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Simple Summary: The experiment conducted supplementary feeding of grazing Yili horses, milk yield, milk
composition, plasma biochemical indices, and fecal flora of grazing Yili horses were measured during
supplementary feeding. The results showed that the milk yield, milk fat, lactose, and milk protein production
of Yili mares were significantly increased after supplementary feeding, which had an effect on the
improvement of the fatty acids in horses milk, and the concentration of glucose in plasma could be increased
by supplementary feeding coated fatty acids. Supplementary feeding can significantly increase
Verrucomicrobia in feces of mares, which is mainly related to lipid synthesis, metabolism and energy

metabolism.

Abstract: This study aimed to explore the effects of supplementary feeding on milk yield, blood biochemical
indexes, milk components, and fecal microflora diversity of Yili horses under grazing condition.18 grazing Yili
mare horses with physiological condition consistent were randomly assigned to three groups with six mare
horses each. The control group normal grazing, whereas the test group I and II were provided with
supplemented with 1 kg/d of concentrate and 1 kg/d of concentrate + 0.4 kg/d coated fatty acids, respectively.
After 3 days of pre-feeding, begin the experiment.Horse milk was collected every 7 days, and 10% of the milk
yield of each horse was mixed in 100 mL milk sample bottles and stored in -20°C refrigerator.Which blood
samples were collected from the jugular vein before morning feeding (0 h) and at 1,2,3,4,6,9 and 12 h after
morning feeding on day 40, and the plasma were centrifuged at 4000 rpm for 15 min and conservation at-20°C.
Excrement was collected within 8 h on days 45 and 46 of the test, mixed with 5g of fresh fecal samples in a 5
mL frozen storage tubes and stored in liquid nitrogen. Compared with the control group, the lactation volume
of Yili horses in test groups I and II was significantly higher throughout the trial period (P <0.05), and the late
test group II was significantly higher than test group I (P <0.05). The yield of milk fat, lactose, and milk protein
in test group Il was significantly higher than that in test group I and control group (P <0.05); the urea nitrogen
content in test group I was significantly lower than the control group (P <0.01). The lauric acid, tetradecanoic
acid, cis-11,14,17-eicosotrienic acid, total saturated fatty acid, and total saturated fatty acid/total unsaturated
fatty acid in test group II were significantly higher than those in the control group and test group I (P <0.05);
The plasma glucose concentration of mares in test group II was significantly higher than that of control group
and test group I at 1, 2 and 9 h after feeding (P <0.05), and significantly higher at 4 h after feeding (P <0.05); At
3 h and 6 h after feeding, test group II mares had significantly higher plasma free fatty acids and triglycerides
concentrations than the control and test group I (P <0.05), at 4 h after feeding, the plasma triglyceride
concentrations were significantly higher than the control and test I groups (P <0.05). Plasma low density
lipoprotein and very low density lipoprotein concentrations were significantly higher in mares at 3h and 9 h
after feeding than in control and group I (P <0.05). The total number of OTUs was 3483, and the number of
OTUs was 4984,5487, and 5158 in the control and test I and II, respectively. At the phylum level, the total
abundance of Bacteroidetes and Firmicutes was more than 75%, and the test group Verrucomicrobia was
significantly higher than the control group (P <0.05), and the test group II was significantly higher than the test
group I (P <0.05). The Treponema_saccharophilum was significant difference in the feces of the control group (P
<0.05); WCHB 1_41, kiritimatiellae, and Verrucomicrobia were significant difference of the test group II (P <0.05)
and the fecal flora was mainly related to lipid synthesis, metabolism, and energy metabolism (P <0.05).
Supplemental feeding can improve lactation volume of grazing Yili horses, improve the absorption and
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utilization of fatty acids, and improve the composition and diversity of horse milk and fecal flora to a certain
extent.

Keywords: Yili horse; Supplementary feeding; Milk composition; Fecal flora

1. Introduction

Dairy Yili horse a breed independently bred by Xinjiang, China. It has excellent lactation
performance, strong adaptability to ecological environmental conditions, and can be in harsh
environmental conditions such as cold and short pasture growth period. The yield and quality of
horse milk is not only important factors in determining the normal growth and development of
offspring[1], but also has important economic value due to the fact that the nutritional composition
of equine milk is similar to human milk and easy to absorb[2]. However, due to the low yield of horse
milk and the food competition between humans and livestock during the 5-8 months of lactation[3],
the produced horse milk cannot fully meet the growth, development, and nutritional needs of foals.
Secondly, mares will use a large amount of energy and nutrient substrates to meet the need of milk
composition synthesis during lactation, and the energy demand will rise by about 44%[4]. Grazing
only cannot guarantee the highest performance of mares. The improvement of the lactation amount
or improve the quality of milk components by nutritional supplementation during the lactation
period is important to promote the healthy growth and development of foals and the performance of
mares. Fat is a nutrient with more energy content and higher energy density than other nutrients[5].
Dietary fat has the functions of improving feed palatability, providing more essential fatty acids,
advancing the absorption and utilization of fat-soluble vitamins, and reducing feed dust[6]. Spers et
al. (2006) found that dietary oil supplementation significantly improved the performance of lactating
mares. Doreau et al. (1992) also confirmed that the production of lactating milk increased by about
10% after feeding a high energy diet of lactating mares, but the content of fat and protein in the milk
was slightly lower[7]. After exogenous fatty acid supplementation, the mammary glands of lactating
mares can absorb long-chain fatty acids and some C16 fatty acids in the blood to synthesize new
triglycerides, which are further polymerized into small milk fat droplets and finally secreted into
horse milk[8], thereby improving the content of fat or fatty acids in horse milk[9]. In addition, the
improvement of horse milk quality, intestinal immunity, and energy supply are closely related to the
cecal microbial activities of horse animals[10], which is great significance for the stable maintenance
of the intestinal environment of horses during exogenous supplementary feeding[11]. At present,
lack of research on the effects of supplementary feeding on milk production performance of Yili
horses. Therefore, this experiment grazing Yili horses were selected as the research object to explore
the effect of supplementary feeding on the lactation yield, milk composition and fecal flora diversity
of grazing Yili horses, in order to provide a reference for improving the milk yield, improving the
quality of milk composition, promoting the healthy growth and development of foals.

2. Materials and methods

2.1. Test time and place

This study was conducted at the Zhaosu Yili Kazak Autonomous Prefecture (E80° 83’ 23", N42°
83'12") for 63 days from August 2022 to October 2022.

2.2. Experimental design

18 healthy Yili mare horses with similar foal date, lactation, and milk yield, and consistent
physiological states were randomly divided into the control group and test groups I and II with each
group have six mare horses. The control group was fed by grazing only, and the test I group per horse
was fed with 1 kg/d of concentrate on the basis of the control group (Purchased from Xinjiang Yili
Prefecture Zhaosu County Junli Agriculture and Animal Husbandry Technology Co., LTD), Group
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II per horse fed 0.4 kg/d coated fatty acids on the basis of Group I (Purchase from Shandong Linyi
Positive Energy Biology Co., LTD).

2.3. Feed management

All the test horses were grazing in the same pasture, and fed at 10:30 every day, separating the
mare from the foal, the control group wore a empty customized pocket, and groups I and II wore
fully mixed with concentrate and concentrate + fat powder customized pocket. After the horses in
groups I and II fed concentrate, all the horses picked the pocket. Horse milk was collected at 11:00
am every day, once every 2 h. After the last day horse milk collection (19:00), foals and mares were
driven to the designated pasture for grazing. After 3 days of pre-feeding, begin the formal test, all
horses were managed uniformly and consumed food and water freely. The concentrate supplement
and nutrient levels are shown in Table 1, and the fatty acid compositions of concentrate supplement,
pasture and fat powder are shown in Table 2.

Table 1. Composition and Nutrition Level of Concentrated Feed Supplement (Dry Matter Basis)
%.

Items Content Items Content
Ingredients Nutrient levels?

Barley 55.54 DM 89.25
Corn 36.00 cp 14.56
Soybean meal 6.00 EE 4.08
CaHPO: 1.30 OM 97.18
Premix" 1.16 NDF 13.36
Total 100.00 ADF 5.18
Ash 2.82
Ca 0.31
P 0.46

1)The premix provided the following per kg of the concentrate: VA 14 mg,VB1 22 mg,VB2 332.1 mg,VB6 1.5
mg,VD 2.5 mg,VE 700 mg,Biotin 6 mg,Pantothenic acid 4.7 mg,Nicotinamide 12 mg,Cu 42 mg,Fe 113 mg,Mn 186
mg,Zn 176 mg,I 28 mg,Se 42 mg,Co 4 mg; 2)Nutritional levels was measured.

Table 2. Fatty Acid Composition of Concentrated Feed Supplement, Forage and Coated Fatty Acids
%.

Items Concentrate Forage Coated fatty acids
But}giczoacid 0.43 0.82 0.24
Hexagg:ig acid 0.06 0.43 0.49
OCtéiSC: gcid 0.25 1.17 0.37
Deczgfoii) acid 0.00 0.00 5.25
Ricin((j)i(ii:((:) acid 0.00 0.00 0.02
Lal(ljrli; jl)cid 0.00 4.06 44.83
Tetradzclazgic acid 012 0.86 18.42
Pentadgcla;:lgic acid 0.03 0.00 0.02

Palmitic acid 13.66 13.61 12.20
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4
C16:0
Palmitoleic acid
Cl6:1 0.12 0.33 0.02
Margaric acid
C17:0 0.05 0.32 0.01
Heptadecanoic acid monoenoic
acid 0.03 0.30 0.00
C17:1
Stearic acid
C18:0 1.54 1.97 3.97
Elaidic acid
C18:1n9t 0.03 0.00 0.00
Oleic acid
C18:1n9c 25.17 3.02 3.91
Linoleic acid
C18:2n6¢ 45.40 13.60 2.20
v- Linolenic acid
C18:3n6 0.45 4.07 0.05
a- Linolenic acid
C18:3n3 2.44 28.67 0.56
Arachidic acid
C20:0 0.39 2.66 0.12
Eicosaenoic acid
C20:1 0.56 0.00 0.04
Cis-11,14-eicosadienoic acid
C20:2 0.06 0.00 0.00
Behenic acid
C22:0 0.20 1.11 0.00
Total saturated fatty acids
TSFA 16.74 27 85.94
Total unsaturated fat acids
SUFA 74.27 49.99 6.78
Total monounsaturated fatty
acids 25.92 3.65 3.97
YMUFA
Total unsaturated fat acids
34 . .
TPUFA 48.3 46.34 2.80
Total saturated fatty acid/total
unsaturated fat acid 0.23 0.54 12.68
YSFA/YUFA

The content of fatty acid was the measured value.
2.4. Sample collection and testing

2.4.1. Horse milk sample collection

All-day milk samples were collected by manual milking every 7 d for 9 times. 10% of each daily
milk yield of each horse was mixed in 100 mL milk sample bottles and stored in a-20°C refrigerator
waiting for testing.

2.4.2. Blood sample collection
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On day of 40 test, on the empty stomach (0 h) and 1,2,3,4,6,9, and 12 h after morning feeding,
5mL of blood was collected from the jugular vein to heparin sodium, the samples were centrifuged
at 4000rpm for 15 min, and the treated plasma was transferred to 2.0 mL Eppendorf tubes and stored
in a-20°C refrigerator waiting for testing.

2.4.3. Faecal sample collection

On day of 45 and 46 experiment, Horses' feces (11:30-19:30) within 8 h were collected into the
bucket. After 2 d feces samples were fully mixed, 10% was randomly selected, weighed, air dried,
crushed in 0.63 mm, stored for testing; and 5 g of fresh feces samples in 5 mL frozen storage tubes
and stored in liquid nitrogen for testing.

2.5. Sample testing

2.5.1. Measurement of lactation volume

During the whole test, every times lactation volume of each horse was weighed by electronic
scale and recorded, add together the lactation volume of every times (A total of 5 times), which was
the lactation volume of each day.

2.5.2. Determination of milk composition

The test day 21,28,42,and 49 days milk samples mixed at room temperature after thawing,
respectively. Samples in 42°C water bath preheating, after preheating, each horse mixed milk sample
slowly upside down about 20 times, to ensure fully mix, then according to the milk composition
automatic analyzer (Hangzhou Zhejiang university optimal technology co., LTD. UL80BC-11)
operation steps determine milk routine ingredients.Some samples were sent to Shandong Academy
of Agricultural Sciences to determine the fatty acid content of high-efficiency gas chromatography.

2.5.3. Determination of plasma biochemical indexes

On day of 40 experiment, the plasma collected on the empty stomach (0 h) and 1,2,3,4,6,9, and
12 h after morning feeding were submitted to Beijing Huaying Institute of Biotechnology for
determining the plasma concentrations of blood glucose, free fatty acid concentration, triglycerides,
low density lipoprotein, and very low density lipoprotein were tested by using colorimetric method.

2.5.4. Determination of diversity in the fecal microflora

Faecal samples DNA extraction draws with the help of Beijing Nuohe Zhiyuan BioInformation
Technology Co., Ltd. The 16S rDNA V3-V4 region was selected, using the diluted DNA fragment as
template for PCR amplification with specific primers. (Double-end splicing, quality control, and then
the resulting chimeras were filtered, purified and constructed) the library was sequencing based on
the Illumina HiSeq platform to obtain the differences in species composition and community
structure among the samples.

2.6. Data analyses

Data were preliminarily sorted using MS-Excel 2010, lactation volume and plasma biochemical
indexes were analyzed using GraphPad Prism 8.0.2 mapping software, milk composition was
analyzed by two-way ANOVA with SAS 8.1 statistical software, Fecal microflora structure and
diversity were analyzed by ANOVE with SPSS 21.0 statistical software, Duncan's method for multiple
comparisons.We used 0.05< P <0.10, P <0.05, and P <0.01 to indicate a significant trend, significant
difference, highly significant difference respectively

3. Results

3.1. Effect of concentrate supplementation and fatty acids on lactation volume of grazing Yili horses
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Lactation volume of daily average and total were peaked in the first week and then gradually
decreased (Figure 1). Group II lactation volume of daily average and total was significantly higher
than that of control group and group I (P <0.05), and group I significantly higher than that of control
group (P <0.05) (Figure 2).
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Figure 1. Effect of supplementing with concentrate and fatty acids on daily average milk production
of grazing Yili horses.
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Figure 2. Effect of supplementing with concentrate and fatty acids on daily total milk production of
grazing Yili horses.
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3.2. Effects of concentrate supplementation and fatty acids on milk composition of grazing Yili horses

Shown in Table 3. There were no significant differences in milk fat rate, milk protein rate, lactose
rate, total solid, and somatic cell number among the groups (P> 0.05), the milk fat, milk protein, and
lactose production were significantly higher than that of control group and test group I (P <0.05), and
the urea nitrogen content test I and II were significantly lower than that of control group (P <0.05),
showing a significant decrease in time (P <0.01).

Table 3. Effects of concentrate supplement and fatty acid supplementation on milk composition of
grazing Yili horses (n=6).

P-val
Items Control group Test Group I Test Group II SEM vaiue

Grous Time G*T

Butter-fat 1.47 1.45 1.49 0.07 0.944 0104  0.897
content (%)
Milk fat
production 3.598 3.858 4.77» 019  <0.001 008  0.793
(g/d)
Milk protein 1.63 1.61 1.58 004 0643 0918 0982
percentage (%)
Milk protein 3.978 427 5,064 011 <0001 0905 0981
yield (g/d)
Lactose | 6.68 6.76 6.76 004 0307 0563  0.555
percentage (%)
Lactose
production 16.29¢ 17.908 21.70A 011  <0.001 0625  0.608
(g/d)
TOta(l(;‘;hdS 9.86 9.90 9.88 0.10 0.963 0.67 0.469
Somatic
number
212 13. 182 467 4 331 41
(Thousand/mL 5 3.33 8.25 6 0.489 0.33 0.418
)
Solid no fat (%)  8.54 8.58 8.57 006 0858 0.654  0.681
Ureanitrogen . (1oa 24.24b8 2458048 0.61 0.02 <0001 0967

(mg/dL)

In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05),

while with different small letter superscripts mean significant difference (P<<0.05), and with different capital
letter superscripts mean significant difference (P<0.01). The same as below.

3.3. Effects of concentrate supplementation and fatty acid on fatty acid constitute of grazing Yili horses

Shown in Table 4. Group II Lauuric acid, tetradecanoic acid, cis-11,14,17-eicosantrienoic acid ,
total saturated fatty acid, and total unsaturated fatty acid were significantly higher than that of
control group and group I (P <0.05); Heptadecanoic acid monoenoic acid, y-linolenic a-linolenic acid,
total-linolenic acid and total polyunsaturated fatty acid were significantly lower than that of control
group and group I (P <0.05), and pentadecanoic acid and linoleic acid were significantly lower than
that of control group (P <0.05).
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Table 4. Effect of concentrate supplement and fatty acid on fatty acid composition of Yili horses milk

%.

Control  Test Group Test Group SEM

Items group I e P-value
Butyric acid
34 42 37 .02 .
Ca:0 0.3 0 0.3 0.0 0.390
Hexanoic acid
C6:0 0.22 0.20 0.21 0.01 0.895
Octoic acid
1.22 1.2 1.2 . 742
C8:0 0 9 0.05 0
Decanoic acid
C10:0 2.83 2.94 3.26 0.13 0.380
Ricinoleic acid
C11:0 0.35 0.37 0.38 0.02 0.805
Lauric acid 3.930 432 8.78 055 <0.001
C12:0 ’ ’ ’ ’ '
Tetradecanoic acid
b b a
C14:0 5.13 5.64 7.50 0.27  <0.001
Myristoleic acid
C14:1 0.77 0.77 0.91 0.03 0.091
Pentadecanoic acid
a ab b
C15:0 0.32 0.29 0.23 0.01 0.013
Palmitic acid
C16:0 19.14 20.53 19.16 0.32 0.124
Palmitoleic acid
Cl61 7.98 7.77 6.93 0.23 0.139
Margaric acid
C17:0 0.18 0.17 0.16 0.01 0.738
Heptadecanoic acid monoenoic
acid 0.61a 0.59a 0.46v 0.02 0.005
C17:1
Stearic acid
.67 . . . .
C18:0 0.6 0.73 0.78 0.03 0.265
Elaidic acid
C18:1n0t 0.19 0.21 0.17 0.01 0.268
Oleic acid
C18:1n9c 12.66 12.63 13.31 0.20 0.304
Linoleic acid
a ab b
C18:2n6¢ 7.90 7.73 7.24 0.12 0.056
v Linolenic acid 831 7.90° 632> 026 <0.001
C18:3n6 ’ ) ’ ’ ’
¢ Linolenic acid 20.55° 18.74° 15320 062 <0.001
C18:3n3 ’ ’ ) ’ '
Cis-11,14-eicosadienoic acid 0.15 013 0.18: 0.01 0.002
C20:2
Cis-8,11,14-eicosotrienic acid
C20:3n6 0.16 0.15 0.17 0.01 0.704
Cis-11,14,17-eicosotrienic acid
C20:3n3 0.41 0.40 0.39 0.01 0.928
Total saturated fatty acids
4.35b .81b 42.12a 94  <0.001
TSFA 34.35 36.8 0.9 0.00

Total unsaturated fat acids 59.70a 57.032 51.380 1.04 <0.001
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Y>UFA
Total monounsaturated fatty
acids 22.22 21.97 21.77 0.28 0.824
>MUFA
Total unsaturated fat acids
YPUFA
Total saturated fatty acid/total
unsaturated fat acid 0.58 0.65> 0.822 0.03  <0.001
YSFA/>UFA

37.482 35.062 29.61° 093 <0.001

3.4. Effect of concentrate supplementation and fatty acids on plasma biochemical indexes of grazing Yili
horses

The plasma glucose (Figure 3) concentration in the experimental group increased first and then
decreased, reaching the highest at 1 h after feeding, group II of plasma glucose concentration was
significantly higher at 1 h, 2 h and 9 h than that of control group and group I (P <0.05), and
significantly higher at 4 h after feeding than that of group I (P <0.05).

The concentrations of plasma free fatty acids (Figure 4) and plasma triglycerides (Figure 5) were
high 0 h before feeding and low 1 h after feeding, and the ensemble concentration level was gradually
increasing after feeding.

Compared with controls and group I, group II free fatty acid and triglyceride plasma
concentrations were higher significantly (P <0.05), and significantly higher than that of group I at4 h
after feeding (P <0.05). Plasma free fatty acid concentrations increased compared to the experimental
group I at 2 h after feeding (0.05 <P <0.10).

Plasma low density lipoprotein (Figure 6) and very low density lipoprotein (Figure 7)
concentrations in the experimental group remained at relatively stable levels after feeding. Compared
with controls and group I, group II plasma low density lipoprotein and very low density lipoprotein
concentrations were significantly higher at after feeding 3 h and 9 h (P <0.05), respectively.

Il control group
Plasma glucose

Test group I
* Bl Test group I1

Concentration ( mmol/L)

Figure 3. Effect of supplementing with concentrate and fatty acids on plasma glucose in grazing Ili
horses.
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Figure 4. Effect of supplementing with concentrate and fatty acids on plasma free fatty acids in
grazing Ili horses.
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Figure 5. Effect of supplementing with concentrate and fatty acids on plasma triglycerides in grazing
Ili horses.
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Figure 6. Effect of supplementing with concentrated feed and fatty acids on plasma low-density
lipoprotein of grazing Ili horses.
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Figure 7. Effect of supplementing with concentrate and fatty acids on plasma very low density
lipoprotein in grazing Ili horses.

3.5. Effect of concentrate supplementation and fatty acids on the faecal flora diversity of grazing Yili horses

When the dilution curve reached a flat trend, it indicated that the number of faecal microflora
samples of grazing Yili horses was deep enough for Alpha diversity analysis (fig 8-A). There were
4984,5487 and 5158 OTUs in the control group, group I, and 1II, respectively. And there were 3483


https://doi.org/10.20944/preprints202307.0231.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2023 doi:10.20944/preprints202307.0231.v1

12

OTUs in common of the three groups (Figure 8-B), which indicated that more bacterial species were
detected in groups I and II, indicating that concentrate supplement and fatty acids could increased
the diversity of intestinal microflora of grazing horses.
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Figure 8. Dilution curve of intestinal flora(A), Venn diagram of intestinal flora(B).
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3.6. Effect of concentrate supplementation and fatty acids on the Alpha diversity analysis of fecal phylum
flora in grazing Yili horses

Shown in Table 5. The coverage of each group reached 0.99, indicating that the data of each
group could accurately reflect the composition of intestinal flora of grazing Yili horses. The Shannon
index, Chaol index, and ACE index were all improved in the test group, but the difference was not
significant (P> 0.05), indicating that the concentrate supplement and fatty acids improved the
diversity and abundance of intestinal microflora of grazing Yili horses to a certain extent.

Table 5. Analysis of Alpha Diversity of Fecal Bacteria from Grazing Yili Horses by Supplementing
Concentrate and Fatty Acids.

Control  Test Group Test Group SEM

Items P-value
group I I

Observed species 2163.67 2884.33 2814.00 76.73 0.348
Shannon index 9.30 9.59 9.53 0.06 0.108
Simpson index 0.99 1.00 1.00 0.0006 0.426
Chaol index 2811.71 3084.11 3026.10 81.91 0.382
ACE index 2829.28 3107.67 3045.80 83.87 0.386
Goods coverage (%) 0.99 0.99 0.99 0.0003 0.883

3.7. Effect of concentrate supplementation and fatty acids on the abundance of fecal phylum flora in grazing
Yili horses

Shown in Table 6. The composition and relative abundance of grazing Yili horse fecal flora at
the phylum level was Bacteroidetes, Firmicutes, Spirochaetes, = Verrucomicrobia,
Unidentified_Bacterri, Proteobacteria, Euryarchaeota, Halobacterota, Fibrobacterota, and
Acidobacteriota. Among them, the sum of the abundance of Bacteroidetes and Firmicutes was more
than 75%. Compared with the control group, the experimental group Verrucomicrobia was
significantly higher (P <0.05), and the group II was significantly higher than the group I (P <0.05), and
none of the rest was significantly different (P> 0.05).

Table 6. Effect of concentrate supplement and fatty acid supplementation on the horizontal flora
abundance of fecal stool of grazing Yili horses (%).

Items Control Test Group 1 Test Group SEM P-value
group I

Bacteroidetes 44.20 42.75 43.51 1.30 0.911
Firmicutes 32.59 33.60 31.52 1.02 0.736
Spirochaetes 6.41 3.39 2.98 0.87 0.221
Verrucomicrobia 3.92¢ 6.81° 7.92a 0.63 0.017
Unidentified_Bacterri 2.27 2.61 3.01 0.21 0.372
Proteobacteria 1.20 1.66 217 0.25 0.309
Euryarchaeota 0.66 0.43 0.52 0.14 0.817
Halobacterota 0.72 0.43 0.52 0.14 0.248
Fibrobacterota 1.25 0.87 1.00 0.09 0.186
Acidobacteriota 0.18 0.32 0.23 0.08 0.804
Others 6.60 7.14 7.05 0.35 0.817

3.8. Effect of concentrate supplementation and fatty acids on the abundance of bacteria in fecal families of
grazing Yili horses

Shown in Table 7. In this experiment, the top 10 family level was detected in the family level,
including Rikenellaceae, Lachnospiraceae, Spirochaetaceae, Prevotellaceae, p-251-05, F082,
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Table 7. Effect of concentrate supplement and fatty acid supplementation on fecal level flora

abundance of grazing Yili horses (%).
Items Control  Test Group Test Group SEM P-value
group I I

Rikenellaceae 11.95 12.84 13.77 0.98 0.773

Lachnospiraceae 11.18 10.39 9.96 0.61 0.733

Spirochaetaceae 6.26 3.25 2.82 0.86 0.213

Prevotellaceae 8.39 6.42 5.88 0.54 0.138

p-251-05 8.72 6.34 6.44 0.67 0.279

F082 6.04 7.80 7.62 0.39 0.123

Badermdale;—RFm—grou 2.37 2.30 2.95 0.29 0.632

Oscillospiraceae 3.55 4.36 4.25 0.17 0.107

Clostridiaceae 0.96 0.48 0.52 0.22 0.644

Ruminococcaceae 242 243 2.46 0.13 0.992

Others 38.16 43.38 43.32 1.16 0.104

3.9. Effect of concentrate supplementation and fatty acids on the abundance of bacteria in genus level of

grazing Yili horses

Shown in Table 8. In this experiment, the top 10 genus level was detected in the family level,
Rikenellaceae_RC9_gut_group,
Prevotellaceae_UCG-001, UCG-004, Prevotellaceae_UCG-004, Ruminococcus, Prevotellaceae_ UCG-
003, Lachnospiraceae_UCG-009, and Faecalibaculum. Compared with the control group,
experimental group Prevotellaceae_UCG-001 was lower the trend (0.05 <P <0.10). Other genera

including Treponema,

increased significantly (P <0.05).

Clostridium_sensu_stricto_1,

Table 8. Effect of concentrate supplement and fatty acid supplementation on fecal genus level flora

abundance of grazing Yili horses (%).
Items Control  Test Group Test Group SEM  P-value
group I I
Treponema 6.09 3.13 2.74 0.85 0.219
leeneuaceae—pch—gUt-grou 9.33 9.60 10.33 069  0.849
Clostridium_sensu_stricto_1 0.90 0.34 0.34 0.22 0.518
Prevotellaceae_UCG-001 1.78 1.11 1.02 0.18 0.171
UCG-004 0.89 0.63 0.65 0.15 0.750
Prevotellaceae_ UCG-004 1.24 1.61 1.49 0.11 0.405
Ruminococcus 2.00 1.87 1.80 0.12 0.810
Prevotellaceae_ UCG-003 1.85 1.21 1.21 0.13 0.065
Lachnospiraceae_UCG-009 1.21 0.89 0.71 0.12 0.230
Faecalibaculum 0.53 0.44 0.43 0.17 0.227
Others 73.98> 79.172 79.72a 1.00 0.024

3.10. LEfSe analysis and Tax4Fun function prediction of feces on dietary Supplementary concentrate and

fatty acids of grazing Yili horses

The control group in the taxonomic rank of the Treponema_saccharophilum detected significant
differences, and the experimental group II, in the taxonomic rank of WCHB1_41, Kiritimatiellae, and
Verrucomicrobia detected significant differences (Figure 9 A-B).
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Figure 9. Histogram of LDA Value distribution(A), Evolutionary branch diagram(B).

3.11. PICRUSt Functional prediction

Compared with the control group, The fecal flora of grazing Yili horses was mainly related to
lipid synthesis and metabolism, energy metabolism, and amino acid metabolism (Figure 10), The
fecal flora of group I was mainly related to lipid synthesis and metabolism (Figure 11), Compared
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with the test group II, Test group I was mainly related to genetic information processing and
carbohydrate metabolism (Figure 12).

95% confidence intervals

Metabolism; Carbohydrate Metabolism; Amino 0. 029%
sugar and nucleotide sugar metabolism ST
Metabolism; Carbohydrate Metabolism;

Glycolysis / Gluconeogenesis

. 006%%*

Metabolism; Carbohydrate Metabolism;

=]

. . 0064
Fructose and mannose metabolism

°¢ 4%5¢9

Metabolism; Amino Acid Metabolism; Valine, A
o F i 7 & . 036%
leucine and isoleucine biosynthesis

Metabolism; Carbohydrate Metabolism;
0. 029%
Pentose phosphate pathway

Metabolism; Lipid Metabolism; Lipid

¢

i : . 0034k
X bigsynthesis proteins
Unclassified; Genetic Information

Processing; Protein folding and associated 0.015%
: processing
Metabolism; Energy Metabol 1Lm; f“.n' Hon

oS

044

Metabolism; Metabolism of Other Amino
Aci
Metabolism; Metabolism of Cofactors and
Vitamins; Riboflavin metabolism

0. 0034k

fixation in photosynthetic organisms ’
Metabolism; Lipid Metabolism; i
o e ‘.‘ 0. 006k
Glycerophospholipid metabolism ] 4
I
Metabolism; Lipid Metabolism; Fatty acid '
R . ' 0. 0035
biosynthesis ]
Metabolism; Energy Metabolism; 5
' . 0. 037*
Photosynthesis proteins H !
Metabolism; Energy Metabolism; ; 0. 044
Photosynthesis ] .
Metabolism; Glycan Biosynthesis and " 0. 018%
Metabolism; Glycosyltransferases ' o
Metabolism; Amino Acid Metabolism; Valine, ] 0. 025%
: A Z z }—.—h , 025%
leucine and isoleucine degradation '
Metabolism; Carbohydrate Metabolism; C5- 4
3 X 4 . 0. 0064k
Branched dibasic acid metabolism 4 .
Metabolism; Lipid Metabolism; Fatty acid 1
R . 0. 029%
metabolism i
|
'
Environmental Information Processing; Memb:* i ‘_‘ 0. 032*
I
'
L g
I
I
|

s; beta-Alanine metabolism
0. 042%

Metabolism; Amino Acid Metabolism;
Tryptophan metabolism
Metabolism; Amino Acid Metabolism; Lysine

. 016%

adation

Human Diseases; Infectious Diseases; 0. 042%
Tuberculosis S

Metabolism; Lipid Metabolism; Biosynthesis
. of upsaturated fatty acids
Metabolism; Metabolism of Terpenoids and

Polyketides; Limonene and pinene

. 024

0. 012%

Jisiiza i
. N . degradatior
Metabolism; Xenobiotics Biodegradation and

Metabolism; Naphthalene degradation

=]

. 006k

Metabolism; Xenobiotics Biodegradation and
Metabolism; Toluene degradation
Metabolism; Carbohydrate Metabolism;

. 027%

0. 047%*

Ascorbate and aldarate metabolism

. Q.Q.Q. ¢ é Py

=]

0. 005 0.01 0.015 -0.002 -0.001 0. 001 0. 002

Means in groups Difference between groups

W R

R

—_

: Control group R3: Test Group II

Figure 10. Analysis of functional differences between PICRUSt-T-test groups Level 3 functional
prediction chart (R1vR3).
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Figure 12. Analysis of functional differences between PICRUSt-T-test groups Level 3 functional
prediction chart (R2vR3).

4. Discussion

The lactation process of lactating female animals is accompanied by a large amount of energy
consumption. Energy demand is 1.9times higher than usual[12]. When energy is insufficient, fat
mobilization will occur, resulting in weight loss and lower lactation. Even worse low pregnancy rates
and early embryo death occur in lactating mares under grazing[13]. Conditions, energy intake is far
from sufficient to meet their own consumption resulting in a sustained low lactation yield[14,15].
Feeding fat sows in late pregnancy and early lactation have also been shown to increase milk
production milk fat production and feed efficiency[16]. In this experiment the average daily milk
yield and total dail milk viewer of the experiment Il mares were significantly higher than those of the
experimental group I and the control group indicating that supplementation of fatty acid could
effectively improve the lactation amount of grazing mares. In the last three weeks of the experiment.
The milk production of mares in the group I was significantly different from that of the control group
of the reasons may be due to lack of rainfall, sparse grass quantity, grass quality is poor, and the late
lactation of the mares. The effect of dietary nutrition regulation on milk composition in equines is
more direct than in ruminants[17]. Davision et al(1991 )showed that lipid substances can significantly
increase the milk composition among the groups[18]. In this experiment, no significant changes
between groups of the milk composition. Milk fat, lactose, and milk protein is significantly increased
in group II of the September trial. The reason maybe that priority participation of fatty acids in
hydrolysis to promote lactation process. A large number of studies show, urea nitrogen content in
milk and intake from the feeding amount of crude protein level and protein utilization ratio have
higher correlation[19]. In this experiment, urea nitrogen in groupl was significantly decreased
explaining that supplementing with concentrated feed can promote protein utilization in lactating
mares. Milk fat is rich in fatty acids, having important physiologically activity functions. Research
findings, lauric acid and myristic acid have the highest conversion efficiency to corresponding fatty
acids in milk[20], and the former exhibits strong antibacterial effects, the later is promote metabolism
in the body[21]. In this experiment, the contents of lauric acid and myristic acid in experimental group
II were significantly improved, to a certain extent, it can improve the immune system and digestive
metabolism of mares, thus can improve horse milk production. Besides, lipid substances in the diet
greatly affect the composition of the milk fat. Glasser et al (2008) discovered through an infusion of
vegetable oil, unsaturated fat in milk increased significantly, saturated fatty acids is significantly
decreased[22]. Experiment findings the proportion of fatty acids in horse milk is similar to that in
human milk, this is mainly because the content of polyunsaturated fatty acids with high carbon
atoms is higher, this also partly explains the nutritional value advantage of horse milk[23]. In this
experiment, significant increase in total saturated fatty acid content in group II, the content of the
total unsaturated fat acid and total unsaturated fat acid decreased significantly, the reason may be
related to different types of fat supplementation.

Plasma glucose as an important substance,can reflect the level of energy intake and fat
accumulation. Zeyner et al (2010) found that, the blood sugar concentration of horses increases with
the increase of dietary fat content[24]. There is also evidence of discovery, plasma glucose as an
energy substance and preconditioning substances for biosynthesis of cellular components, plays an
important role in physiological activities such as location[25]. In addition, fatty acids can improve
glucose tolerance and reduce insulin sensitivity[26]. In this experiment, after feeding there was a
significant increase in blood glucose concentration in experiment II at 1-2-4-9hours, indicating that
supplement with fatty acids can significantly improve the energy level of mares. When the body’s
blood sugar rises, it will promote the free fatty acids in the plasma to be used by the liver to synthesize
triglycerides and covert to adipose tissue. Lipoprotein as a carrier of fat metabolism, and mainly
involved in the packaging and transport of lipids, reflecting the degree of the metabolism of
lipids[27]. In this experiment, the concentrations of free fatty acids and triglycerides in plasma
increased at 3 and 6h after supplementation, and the levels of low density lipoprotein and very low
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density lipoprotein increased at 3 and 9 h after supplementation. The results showed that, on the one
hand, fatty acid supplementation could improve the blood glucose concentration of the liver, and on
the other hand grazing could improve the ability of the liver to transport triglyceride and cholesterol.
Promote fat metabolism and improve lactation performance of grazing Yili horse.

Animal bodies provide a suitable environment and necessary for gut microbiota[28], at the same
time gut microbiota can regulate animal health and growth[29]. The experiment showed that, dietary
nutrition is the main factor affecting the structure and diversity of gut microbiota in animals[30]. In
this experiment,experiment Il the shannon, chaol, and ACE index of experiment II were all
improved, but they was no significant difference, to some extent, supplemented with refined feed,
fatty acids it has improved the diversity and abundance of gut microbiota in grazing Yili horses.
Besides, control group, experiment I and II were detected separately 4894, 5487, and 5187 outs, this
shown that the experimental group contains more bacterial species, to some extent, supplemented
with refined feed, fatty acids improved the diversity of Yili horses. The structure and number of
intestinal microbiology population affect the growth and development of the animals themselves
particularly during lactation of mare[28]. Bacteroides and pachymycetes have been found to promote
the digestion and absorption of cellulose and carbohydrates[31-32]. In this experiment, there was no
significant change in the abundance of Bacteroides and Plachymycetes at phyta level which may be
related to the different kinds of fatty acids fed supplementary. In addition, some studies showed that
Verrucomicrobia can not only provide energy for the body, its metabolites can also participate in the
body’s immune regulation[33], has the function of inducing and regulating intestinal immune
performance. Also has other studies shown that spirochete have a high pathogenic ability[34]. In this
experiment, the relative abundance of Microphyllum verruciformis in the experimental group
increased significantly, while the relative abundance of Spirillum decreased, these results suggest
that supplementary feeding of concentrate and fatty acid may play an important role in reducing the
inflammation and improving the Immunity of horses. Su et al (2020) found that, under natural
grazing conditions, the dominant microbiota at the Mongolian horse family level is microbiota,
Trichospiridae and prevotellidae so on, similar to the results of this experiment[35]. Prevotellidae as
a beneficial bacterium, it can effectively degrade hemicellulose and protein[36]. There are studies
shown that, both prevol_ucg_003and prevol-ucg-001 are related to cellulose digestibility[37,38], It
was suggested that dietary supplements of concentrate and fatty acids might affect the digestibility
and utilization ot cellulose in grazing II horses, which might be related to the bacteriostasis of fatty
acids.

Through Lefse analysis found that, the relative abundance of Treponema saccharophila in the
control group was higher. Plays an important role in the digestion and decomposition of cellulose in
the organism. Tredonema saccharophila, Treponema brucei, and Treponema purpura can participate in the
decomposition of pectin widely, through trans-elimination of the final formation of acetate to
participate in the regulation of the body. The dominant strains in the test II group were WCHB1-c1,
Kiritimatielae, and Microbuctereium verruciformis. The influence of intestinal microbes on body health
is expressed by the affinity of intestinal mucus layer. Which often uses as a marker of intestinal health.
When the relative abundance of intestinal microbes decreases. This results in thinning of the mucus
layer of the intestinal. As manifested by diarrhea[39]. Kiritimatielae intestinal microbes on body
health is expressed by the affinity of intestinal mucus layer[40]. Which is often used as a marker of
intestinal health, When the relative abundance of Kiritimatiellae is increased, it promotes the
production of intestinal mucus and thus the return of intestinal function to normal[41]. In addition it
has also been found in the intestinal microorganisms of horses suffering from diarrhea, in the genus
Kiritimatiellaeota the relative abundance of WCHB1-41 decreased[42] significantly the relationship
between WCHB1-41 and intestinal, inflammation remains to be determined[43]. The results showed
that fat supplementation could reduce diarrhea in horses to some extent.In addition, Microflora,
verruciformis, one of the most abundant microorganisms in the equine intestinal tract, often performs
immunomodulator and energy supply functions in the body[44], This is basically in line with results
predicted by the PICRUSTs function. Microbial communities and their functions are related to
feeding types[45]. As a result of the function prediction, in the test II group the fecal flora of horses
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was mainly related to the function of lipid anabolism, energy metabolism, and amino acid
metabolism. The test group [ was mainly related to the synthesis and metabolism of lipid substances
the control group was mainly related to carbohydrate metabolism. As for the specific relationship
needs further study.

5. Conclusions

Supplementation could significantly increase the yield of milk fat, lactose, milk protein, and the
composition and concentration of fatty acids of grazing mares. It can significantly increase the
concentration of glucose, triglyceride, low density lipoproteinvery, low density lipoprotein, and free
fatty acid in the plasma of grazing mares, it can improve the diversity and richness of intestinal flora
of grazing mares to some extent.
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