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Abstract

This experiment aimed to investigate the effects of adding different amounts of
expanded alfalfa meal-flaxseed to sow diets during late gestation and lactation
on their reproductive performance and colostrum fatty acid composition. Eighty
late-gestating (day 83 of gestation) Landrace x Large White primiparous sows
were selected and randomly divided into 4 groups, with 4 replicates per group
and 5 sows per replicate. The control group was fed a basal diet, while the
experimental groups were fed the basal diet supplemented with 5%, 10%, and
15% expanded alfalfa meal-flaxseed, respectively. The experiment consisted of
a 7-day pre-trial period and a 55-day formal trial period. The results showed:
1) Compared with the control group, dietary supplementation with expanded
alfalfa meal-flaxseed significantly increased the average daily feed intake of sows
(P<0.05), and the 15% expanded alfalfa meal-flaxseed supplementation group
had the highest average daily feed intake; 2) As the supplementation level of
expanded alfalfa meal-flaxseed increased, backfat loss during lactation gradu-
ally decreased, while litter weight at day 21, litter average daily gain, individual
weight at day 21, and the content of monounsaturated fatty acids (MUFA)
and the unsaturated fatty acid/saturated fatty acid (UFA/SFA) ratio in sow
colostrum gradually increased, but the differences were not significant (P>0.05);
3) At weaning (21 days of age), the 15% expanded alfalfa meal-flaxseed supple-
mentation group exhibited the best uniformity. In conclusion, expanded alfalfa
meal-flaxseed can improve sow reproductive performance and increase MUFA
content and UFA /SFA ratio in colostrum.
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Abstract

This experiment was conducted to investigate the effects of different supplemen-
tal levels of extruded alfalfa meal-linseed during late gestation and lactation on
reproductive performance and colostrum fatty acid composition in sows. Eighty
LandracexLarge White primiparous sows in late gestation (83 days of gesta-
tion) were randomly allocated to 4 groups with 4 replicates per group and 5
sows per replicate. The control group was fed a basal diet, while experimental
groups were fed the basal diet supplemented with 5%, 10%, and 15% extruded
alfalfa meal-linseed, respectively. The trial consisted of a 7-day adaptation pe-
riod followed by a 55-day formal experimental period. The results showed: 1)
Compared with the control group, dietary extruded alfalfa meal-linseed signifi-
cantly increased the average daily feed intake of sows (P<0.05), with the highest
intake observed in the 15% supplementation group; 2) With increasing supple-
mentation levels, backfat loss during lactation decreased, while litter weight
at day 21, average daily litter weight gain, individual piglet weight at day 21,
as well as monounsaturated fatty acid (MUFA) content and the unsaturated
fatty acid to saturated fatty acid ratio (UFA/SFA) in sow colostrum increased,
though these differences were not significant (P>0.05); 3) At weaning (21 days
of age), piglets in the 15% supplementation group showed the best weight uni-
formity. These findings indicate that extruded alfalfa meal-linseed can improve
sow reproductive performance and increase MUFA content and UFA /SFA ratio
in colostrum.

Keywords: extrusion; alfalfa meal; linseed; reproductive performance; fatty
acid

Alfalfa (Medicago sativa) is a perennial leguminous forage with characteristics
of rich nutrition, good palatability, and easy digestibility for livestock. Research
has shown that alfalfa meal has beneficial effects on weaned piglet litter weight
[1]. Linseed is rich in oil and crude protein, with oil content as high as 34%~37%
and high unsaturated fatty acid (UFA) content. The crude protein is primarily
composed of albumin and globulin, making it a high-quality plant protein. Ad-
ditionally, linseed has an ideal essential amino acid composition and is rich in
minerals, B vitamins, and vitamin E, which exists as tocopherols and acts as a
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natural antioxidant. In recent years, many researchers have applied linseed in
animal feed, significantly improving feed nutritional value [2]. Farmer et al. [3-4]
found that adding 10% linseed and 3.5% linseed oil could reduce saturated fatty
acid (SFA) content and increase polyunsaturated fatty acid (PUFA) content in
sow serum. Supplementing linseed during late gestation and lactation could
enhance piglet immune function and promote post-weaning growth. Extruded
feed is a special product manufactured by specific equipment under particular
conditions (high temperature, high pressure, etc.). It can gelatinize starch gran-
ules, improve palatability, and facilitate nutrient absorption in livestock. The
high temperature can also kill many pathogens and parasites and inactivate
numerous anti-nutritional factors [5]. Since linseed and its oil-extracted meal
contain cyanogenic glycosides, which can be hydrolyzed by coexisting enzymes
to produce toxic hydrocyanic acid [6], special treatment is generally required
when adding linseed to diets. This experiment eliminated harmful substances
through extrusion processing. Moreover, extruded pig feed technology has only
emerged in China in recent years, primarily for piglet feed, with limited research
on sows. Studies on the effects of linseed on sow reproductive performance are
also scarce. Therefore, this experiment aimed to investigate the effects of ex-
truded alfalfa meal-linseed on sow reproductive performance and colostrum fatty
acid composition, providing a scientific basis for developing new feed products.

1. Materials and Methods
1.1 Experimental Materials

The extruded ingredient was processed using a 1:1 ratio of alfalfa meal to lin-
seed. Eighty healthy primiparous LandracexLarge White crossbred sows from
the same batch, at approximately 83 days of gestation, were selected for the
experiment.

1.2 Experimental Design and Diets

A single-factor completely randomized design was employed with 4 groups, each
containing 4 replicates of 5 sows. Replicates were balanced for body weight
and health status. The basal diet was formulated according to NRC (2012)
nutrient standards for sows. The control group (Group 1) received the basal
diet without extruded alfalfa meal-linseed, while experimental groups (Groups
2-4) received the basal diet supplemented with 5%, 10%, and 15% extruded
alfalfa meal-linseed, respectively. Diet composition and nutrient levels for all
groups are presented in Table 1 .

Table 1 Composition and nutrient levels of diets for all groups (air-dry
basis)

Items Groups

Ingredients
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Items Groups

Corn

Soybean meal
Wheat bran
Extruded alfalfa meal-linseed
Wheat middling
Fish meal
Limestone
CaHPO

NaCl

Soybean oil

Lys

Thr

Choline chloride
Premix!

Total
Nutrient levels?
CP

EE

CF

Ash

TP

AP

Lys

Linoleic acid
DE/(MJ/kg)

"Premix provided the following per kg of diets: VA 5,500 1U, VD 500 1U, VE
66.1 IU, VB 28.2 ng, VB 5.1 mg, VB 12.6 mg, VB 29.8 mg, VK 540 mg, Mn
40 mg, Zn 120 mg, Fe 150 mg, Cu 10 mg, Co 1 mg, Se 0.25 mg, I 0.5 mg.

2Nutrient levels were all calculated values.

1.3 Feeding Management

The trial included a 7-day adaptation period and a 55-day formal experimental
period. During late gestation, sows were limit-fed twice daily at 1.25 kg per
feeding at 09:00 and 16:00. During lactation, sows were fed ad libitum at 06:00,
10:00, 14:00, and 20:00. Pens were cleaned once daily, and routine immunization
and disinfection protocols were followed according to standard farm procedures.

1.4 Measurements

1.4.1 Reproductive Performance Feed intake during lactation was
recorded for each sow. Backfat thickness at the P2 position was measured
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individually using ultrasound at 90 days of gestation, before parturition,
and at weaning to calculate backfat increase from day 90 to parturition and
backfat loss during lactation. Total number of piglets born, number born
alive, individual piglet weight at birth, and litter weight at days 7, 14, and 21
(weaning) were recorded.

1.4.2 Sow Colostrum Sampling Within 12 hours of parturition, 30 mL of
mixed colostrum samples were collected by hand-milking from anterior, middle,
and posterior teats. Samples were stored at -20 °C for subsequent composition
analysis. One sow was randomly selected from each replicate, with 4 sows
sampled per group.

1.5 Data Processing

Experimental data were analyzed using SPSS 22.0 statistical software with T-
tests. Differences were considered significant at P<0.05. Results are expressed
as “mean =+ standard deviation.”

2. Results
2.1 Effects of Extruded Alfalfa Meal-Linseed on Piglet Survival Rate

As shown in Table 2 ; Groups 2 and 3 had relatively higher total number of
piglets born and number born alive, while Group 3 showed relatively higher
piglet survival rate. However, no significant differences were observed among
groups (P>0.05).

Table 2 Effects of extruded alfalfa meal-linseed on the fetal survival
rate of piglets

Items Groups

Total number born (head)  11.33+2.27
Number born alive (head) — 11.174+2.18
Survival rate (%) 98.8145.05
Adjusting litter size (head)

In the same row, values with no letter or the same letter superscripts mean
no significant difference (P>0.05), while with different letter superscripts mean
significant difference (P<0.05). The same as below.

2.2 Effects of Extruded Alfalfa Meal-Linseed on Sow Feed Intake and
Backfat Thickness

Table 3 shows that average daily feed intake during lactation increased with ex-
truded alfalfa meal-linseed supplementation, with all experimental groups being
significantly higher than the control group (P<0.05). Backfat increase during
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late gestation and backfat loss during lactation decreased with increasing sup-
plementation, though differences among groups were not significant (P>0.05).

Table 3 Effects of extruded alfalfa meal-linseed on ADFI in lactation
and backfat thickness of sows

Items Groups
ADFT (kg) 5.38+0.03c
Backfat thickness (mm)

Day 90 of gestation 18.57+1.74
Before parturition 19.57+2.06ab
Weaning 16.70+2.15
Backfat increase during late gestation (90 d) 1.00£1.24
Backfat loss during lactation 2.934+1.90

2.3 Effects of Extruded Alfalfa Meal-Linseed on Litter Weight and
Individual Piglet Weight

As shown in Table 4 , litter weight and individual weight at birth increased
gradually from Groups 2 to 4, but differences compared with the control group
were not significant (P>0.05). Litter weight at day 21, average daily litter
weight gain, and individual weight at day 21 showed an increasing trend with
supplementation, though no significant differences were observed among groups
(P>0.05).

Table 4 Effects of extruded alfalfa meal-linseed on litter weight and
individual weight of piglets

Ttems Groups

Litter weight of piglets (kg)

Litter weight at birth 15.23+2.08
Litter weight of day 7 27.64+3.13
Litter weight of day 14 43.83+4.13
Litter weight of day 21 60.72+6.93
Average litter daily weight gain (kg) 2.18+0.41
Individual weight of piglets (kg)

Individual weight at birth 1.35+0.18ab
Individual weight of day 7 2.55+0.28b
Individual weight of day 14 3.96£0.33
Individual weight of day 21 5.69+0.61

Average individual daily weight gain (kg) 0.21£0.03

2.4 Effects of Extruded Alfalfa Meal-Linseed on Piglet Uniformity

Table 5 shows that at birth, Group 2 had the most piglets weighing less than
0.8 kg, while the number of piglets weighing 1.3-1.8 kg increased gradually from
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Groups 2 to 4. The control group and Group 3 showed similar uniformity. At
weaning, Group 2 had the most piglets in the 3.5-5.0 kg range, while the number
of piglets weighing 6.5-8.0 kg increased progressively from the control group to
Group 4. Group 4 showed the smallest difference in proportion between 5.0-6.5
kg and 6.5-8.0 kg piglets and had no unqualified piglets weighing less than 3.5
kg, indicating the best uniformity.

Table 5 Effects of extruded alfalfa meal-linseed on weight distribution
of piglets

Items Groups

Birth weight distribution
<0.8 kg

0.8-1.3 kg

1.3-1.8 kg

>1.8 kg

Total

Weaning weight distribution
<3.5 kg

3.5-5.0 kg

5.0-6.5 kg

6.5-8.0 kg

>8.0 kg

Total

Weak piglets were those that body weigh less than 0.8 kg at birth, and weaned
piglets weighing less than 3.5 kg were disqualified.

2.5 Effects of Extruded Alfalfa Meal-Linseed on Colostrum Fatty Acid
Composition

Table 6 demonstrates that with increasing extruded alfalfa meal-linseed supple-
mentation, elaidic acid, eicosenoic acid, and erucic acid content in sow colostrum
increased gradually, with Group 4 being significantly higher than the control
group (P<0.05). The UFA/SFA ratio and MUFA content in colostrum also in-
creased with supplementation. Although UFA content in experimental groups
was generally higher than in the control group, with Group 4 showing the highest
values, these differences were not significant (P<0.05).

Table 6 Effects of extruded alfalfa meal-linseed on fatty acid compo-
sition of sow colostrum (mg/kg)

Items Groups
SFA
Lauric acid (C12:0) 0.1774+0.092
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Items Groups
Myristic acid (C14:0) 5.757£1.295
Pentadecanoic acid (C15:0) 0.629+0.192
Palmitic acid (C16:0) 70.333+12.795
Heptadecanoic acid (C17:0) 1.062+0.453
Stearic acid (C18:0) 14.200£2.706
Arachidic acid (C20:0) 0.288+0.051
Behenic acid (C22:0) 0.11440.028

MUFA

Elaidic acid (C18:1 n-9t)
Oleic acid (C18:1)
Palmitoleic Acid (C16:1)
Eicosenoic acid (C20:1)
Erucic acid (C22:1)

n-3 PUFA

ALA (C18:3n-3)

Cis-11,14,17-eicosatrienoic acid (C20:3 n-3)

DHA (C22:6 n-3)

n-6 PUFA

Linoleic acid (C18:2 n-6)
-Linolenic acid (C18:3 n-6)

Cis-8,11,14-eicosatrienoic acid (C20:3 n-6)
Arachidonic acid (C20:4 n-6)

Other PUFA
Eicosadienoic acid (C20:2)
SFA

UFA

UFA /SFA

MUFA

PUFA

n-3 PUFA

n-6 PUFA

n-6 PUFA /n-3 PUFA
EFA

0.542£0.093b
79.833+7.814
6.667+2.275
14.000=£1.400c
0.597£0.136b

0.584+0.078
3.043+0.323
1.036+£0.233

122.000+3.606
0.796+0.135
0.945+0.946
0.167+0.036

1.7134+0.254
92.560+17.30
231.924£13.569
2.55£0.25
101.639+9.709
130.285+4.639
4.663+0.634
123.908+3.779
26.86+3.13
122.584+3.683

3. Discussion
3.1 Effects on Sow Feed Intake and Backfat Thickness

Excessive feed intake during gestation can lead to increased backfat thickness,
which impairs feed intake and lactation capacity during the subsequent lacta-
tion period [7]; therefore, sows are typically limit-fed during late gestation. The
nutritional and feeding goal for lactating sows is to maximize feed intake and
nutrient consumption, which benefits milk production, maintains good body
condition, shortens the weaning-to-estrus interval, and improves reproductive
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performance [8]. Extrusion processing enhances feed aroma and palatability,
stimulating animal appetite and increasing voluntary feed intake of lactating
sows [9]. Lenehan et al. [10] found that increasing extruded soy protein concen-
trate in diets improved average daily feed intake in finishing pigs. Backfat loss
during lactation affects the weaning-to-estrus interval; excessive loss prolongs
this interval [11] and leads to increased atretic follicles, reducing the number of
viable embryos in the subsequent parity [12]. Thus, appropriate control of body
condition changes in gestating sows is necessary.

Mateo et al. [13] reported that adding non-extruded linseed did not increase
sow feed intake during lactation. However, this study found that supplementing
the diet with palatable extruded alfalfa meal-linseed improved average daily
feed intake, which increased with supplementation level. Additionally, backfat
increase during late gestation and backfat loss during lactation decreased with
increasing extruded alfalfa meal-linseed supplementation. These results indicate
that extruded alfalfa meal-linseed can increase voluntary feed intake in lactating
sows while effectively controlling body condition, which is beneficial for milk
production, post-weaning estrus, and overall reproductive performance.

3.2 Effects on Piglet Survival, Litter Weight, Individual Weight, and
Uniformity

Alfalfa not only has high forage yield but also contains abundant crude protein,
vitamins, and inorganic salts, with high levels of essential amino acids [14]. It
also contains vitamin E, folic acid, and selenium, which can increase litter size,
reduce abortion, decrease embryonic mortality, and enhance sow milk yield and
piglet daily weight gain [15]. Many studies have shown that adding fibrous feeds
such as forage (meal) to sow diets can improve reproductive performance [16].
Zang et al. [17] reported that alfalfa meal supplementation had highly significant
effects on sow feed intake during lactation, piglet survival rate, weaning litter
weight, litter weight gain, weaning individual weight, and individual average
daily weight gain. Zhang et al. [18] found that alfalfa meal could improve
weaned piglet survival rate and weaning litter weight, with 20% alfalfa meal
showing the best results.

In addition to rich oil and crude protein, linseed contains high levels of dietary
fiber, minerals, vitamin A, B vitamins, vitamin D, vitamin E, and nutrients such
as phenolic acids, flavonoids, phytic acid, and lecithin [19]. It is widely used not
only in food processing but also in animal feed. However, research on the effects
of linseed supplementation in sow diets on piglet performance is relatively lim-
ited and inconsistent, requiring further verification. De Quelen et al. [20] found
that adding different levels of extruded linseed to sow diets had no significant
effects on litter size or average birth weight. Farmer et al. [4] reported that
linseed supplementation during late gestation (day 68) and lactation resulted in
lower piglet birth weight compared with the control group, but higher individ-
ual weight at 21 days of age, though differences were not significant. Quiniou
et al. [21] found that extruded linseed could increase piglet birth weight and
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average daily litter weight gain, but without significant differences. This study
found that extruded alfalfa meal-linseed supplementation during late gestation
and lactation had no significant effects on total number of piglets born, number
born alive, or piglet survival rate, possibly because supplementation began only
in late gestation. However, supplementation improved weaning litter weight,
weaning individual weight, and average daily litter weight gain, with these met-
rics showing an upward trend as supplementation increased. These benefits are
likely attributable to both alfalfa meal and linseed, with alfalfa meal potentially
having a greater influence.

Many studies have demonstrated that piglet uniformity is an important factor
affecting piglet mortality [22]. Birth weight, weaning weight, and fattening per-
formance are closely related; non-uniform birth and weaning litter weights with
large individual differences lead to similarly large weight variations during the
fattening period [23], which is disadvantageous for management at all produc-
tion stages. Therefore, improving piglet uniformity is increasingly important
in pig production. This study found that extruded alfalfa meal-linseed supple-
mentation during late gestation and lactation had no significant effect on birth
uniformity. However, with extended feeding duration, the 15% supplementation
group showed the best weaning uniformity, which would facilitate management
during nursery and fattening stages and reduce economic losses.

3.3 Effects on Sow Colostrum Fatty Acid Composition

Linseed is rich in crude protein, MUFA, and PUFA [24]. MUFA primarily func-
tions by reducing plasma low-density lipoprotein, total cholesterol, and triglyc-
eride content while increasing or maintaining high-density lipoprotein content,
thereby beneficially regulating lipid metabolism [25]. PUFA has multiple func-
tions, including regulating lipid metabolism, treating and preventing cardiovas-
cular diseases, promoting growth and development, and modulating immune
function [26]. Studies have shown that linseed helps improve animal health
and immunity [27]. Nudda et al. [28] reported that linseed supplementation
in dairy ewes during lactation increased the UFA/SFA ratio, MUFA, and n-3
PUFA content in milk at weaning. De Quelen et al. [20] found that different
levels of extruded linseed in sow diets did not affect litter size or average piglet
birth weight but increased MUFA and n-3 PUFA content in colostrum while
decreasing the n-6 PUFA /n-3 PUFA ratio with increasing supplementation. Yu
et al. [29] reported that extruded linseed supplementation had no significant
effects on milk yield or milk protein, fat, and lactose content but significantly
increased MUFA, PUFA, and n-3 PUFA content in milk. This study found
that extruded alfalfa meal-linseed supplementation increased the UFA/SFA ra-
tio and MUFA content in sow colostrum but had limited effects on n-3 PUFA
content, possibly related to sampling time and the presence of alfalfa meal in
the diet. Nevertheless, the relatively high UFA/SFA ratio and MUFA content
are beneficial for piglet growth.
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Conclusions

1. Dietary supplementation with extruded alfalfa meal-linseed can increase
average daily feed intake of sows, reduce backfat loss during lactation, and
increase MUFA content and UFA /SFA ratio in colostrum.

2. Dietary supplementation with extruded alfalfa meal-linseed can improve
weaning litter weight, weaning individual weight, and average daily litter
weight gain, with the 15% supplementation group showing the best piglet
uniformity at weaning.

3. In this experiment, 15% extruded alfalfa meal-linseed supplementation
resulted in better reproductive performance in sows, though the optimal
supplementation level requires further investigation.
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