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Abstract

This study aimed to investigate the effects of different dietary proportions of
mulberry leaf powder on the rumen epithelial tissue structure of fattening Hu
sheep. Forty 3-month-old fattening Hu sheep were selected and randomly allo-
cated into 5 groups, with 8 sheep per group. In each group, mulberry leaf powder
replaced 0% (Group A), 15% (Group B), 30% (Group C), 45% (Group D), and
60% (Group E) of the concentrate feed in the diet, respectively. The pre-trial
period was 2 weeks, and the formal trial period was 8 weeks. The results showed
that: 1) The rumen weight to complex stomach weight ratio in Groups B and
C was significantly higher than that in Group A (P<0.05). 2) There were no
significant differences in rumen papilla width among all groups (P>0.05). 3)
Regarding the stratum corneum width of the rumen epithelium, Group A was
higher than the other groups, and significantly higher than Groups C and D
(P<0.05); regarding the stratum granulosum width of the rumen epithelium,
except for Group D being significantly higher than Group E (P<0.05), there
were no significant differences among the remaining groups (P>0.05); regarding
the widths of the spinous layer and basal layer, compared with Group A, mul-
berry leaf powder treatment increased the widths of the spinous layer and basal
layer, but the effect was not significant (P>0.05), while the basal layer width
in Groups D and B was significantly higher than that in Group C (P<0.05). In
summary, replacing 15%~45% of concentrate feed with mulberry leaf powder
could increase the weight of the complex stomach to a certain extent, promote
cell division in the spinous layer and basal layer, thereby promoting the devel-
opment of rumen epithelial tissue, while also effectively reducing the width of
the stratum corneum of the rumen epithelium.
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Abstract

This experiment was conducted to investigate the effects of different proportions
of mulberry leaf powder in diet on rumen epithelium structure of fattening Hu
sheep. Forty fattening Hu sheep aged 3 months were randomly divided into 5
groups with 8 sheep per group. The sheep were fed a fattening diet contain-
ing mulberry leaf powder replacing 0% (group A), 15% (group B), 30% (group
C), 45% (group D), and 60% (group E) of dietary concentrate, respectively.
The feeding trial consisted of a 2-week adaptation period and an 8-week exper-
imental period. The results showed that: 1) The rumen weight to compound
stomach weight ratio in groups B and C was significantly higher than that in
group A (P<0.05). 2) There was no significant difference in rumen papilla width
among all groups (P>0.05). 3) Regarding the width of the stratum corneum of
rumen epithelium, group A showed higher values than other groups, being sig-
nificantly higher than groups C and D (P<0.05). For the width of the stratum
granulosum, no significant differences were observed among groups (P>0.05)
except that group D was significantly higher than group E (P<0.05). Com-
pared with group A, mulberry leaf powder treatment increased the width of
the stratum spinosum and stratum basale, but the effects were not significant
(P>0.05), while the width of the stratum basale in groups D and B was signif-
icantly higher than that in group C (P<0.05). In conclusion, replacing 15%-
45% of concentrate with mulberry leaf powder can increase compound stom-
ach weight to some extent, promote cell division in the stratum spinosum and
stratum basale, thereby facilitating rumen epithelium development, while also
effectively reducing the width of the stratum corneum.
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1.1 Experimental Materials

Mulberry leaf powder was purchased from the market, with nutritional levels
measured as follows: moisture 10.46%, crude protein 20.30%, crude fat 8.15%,
crude ash 7.56%, neutral detergent fiber 34.30%, acid detergent fiber 16.28%,
calcium 1.54%, and phosphorus 0.10%.

1.2 Experimental Animals and Diets

Forty healthy fattening Hu sheep aged 3 months with an initial body weight of
(16.5£0.6) kg were selected from Siyang Weihe Hu Sheep Farm. A completely
randomized design was adopted, with the sheep randomly divided into 5 groups
of 8 animals each. Five different diets were formulated, with mulberry leaf
powder replacing 0% (group A), 15% (group B), 30% (group C), 45% (group D),
and 60% (group E) of the concentrate in the basal diet, while corn silage served
as the roughage. The concentrate-to-roughage ratio was maintained at 5:5 (dry
matter basis) across all groups, with diets being pelleted and isonitrogenous.
The trial consisted of a 2-week adaptation period and an 8-week experimental
period. Diets were formulated according to NRC (2007) recommendations for
meat sheep with a daily gain target of 200 g/d.

The composition and nutrient levels of the concentrate are shown in Table 1 .
The contents of crude protein, crude fat, neutral detergent fiber, acid detergent
fiber, calcium, and phosphorus were determined according to Feed Analysis and
Feed Quality Detection Technology [16]. Crude protein content was measured
using the semi-micro Kjeldahl method, crude fat by Soxhlet ether extraction,
neutral and acid detergent fibers by conventional filtration methods, and calcium
and phosphorus by NPC-02 calcium-phosphorus analyzer.

Table 1 Concentrate composition and nutrient levels (dry matter basis)

Item Group A Group B Group C  Group D Group E
Ingredients

Mulberry leaf powder 0.00 15.00 30.00 45.00 60.00
Corn 35.00 30.00 25.00 20.00 15.00
Soybean meal 15.00 12.00 9.00 6.00 3.00
Wheat bran 15.00 12.00 9.00 6.00 3.00
Brown rice 15.00 12.00 9.00 6.00 3.00
Saccharomyces cerevisiae  2.00 2.00 2.00 2.00 2.00
Corn protein meal 5.00 5.00 5.00 5.00 5.00
CaH PO 1.50 1.50 1.50 1.50 1.50
Fat powder 2.00 2.00 2.00 2.00 2.00
Limestone 4.00 4.00 4.00 4.00 4.00
NaCl 1.00 1.00 1.00 1.00 1.00
Premix! 4.50 4.50 4.50 4.50 4.50
Total 100.00 100.00 100.00 100.00 100.00

Nutrient levels?
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Item Group A Group B Group C  Group D Group E
DE (MJ/kg) 14.50 14.21 13.92 13.63 13.34
CPp 20.00 20.00 20.00 20.00 20.00
EE 5.00 5.50 6.00 6.50 7.00
NDF 18.00 20.00 22.00 24.00 26.00
ADF 7.00 8.00 9.00 10.00 11.00
Ca 0.80 0.90 1.00 1.10 1.20

P 0.50 0.45 0.40 0.35 0.30

'The premix provides per kg of diet: Cu 200-500 mg, Fe (as ferrous sulfate)
1,500-2,500 mg, Mn (as manganese sulfate) 1,000-2,000 mg, Zn (as zinc sulfate)
1,000-2,500 mg, VA 200,000-370,000 IU, VD 250,000-1,250,000 IU, VE 750
mg, Lys >4.9%, P 5-50 mg, Se (as sodium selenite) 5-15 mg, Co (as cobalt
sulfate) 5-15 mg, Ca (as calcium sulfate) 10%-16%, NaCl 10%-16%.

2DE is calculated based on ingredient composition, while other nutrient levels
are measured values.

1.3 Feeding Management

Sheep were housed in group pens. Before the trial, the barn was thoroughly
cleaned and disinfected, and all sheep were treated for parasites and vaccinated.
During the first 3 weeks of the experimental period, whole-plant corn silage was
provided at 1.5 kg per sheep daily, which was increased to 1.75 kg thereafter.
The concentrate feeding regimen was as follows: 375 g per sheep daily in week
1, with a weekly increase of 25 g until the end of week 8. Sheep were fed twice
daily at 07:00 and 17:00, with roughage offered before concentrate, and had free
access to drinking water.

One day before the end of the feeding trial, three sheep from each group were
fasted for 24 h, then weighed and slaughtered. The compound stomach and
its compartments (rumen, reticulum, omasum, and abomasum) were weighed,
and a piece of uniformly grown rumen tissue was collected for paraffin section
preparation.

1.4 Paraffin Section Preparation

Rumen tissue samples were rinsed with pre-cooled phosphate buffer saline (PBS)
and immediately fixed in 4% formaldehyde solution for at least 48 h. Fixed tis-
sues were trimmed into 5 mm thick blocks. Paraffin sectioning and hematoxylin-
eosin (HE) staining were used to observe rumen morphological structure. Tissue
sections were prepared according to the method described by Wang et al. [17]
with the following steps: tissue blocks were rinsed and sequentially placed in
80% ethanol once, 90% ethanol twice, and 100% ethanol three times for de-
hydration, followed by two rounds of xylene clearing, paraffin infiltration, and
embedding. Sections were then sliced, mounted, and baked. HE staining was
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performed according to the method of Wang Long [18] as follows: sections were
placed in xylene I and xylene II for 30 min each to clear, rehydrated in ethanol
solutions, soaked in PBS for 5 min, stained with hematoxylin solution for 5 min
in the dark, rinsed for 5 min, soaked in PBS again for 5 min, baked at 60°C for
20 min, placed in 100% ethanol twice for 3 min each, and finally sealed with
neutral resin.

1.5 Measurement Indicators

Feed intake was recorded during the experimental period to calculate dry mat-
ter intake (DMI). Initial and final body weights were recorded to calculate av-
erage daily gain (ADG). Three slices of 7 m thickness were prepared from each
sample, with at least 100 m between adjacent slices. Morphometric analysis
was performed using Guangzhou Mingmei imaging system software. Rumen
tissue structure was observed under an optical microscope (Olympus, Japan),
and data were measured and recorded using Olympus IX71 microscope soft-
ware cellSens Dimension, including width of rumen papillae and widths of the
stratum corneum (SC), stratum granulosum (SG), stratum spinosum (SS), and
stratum basale (SB) of rumen epithelium. Rumen cell layer thickness was mea-
sured using a 20x objective, while rumen papilla width was measured using a
4x objective. All morphometric analyses were performed by the same operator,
with six fields measured per slice to calculate average values.

Compound stomach index (%) = 100 x (compound stomach weight / pre-
slaughter live weight).

1.6 Statistical Analysis

Experimental data were initially processed using Excel 2013, then subjected to
one-way ANOVA using SPSS 19.0 software. Duncan’ s multiple comparison test
was used for post-hoc analysis. Results are expressed as means and standard
error of the mean (SEM), with P<0.05 considered statistically significant.

2.1 Effects of Different Proportions of Mulberry Leaf Powder on Com-
pound Stomach Development of Hu Sheep

As shown in Table 2 , DMI and ADG in groups D and E were significantly lower
than those in groups A, B, and C (P<0.05), while no significant differences
were observed among groups A, B, and C (P>0.05). Pre-slaughter live weight
was higher in groups A, B, and C, which were significantly higher than groups
D and E (P<0.05). Compound stomach weight and compound stomach index
were highest in groups B and C, significantly higher than groups D and E, and
groups A, D, and E, respectively (P<0.05). Additionally, the rumen weight
to compound stomach weight ratio was higher in groups B and C, significantly
higher than group A (P<0.05), but not significantly different from groups D and
E (P>0.05). In contrast, the abomasum weight to compound stomach weight
ratio was highest in group A, significantly higher than groups B and C (P<0.05).
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Table 2 Effects of different proportions of mulberry leaf powder in diet on
development of compound stomach of Hu sheep

Item Group A Group B Group C  Group D

Group E

P-value

DMI 869.92 857.52
(8/d)

ADG 120.4* 120.02
(g/d)

Live 22.502 22.872
body

weight

before

slaugh-

ter

(kg)

Compounld31 1.522
stom-

ach

weight

(kg)

Index 5.82 6.65%
of

com-

pound

stom-

ach

(%)

Rumen 56.31 62.462
weight /compound

stom-

ach

weight

(%)

Reticului2.51# 18.48
weight /compound

stom-

ach

weight

(%)

Omasum10.45 10.45
weight /compound

stom-

ach

weight

(%)

859.92

114.1#

22.282

1.492

6.69%

62.912

17.00

10.45

801.4

100.0

20.73

1.22

5.88

60.61

19.02

10.45

817.4

87.0

21.08

1.27

6.02

60.35

19.87

10.45

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.999
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Item Group A Group B  Group C Group D Group E  P-value

Abomasulfl.73* 8.61 9.64 9.92 9.33 <0.001
weight /compound

stom-

ach

weight

(%)

a8 In the same row, values with different superscripts differ significantly
(P<0.05).

2.2 Effects of Different Proportions of Mulberry Leaf Powder on Ru-
men Epithelium Tissue

Microscopic observation of rumen epithelium sections revealed the microstruc-
ture shown in Figure 1 [Figure 1: see original paper|, while rumen papilla
microstructure is presented in Figure 2 [Figure 2: see original paper]. Fig-
ure 1 shows that the width of the stratum corneum of rumen epithelium in
group A was greater than in other groups, with minimal differences observed
in other cell layers. Figure 2 indicates that rumen papilla width showed lit-
tle variation among groups. Measurement results from the software (Table 3
) demonstrated that different proportions of mulberry leaf powder in the diet
had no significant effect on rumen papilla width (P>0.05), although all groups
except group C showed numerically higher values than group A. For stratum
corneum width, group A exhibited higher values than other groups, significantly
exceeding groups C and D (P<0.05), with no significant differences among the
remaining groups (P>0.05). Regarding stratum granulosum width, no signifi-
cant differences were observed among groups (P>0.05) except that group D was
significantly higher than group E (P<0.05). Mulberry leaf powder replacement
numerically increased stratum spinosum width, but the effect was not signifi-
cant (P>0.05). The width of stratum basale in groups D and B was significantly
higher than in group C (P<0.05).

Table 3 Effects of different proportions of mulberry leaf powder in diet on
rumen epithelium structure of Hu sheep ( m)

Item Group A GroupB Group C GroupD Group E  P-value

Stratum 19.32 16.8 15.9 15.9 16.5 <0.001
corneum

(SC)

Stratum 40.4 44.1 40.9 46.4* 38.7 <0.001
granu-

losum

(SG)
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Item Group A Group B  Group C Group D Group E  P-value

Stratum 22.6 25.9 19.7 26.8 24.2 <0.001
spinosum

(SS)

Stratum 15.9 17.0 15.9 17.0 16.5 <0.001
basale

(SB)

Width 3.24 3.33 3.11 3.37 3.28 0.999
of ru-

men

papil-

lae

SC: stratum corneum; SG: stratum granulosum; SS: stratum spinosum; SB:
stratum basale.

Figure 1 Morphological structure of rumen epithelium of Hu sheep (20x) [Fig-
ure 1: see original paper]

Figure 2 Morphological structure of rumen papillae of Hu sheep (4x) [Figure
2: see original paper]

3.1 Effects of Different Proportions of Mulberry Leaf Powder on Feed
Intake and Digestion of Hu Sheep

Mulberry leaves exhibit good palatability, and livestock readily accept them
without feeding P& when first introduced. For ruminants, feed intake is regu-
lated by various physiological factors including digestive tract capacity, static
chemistry, static mechanics, and metabolism [19], and is influenced by compre-
hensive factors such as feed, animal, and environment. Mulberry leaves can
improve the rumen ecological environment, increase the attachment of fiber-
decomposing bacteria to fiber particles, and promote their proliferation, thereby
enhancing straw digestibility and feed intake [20]. Mulberry leaves also have
high digestibility. Yan Bing et al. [21] reported that the 48-hour dry matter
digestibility of mulberry leaves in the rumen reached 62%. Supplementing mul-
berry leaf powder increases protein content in cattle diets, improves the rumen
ecological environment, and promotes microbial proliferation, thereby increasing
apparent digestibility of dry matter, organic matter, and protein [22].

3.2 Mechanism of Nutrient Utilization by Rumen Epithelium Tissue

Rumen epithelium tissue consists of four layers from outer to inner: stratum
corneum, stratum granulosum, stratum spinosum, and stratum basale. The
stratum corneum was once considered detrimental to rumen absorption, but
subsequent research revealed that under normal conditions, the keratinized cell
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layer comprises only 3-4 cell layers under continuous abrasion from rumen con-
tents, having minimal impact on nutrient absorption while providing significant
protection. The stratum granulosum has tight junctions but is discontinuous,
lacking sebaceous gland secretion, allowing free water passage. The stratum
spinosum is the site of short-chain fatty acid metabolism in rumen epithelium.
Thus, nutrient transport and absorption by rumen epithelium largely depend
on the degree of keratinization and integrity of the stratum corneum [23]. The
number of cell layers in the stratum corneum directly reflects the degree of
keratinization, which is highly correlated with diet composition and form: high-
concentrate diets can result in a stratum corneum thickness of up to 15 cell
layers, whereas high-roughage diets produce a stratum corneum of only 4 cell
layers. Excessive stratum corneum thickness is detrimental to nutrient absorp-
tion. Incomplete keratinization of rumen epithelium occurs when squamous
epithelial cells produce a rigid keratin layer, which acts as a physical barrier to
rumen papillae, coating the papilla surface, reducing blood flow in the rumen
epithelium, causing papilla degeneration, and forming carrion at the edges, even-
tually leading to papilla clumping [10]. This condition primarily results from
insufficient feed particle size failing to abrade aging epithelial cells.

3.3 Effects of Different Proportions of Mulberry Leaf Powder on Ru-
men Epithelium Structure

Rumen tissue morphological development involves two aspects: capacity in-
crease and mucosal development. Capacity increase, reflected by rumen tissue
weight, plays a crucial role in roughage utilization by adult sheep under healthy
conditions. Ni Junfen et al. [24] found that mulberry leaf powder could not only
replace part of the concentrate but also significantly improve body condition de-
velopment of fattening Hu sheep at certain supplementation levels (15%, 30%,
and 45%). However, when the replacement proportion continued to increase
(60%), it not only failed to enhance body condition development but also pro-
duced negative effects, possibly because excessive mulberry leaf powder affected
diet palatability and easily induced satiety, thereby reducing nutrient and en-
ergy intake. In this study, replacing 15% and 30% of concentrate with mulberry
leaf powder resulted in pre-slaughter live weight and compound stomach weight
comparable to the non-replacement group, while the compound stomach index
in these two groups was significantly higher than in the non-replacement group,
suggesting that these treatments promoted compound stomach development.
Further analysis of the four stomach compartments revealed that the difference
in compound stomach development was due to increased rumen weight to com-
pound stomach weight ratio in these two groups. Meanwhile, the abomasum
weight to compound stomach weight ratio in the non-replacement group was
lower than in the replacement groups, further indicating that without mulberry
leaf powder replacement, sheep had better abomasum development than the
replacement groups, possibly due to diet adaptation.

Rumen mucosal development begins differentiation during the embryonic period
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of ruminants. Rumen papillae are small protrusions of mucosal epithelium as-
sociated with absorption function. These protrusions increase the surface area
for volatile fatty acid absorption, with approximately 250,000 papillae on a ru-
men wall expanding the mucosal surface area by 6-7 times. Therefore, papilla
mucosal surface area serves as an important criterion for evaluating rumen and
mucosal metabolic levels [25]. Rumen papillae are tongue-shaped or leaf-shaped
protrusions formed by epithelium and lamina propria extending into the gastric
lumen. The papilla surface comprises stratified squamous epithelial cells with
superficial keratinization. Papillae are mobile and play a role in mechanical
digestion through kneading and grinding while increasing absorption surface
area. Research has shown that feed physical form significantly affects histo-
morphological development of calf rumen: calves fed ground diets had shorter
rumen papillae with smaller surface areas [10]. This study found that rumen
papilla width was substantially affected by concentrate replacement with mul-
berry leaf powder, though the effect of supplementation level on papilla width
was not significant and requires further investigation. Additionally, inconsis-
tent differences among various epithelial cell layers indicate that although diet
composition and nutrient content influence rumen papilla width and the four
epithelial layer widths, they are not the sole determinants.

In conclusion, replacing 15%-45% of concentrate with mulberry leaf powder can
increase compound stomach weight to some extent, promote cell division in the
stratum spinosum and stratum basale, thereby facilitating rumen epithelium
development, while also effectively reducing the width of the stratum corneum.

Acknowledgments

We sincerely thank Senior Fellow Gao Jian from Yangzhou University for guid-
ance on experimental methods and assistance with manuscript revision. Special
thanks to Siyang Weihe Hu Sheep Farm for providing the experimental site and
animals.

References

[1] Du Zhouhe, Liu Junfeng, Zuo Yanchun, et al. Nutritional characteristics of
mulberry leaves and their value for feed development and utilization [J]. Acta
Prataculturae Sinica, 2011, 20(5): 192-200.

[2] Luo Cunmin, Shi Xingin, Xu Shengsheng, et al. Effects of mulberry leaf
extract on blood glucose in mice and determination of its active components [J].
Science of Sericulture, 2005, 31(4): 418-421.

[3] Jia Zhishan, Tang Mengcheng, Zhu Xiangrui. Study on scavenging superox-
ide anion radicals by flavonoids from mulberry leaves [J]. Journal of Zhejiang
Agricultural University, 1996, 22(5): 519-523.

[4] Chen Fujun, Lu Jun, Zhang Yongyu. Pharmacological study of mulberry (I)
—Effects of active components for lowering blood glucose from mulberry leaves

chinarxiv.org/items/chinaxiv-201711.00807 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00807

ChinaRxiv [$X]

on glucose metabolism in diabetic animals [J]. Journal of Shenyang Pharmaceu-
tical Undversity, 1996, 13(1): 24-27.

[5] Sato Shuji. Inhibitory effect of mulberry leaf extract on disaccharide absorp-
tion in rat small intestine [J]. Foreign Medical Sciences (Traditional Chinese
Medicine), 1999, 21(4): 54.

[6] Zhang Aigin. New feed resource for animal husbandry —Nutritional value
and silage technology of mulberry leaves [J]. Gansu Agriculture, 2004(9): 60.

[7] Li Yong, Miao Jingzhi. Development of functional components and health
products from mulberry leaves [J]. Food and Nutrition in China, 1999(3): 25.

[8] Ma Shuangma, Wang Jun, Song Yongxue, et al. Application research of
mulberry leaves in animal husbandry [J]. Journal of Anhui Agricultural Sciences,
2008, 36(21): 9091-9092.

[9] Li Haobang, Zeng Pei, Li Sheng, et al. Effects of mulberry leaf powder
on rumen fermentation parameters of Xiangdong black goats [J]. Journal of
Domestic Animal Ecology, 2016, 37(1): 19-25.

[10] Beharka A A, Nagaraja T G, Morrill J L, et al. Effects of form of the diet on
anatomical, microbial, and fermentative development of the rumen of neonatal

calves [J]. Journal of Dairy Science, 1998, 81(7): 1946-1955.

[11] Gébel G, Butter H, Martens H. Regulatory role of cAMP in transport of Na ,
Cl and short-chain fatty acids across sheep ruminal epithelium [J]. Ezperimental
Physiology, 1999, 84(2): 333-345.

[12] Beiranvand H, Ghorbani G R, Khorvash M, et al. Interactions of alfalfa hay
and sodium propionate on dairy calf performance and rumen development [J].
Journal of Dairy Science, 2014, 97(4): 2270-2280.

[13] Canani R B, Di Costanzo M, Leone L, et al. Potential beneficial effects
of butyrate in intestinal and extraintestinal diseases [J]. World Journal of Gas-
troenterology, 2011, 17(12): 1519-1528.

[14] Bergman E N. Energy contributions of volatile fatty acids from the gastroin-
testinal tract in various species [J]. Physiological Reviews, 1990, 70(2): 567-590.

[15] NRC. Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids,
and New World Camelids [S]. Washington, D.C.: National Academy Press, 2007:
246-266.

[16] Zhang Liying. Feed Analysis and Feed Quality Detection Technology [M].
3rd ed. Beijing: China Agricultural University Press, 2007.

[17] Wang Y H, Xu M, Wang F N, et al. Effect of dietary starch on rumen and
small intestine morphology and digesta pH in goats [J]. Livestock Science, 2009,
122(1): 48-52.

[18] Wang Long. Study on effects of thiamine on rumen tissue morphology and
growth and development in calves [D]. Master’ s thesis. Yangzhou: Yangzhou

chinarxiv.org/items/chinaxiv-201711.00807 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00807

ChinaRxiv [$X]

University, 2013.

[19] Lu Dexun. Nutritional regulation theory and its application in ruminants
[J]. Inner Mongolia Animal Science, 1993(Special Issue). (Page numbers to be
supplemented)

[20] Uribe T F, Sanchez M D. Mulberry for Animal Production. Animal Pro-
duction and Health Series [M]. Rome: FAO, 2001: 199-202.

[21] Yan Bing, Liu Jianxin, Yao Jun. Effects of supplementing mulberry leaves
to ammoniated rice straw diet on growth performance of Hu sheep [J]. Chinese
Journal of Animal Science, 2002, 38(1): 36-37.

[22] Huyen N T, Wanapat M, Navanukraw C. Effect of mulberry leaf pellet
(MUP) supplementation on rumen fermentation and nutrient digestibility in
beef cattle fed on rice straw-based diets [J]. Animal Feed Science and Technology,
2012, 175(1/2): 8-15.

[23] Baldwin R L, Jesse B W. Developmental changes in glucose and butyrate
metabolism by isolated sheep ruminal cells [J]. The Journal of Nutrition, 1992,
122(5): 1149-1153.

[24] Ni Junfen, Pi Yu, Chen Qianling, et al. Effects of different levels of concen-
trate mulberry leaf powder on body size and organ development of fattening Hu
sheep [J]. Feed Industry, 2016, 37(15): 31-34.

[25] Gao Yanxia, Wang Jiaqgi. Development of digestive function in newborn
calves and its influencing factors [J]. China Dairy Cattle, 2006(8): 6-9.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00807 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00807

	Effects of Different Dietary Proportions of Mulberry Leaf Powder on Rumen Epithelial Tissue Structure in Hu Sheep (Postprint)
	Abstract
	Full Text
	Effects of Different Proportions of Mulberry Leaf Powder in Diet on Rumen Epithelium Structure of Hu Sheep
	Abstract
	1.1 Experimental Materials
	1.2 Experimental Animals and Diets
	1.3 Feeding Management
	1.4 Paraffin Section Preparation
	1.5 Measurement Indicators
	1.6 Statistical Analysis
	2.1 Effects of Different Proportions of Mulberry Leaf Powder on Compound Stomach Development of Hu Sheep
	2.2 Effects of Different Proportions of Mulberry Leaf Powder on Rumen Epithelium Tissue
	3.1 Effects of Different Proportions of Mulberry Leaf Powder on Feed Intake and Digestion of Hu Sheep
	3.2 Mechanism of Nutrient Utilization by Rumen Epithelium Tissue
	3.3 Effects of Different Proportions of Mulberry Leaf Powder on Rumen Epithelium Structure
	Acknowledgments
	References



