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Abstract

Mulberry leaves contain a relatively balanced and rich array of nutritional com-
ponents and natural bioactive substances. As a feed ingredient, they exhibit
good palatability and possess high nutritional and feeding values, capable of
improving livestock and poultry health while enhancing product quality and
flavor, thus emerging as a focal point in feed resource development. This paper
provides a comprehensive review of the chemical composition and nutritional
value of mulberry leaves, along with their applications in animal production,
and identifies future research directions that warrant further investigation.
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Abstract: Mulberry leaf contains a relatively balanced and abundant array of
nutrients and natural bioactive substances. As a feed ingredient, it exhibits good
palatability and high nutritional and feeding value, and can improve livestock
health and product quality. These characteristics have made mulberry leaf a fo-
cus of feed resource development. This paper reviews the chemical composition
and nutritional value of mulberry leaf and its application in animal production,
and proposes issues requiring further research.
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Mulberry leaves, derived from Morus alba L., are suitable for cultivation in
warm regions. China, with its vast territory and complex climate, is the origin
of world sericulture production. Mulberry trees are naturally distributed and
artificially cultivated across nearly the entire country, particularly concentrated
in large-scale planting areas such as Jiangsu-Zhejiang region, Sichuan Basin,
Guangdong, and Shandong [1]. Mulberry leaves have a 4,000-year cultivation
history in China and are known as “iron fan” in traditional Chinese medicine. In
1993, mulberry was listed by the Ministry of Health as a “medicinal and edible”
plant. It contains multiple functional components and is among the plants with
relatively high leaf protein content [2]. Traditionally used as feed for silkworms
in agricultural production, the full potential of mulberry leaves has not been fully
exploited [3]. In recent years, with advances in novel feed resource development
and deeper understanding of mulberry leaves, they have been gradually applied
in the feed industry and animal production, demonstrating special feeding value
[4]. This paper aims to provide a preliminary review of the nutritional value of
mulberry leaves and their application effects in different animals to serve as a
reference for further research.

1. Chemical Composition of Mulberry Leaf

The chemical composition of mulberry leaves is highly complex, with compo-
nents and contents influenced by multiple factors [5]. The moisture content
ranges from 61% to 79%, and the nutrient contents on an air-dry basis are
shown in Table 1 [6].

Among the amino acids composing mulberry leaf protein, glutamic acid has the
highest content at 13.7% of total amino acids, followed by aspartic acid at 12.3%
[2]. The content of essential amino acids for animals is 3.28%, accounting for
32.61% of total amino acids, with lysine content at 0.45% (4.51% of total amino
acids) [4]. The amino acid ratio coefficient score (SRCAA), calculated using the
amino acid ratio coefficient method, can be used to evaluate protein nutritional
value—the closer this value is to 100, the higher the nutritional value. Research
has found that the SRCAA of mulberry leaf is 69.71, similar to that of pork (74)
and beef (76), and higher than many plant proteins [2], making it an excellent
protein resource worthy of development and utilization.

Mulberry leaves contain 13 types of saturated fatty acids and 5 types of un-
saturated fatty acids, accounting for 49.31% and 43.87% of total fatty acids,
respectively. Among unsaturated fatty acids, linolenic acid has the highest con-
tent (22.99%), followed by linoleic acid (13.40%), oleic acid (3.17%), palmitoleic
acid (3.05%), and arachidonic acid (1.26%). Unsaturated fatty acids account
for nearly half of total fatty acids [7].

The carbohydrates in mulberry leaves are primarily monosaccharides and dis-
accharides such as glucose, galactose, mannose, and fructose, as well as various
polysaccharides. The fiber content reaches 52.9%, exceeding that of vegetables
and fruits [8].
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Mulberry leaves contain various bioactive substances. Korean scholar Kim et
al. [9] isolated nine types of flavonoids from mulberry leaves. Flavonoids and
flavonoid glycosides are the most studied class of compounds with relatively clear
structures and compositions among mulberry leaf chemical constituents [10].
Mulberry leaf is also among the plants with relatively high flavonoid content in
stems and leaves, with total flavonoids accounting for 1.0%~3.0% of dry weight
[11].

Alkaloids are one of the main active components in mulberry leaves. Mulberry
leaves contain flavonoid compounds including rutin, quercetin, isoquercetin, as-
tragalin, and isopentenylflavanone, with relatively high contents of rutin and
isoquercetin. Japanese scholar Asano et al. [12] isolated six alkaloids from
mulberry leaves and determined their structures, including 1-deoxynojirimycin
(DNJ). DNJ is a natural sugar analog with strong polarity, uniquely found in
mulberry leaves among plants.

The polyphenol content in mulberry leaves varies significantly depending on
germplasm resources, harvest season, leaf position, and growth stage, rang-
ing from 7.84 to 17.28 mg/g, with wild varieties generally containing higher
polyphenol levels than cultivated varieties [13]. Paola Dugo et al. [14] used
high-performance liquid chromatography-ion trap-time of flight mass spectrom-
etry (HPLC-MS-IT-TOF) for qualitative analysis of polyphenolic compounds in
mulberry leaves, identifying 22 polyphenols, primarily chlorogenic acid and its
isomers, isoquercetin, rutin, quercetin, p-hydroxycinnamic acid, caffeic acid, 7-
hydroxycoumarin, quercetin glucoside and its derivatives, kaempferol glucoside
and its derivatives, and isorhamnetin glucoside.

Mulberry leaves are rich in y-aminobutyric acid (GABA), with content as high as
2.2 mg/g. GABA is converted from glutamic acid, which has a content of up to
23.23 mg/g in mulberry leaves [15]. Miyashita Susumu [16] prepared a mixture of
Lagerstroemia speciosa and mulberry leaf extracts and found that this mixture
inhibited blood glucose elevation in alloxan-induced diabetic rats, identifying
corosolic acid and maron A as the main active components responsible for the
hypoglycemic effect.

2. Nutritional Value and Health Functions of Mulberry
Leaf

Currently, few research reports address the effect of mulberry leaves on the ef-
fective energy value of livestock and poultry. Wang et al. [17] used a pressure
sensor method to estimate the metabolic energy of 29 mulberry varieties, with
the highest value (5.05~8.09 MJ/kg DM) found in the improved “Shufan” va-
riety. Liu et al. [4] calculated the metabolic energy of mulberry leaves as high
as 8.94 MJ/kg through in vivo rumen degradation trials. Similarly, Huang et
al. [18] measured the metabolic energy of “Guisangyou No. 12" mulberry leaves
as 8.68 MJ/kg, while Wu et al. [19] determined the metabolic energy of mul-
berry leaves for Chinese green egg-laying hens as 9.89 MJ/kg when adding 10%
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mulberry leaves to the diet. Peng [20] found that dry mulberry leaves had a
gross energy of 15.79 MJ/kg and a digestible energy of 9.66 MJ/kg for pigs.
Yang et al. [21] used Duroc x Large White x Landrace crossbred castrated
male pigs with consistent parity to determine that mulberry leaf powder had a
gross energy of 15.70 MJ/kg, digestible energy of 10.66 MJ/kg, apparent gross
energy digestibility of 68.04%, apparent crude protein digestibility of 76.49%,
apparent crude fat digestibility of 29.77%, apparent crude fiber digestibility of
31.52%, and apparent nitrogen-free extract digestibility of 81.91%.

As livestock feed, mulberry leaves exhibit excellent palatability for both rumi-
nant and non-ruminant animals. Even when first introduced, animals readily
accept and consume mulberry leaves; once familiar, animals will preferentially
select mulberry leaves over other forages [4]. A study feeding two sheep of equal
size equal amounts of alfalfa and mulberry leaves found that both sheep prefer-
entially consumed mulberry leaves over alfalfa, with greater intake of mulberry
leaves and significantly faster weight gain compared to the alfalfa-fed group
[22]. Application of mulberry leaves in livestock production results in faster and
healthier animal growth [23], significantly improved production performance
and immunity, enhanced product quality, and reduced feeding costs.

The various bioactive substances in mulberry leaves demonstrate significant
health functions. Linolenic acid (w-3 unsaturated fatty acid) has blood lipid-
and pressure-lowering effects, provides excellent therapeutic benefits against
atherosclerosis and thrombosis formation, and helps prevent cardiovascular dis-
ease and hyperlipidemia [24]. Linoleic acid is an essential fatty acid that re-
duces blood cholesterol by promoting cholesterol and bile acid excretion, pre-
venting cholesterol deposition in blood vessel walls [7]. Flavonoids in mulberry
leaves are natural antioxidants that can scavenge superoxide anion radicals,
hydroxyl radicals, and lipid organic radicals, with effects including lowering
blood glucose in diabetic patients, reducing serum lipid content, and preventing
atherosclerosis [25]. Kimura et al. [26] observed the hypoglycemic effects of six
mulberry leaf alkaloids on streptozotocin (STZ)-induced diabetic mice, find-
ing that N-methyl-deoxynojirimycin (N-Me-DNJ), 2-O-a-D-galactopyranosyl-
deoxynojirimycin (Gal-DNJ), and fagomine significantly reduced blood glucose
levels, with Gal-DNJ and fagomine showing stronger effects. Li et al. [27] ex-
tracted DNJ from different wild mulberry varieties for in vitro inhibition activity
assays, demonstrating that DNJ strongly inhibits sucrase and maltase in vitro
by binding to the sucrase-sucrose complex to prevent catalytic degradation of
disaccharides into monosaccharides, thereby delaying intestinal carbohydrate
absorption and preventing sharp blood glucose elevation. Other studies show
that mulberry leaf DNJ extracts can affect lipid metabolism enzyme activity
(fatty acid synthase, malic enzyme, acyl-CoA), inhibit intestinal cholesterol ab-
sorption, and reduce blood lipid levels [28-29]. Mulberry leaf polysaccharides
have multiple pharmacological effects including hypoglycemic and hypolipidemic
activity, antioxidant properties, anti-aging effects, and immune enhancement.
Zhang [30] demonstrated that mulberry leaf polysaccharides had significant ther-
apeutic effects on alloxan-induced diabetic rats. Wang et al. [31] showed that
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oral administration of mulberry leaf polysaccharides significantly reduced blood
glucose in alloxan-induced diabetic mice. Xie et al. [32] found that mulberry leaf
polysaccharides at 0.8 mg/mL concentration had the highest hydroxyl radical
scavenging activity, reaching 90.8% scavenging rate. y-aminobutyric acid has
blood pressure-lowering effects, prevents excessive excitation of nerve cells, and
provides anti-anxiety benefits [33]. However, research on the health benefits of
bioactive substances in mulberry leaves for livestock and poultry has not been
reported.

3.1 Poultry

Mulberry leaf powder has been widely applied in poultry production. Differ-
ent studies report varying effects on laying performance when adding mulberry
leaf powder to chicken diets, but all document significant improvements in egg
quality. Zhang et al. [34] added 2.5%, 5.0%, 7.5%, and 10.0% mulberry leaves
to Nongda dwarf layer diets, finding that the 7.5% and 10.0% groups showed
slightly reduced egg weight and laying rate compared to the control. Liu et
al. [35] added 3%, 6%, 9%, and 12% mulberry leaf powder to Roman layer diets,
observing that daily egg production decreased with increasing addition levels; to-
tal egg production, average laying rate, and average egg weight were lower than
the control group, with significant reductions in average egg weight and laying
rate at 9% and 12% addition levels. Wu et al. [36] replaced 2%, 4%, 6%, and
8% of the basal diet with mulberry leaf powder for Roman brown layers, finding
that average daily feed intake and daily egg production gradually decreased with
increasing replacement ratios, but egg yolk color was significantly improved in
all treatment groups. At 8% replacement, serum total protein, globulin, and
albumin levels significantly decreased, and egg production and daily feed in-
take were significantly reduced, though no significant effects were observed on
egg quality indicators such as yolk weight, cholesterol, high- and low-density
lipoprotein content, shell thickness, or shell strength. Zhang et al. [37] showed
that adding 5%, 10%, and 15% mulberry leaf powder to Hy-Line gray layer di-
ets significantly improved egg yolk color compared to the control, with the 10%
and 15% groups showing significantly higher Haugh units and whole egg protein
content, and the 15% group showing significantly lower yolk cholesterol content.
Zhang et al. [38] found that adding 5%, 10%, and 15% mulberry leaf powder
to Hy-Line gray layer diets reduced laying rate, egg weight, and egg production
compared to the control, with average laying rate decreasing as addition level
increased (14.1% lower in the 15% group, significant difference). Additionally,
serum glucose, total cholesterol, and triglyceride levels, as well as yolk choles-
terol content, were lower than the control, with significant differences in the
15% group. All treatment groups showed significantly improved egg yolk color,
and the 10% and 15% groups had significantly higher albumen Haugh units.
Liu et al. [39] replaced 2.5%, 5.0%, 7.5%, and 10.0% of the basal diet with
mulberry leaf powder for Nongda dwarf layers, finding that yolk color deepened
with increasing addition levels. The mulberry leaf groups showed significantly
reduced saturated fatty acid content and significantly increased polyunsaturated
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and monounsaturated fatty acid content in yolk. The 5.0% and 7.5% groups
showed significantly increased total essential amino acids, and the 10% group
had nearly three times higher vitamin E content in yolk than the control. Eggs
from mulberry-fed groups had better odor and taste than the control. Sun et
al. [40] also found that mulberry leaf powder significantly improved egg yolk
color and redness values, and significantly increased [-carotene, vitamin E, mo-
nounsaturated and polyunsaturated fatty acids, and lecithin content, thereby
enhancing egg nutritional quality.

Mulberry leaf powder addition also improves meat quality and reduces environ-
mental pollution. Margareta et al. [41] found that adding 2% and 5% mulberry
leaves to broiler diets had no significant effects on feed intake, daily weight
gain, or feed conversion ratio, but significantly increased polyunsaturated fatty
acid content in breast muscle while significantly reducing saturated fatty acid
content and the w-6 to w-3 ratio. Lan et al. [42] reported that mulberry leaf
powder reduced abdominal fat rate, intramuscular fat content, and muscle sat-
urated fatty acid content and w-6 to w-3 ratio in Guangxi Qingjiaoma roosters,
while increasing muscle unsaturated fatty acid and w-3 fatty acid content. Wu
et al. [43] showed that adding 3%, 5%, and 7% mulberry leaf powder to Huainan
partridge chicken diets had no significant effects on weight gain, feed-to-gain ra-
tio, or slaughter performance, but improved meat color, with the 3% addition
level significantly increasing muscle threonine, isoleucine, tyrosine, phenylala-
nine, and histidine content. Studies have found that adding approximately
10% mulberry leaf powder to chicken diets can reduce feather pecking behav-
ior among chicks and decrease ammonia content in chicken manure, thereby
reducing environmental pollution [44].

3.2 Pigs

Adding mulberry leaf powder to pig diets significantly improves pork quality and
flavor. Yang [45] showed that dietary inclusion of 10%, 15%, and 20% mulberry
leaf powder had no significant effect on average daily weight gain but slowed
post-slaughter muscle pH decline. Compared to the control, intramuscine fat
content increased by 12.99%, 9.97%, and 17.22% in the 10%, 15%, and 20%
groups, respectively. Backfat thickness in the 15% and 20% groups decreased
by 6.60% and 8.03% compared to the 10% group. The 15% group showed 7.32%
lower muscle saturated fatty acid content and 4.55% higher muscle unsaturated
fatty acid content than the control. The 10% and 15% groups had significantly
higher total muscle amino acid content, with increased umami amino acid con-
tent. Li et al. [46] demonstrated that adding 10% mulberry leaves to finishing
pig diets significantly increased muscle inosine monophosphate content; at 20%
addition, feed-to-gain ratio significantly increased with no significant effect on
carcass rate, but intramuscular fat content significantly increased, muscle pH
decline slowed, leaf lard rate and backfat thickness significantly decreased. The
mechanism involves regulating fat metabolism and deposition by modulating
sucrase, lipase, and liver carbohydrate metabolism enzyme activities. Song et
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al. [47] found that adding 15% mulberry leaf powder to Duroc x Large White x
Landrace crossbred finishing pig diets significantly reduced average daily weight
gain and significantly increased feed-to-gain ratio, significantly decreased aver-
age backfat thickness and muscle total cholesterol content, while adding 5%,
10%, and 15% mulberry leaf powder significantly increased muscle superoxide
dismutase activity and reduced malondialdehyde content, effectively improving
muscle antioxidant capacity. Guo et al. [48] found that adding 3% mulberry leaf
powder to sow diets shortened postpartum estrus interval, increased litter size,
improved sow body condition, and enhanced milk nutritional levels, thereby
increasing piglet birth weight, weaning weight, and survival rate. Beyond ba-
sic nutritional effects, functional components in mulberry leaves play important
roles when replacing portions of basal diets. For instance, DNJ and flavonoids
can block carbohydrate conversion to fat, impeding body fat conversion and de-
position, thereby increasing lean meat percentage and reducing leaf lard rate to
meet consumer demands for healthy diets [49]. Therefore, adding appropriate
amounts of mulberry leaves to pig diets can improve pork quality and flavor
while reducing feeding costs.

3.3 Herbivores

Mulberry leaf addition can improve rumen fermentation in herbivores, thereby
benefiting animal health. Huyen et al. [50] found that crossbred beef cattle
consuming 200, 400, and 600 g of mulberry leaf powder daily showed linear
increases in ruminal total volatile fatty acids, acetate, butyrate, and acetate-to-
propionate ratio, improved nitrogen balance, and increased dry matter intake
and digestibility of dry matter, organic matter, crude protein, neutral detergent
fiber, and acid detergent fiber. Guo et al. [51] added mulberry leaf powder
to finishing cattle diets, observing that treated cattle had smooth, glossy coats,
well-proportioned bodies, and improved feed efficiency; at 10% addition, growth
rate was significantly higher than the control. Researchers have found that
replacing alfalfa with mulberry leaves in wether diets resulted in crude protein
digestibility similar to alfalfa, with the same results observed in cattle trials, and
mulberry addition did not affect rumen fluid pH while better controlling ruminal
nitrogen balance [52]. Jeon et al. [53] reported that adding silaged mulberry
leaves to beef cattle diets significantly increased fatty acid content in beef. Yang
et al. [54] showed that mulberry leaf flavonoids improved total energy metabolic
rate and nitrogen biological value in pre-weaning calves, increased total energy
metabolic rate and nitrogen utilization in post-weaning calves, reduced fecal
energy and total nitrogen excretion, and improved rumen fermentation. Li
et al. [55] demonstrated that goats fed diets containing 5%, 10%, and 15%
mulberry leaf powder showed no significant differences in rumen fluid pH among
groups, but the 15% group had significantly reduced rumen ammonia nitrogen
concentration, while the 10% group showed significantly increased total volatile
fatty acids and acetate production and acetate-to-propionate ratio, indicating
positive effects on rumen fermentation.

chinarxiv.org/items/chinaxiv-201812.00188 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00188

ChinaRxiv [$X]

Mulberry leaf addition can also promote growth in herbivores, reduce feeding
costs, and improve economic benefits. Wu et al. [56] found that adding 20%
fermented mulberry leaves to finishing cattle diets had no significant effects on
daily weight gain, intake, feed conversion efficiency, or blood biochemical indi-
cators, but significantly reduced feed costs. Liu et al. [57] showed that replacing
portions of soybean meal with mulberry leaf powder significantly increased milk
production in Chinese Holstein dairy cows while reducing feed costs and improv-
ing economic benefits. Li [58] demonstrated that adding mulberry leaf powder
to meat sheep basal diets increased daily weight gain, protein, total amino acid,
and essential amino acid content in mutton, and inosine monophosphate content
in the longissimus dorsi muscle, with the 15% group showing significantly higher
inosine monophosphate content than the control. The 5% and 10% groups also
had higher inosine monophosphate content than the control. Additionally, mul-
berry leaf powder enhanced total superoxide dismutase and catalase activities
and total antioxidant capacity in sheep serum while reducing malondialdehyde
content, thereby improving immunity.

3.4 Aquatic Animals

With increasing scarcity and rising prices of fishmeal resources, finding plant
protein sources to replace fishmeal has become an urgent need. Mulberry leaf
powder can be used as a protein source in aquatic feeds, but its high crude fiber
content and presence of various anti-nutritional factors can negatively affect
aquatic animals when added at high levels. Chen et al. [59] found that when us-
ing fermented mulberry leaf protein to replace fishmeal in low-fishmeal tilapia
diets (containing 5% fishmeal), 40% replacement had no significant effect on
growth performance, while 80% replacement significantly reduced growth per-
formance. Ma et al. [60] found that 5% mulberry leaf powder addition in grass
carp feed had no significant effect on growth performance, while 10% addition
significantly reduced growth performance. Due to poor digestibility after inges-
tion, large amounts of mulberry leaves are difficult to incorporate in fish diets.
Shen et al. [61] fed hyperlipidemic tilapia with different doses of fermented mul-
berry leaves, finding that fermented mulberry leaves could reduce blood lipid
and glucose levels and improve antioxidant capacity. In summary, mulberry
leaf powder can partially replace fishmeal in aquatic animal feeds at low levels
without negative effects on growth performance or digestion, while improving
antioxidant capacity and fish meat quality and reducing costs, but addition
levels should not be too high.

4. Existing Problems and Development Trends

Although mulberry leaf as a livestock feed ingredient has achieved certain re-
search progress, many issues require further in-depth study to better realize its
value.

First is the chemical composition issue. The chemical composition and structure
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of mulberry leaves are extremely complex and affected by multiple factors. Mod-
ern analytical methods are needed to accurately detect the contents of various
nutrients, anti-nutritional factors, and bioactive substances in fresh and dried
mulberry leaves from different varieties, regions, and cultivation conditions, and
to establish a chemical database for mulberry leaves or mulberry leaf powder.

Second is the nutritional value issue. Currently lacking nutritional value data,
systematic animal nutritional value evaluation trials are needed to accurately de-
termine nutrient digestibility and utilization rates of mulberry leaves for various
animals, clarify effective energy and effective nutrient contents, and establish
nutritional value databases.

Third is the development and utilization of fiber. Mulberry leaves have high
crude fiber content, and their nutritional and feeding value must be related to
crude fiber and its effects on intestinal microbial flora. However, systematic in-
depth research is lacking on the composition and structure of fiber substances in
mulberry leaves and their regulatory effects on intestinal flora and metabolism.
Scattered studies have reported effects of mulberry leaf powder feeding on in-
testinal microorganisms, but these are not comprehensive. Extracted, separated,
and processed mulberry leaf fiber substances could potentially be developed into
fiber products with high protective effects on intestinal health.

Fourth is the development and utilization of bioactive substances. Mulberry
leaves contain large amounts of ketones, phenols, alkaloids, and polysaccharides
with special biological effects. Numerous animal trials are needed to evalu-
ate the effects of these substances on animal health, intestinal microorganisms,
growth and development, product quality, and excreta composition, to realize
the special nutritional health or environmental protection functions of mulberry
leaves.

Fifth is the deep processing issue. As a plant-derived unconventional feed, mul-
berry leaves have nutritional, anti-nutritional, and non-nutritional triple effects.
Due to anti-nutritional factors, direct utilization cannot realize their nutritional
value and special functions, requiring deep processing and modification. Various
processing methods exist, such as drying and crushing, silaging, fermentation,
and extraction, but systematic evaluation of processing parameters and nutri-
tional value and safety after processing is needed.

Sixth is the feeding value and feeding technology issue. Further research is
needed on appropriate feeding amounts, feeding methods, additive effects, and
economic and ecological benefits of mulberry leaf products in different states or
processed forms for livestock, poultry, and aquatic animals, to establish scientific
and rational application technologies.

Sustainable development of animal husbandry must address issues of resources,
efficiency, safety, quality, and ecology, areas where mulberry leaves have special
roles. With in-depth research on mulberry leaves and their processing methods,
the value of mulberry leaves and their products will become more prominent
and their applications more widespread.
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5. Summary

Mulberry has a long cultivation history in China. Besides its use as a tradi-
tional Chinese medicine and silkworm feed, other mulberry leaf resources have
not been fully utilized, resulting in resource waste and necessitating exploration
of multipurpose development. In recent years, the rich nutrients and active sub-
stances in mulberry leaves have gradually attracted attention from the animal
husbandry industry. Mulberry leaves can serve not only as green forage or pro-
tein feed but also as an important source of bioactive substances, demonstrating
clear effects in improving animal health and livestock product quality while also
ameliorating environmental pollution. However, as a novel feed resource, many
issues require further in-depth research. With technological development and
its application in mulberry leaf development, the value of mulberry leaves will
be more fully realized.
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