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1. Introduction

The lambs were suckled with the mother until 2-3 months old under the traditional feeding. However, this would
prolong the breeding cycle and impact the body recovery, and then reduce reproductive efficiency [1]. On the other
hand, it would affect the healthy growth and development of lambs for the breast nursing cannot satisfy the nutritional
requirement due to multiple fetuses or insufficient milk production of ewes [2].

The early weaning (EW) technology is an efficient way to solve these problems. A variety of EW options were em-
ployed worldwide. However, The EW may be an important stressor for lambs [3]. This stress can lead to declining
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health, changes in hormone levels, and poor growth rates [4]. So, appropriate EW strategy is necessary for modern ani-
mal husbandry. There is no ‘best’ age to wean, and lambs can be weaned at as early as 21D old. However, the study of
Hu lambs showed that EW at 21D after birth may have a negative impact on lambs’ performance based on a short-term
study [5]. Another research showed that the use of milk replacer (MR) before 21D after birth could replace breast milk
partly without affect the growth of lambs [6]. Serious research showed that the EW strategy was affected by breeds,
nursing environment, nutrition and so on [7, 8].

The Small-tailed Han (STH) sheep is a Chinese local breed with both meat and fur coats and it is also known for its
high fecundity. And it presents good adaptability for various climatic conditions. So it will be a nice female parent for
Chinese dairy sheep breeding. However, the average milk yield (0.645 L/day) of STH ewes is lower then Katahdin
(1.38 L/day) and Saint Croix (1.26 L/day) ewes with multiple-born lambs [9]. The DairyMeade (DM) sheep which de-
rived from New Zealand, with high milk yield, is a suitable male parent for Chinese dairy sheep breeding. Previous we
obtained the offspring through grading up strategy with the STH sheep as female parent and DM sheep as male parent.
However, there was no mature rearing technique for lambs.

Studies on EW in ruminants have mainly focused on growth performance, blood physiological parameters and rumen
development [10-12]. In present study, we aimed to establish an appropriate EW technology for the crossbreed
offspring of DM and STH sheep through the combination of EW days of age, nutrition and nursing environment. The
growth performance, blood physiological parameters, histological analysis of digestive system and rumen development
of lambs were analyzed. It would provide a theoretical reference for the EW of dairy sheep lambs and supply technical
assistance for dairy sheep rearing.

2. Materials and methods

Animal manipulations in this study including welfare, husbandry and experimental sampling were approved by the
Animal Ethics Committee of Inner Mongolia University (Permit number: IMU-IACUC-2018-B78C). The humane ani-
mal care and handling procedures were followed throughout the experiment.

2.1 Experimental Design, Feeding Management and Feed Intake

Twenty-six male F1 lambs (5.07+£0.22kg of birth weight, similar birth age) which crossbred with Small-Tailed Han
(STH) sheep as female parent and DairyMeade (DM) sheep as male parent were selected. Six lambs of each EW group
and eight of CON group. All of lambs were separated from their mothers at D7 after birth and housed in pens (2.0 x 1.5
m) every two lambs. The temperature of breeding house was -4-30°C. All lambs were supplied with the leymus chinen-
sis from D7 and the concentrated feed from D30. The lambs of CON group were artificially-reared with breast milk to
D60. The lambs of EW groups were artificially-reared with MR from D7 (EW7), D15 (EW15) and D25 (EW25) to D60.
Four days were needed to use MR completely, 25% percent of volume of MR was added every day. The MR was re-
constituted at 200 g/L of water and offered at a temperature of -40°C. Four times per day of feeding before D30 and
followed three times per day till D60. The nutritious components of MR and concentrated feed were listed at Table 1.
After D60, All lambs were weaned off liquid supplements and fed with solid fodder totally. The warm water (10-20°C)
was supplied anytime.

Table 1. Chemical composition (% of DM) of the milk replacer (MR) and concentrated feed fed to lambs

Item Milk replacer (MR) Concentrated feed
CP, % 23 18

CF, % 3 9

CA, % 10 12

Ca, % 0.6-1.5 0.1-1.8

TP, % 0.5-1.2 0.3
NaCl, % 0.1-1.2 0.6-1.2

Lys, % 2.2 0.4

CP: crude protein; CF: crude fibre; CA: crude ash; TP: total phosphorus.

At DO, 7, 30, 50, 70 and 90, the body weight, body height, body length and chest circumference of lambs were tested
before first fed of morning and their daily gains were calculated.

2.2 Slaughter experiment

At D90, three to five lambs of each group were slaughtered. Firstly, the blood samples were collected in heparinized
tubes by jugular venipuncture before slaughter. The blood sample was centrifuged at 3,500 g for 15 min at 4°C to sepa-
rate serum, which was pipetted into 2 mL cryotubes and stored at -20°C until subsequent analysis. Then after blood
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sampling, those lambs from each group were slaughtered. The live weight, slaughter weight, carcass weight and meat
weight were measured and the meat percentage and dressing percent were calculated. The weight of heart, liver, spleen,
lungs, kidneys, testicles, head and tail were measured.

2.3 Blood Analysis

The blood analyzer (PENTRA XL 80) was used for routine blood analysis. The biochemical analyzer (Cobas ¢ 311)
was used for analysis of serum physiological, biochemical and hormone enzymes. The concentrations of immunoglobu-
lins (IgA, 1gG, and IgM) were measured using respective enzyme-linked immunosorbent assay Kits, which was
processed in cooperation with Synthesis-bio Co. LTD. (Hohhot, Inner Mongolia autonomous region, China).

2.4 Digestive System Morphology

Postmortem, some of rumen, duodenum, jejunum and ileum was collected, emptied, washed with tap water and dried
with paper towels. Histology slices were prepared followed by Carballo et al. [13]. Briefly, Three to five segments (ap-
proximately 5 x 15 mm with 5 mm separation between each selected segment) were trimmed. The segments were de-
hydrated overnight through graded alcohols (70%, 95%, and absolute alcohol) at ambient temperature, cleared in xylene
and impregnated with Histosec pastilles under pressure at 60°C. The segments were then embedded in wax, cut at 4-pum
thick. The cut sections were stained with a hematoxylin mixture and Eosin stain (HE staining).

Photomicrograph sections were taken of each slide with an optical microscope (Nikon, Japan). The photograph soft-
ware was NIS-Element and Image J was used to measure. The length and width of the rumen papilla and the thickness
of the muscle layer, the villi height, crypt depth and muscle thickness of the duodenum, jejunum and ileum were meas-
ured.

2.5 Rumen fermentation parameters analysis

Postmortem, the ruminal digesta sample was collected and pH value was measured immediately by a basic pen pH
meter. The content of microbial protein (MCP) was estimated using the purine method [14].

2.6 Statistical Analyses

The data was summarized by Excel. The GraphPad Prism 8 was used for one-way analysis of variance (one-way
ANOVA) and post-hoc comparisons to analyze the significance of the differences. The results are expressed as "mean
value + standard deviation”, the difference is judged to be significant based on P<0.05, and the difference is extremely
significant to P<0.01.

3. Results

3.1 EW strategy and analysis of growth traits

The lambs were weaned at D7, 15, and 25 after birth and artificially-reared with MR till D60; the CON lambs were
artificially-reared with breast milk till D60. Then all lambs were weaned off the liquid supplements and fed with solid
fodder totally. The EW strategy was illustrated in Fig. 1A.

The body weight, daily weight gain, body height, body length and chest circumference of lambs were tested at DO, 7,
30, 50, 70 and 90 after birth. The body weight result showed that there was no significant difference between EW and
CON groups (P>0.05) (Fig. 1B). The daily weight gain varied between different groups after D30: at D30~50, the EW
groups were significantly lower than CON group (P <0.05); while at D51-70, the EW groups were similar or signifi-
cantly higher than CON group; at D71-90, the EW and CON groups with no significant difference (P >0.05) (Fig. 1C).
Compared with CON, the body height of EW groups has no significant difference (P > 0.05) (Fig. 1D). The body length
has no significant difference among different groups in total experimental time (P >0.05) (Fig. 1E). The chest circum-
ference has no significant difference among different groups at D90, while EW7 group was significantly higher than
CON group at D30 (P <0.05) (Fig. 1F). The results showed that our EW strategy did not affect the growth of dairy
sheep male lambs.

3.2 Analysis of carcass traits and organ development

At D90, the lambs were slaughtered and carcass traits were analyzed. The body weight of EW7, EW15 EW 25 and
CON were 29.95+2.81, 32.17+4.78, 32.60+2.42 and 31.35+3.13 kg and there was no significant difference between EW
and CON groups (P >0.05); the carcass weight were 14.34+1.57, 15.87+2.23, 16.57+0.95 and 16.00+1.66 kg and also
with no significant difference between EW and CON groups (P >0.05) (Fig. 2A). The net meat percentage of EW?7,
EW15 EW 25 and CON were 32.00+0.94, 34.25+1.10, 34.40+1.45 and 26.48+17.67 there was no significant difference
between EW and CON groups (P >0.05); while dressing percentage of EW7 group was significantly lower than CON
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group (47.85+2.18 vs 51.03+1.01, P <0.05); and the EW15 and ew25 were comparable with CON (49.2+0.39 and
50.86+1.00, P >0.05) (Fig. 2B). The analysis of organ weight showed that the liver, spleen, lung, kidney, testis, head
and tail were similar between EW and CON groups (P >0.05), except that the heart weight of EW15 was significantly
higher than CON group (245.83+9.67 vs 178.55+£19.13, P <0.05) (Fig. 2C). The results showed that our EW strategy
did not affect the organ development of dairy sheep male lambs.
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A: The schematic of study. B: The body weight of lambs from DO to D90. C: The daily gain of lambs from DO to D90. D: The height of lambs from
DO to D90. E: The body lenght of lambs from DO to D90. F: The chest circumference of lambs from DO to D90. EW7: weaning at D7 after birth.
EWS5: weaning at D15 after birth. EW25: weaning at D25 after birth. CON: Control (reared by breast milk). The adjacent letters represent significant
differences (p<0.05).

Figure 1. The schematic of study and the growth traits of lambs.
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Items
EW7 EWI1S EW25s CON
Heart, g 201.13+14.06™ 245 83+9.67" 217.73+11.83" 178.55419.13"
Liver, g 612.03449.76  627.9491.72  532.23428.42 618.23+47.28
Spleen, g 50.75+5.21 61.3744.65 55.843.65 63.449.01
Lungs, g 613.53+52.05  58597+100.72  514.13+33.81 616.5426.97
Kidney (Contain fat), g 197.25¢19.36  217.07430.26  197.2+19.39 267.43+52.03
Kidney (No fat), g 109.53+7.16  119.03+10.81  113.13+3.83 122.6+10.48
Testis, g 122.23+10.37°  217.27+£38.56"  185.57+16.2" 179.80+20.93
Head, kg 1.8510.09 1.8710.07 1.9310.18 1.9410.10
Tail, g 139.90£15.91"  135.97+19.81"  246.43+29.02° 199.57£36.16™

A: The live and slaughter weight. B: The meat and dress percentage. C: The organ weight. Data presented are average means and SEM. EW7: wean-
ing at D7 after birth. EW5: weaning at D15 after birth. EW25: weaning at D25 after birth. CON: Control (reared by breast milk). The adjacent letters
represent significant differences (p<0.05).

Figure 2. The carcass and organ traits of lambs at D90.
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3.3 Analysis of blood and serum examination

The blood routine examination showed that there were no significant difference of LYM (lymphocyte), MON (mo-
nocyte count), RBC (red blood cell) and BAS (basophilic granulocyte) between EW and CON groups (P >0.05); while
the WBC (white blood cell) of EW15 was significantly lower than CON group (6.30+0.72 vs 10.78+0.85, P <0.05) and
the HBG (hemoglobin) of EW25 was significantly higher than CON group (133.33+2.03 vs 121.75+3.90) (Table 2).

Table 2. Blood routine examination of lambs at D90

ltems Groups
EW?7 EW15 EW25 CON

WBC, x10°/L 8.06+0.19% 6.30+0.72° 11.97+3.04° 10.78+0.85°
LYM#, x10%L 0.26+0.04 0.20+0.01 0.33+0.07 0.35+0.05
MON#, x10%/L 0.50+0.03 0.43+0.03 0.67+0.19 0.70+0.14
RBC, x10%/L 10.22+0.24 10.43+0.09 10.37+0.67 9.60.45
BASH#, x10°/L 0.07+0.01° 0.10+0.02% 0.22+0.09° 0.12+0.01%
BAS%, x10%/L 0.86+0.05° 1.57+0.12° 1.600.40° 1.100.04%

HGB, g/dL 120.40+2.14° 123.33+2.33" 133.33+2.03° 121.75+3.90°

WABC: white blood cell; LYM: lymphocyte; MON: monocyte count; BAS: basophilic granulocyte; RBC: red blood cell; HBG: hemoglobin.
The adjacent letters represent significant differences (p<0.05).

The biochemical of serum showed that the GLU (blood glucose) of EW25 was significantly lower than CON group
(5.42+0.39 vs 7.66+0.83, P <0.05); the HDL-C (high density lipoprotein cholesterol) of EW25 was significantly higher
than CON group (1.14+0.07 vs 0.95+0.04, P <0.05); the CO,-L (bicarbonate) of EW15 and EW25 was significantly
lower than CON group (19.73+0.23, 21.87+2.53 vs 26.20+0.80, P <0.05); the CREJ (creatinine) of EW7 was signifi-
cantly lower than CON group (55.40+3.03 vs 65.00+3.24, P <0.05); and the TP (total protein), ALB(albumin), CHOL,
(cholesterol), LACT (lactic acid), TRIGL (triacylglycerol) and UREAL were no significant difference between EW and
CON groups (Table 3).

Table 3. Serum biochemical parameter of lambs at D90

Groups
Itens
EW7 EW15 EW25 CON

GLU, mmol/L 5.92+0.58% 6.68+0.60%° 5.42+0.39" 7.66+0.83%
TP, g/L 65.1+1.44 64.73+1.2 69.13+0.85 68.28+2.97
ALB, g/L 35.6+1.06 36.43+0.09 37.23+1.65 35.40+1.04
HDL-C, mmol/L 0.91+0.04° 1.02+0.04% 1.14+0.07% 0.95+0.04°
LDL-C, mmol/L 0.60+0.07 0.750.05 0.74+0.01 0.71+0.09
CO,-L, mmol/L 23.54+1.00% 19.73+0.23° 21.87+2.53° 26.20:+0.80°
CHOL,, mmol/L 1.38+0.09° 1.58+0.05% 1.66+0.06° 1.47+0.11%
LACT, mmol/L 5.98+1.05 8.34+1.49 6.67+1.39 5.94+0.79
TRIGL, mmol/L 0.34+0.07 0.32+0.03 0.35+0.04 0.35+0.01
UREAL, mmol/L 8.82+1.37 8.27+0.23 8.70+1.55 8.90+1.02
CREJ, pmol/L 55.40+3.03° 60.33+2.40% 56.67+4.26% 65.00+3.24°

GLU: Blood glucose; TP: total protein; ALB: albumin; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol;
CO,-L: bicarbonate; CHOLZ2: cholesterol; TRIGL = triacylglycerol; CREJ =creatinine. The adjacent letters represent significant differences (p<0.05).

The enzymes analysis of serum showed that the AST (Aspartate aminotransferase), ALT (Alanine aminotransferase),
CK (creatine kinase), ALP (Alkaline phosphatase), LDH-L (lactic dehydrogenase), CHE (cholinesterase) and LIPC
(lipase) were no significant difference between EW and CON groups except that the EW15 of AMY (a-amylase) was
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significantly lower than CON group (10.17+1.10 vs 19.28+4.36, P <0.05) (Table 4).

Table 4. The serum enzymes of lambs at D90

Itens

EW?7 EW15 EW25 CON
AST, U/L 171.42+29.17 259.27+101.47 128.17+8.48 189.48+30.82
ALT, U/L 15.98+1.32 18.60+1.50 17.53+0.68 16.80+2.21
CK, U/L 578.80+133.2 670.33+105.80 425.33+37.12 977.00+272.72
AMY, U/L 13.26+0.99® 10.17+1.10° 16.93+2.53% 19.28+4.36°
ALP, U/L 694.00+58.87 779.00+123.75 610.00+147.55 720.75+34.59
LDH-L, U/L 946.60+161.83 773.67+138.77 626.33+67.91 937.50+78.63
CHE, U/L 93.40+7.18 92.3346.12 111.33+13.64 94.25+6.61
LIPC, U/L 31.4045.42 33.20+0.99 24.17+6.57 33.98+3.28

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AMY: a-amylase; ALP: Alkaline phosphatase; LDH-L: lactic dehydrogenase.

The adjacent letters represent significant differences (p<0.05).

Furthermore, the immune globulin of serum was analyzed. The result showed that the EW25 of IgA was significantly
higher than CON group (656.98+15.76 vs 392.27+4.75, P <0.01); the EW25 of IgM was also significantly higher than
CON group (3435.00+151.55 vs 2047.50+66.34, P <0.01); while the level of IgG with no significant difference be-
tween EW and CON groups (Table 5).

Table 5. The serum immune globulins of lambs at D90

Items
EW7 EW15 EW?25 CON
IgA, pg/mL 407.19+30.45° 462.19+80.53° 656.98+15.76° 392.27+4.75°
IgM, pg/mL 2227.50+113.10° 2855.83+614.85° 3435.00+151.55° 2047.50+66.34°
19G, mg/mL 81.17+3.54 80.17£7.91 84.85+2.70 75.99+2.91

The spaced letters represent significant differences (p<0.01).
Serious data showed that the EW7 was more similar with CON group at blood examination.
3.4 Analysis of histological of digestive system and rumen fermentation parameters

The morphology of rumen, duodenum, jejunum and ileum were analyzed by HE (hematoxylin-eosin) staining at D90
(Fig. 3). The rumen papillae width of EW25 is significantly lower than CON group (P < 0.05), while there were no sig-
nificant differences of papillae length and muscle layers thickness between EW and CON groups (P > 0.05) (Fig. 3A-H,
Fig. S1). About the duodenum, there were no significant differences of muscle layers thickness, villus height, crypt
depth and V\C ratio between EW and CON groups (P > 0.05) (Fig. 3I-L, Fig. S2). About the jejunum, there were also
no significant differences of muscle layers thickness, villus height, crypt depth and V\C ratio between EW and CON
groups (P > 0.05) (Fig. 3M-P, Fig. S3). For the villus height crypt depth of ileum, the EW groups were significantly
higher than CON group (P <0.05), while the muscle layers thickness, and V\C rate were no significant differences
(P >0.05) (Fig. 3Q-T, Fig. S4).

At last, the rumen fermentation parameters were analyzed. The results showed that the pH and MCP were no signifi-
cant difference between EW and CON groups (Table 6).

Table 6. The rumen fermentation parameters of lambs at D90

Groups
Items
EW7 EW15 EW25 CON
pH 6.17+0.12 6.81+0.14 6.45+0.90 6.55+0.22
MCP, mg/ml 2.70+0.11 2.29+0.21 2.47+0.03 2.83+0.16

In total, these results showed that EW at D7 did not affect the development of digestive system.
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4. Discussion

In this study, the EW time of dairy sheep male lamb was determined. Through the comprehensively evaluation of
growth, blood parameters, digestive system and organ development, we think that EW at D7 after birth could maximize
the value of maternal sheep production without impact the normal growth and development of lambs. A research
showed that the lambs were artificially fed with milk replacer and starter feed from D8, may not affect its growth[15].
At the first week, the sufficient ingestion of colostrum could help lambs to establish initial digestive and immune func-

tion.
EW7 EW15 EW25 CON

.

Rumen
papillae

Rumen
muscle
layers

Duodenum

Jejunum

(A-D): Rumen papillae. (E-H): Rumen muscle layers. (I-L): Duodenum. (M-P): Jejunum. (Q-T): Ileum. EW7: weaning at D7 after birth. EW5: wean-
ing at D15 after birth. EW25: weaning at D25 after birth. CON: Control (reared by breast milk).

Figure 3. The morphology of digestive system of lambs at D90.

The supplement selection is crucial for the health of EW lambs. In the EW research of Hu lambs, which were sup-
plemented with starter at D7 after birth, but the growth of EW group was restricted and the diarrhea rate increased [5].
In McCoard et al.’s research, the MR was supplemented at D7 after birth and weaned off MR by 4 or 6 wks did not
compromise lambs’ growth [6]. But the study by Santos et al showed that the existence of long-term effects caused by
early feed restriction with negative consequences on live body weight and reproductive traits of replacement ewe lambs
[16]. In fact, we initial fed with two type of MR and one of MR would result diarrhea for most of lambs. The supple-
mentation of live yeast based feed additive has a possible positive impact on lamb gut development and digestive effi-
ciency [15].

In this study, the daily weight gain of D31-D50 data showed that EW groups were significantly lower than CON
group, while there was obvious drop after D51. This is because of the nutrient transformation from breast milk to feed
and the lambs have stress. The heavy lambs were more resilient than light lambs after weaning [17]. Therefore, the
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weaning as early as possible may reduce the stress of lamb and the loss of maternal nutrition. In addition, we found that
the heart weight of EW15 group was significantly higher than CON group. Heart weight is dependent on sex, age,
height, and weight [18]. It may be caused by the relative higher height of EW15 group and not pathological phenotype.

The WBC is one of the indispensable and important components of the body’s immunity, which participates in the
body’s cellular immune process [19]. Under normal physiological conditions, the total number of WBC reflects the
body’s comprehensive immune response capabilities [20]. In this study, the count of WBC of EW15 group was signifi-
cantly lower than CON group. Correspondingly, the basophils count of EW7 group was relative lower than others. Ba-
sophils are functionally closely related to mast cells, which all of them express the IgE receptor and rapidly release pre-
formed mediator from intracellular stores upon IgE-mediated activation [21]. It seemed that EW may hurt the immunity
of lambs. But the serum immunoglobulin assay showed that there was similar level between EW and CON groups. In
total, EW has little harm for lamb’s immunity.

The glucose of blood comes from the absorption of carbohydrates and liver glycogen and its concentration reflects a
dynamic balance between sugar production and tissue consumption in the body [22]. The increase of glucose can en-
hance the function of adrenal cortex hormones and glucagon, and resist the influence of adverse factors such as cold and
stress [23]. There was relative low concentration of blood glucose in EW groups, which indicated that it may less resis-
tant than CON group at D90.

The importance of knowing creatinine levels in the human body is related to the possible association with renal,
muscular and thyroid dysfunction [24]. High level of creatinine in blood may be associated with renal insufficiency.
Our study showed that lower level of creatinine in EW groups, which indicated that it may have better development of
renal.

5. Conclusion

In conclusion, this study showed that weaning at D7 after birth by feed with MR could ensure the healthy growth of
dairy sheep lambs. These findings can provide a theoretical reference for the EW of dairy sheep lambs and supply tech-
nical assistance for dairy sheep rearing. Additionally, future studies should consider the female lambs’ health in the li-
fespan and potential effects such as fertility and milk yield.
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Figure S1. The comparison of rumen morphology.
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Figure S2. The comparison of duodenum morphology.
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Figure S3. The comparison of jejunum morphology.
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Figure S4. The comparison of ileum morphology.
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