delivery by the sows as well as the survival rate of piglets (42).

Alfalfa can increase sow satiety and reduce
abnormal behavior

Too much energy in the diet of a gestating sow can result

in excess body weight and backfat thickness. This may lead to

a variety of problems during delivery (71). To ensure optimal

health and optimal physiological conditions for gestating sows,

as well as to reduce farming costs, gestating sows are often fed

restrictively; however, restrictive feeding can lead to abnormal

stereotyped behaviors such as chewing without food, loud

growling, climbing on bars, licking troughs and floors, and biting

bars due to starvation (72). Feed with a high level of fiber has a

lower energy content than other feed materials such as wheat

and maize and supplementing fiber-rich feed materials to the

diet of gestating sows makes it easier to control their daily

energy intake (73). Fiber feed can increase satiety and reduce

hunger-induced abnormal behavior in sows (74). Holzgraefe

et al. found that the addition of 46% alfalfa-orchard grass hay

meal to the diet of gestation sows significantly reduced backfat

deposition during gestation and more weight loss from 109th

days of gestation to 14th days postpartum (46). Libal et al. used

dehydrated alfalfa as the main feed material for gestation sows

and found a reduction in daily weight gain (47). Calvert et al. also

found that adding either 50% or 95% alfalfa meal to gestation
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TABLE 1 The e�ects of dietary alfalfa supplementation on health condition of gestation sow.

Feeding stage Alfalfa addition form Amount Main results References

Pregnant gilts Dehydrated alfalfa meal 5% The softness of pregnant sow feces↑ (43)

Gestation sows Alfalfa meal 16.9% The softness of the gestation sow feces↑ (44)

Gestation sows Alfalfa-orchardgrass hay meal 46% Backfat deposition during gestation ↓;Weight loss

from 109th days of gestation to 14th days

postpartum↑

(46)

Gestation sows Dehydrated alfalfa meal As the main feed material The gestation sows daily weight gain↓ (47)

Gestation sows Alfalfa meal 50 or 95% Daily weight gain in gestation sows↓ (48)

TABLE 2 The e�ects of dietary alfalfa supplementation on the reproductive performance of gestation sow.

Feeding stage Alfalfa addition form Amount Main results References

First three successive gestation periods Alfalfa hay 96.75% The number of piglets born live per litter,

individual birth weight, and individual weaning

weight in the third generation of sows ↑

(49)

Gestation Alfalfa meal 10% IUGR ↓;Intestinal inflammatory factors ↓;

Lactation feed intake ↑; Intestinal

anti-inflammatory flora ↑

(50)

Before breeding and during gestation Sun-cured alfalfa 18% The number of corpora lutea ↑; Litter numbers ↑;

The number of piglets that survived weaning ↑

(51)

Gestation Alfalfa 50% Weight gain ↓; Piglets alive at 14 days ↑; The total

survival rate of piglets at 14 days over three

reproductive cycles of sows ↑

(52)

Gestation until the end of lactation Dehydrated alfalfa meal 10% The number of weaned piglets ↑; Average litter

weight of piglets ↑

(53)

sow diets reduced daily weight gain in gestation sows (48). These

results are summarized in Table 1. The supplementation of sow

diets with an appropriate amount of alfalfa meal increased the

abundance of fibrinolytic bacteria in the gut (75). Additionally,

the fiber in alfalfa meal can be fermented by fibrinolytic bacteria

in the living gut, thereby producing SCFAs that can provide

∼30% of the maintenance energy (76). Thus, the addition of

an appropriate level of alfalfa meal to the diet of gestating sows

can enhance satiety, provide maintenance energy, and reduce

abnormal behavior. This, in turn, has beneficial effects on the

survival of newborn piglets.

Alfalfa can improve the reproductive
performance of sows

The excessive consumption of dietary fiber during gestation

may have adverse effects on sows owing to its anti-nutritional

effects. However, in the right proportion, dietary fiber can

improve reproductive performance (77, 78) and reduce the

mortality of piglets before weaning (Table 2). Danielson and

Noonan found that the addition of 96.75% alfalfa hay to the

diet of gilts during their first three successive gestation periods

significantly increased the number of piglets born live per litter,

individual birth weight, and individual weaning weight in the

third generation of sows, and each of the generationsmaintained

a farrowing percentage of ∼95% (49). Liu et al. found that

the addition of a certain percentage of alfalfa meal to the

diet of gestation sows significantly reduced intrauterine growth

restriction (IUGR), increased lactation feed intake, reduced

intestinal inflammatory factors in sows, raised the amount of

intestinal anti-inflammatory flora and improved body function

in sows, which could further enhance piglet condition through

vertical transmission compared to the normal diet group (50).

Teague found that supplementing 18% sun-cured alfalfa to

sow diets before breeding and during gestation increased the

number of corpora lutea in sows, significantly increased litter

numbers and increased the number of piglets that survived

weaning (51). Pollmann et al. found that supplementing 50%

alfalfa to the diet of gestation sows significantly reduced weight

gain during gestation and significantly increased the number

of piglets alive at 14 days, and supplementing alfalfa to the

diet improved the total survival rate of piglets at 14 days by

∼8% over three reproductive cycles of sows (52). Seerley and

Wahlstrom supplemented different percentages of dehydrated
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TABLE 3 The e�ects of dietary alfalfa supplementation on the growth performance and diarrhea of piglet.

Feeding stage Alfalfa addition form Amount Main results References

Weaned piglets Alfalfa 12% ADG ↑; ADFI ↑; Piglets diarrhea ↓ (54)

Piglets Alfalfa meal 5% The ratio of diarrhea ↓; Piglet mortality ↓ (55)

Piglets Alfalfa fiber 5% ADG ↑; G:F ↑; SCFAs ↑; The relative abundance

of cellobiolytic and anti-inflammatory bacteria ↑;

Piglets diarrhea ↓

(56)

Weaned piglets Alfalfa meal 20% The digestive transit time ↓; The digestibility of

NDF and ADF ↓

(57)

Piglets Alfalfa meal 20% The apparent digestibility of dry matter, nitrogen

and energy ↓

(58)

Piglets Dehydrated alfalfa meal Fed at 0, 1 or 2% of body weight daily. The digestibility of dry matter, nitrogen and

energy ↓

(59)

Suckling piglets Alfalfa 1.3% The abundance of Coprococcus eutactus ↑; The

abundance of potential pathogen Streptococcus

suis ↓; Butyric acid in the intestine ↑

(60)

TABLE 4 The e�ects of dietary alfalfa supplementation on the growth performance of growing-fattening pig.

Feeding stage Alfalfa addition form Amount Main results References

Barrows Alfalfa hay Free feeding ADG ↑ (61)

Growing-fattening Alfalfa 30% to 50% The weight gain of 1.3 to 1.7 pounds per day (62)

Growing Alfalfa fiber 5%, 10% and 20% The pH in ileal digesta and concentration of

acetate, propionate, and total volatile fatty acid in

the feces ↑

(63)

Growing Alfalfa meal 15% ADIF ↓;The G:F ratio ↑; Butyrate concentration in

the cecum and intestinal flora evenness↑

(64)

Growing-finishing Green alfalfa forage 3 kg per pen The daily water intake ↓;HDL cholesterol level in

the serum ↑

(65)

alfalfa meal to the diet of 200 lb sows until the end of

lactation and found that the addition of 10% dehydrated

alfalfa meal to the sow’s diet increased the number of weaned

piglets and had the highest average litter weight of piglets

(53). Meanwhile, the addition of alfalfa–orchard hay and alfalfa

hay to the diets of gestating sows increased the number of

live piglets by between 0.1 and 0.8 (79). Combined, these

data suggest that the supplementation of the right proportion

of alfalfa to the diet of gestating sows can improve their

reproductive performance.

The application of alfalfa in piglets

Alfalfa can influence the growth performance
of piglets

Alfalfa may be supplemented as a high-quality feed

ingredient in piglet diets given its abundance of nutrients

(Table 3). Adams et al. supplemented the diets of weaned

piglets with different percentages of alfalfa and found that the

12% alfalfa group increased average daily gain (ADG) and

average daily feed intake (ADFI) and significantly reduced

piglet diarrhea compared to other groups, further improving

piglet growth performance (54). Another study showed that the

supplementation of alfalfa fiber in the diet of weaned piglets

increased blood albumin, globulin, and total protein levels;

reduced the cholesterol level; increased intestinal villus height

and the ratio of villus height to crypt depth; and improved

piglet performance (80). Additionally, Liu et al. demonstrated

that the addition of 5% alfalfa meal to the diets of piglets

significantly reduced the ratio of diarrhea, tended to reduce

mortality, and had a beneficial effect on the intestinal flora (55).

Meanwhile, another study reported that adding 5% alfalfa fiber

to the diet of piglets with lipopolysaccharide-induced intestinal

injury increased the ADG and the gain: feed (G:F) ratio and

improved the growth of the piglets (56). However, too high

a content of dietary fiber may also negatively influence the

digestion of nutrients by the piglets. Freire et al. supplemented
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TABLE 5 The e�ects of dietary alfalfa supplementation on the pork meat quality.

Feeding stage Alfalfa addition form Amount Main results References

Weaned pigs reached

weights of 100, 125 or 150

lb.

Dehydrated alfalfa meal Different levels of Alfalfa Grade and length of carcasses ↑ (66)

Barrows Alfalfa hay Free feeding pH value at 45min after slaughter ↑; pH value at

24 h after slaughter ↓; Monounsaturated fatty

acids of longissimus lumborum muscle ↑;

Saturated fatty acids in intramuscular fat of

longissimus lumborum muscle ↓; Polyunsaturated

fatty acids in the backfat ↑

(67)

Fattening pig Alfalfa 50% The percentage of weight gain, slaughter rate,

backfat depth in the carcass ↓; The percentage of

shoulder, ham and loin in the carcass ↑; The

percentage of lean meat ↑

(68)

Growing-fattening pig Alfalfa 50% The proportion of lean meat in pork ↑ (69)

Fattening pigs Alfalfa extract 0.2% Growth and development ↑; Sensory evaluation

scores for ham flavor and consistency ↑

(70)

FIGURE 1

The e�ects and mechanisms of alfalfa on growth, reproductive performance, health condition and meat quality of pigs. Dietary fiber in alfalfa

can stimulate intestinal peristalsis, increase the activity of digestive enzymes, and promote the colonization of beneficial bacteria in the intestinal

tract, producing short-chain fatty acids through fermentation in the intestine and thus improving intestinal health; high quality protein and

amino acids are beneficial to improve animal health condition; rich vitamins and mineral elements play an important role in various physiological

functions of body; and bioactive molecules can improve the antioxidant and anti-inflammatory level. In this way, alfalfa supplementation in pig

diets can improve reproductive performance of sows, growth performance of piglet and improve production performance and pork quality of

growing-fattening pig.

the diet of weaned piglets with 20% alfalfa meal and found that

the digestive transit time was reduced, as were the digestibility

of neutral detergent fiber (NDF) and acid detergent fiber (ADF)

(57). Moore et al. also supplemented the diets of piglets with 20%

alfalfa meal and found a reduction in the apparent digestibility

of dry matter, nitrogen and energy (58). Stanley et al. added

dehydrated alfalfa meal to piglets’ basal diets and reduced the

digestibility of dry matter, nitrogen and energy (59). Therefore,

an appropriate amount of alfalfa should be supplemented to the

piglets’ diet, otherwise it would affect the piglets’ digestion and

absorption of nutrients, reducing growth performance.

Alfalfa can reduce diarrhea of piglets

The digestive system of piglets is not well-developed. The

gastrointestinal tract lacks the corresponding digestive enzymes,

the intestinal flora is incomplete, and immune function and

body temperature regulation are weak. As piglets are gradually

weaned, various stresses, such as dietary stress, lead to intestinal

dysfunction (81) and inflammation. The resulting diarrheal

diseases and diminished piglet performance may lead to reduced

feed intake and even death. Alfalfa is rich in saponins,

polysaccharides, flavonoids and other active factors, which have

the ability to resist harmful bacteria and eliminate inflammation,
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improving the immunity of piglets, reducing the rate of

diarrhea and promoting animal growth (82). Zhang et al.

added 1.3% alfalfa to the supplements of suckling piglets and

found that the composition of the intestinal flora of the piglets

was improved, as evidenced by the increased abundance of

Coprococcus eutactus, the reduced abundance of the potential

pathogen Streptococcus suis, the increased production of

butyric acid in the intestine, and the reduced production of

molecules harmful to the intestine, thereby reducing intestinal

inflammation and protecting intestinal health (60). Sun et al.

found that the addition of 5% alfalfa fiber to the diets of piglets

with lipopolysaccharide-induced injury increased the relative

abundance of cellobiolytic and anti-inflammatory bacteria in the

intestines, increased the level of intestinal SCFAs, and inhibited

the inflammatory response, thus improving the intestinal health

and reducing the rate of diarrhea in the piglets (56). Overall,

the supplemented appropriate amount of alfalfa in piglet diets

may improve the intestinal flora of piglets (83), increasing the

intestinal beneficial bacteria and fibrinolytic bacteria, increasing

the content of intestinal SCFAs and enhancing the intestinal

barrier function, thus reducing intestinal inflammation and

diarrhea in piglets.

The application of alfalfa in
growing-fattening pigs

Alfalfa can improve the growth performance of
growing-fattening pigs

The digestion and utilization of protein, amino acids, and

other nutrients in alfalfa by pigs does not differ from that of

other feed nutrients. Adding fiber feed to the pig diet is always

controversial given that they are monogastric animals (84).

Growing–fattening pigs have a relatively well developed hindgut

with a large number of microorganisms that can degrade fiber

in the colon. Accordingly, the fiber component of alfalfa can

be degraded and absorbed by the animals, at least to a certain

extent. Studies have shown that the provision of a high fiber

diet can enhance the ability of pigs to digest fiber (Table 4).

For instance, Škrlep et al. supplemented alfalfa hay in the

barrows organic food diet, the final live weight and backfat

thickness of pigs did not differ from the normal group, but

there was a tendency to increase the ADG of pigs (61). Bohman

et al. found growing-fattening pigs can increase weight gain of

1.3–1.7 pounds per day with 30–50% alfalfa supplementation

(62). Chen et al. found that the pH in ileal digesta and the

concentrations of acetate, propionate, and total volatile fatty

acids in the feces increased with the addition of 5, 10, and

20% alfalfa meal to the diet of growing pigs (63). Wang et al.

added 15% alfalfa meal to growing pigs’ diets, which had a

tendency to reduce ADIF and significantly increased the G:F

ratio, significantly increased butyrate concentration in cecum

and increased intestinal flora evenness (64). The microbiota in

the intestinal tract of pigs can utilize the dietary fiber in alfalfa

to increase the feed conversion rate and improve the production

performance. Kozera et al. supplemented green alfalfa forage to

the diet of growing-finishing pigs, which reduced the daily water

intake and achieved a relatively satisfactory G:F ratio, as well as

increased high-density lipoprotein (HDL) cholesterol level in the

serum and the final body weight was also slightly increased (65).

Alfalfa can improve pork quality

In addition to growth performance, the pork quality of

fattening pig is also an important indicator in pig farming

production (85). Fiber-rich feed sources can have a beneficial

effect on pork quality in fattening pigs (Table 5). Stevenson et al.

found that the addition of dehydrated alfalfa meal to the diets

of pigs helped to improve the grade and length of carcasses

(66). TomaŽin et al. found that supplementation of alfalfa hay

in the barrows organic food diet significantly increased the

pH value at 45min after slaughter and significantly decreased

the pH value at 24 h after slaughter, significantly increased

the proportion of monounsaturated fatty acids and decreased

the proportion of saturated fatty acids in intramuscular fat of

longissimus lumborum muscle, and significantly increased the

proportion of polyunsaturated fatty acids in the backfat, which

improved the quality of the pork (67). Bohman et al. found

that the addition of different percentages of alfalfa to fattening

pig diets significantly reduced the percentage of weight gain,

slaughter rate, depth of back fat in the carcass and significantly

increased the percentage of shoulder, ham and loin in the carcass

as the alfalfa content of the diets increased, and that pigs with

50% addition of alfalfa to their diets had a higher percentage

of lean meat (68). Kidwell et al. also found that the addition

of 50% alfalfa to growing-fattening pig diets resulted a higher

proportion of lean meat in pork (69). Karwowska et al. added

0.2% alfalfa extract to the diets of fattening pigs, which did not

lead to the deterioration of meat quality (86). Another study

by the same authors reported that the addition of 0.2% alfalfa

extract to the diets of fattening pigs accelerated growth and

development and improved sensory evaluation scores for ham

flavor and consistency (70). In conclusion, the addition of alfalfa

to the diets of pigs can help increase the polyunsaturated fatty

acid content in pork (87) and increase the proportion of lean

meat, thus improving pork quality.

Possible mechanism of alfalfa
improving pig’s performance

Alfalfa is rich in nutrients, high-quality dietary fiber, protein

with a balanced amino acid ratio, vitamins, mineral elements,

and many other bioactive molecules. The beneficial effects of
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these nutrients on the health of pigs and pig production involve

a variety of different pathways and mechanisms.

Dietary fiber

Dietary fiber in alfalfa a�ects the physiology of
the digestive tract

Dietary fiber is mainly composed of plant cell wall structural

elements that are resistant to digestive enzymes and, therefore,

not easily digested and decomposed in the upper digestive tract

of animals (88). Furthermore, dietary fiber has a certain water-

holding capacity (89). Recent studies have found that dietary

fiber in alfalfa passes through the gastrointestinal tract and exerts

several beneficial physiological effects (90). On the one hand,

dietary fiber in alfalfa is not easily decomposed by digestive

enzymes and can thus enhance gastrointestinal tract motility,

promote gastrointestinal development, and stimulate digestive

juice secretion (91). On the other hand, the water-holding

capacity of dietary fiber can help reduce constipation (44).

Dietary fiber in alfalfa influences the intestinal
microbiota of pigs

The alfalfa meal used as a fiber source in pig feed mainly

undergoes fermentation by the microbiota in the large intestine

of pigs. With further investigation, it is found that there is a close

relationship between intestinal microbiota and intestinal barrier

function and inflammation (92), and the changes of microbiota

composition can affect host health (93). Intestinal microbiota

metabolism can have a significant impact on the homeostasis

of the intestinal mucosa of the host, the proliferation and

differentiation of intestinal epithelial cells, and the function of

the intestinal barrier (94). Varel et al. found that the addition of

alfalfa meal to the diet of gilts mainly increased the relative level

of the cellulolytic bacterium B. succinogenes in the intestine (38).

Liu et al. added alfalfa meal to sow diets in the late gestation

period and significantly increased the relative abundance of anti-

inflammatory bacteria such as Prevotellaceae_NK3B31_group

and Lachnospiraceae_NK4A136_group and significantly

reduced pro-inflammatory bacteria such as Terrisporobacter,

Desulfovibrio and Helicobacter (50). Another study showed

that the addition of alfalfa meal to piglet diets significantly

increased the Shannon index of flora in the jejunum, increased

the diversity of intestinal flora, significantly increased the

relative abundance of Bacillus, Oceanobacillus, Lactococcus,

Enterococcus, and Exiguobacterium, and significantly decreased

the relative abundance of Mycoplasma (55). Sun et al.

supplemented alfalfa meal to piglet diets and significantly

increased the relative abundances of cellulolytic and anti-

inflammatory bacteria in the intestinal tract (56). Mu

et al. found that the addition of alfalfa meal to piglet diets

significantly reduced the relative level of Bacteroidetes in the

cecum, significantly increased the relative level of Clostridium

cluster XIVa in the colon, and significantly increased the

level of butyrate and total SCFAs in the proximal colon

of piglets (95). And Clostridium cluster XIVa belonging to

Firmicutes contains many kinds of butyrate-producing bacteria

(96). Zhang et al. added appropriate amount of alfalfa to

suckling piglets’ supplements to improve the composition

of the piglets’ intestinal flora, increased the abundance of

Coprococcus eutactus, reduced the abundance of potential

pathogen Streptococcus suis, increased the production of butyric

acid in the intestine (60). Streptococcus suis is a pathogenic

bacteria which can cause many physical diseases in pigs such as

meningitis, septicemia and arthritis (97). According to various

studies, it is obvious that the addition of alfalfa meal to pig

diets can increase the relative abundance of beneficial bacteria

and decrease the relative abundance of harmful bacteria in the

intestinal tract. Furthermore, the beneficial bacteria can produce

SCFAs and other beneficial molecules through fermentation

and metabolism, which can have further beneficial effects on

the intestinal tract and even on the pig health. In addition,

dietary fiber can directly influence the host bile acid metabolic

process through the intestinal flora, reducing bile acid metabolic

disorders and improving animal health (98).

Dietary fiber in alfalfa fermented by intestinal
microbiota produces SCFAs to improve pig
health

Dietary fiber can be metabolized and fermented by the

microbiota in the cecum and colon to produce SCFAs (99).

SCFAs are the main fermentation product of intestinal bacteria

and can serve as a source of energy for animals. Rerat et al.

found that pigs fed diets supplemented with 6.5% alfalfa meal

produced SCFAs that could provide ∼30% energy for the body

(100). In addition, SCFAs can function as signaling molecules,

and thereby modulate the physiological functions of intestinal

epithelial cells, including exerting anti-inflammatory and other

effects (101). The physiological functions of SCFAs in the

intestine are mainly related to acetate, propionate, and, in

particular, butyrate (102), which has an extremely important role

in maintainingmucosal barrier function and regulating immune

function (103). Other SCFAs such as valerate and caproate are

present in only very small amounts in the intestine (104, 105).

SCFAs can influence the barrier function of intestinal

epithelial cells through a variety of regulatory pathways, of which

there are two main distinct mechanisms including G protein-

coupled receptors (GPCRs) pathway and histone deacetylase

(HDAC) regulatory pathway. On the one hand, SCFAs can

modulate the immune system by binding to GPCRs (GPR43,

GPR109A) and Olfr78 receptors (106), while SCFAs also can

promote the synthesis of mucin and enhance intestinal barrier

function (107). SCFAs also promote the differentiation of

regulatory T cells (Tregs) and the production of interleukin 10
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through the upregulation of forkhead box protein 3 (FOXP3)

via GPR43 (108). On the other hand, SCFA may act as an

inhibitor of HDAC and stimulate monocytes and neutrophils by

inducing HDAC inhibition, resulting in the inhibition of nuclear

transcription factor-kappa B (NF-κB) and thus reducing the

production of pro-inflammatory cytokines (109). In addition,

SCFAs can activate the absent in melanoma 2 (AIM2) and Nod-

like receptor pyrin domain 3 (NLRP3) inflammasomes, further

affecting interleukin 18 production and enhancing intestinal

epithelial barrier function (110). Secretory immunoglobulin A

(sIgA) is a major component of the protective mechanism

of the intestinal mucosa, it was found that butyric acid

also improves sIgA level in the intestinal mucosa (111) and

reduces the adhesion of harmful molecules to the intestinal

wall. Thus, SCFAs can enhance intestinal barrier function

and improve the health of pigs, thereby also enhancing their

production performance.

High-quality protein and amino acids in
alfalfa can improve health condition of
pigs

Proteins and amino acids are essential for many

physiological functions and the synthesis of physiologically

functional molecules in the body. An inadequate supply of

amino acids may affect vital functions and lead to decreased

performance, while an excess of amino acids may lead to

increased nitrogen excretion and negative effects on the external

environment (112). Alfalfa contains high levels of proteins

with a relatively balanced amino acid profile, which makes

it a good source of feed protein (9). Myer et al. found that

the supplementation of alfalfa protein concentrate to the

diets of growing-finishing pigs led to excellent performance,

indicating that alfalfa protein concentrate could serve as

a good protein supplement (113). Similarly, Pietrzak and

Grela found that the addition of alfalfa protein concentrate

to the diets of growing-finishing pigs improved red blood

cell indices and reduce total cholesterol and low-density

lipoprotein levels, thereby enhancing the hypolipidemic activity

of the body (114). The high-quality protein in alfalfa can

improve animal health, consequently also enhancing pig

growth performance.

Rich vitamins and mineral elements in
alfalfa can improve pig health

Vitamins and mineral elements are essential for pig growth

and development (115). Alfalfa is rich in a variety of vitamins

such as vitamins B, C, E, and K (15). Vitamin E exerts a

beneficial effect on the growth performance of pigs (116) while

also helping to reduce lipid oxidation in pork and to improve

pork quality (117). Fat-soluble vitamins are mainly involved

in tissue growth and maintenance whereas B vitamins and

vitamin C normally serve as co-factors for metabolic purposes

(118). Alfalfa is rich in mineral elements, especially calcium,

potassium, and magnesium (16). Calcium plays a crucial role

in bone development while potassium is required for the

maintenance of electrolyte balance and neuromuscular function;

magnesium is a co-factor for many enzyme systems as well

as a component of bone, and can also help boost immunity

(17, 119). These vitamins and mineral elements, abundantly

present in alfalfa, play essential roles in maintaining the health

of pigs.

Bioactive molecules in alfalfa exert
positive e�ects on growth performance
and antioxidant activity of pigs

The addition of alfalfa to the diets of pigs improves

their health and enhances growth performance owing to

the presence of dietary fiber and bioactive molecules in

alfalfa, which help improve the physiological function of the

animals. Alfalfa saponins can enhance bile acid secretion in

pigs and increase cholesterol excretion for better body lipid

metabolism (120). Cui et al. found that alfalfa saponins also

increased the activity of antioxidant enzymes in intestinal

cells, reduced malondialdehyde and lactate dehydrogenase

release in H2O2-induced cells, and resisted cellular oxidative

damage by restoring glutathione homeostasis (121). Alfalfa

flavonoids, one of the bioactive molecules of alfalfa, can also

have the effect of enhancing the antioxidant function of the

body (122). Alfalfa flavonoids were found to reduce serum

malondialdehyde levels and increase superoxide dismutase

activity, thereby enhancing the total antioxidant capacity of the

body (123). Alfalfa polysaccharides can regulate the immunity

of animal. One research found that alfalfa polysaccharides

can promote immunoglobulin M production by B cells

through the Toll-like receptor 4 and improve the immunity

level of the body (124). Furthermore, the addition of alfalfa

polysaccharides to the diet has positive effects on growth

performance and antioxidant activity of the animal (125).

Zhang et al. supplemented alfalfa polysaccharides to weaned

piglet diets, which enhanced piglet intestinal development,

improved amylase and protease activities in the small intestine,

and increased the relative intestinal levels of Lactobacillus,

thus improving piglet growth performance and intestinal

health (81).

In brief, alfalfa is rich in a number of elements that exert

beneficial effects on the body through a variety of mechanisms.

These elements can comprehensively enhance the production

performance and improve the health of pigs.
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Summary and outlook

As a high-quality feed source, alfalfa has been increasingly

investigated and applied in pig production, and the optimum

amount of alfalfa added to pig diets varies with the growth stage

of the pig. The supplementation of dietary alfalfa to the diet

of gestation sows can reduce constipation, alleviate abnormal

behavior, improve satiety and reproductive performance; the

supplementation of dietary alfalfa to the diet of piglets

can improve growth performance and reduce diarrhea; the

supplementation of dietary alfalfa to the diet of growing-

fattening pigs can enhance production performance and pork

quality (Figure 1). In addition, alfalfa contains many as yet

unidentified bioactive molecules and growth factors and how

these factors affect livestock and poultry still requires in-

depth investigation, as do the underlying mechanisms. The

determination of the appropriate amount of alfalfa to be added

to the diets of pigs and how to best apply it in the pig farming

industry will help to solve the current problems related to food

competition between humans and livestock. The value of alfalfa

as a feed supplement will continue to be explored to improve pig

production as well as the quality and efficiency of pig husbandry.
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