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The feeding value of mulberry leaves for rabbits was quantitatively evaluated based on a single-factor
design with five levels in diets (0, 5, 10, 15 and 20%). Results showed that rabbits given mulberry at 20
and 15% had a relatively lower body weight gain, higher feed conversion ratio, and lower meat ether
extract contents than that in the 0% group (P < 0.05). Increased activities of antioxidant enzymes and
reduced formation of thiobarbituric acid-reactive substances were detected in the plasma of mulberry-
treated rabbits. Mulberry reduced the production of trichloroacetic acid perceptible N and NH3-N and
increased total volatile fatty acids in rabbit cecum content through optimizing the intestinal micro-flora.
Comparative analysis revealed that the content of phytochemicals in mulberry may be the main factor
responsible for the feeding levels in rabbit diet, contributes to the effect of enhancing the antioxidant
capacity of rabbit bodies and also optimizes intestinal micro-flora.
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INTRODUCTION

The use of alternative feed ingredients is an efficient
means of reducing feed costs in animal production, and
has attracted considerable attention among animal
nutrition researchers in developing countries (Klinger,
2017). Mulberry (Morus spp.) species are widely
distributed throughout Asia, Europe, Africa, and the
Americas (Sanchez, 2002). The leaves of mulberries are
highly palatable and easily digested (70-90%) by
herbivores and can also be fed to monogastrics. The
crude protein content of mulberry leaves and young
stems range from 15 to 28%, the values of which are

*Corresponding author. E-mail: serié8@hotmail.com.

similar to those of most legume forages and superior to
most grasses. Accordingly, mulberry is believed to have
considerable potential and utility value as a non-
conventional animal feed (Sanchez, 2000; Zhou et al.,
2014). Mulberry leaf is non-toxic and can even protect
human brain from pesticide toxicity (Yang et al., 2014;
Smith, 2017). The Food and Agriculture Organization
(FAO) strongly recommends that farmers use mulberry
leaves as an animal feed source to replace edible grains
consumed in animal production (Uribe and Sanchez,
2001). The nutritive value of mulberry leaves as a protein
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source has previously been estimated in different animals
(Premalatha et al., 2012; Islam et al., 2015; Yupakarn et
al., 2015).

The utilization of mulberry leaves as a nutrient source
for rabbits has been previously studied. At first, it was
advised that mulberry leaves could be used as a single
feed for adult rabbits (Deshmukh et al., 1993). However,
subsequent substitution experiments indicated that the
use of mulberry leaves in feed should be appropriately
limited; otherwise, the food intake and live-weight gain of
rabbits would decrease, resulting in the production of
lean meat. Bamikole et al. (2005) indicated that half of
the concentrate in diets could be replaced by mulberry
leaves; whereas Prasad et al. (2003) recommended that
the proportion used in rabbit diets should be <45%, and
that 15% could support a good productive performance.
Nonetheless, the suitable proportion of mulberry leaves in
rabbit diets remains controversial. It has been reported
that the nutritional value and digestibility of mulberry
leaves are as good as those of lucerne leaves; however,
lucerne leaves constitute 48% of the matter in rabbit feed,
whereas mulberry leaves are limited to a lower
percentage (Premalatha et al., 2012). Consideration of
the differences in usage amount should not only be
based on difference in nutrient contents, as
phytochemicals in mulberry leaves that have anti-obesity
and antidiabetic effects may contribute to their inferior
application. Previous studies have indicated that mulberry
leaf extracts (rich in phenolic acids, flavonoids, and
alkaloids) can regulate glycolipid metabolism and remove
excess neutral fat and cholesterol from blood, tissues,
and organs in humans (Zhang et al., 2014; Chang et al.,
2016; Wu et al., 2017). Thus, long-term use and large
doses may not fatten animals, thereby resulting in low
productive performance. Therefore, as a non-conventional
feed ingredient, the nutritive value of mulberry leaves
should be assessed not only with respect to animal
productivity, but also with regards to its effects on the
health of animals, as well as on fat metabolism and
mobilization that are critical to the meat type of animals.
Numerous phytochemicals have been isolated from
mulberry leaves; however, till date the effects of mulberry
leaf constituents in feedstuffs on animal production are
yet to be analyzed.

In this context, the feeding value of mulberry leaves in
rabbits was evaluated. Specifically, the appropriate
amount of mulberry leaves that should be used in
feedstuff through providing a range of levels in formulated
diets was assessed, and the effects of phytochemicals
(phenolic acids, flavonoids, and alkaloids) contained in
mulberry leaf-supplemented diets on rabbit production,
health status, and cecum fermentation were examined.

MATERIALS AND METHODS
The research reported here was approved by the Ethics Committee

of Zhenjiang Jiangbin Hospital, and all study procedures were
conducted in accordance with national ethics regulations (GB/T

35823-2018 and GB/T 35892-2018). The rabbits slaughtered in this
experiment were treated humanely.

Animals, housing and feeding

Eighty 2-months-old male New Zealand white rabbits with an initial
body weight of 1.24 + 0.20 kg were randomly distributed into five
groups of eight animals each according to a single-factor design
with five levels of mulberry leaf powder in the diet (0, 5, 10, 15, and
20%), which represented the following five treatments: control, ML5,
ML10, ML15, and ML20. Eight replicates in each group and each
replicate contain one animal. The mulberry leaf powder used was a
commercial product processed from green leaves and new shoots,
which were dried, ground, and passed through a 0.25-mm sieve.

The experiment was conducted for 42 days with a 14-day
adaptive phase. During the trial period, animals were kept in
galvanized wire batteries (45 x 45 x 40 cm) equipped with feeding
hoppers and drinking nipples and maintained under the same
managerial, hygienic, and environmental conditions in rooms with a
natural temperature of 18-29°C, humidity of 43-70%, and
photoperiod of 15L: 9D. All the rabbits were fed the respective diets
allowing ad libitum intake and at least 10 g/day refusals. The
chemical composition of the diets and mulberry leaf powder are
shown in Table 1.

Samples collection and chemical analyses

Animals were weighed at the beginning of the trial and every week
thereafter. Feed intake and uneaten feed were recorded weekly
throughout the experimental period for determining growth
performance. Daily weight gain and feed conversion ratio were
calculated. At the end of the experiment, whole blood samples were
collected from the marginal vein in the left ear of all rabbits and
centrifuged at 3 000 x g for 10 min to collect plasma. Eight rabbits
from each group were then deprived of feed for 12 h and
slaughtered by jugular bleeding. Carcass parameters, including
slaughter weight, dressing percentage, and organ percentage were
determined according to Abu Hafsa et al. (2017); also, cecal
contents were collected in a pre-warmed thermos and sampled for
fermentation parameter and micro-flora population analyses.
Subsequently, the right-side longissimus dorsi muscles were
individually packed, weighed and frozen at -20°C until further
analysis of chemical composition.

The chemical composition of mulberry leaf powder and meat
samples, including dry matter, crude protein, crude fiber, ash, ether
extract, nitrogen-free extract, and moisture content, were
determined according to the Association of Official Analytical
Chemists (AOAC, 2000). Total phenolic acids, flavonoids, and total
alkaloids in mulberry leaf powder and diets were determined
without fixation using the method described by Zhang et al. (2014).

Fasting glucose, cholesterol, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), triglyceride total protein, albumin and
globulin in plasma were determined using a Pentra 400 analyzer
(HORIBA ABX). The content of thiobarbituric acid-reactive
substances (TBARS) and the antioxidant activities of glutathione
peroxidase (GPx), glutathione S-transferase (GST), catalase (CAT),
and superoxide dismutase (SOD) were determined using
commercial kits obtained from Jiancheng Bio. Tech., Nanjing,
China, according to the procedures outlined by the manufacturer.
TBARS was measured using ELISA method and examined at 450
nm wavelength; GPx and CAT were measured at 470 and 240 nm
wavelength, respectively with a spectrophotometer; GST was
measured using fluorescence method and examined at 340 nm
wavelength; SOD was measured using hydroxylamine method and
examined at the 560 nm wavelength.
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Table 1. Ingredients and chemical composition of experimental diets.

Ingredients (%) Control ML5 ML10 ML15 ML20 Mulberry leaf powder
Mulberry leaf powder 0 5 10 15 20

Alfalfa (14% CP) 32 30 29 28 26

Corn grain (8.7% CP) 255 234 21.7 20.2 18.4

Wheat bran (15.7% CP) 22 21.6 21 20.6 19.1

Soybean meal (43% CP) 16.5 16 14.3 12.2 12.5

Soybean oil 1 1 1 1 1

Methionine 0.2 0.2 0.2 0.2 0.2

Limestone 1 1 1 1 1

Calcium phosphate 1 1 1 1 1

Sodium chloride 0.3 0.3 0.3 0.3 0.3

Vitamin-mineral premix* 0.5 0.5 0.5 0.5 0.5

Chemical composition (%, DM basis except for DM)

Dry Matter 84.58 84.79 8497 8514 85.36 90.90
Crude protein 17.26 17.31 16.99 16.53 16.80 16.20
Crude fiber 12.35 12.23 12.34 12.44 1230 11.42
Ash 5.68 5.81 5.96 6.11 6.24 8.25
Ether extract 3.74 3.78 3.83 3.88 3.91 3.69
Nitrogen-free extract 45.84 4526 4486 4459 43.83 39.03

MLS5: rabbits received 5% mulberry replacement; ML10: rabbits received 10% mulberry replacement; ML15%: rabbits received 15%
mulberry replacement; ML20%: rabbits received 20% mulberry replacement.
Provided per kilogram of the diets: Vitamin A, 8 000 1U; Vitamin D3, 1 000 1U; Vitamin E, 50 mg; Vitamin K, 2 mg; Cu, 40 mg; Zn, 50

mg; Mn, 30 mg; Fe, 100 mg; I, 0.5 mg.

The pH of the cecal contents was determined by diluting 10 g of the
contents with 15 ml distilled water and measured using a pH meter
(PHSJ-4F; Shanghai Electric Science Instrument Company
Limited). After centrifugation at 5 000 x g for 15 min, the
supernatant was used for estimation of total N, trichloroacetic acid
perceptible N (TCA-N), and total volatile fatty acids (VFAs) using a
distillation method (Barnett and Reid, 1957). Aliquots of
approximately 1 g of the cecal contents and 3 mL of a solution of
2% sulfuric acid or 2 mL of 2% ortho-phosphoric acid were mixed
well for the analysis of ammonia nitrogen (NHs3-N) and VFAs,
respectively. The NH3-N concentration in the cecal contents was
determined according to AOAC (2000). VFA analysis was
conducted according to Alagén et al. (2014) using a gas
chromatograph (Agilent 6890 GC) equipped with a 63 Ni electron
capture detector (IECD: Agilent Technologies, Wilmington, DE,
USA) and a 7694E automatic injector. Major bacterial species in the
fresh cecal contents of rabbits were counted. In particular, aerobic
and facultative anaerobic bacteria grown on tryptic glucose yeast
agar, Escherichia coli on chromogenic coliform agar, Lactobacillus
spp. on De Man-Rogosa-Sharpe agar, along with Clostridium spp.,
Bacteroides spp., and Bacillus spp. on PEA agar were determined
and counted on plates using a Reichert Quebec® Darkfield Colony
Counter according to Maturin and Peeler (2001).

Statistical analysis

Data were analyzed with one-way ANOVA using SPSS16.0
software (SPSS Inc., Chicago, IL, USA), followed by Duncan’s
multiple range test. Results were expressed as means and the
standard error of the means (SEM). Differences were considered
significant at P < 0.05. Dose-response curves were estimated using
regression analysis available in SPSS (linear, quadratic, and cubic).

RESULTS
Chemical composition of diets

The chemical composition of the five levels of mulberry
leaf inclusion diets were shown in Table 1. The nutritional
composition of the dry matter was similar among the five
treatments. In Table 2, the phenolic acid, flavonoid, and
alkaloid contents of diets increased with an increase in
the levels of supplemented mulberry leaves.

Growth performance, carcass, and meat quality
analyses

Rabbits in the ML10, ML15, and ML20 groups had a
lower (P < 0.05) weight gain and feed intake than those in
the control and ML5 groups (Table 3). The feed
conversion ratio of the ML20 group was higher (P < 0.05)
than that of the control and other mulberry groups;
whereas there were no significant differences among the
control, ML5, ML10, and ML15 groups. The slaughter
weight of rabbits in the ML20 group was significantly
lower (P < 0.05) compared with that in the control and
other mulberry groups. Mulberry inclusion diets (£20%)
had no significant (P > 0.05) effect on the dressing
percentage, weight percentage of organs (liver, kidney,
and heart), meat moisture, or protein and ash contents,
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Table 2. Some phytochemicals in the experimental diets and mulberry leaf powder.

Ingredients (%) Control ML5 ML10 ML15 ML20 Mulberry leaf powder
Phenolic acids 0.86 1.27 1.68 2.09 2.50 9.08
Phenolic acids from mulberry# 0 0.45 0.91 1.36 1.81

Flavonoids 0.40 0.43 0.46 0.50 0.52 1.00
Flavonoids from mulberry” 0 0.05 0.10 0.15 0.19

Alkaloids 1.67 1.89 2.17 2.47 2.63 6.61
Alkaloids from mulberry” 0 0.30 0.66 1.05 1.30

*Calculated value.

Table 3. Growth performance, carcass characteristics, and meat chemical composition of rabbits fed experimental diets.

P-value
Items Control ML5 ML10 ML15 ML20 SEM Ciroar Quadratic Cubic
Growth performance
Initial body weight, kg 1.25 1.21 126 115 1.34 0.031 0.538 0.373 0.388
Final body weight, kg 2.05° 1.98% 1.97*° 1.77° 1.83° 0.052 0.003 0.012 0.021
Weight gain, kg 0.80° 0.77%°  0.72° 0.62*° 049° 0.058 < 0.001 < 0.001 < 0.001
Feed intake, kg 5.28° 5.44° 483" 466° 507" 0.142 0.046 0.007 0.001
Feed conversion ratio 6.82° 7.10°  7.02° 838" 10.87° 0.759 < 0.001 < 0.001 < 0.001
Slaughter characteristic
Live body weight, kg 1.92° 1.91°  1.82* 1.77% 1.68° 0.073 0.060 0.118 0.227
Slaughter weight, kg 1.82° 1.80° 1.77° 1.71° 158" 0.065 0.048 0.085 0.174
Dressing percentage, % 50.38 52.86 52.53 50.01 49.90 1.492 0.842 0.647 0.725
Liver, % 3.15 312 299 314 318 0.115 0.618 0.834 0.871
Kidney, % 0.86 078 082 077 0.77 0.061 0.653 0.869 0.964
Heart, % 0.30 032 031 033 035 0.044 0.206 0.423 0.595
Chemical composition of longissimus dorsi muscle, %
Moisture 69.64 69.06 70.32 71.02 70.72 0.413 0.193 0.733 0.486
Protein 22.73 2235 2256 2271 2252 0.603 1.229 1.209 0.718
Ether extract 5.33° 527° 5.02° 467° 4.47° 0.466 0.026 0.013 0.037
Ash 1.24 1.26 135 1.31 142 0.205 0.072 0.499 0.718

MLS5: rabbits received 5% mulberry replacement; ML10: rabbits received 10% mulberry replacement; ML15%: rabbits received 15% mulberry

replacement; ML20%: rabbits received 20% mulberry replacement.
SEM, standard error of means.

Different letters within the same row denote significant differences between treatments (P < 0.05, Duncan’s test).

whereas the ether extract for ML15 and ML20 group
rabbits decreased significantly (P < 0.05) compared with
that of the other treatments.

Biochemical analysis of plasma

The results presented in Table 4 indicate that the plasma
TBARS content in rabbits of the ML15 and ML20 groups
was lower than that in rabbits in the control group,
whereas the activities of SOD, GPx, GST, and CAT
showed significant (P < 0.05) dose-dependent increases

in rabbits treated with mulberry inclusion diets. However,
there were no significant effects of mulberry leaf powder
(P > 0.05) on the fasting glucose, cholesterol, HDL, LDL,
triglycerides, protein, and albumin/globubin contents in
the plasma of rabbits.

Cecal fermentation and micro-flora
As indicated in Table 5, increasing levels of mulberry leaf

powder in diets did not result in substantial changes in
the total N or pH of cecal content. The rabbits fed on the
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Table 4. Effects of mulberry diets on the biochemical parameters of rabbit plasma.

It Control  ML5  ML10  ML15  ML20  SEM P-value

ems ontro Linear Quadratic Cubic
Fasting glucose, mg/dL 65.24 62.23 61.63 62.52 63.35 1.824 0516 0.096 0.048
Total cholesterol, mg/dL 24528 23445  236.72 24467 24332 4832  0.748 0.514 0.128
LDL, mg/dL 174.63 168.43  168.89  173.26  166.45 2.646  0.365 0.772 0.385
HDL, mg/dL 65.42 65.93 65.02 64.73 6458  1.014  0.108 0.736 0.587
Triglyceride, mg/dL 66.82 65.12 65.57 66.44 6576  1.668  0.816 0.850 0.048
TBARS, nmol/mL 0.47° 0.36% 0.30% 0.27° 0.19°  0.093  0.009 0.057 0.094
GPx, U/ml 13.02° 15.89"°  17.28°  20.32°  21.35° 1.735  0.007 0.051 0.513
GST, pmol/h/mL 1.35° 1.58" 1.62° 1.83° 197 0422  0.007 0.049 0.491
CAT, pymol H,0, 50.23¢ 55.64°  59.34°  64.35® 7063 2534  0.002 0.008 0.052
SOD, U/mL 2.53° 2.97° 3.15% 3.63% 457° 0646  0.028 0.042 0.069
Total protein, g/dL 4.77 4.79 4.80 4.78 4.81 0.993  0.388 0.835 0.947
Albumin/Globubin 1.17 1.15 1.23 1.24 1.13 1747  0.359 0.953 0.618

ML5: rabbits received 5% mulberry replacement; ML10: rabbits received 10% mulberry replacement; ML15%: rabbits received 15% mulberry

replacement; ML20%: rabbits received 20% mulberry replacement.
SEM, standard error of means.

LDL, low-density lipoprotein; HDL, high-density lipoprotein; TBARS, thiobarbituric acid-reactive substances; GPx, glutathione peroxidase; GST,

glutathione S-transferase; CAT, catalase; SOD, superoxide dismutase.

Different letters within the same row denote significant differences between treatments (P < 0.05, Duncan’s test).

Table 5. Effects of mulberry diets on cecum fermentation parameters and microflora populations of rabbits.

Items Control ML5  ML10  ML15  ML20 SEM — Pvalue ,
Linear Quadratic  Cubic
Total N, mg/g 10.89 10.53 11.01 10.64 10.36  0.824 0.713 0.855 0.174
pH value 6.12 6.25 6.06 5.93 5.90 1.052 0.097 0.623 0.318
TCAN, mg/dL 264.632  238.24b  229.53bc  210.37°¢  200.73¢ 22.546  0.008 0.051 0.416
NHs-N, mmol/L 19.872 1710  14.18° 12.08¢  10.59¢  0.174 0.004 0.005 0.042
Total VFA, mmol/L 46.84> 49280 55922 55.602  53.692 5177 0.251 0.211 0.503
Acetic acid, % VFA 84.63>  8245°  81.09°  87.36%® 89.322 4,623 0.522 0.416 0.741
Propionic acid, % VFA 1.56¢ 1.74bc 1.980 2.31a 1.42¢ 0.222 0.833 0.638 0.486
Butyric acid, % VFA 8.86 9.02 9.18 8.78 9.04 0.636 0.472 0.193 0.988
Valeric acid, % VFA 0.52 0.56 0.49 047 0.53 0.212 0.865 0.978 0.528
Aerobic and facultative anaerobic bacteria, log UFC/g 5.73¢ 5.84¢ 6.49° 7.142b 743 0.427 0.008 0.053 0.048
Bacteroides spp., log UFCl/g 2.57¢ 2.87¢ 3.63° 4.13ab 458 0.743 0.006 0.041 0.108
Escherichia coli, log UFC/g 5.23 415> 3.340c 2.85¢ 251 0.692 0.010 < 0.001 0.035
Clostridium spp., log UFC/g 4452 3.620 2.92¢ 247° 2.36¢ 0.424 0.018 0.005 0.008
Lactobacillus spp., log UFC/g 2.21b 2.63° 3.15% 3612 3.842 0.352 0.006 0.010 0.006
Bacillus spp., log UFC/g 5.120 5.320 5.74ab 6.212 6.46° 0.525 0.005 0.051 0.031

SEM, standard error of means.
TCA-N, trichloroacetic acid perceptible N; VFA, volatile fatty acids.

Different letters within the same row denote significant differences between treatments (P < 0.05, Duncan’s test).

mulberry inclusion diets did, however, show a marked
reduction in the TCA-N level in cecum liquor at the end of
the 42-day experimental period. A similar result was also
obtained for the NH;-N level, which, as expected,
decreased significantly (P < 0.01). In contrast, total VFA
in the cecum liquor of rabbits in the ML10, ML15, and

ML20 groups increased significantly (P < 0.05) compared
with the control group. In particular, animals fed the ML20
diet showed a significantly (P < 0.05) higher acetic acid
concentration compared with those fed low mulberry leaf
powder diets (ML5 and ML10) and the control. An
increasing proportion of mulberry leaf powder in diets did
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not result in a similar trend in prop ionic acid concentration
in cecal contents, as the data indicated a sudden fall in
the high mulberry diet group (ML20). However, butyric
acid and valeric acid did not differ significantly between
the control and mulberry inclusion diet groups. The data
obtained from bacteriological analysis showed high
variability, which tended to obscure differences among
the experimental groups. However, the E. coli and
Clostridium spp. counts were statistically lower in the
mulberry leaf powder-treated groups than in the control
group. Furthermore, an increase in the proportion of
dietary mulberry leaf powder significantly (P < 0.05)
increased Bacteroides spp., Lactobacillus spp., and
Bacillus spp. in the high mulberry leaf powder inclusion
groups (ML20 and/or ML15).

DISCUSSION

The selection of the percentages of mulberry leaves in
rabbit diets (5, 10, 15 and 20%) used in the present study
was based on reference to previous results. The data
obtained indicated that the utilization of mulberry leaf in
rabbit feed at levels of 5 and 10% in the ML5 and ML10
groups maintained growth performance normally during
the entire experimental period, whereas levels of 15 and
20% in the ML15 and ML20 groups resulted in a
significant reduction in growth. However, although the
final weight and average daily gain of the rabbits were
lower in rabbits fed the ML15 diet compared with those
fed the control and ML5 diets, the feed conversion ratio
and carcass Yyield were still satisfactory from a production
point of view. Rabbits in mulberry treated groups were all
healthy, which was indicated by the little variation in
selected health markers (organ weight, plasma total
protein, and albumin/globubin) between the control group
and the mulberry treated groups (Huang et al., 2017),
and through this it can be inferred that mulberry leaf is
non-toxic, which is in accordance with Yang et al. (2014),
who examined the toxicity of mulberry leaf ethanol extract
and found no toxic effect on adipocytes. Hence, the level
of mulberry leaf powder included in the diet of growing
rabbits can be up to 15% without having an adverse
effect. Prasad et al. (2003) reported that mulberry leaves
can completely replace lucerne hay in the diet of growing
rabbits, that was 15%, and that even higher levels (that
is, 30 and 45% of the diet) could also promote growth of
rabbits. Bamikole et al. (2005) suggested that 50% of
concentrate could be replaced by mulberry leaves. The
study results do not recommend the dosage of more than
15% of mulberry, for the feed conversion ratio may rise.
The chemical compositions were similar among
treatments, indicating energy supply did not differ
substantially among the control and mulberry leaf
inclusion diets, and thus are probably not the main cause
of the observed differences in growth rates. The primary
difference among the different levels of mulberry inclusion

diets may have been the contents of phytochemicals.
Mulberry leaf ethanol extracts contain polyphenols and
alkaloids (Jeszka-Skowron et al., 2014). It has been
reported that mulberry leaf ethanol extracts inhibit fat
accumulation in adipocytes by altering the protein
expression levels of adipogenesis-related factors (Yang
et al., 2014). Mulberry leaf polyphenols have been shown
to inhibit hepatic lipogenesis, promote lipolysis, and lower
high-fat diet-induced body weight in hamsters (Peng et
al., 2011). The anti-lipogenesis and lipolysis-
enhancement effect of mulberry leaf phytochemicals may
result in lean meat and less weight gain in non-obese
animals fed with normal feed, which was confirmed by
the results obtained for the high mulberry inclusion
treatment ML20. To analyze the dose-response effect of
the mulberry leaf phytochemicals in detail, the content of
supplemented phenolic acids, flavonoids, and alkaloids in
the ML15 diet were calculated (1.36, 0.15 and 1.05%,
respectively), and in terms of animal weight ratio, the
data were 1034, 114, and 798 mg/kg of body weight
[calculated using the middle weight (1.46 kg) and feed
intake (111 g/day) in the ML15 group], respectively. It has
previously been reported that an intake of 25 mg/L
mulberry leaf phenolic-rich water extract reduces fatty
acid storage in Caenorhabditis elegans in vivo (Zheng et
al., 2014), and that intake of 1.0% mulberry leaf
polyphenols (phenolic acids + flavonoids) or 2 mg/kg of
body weight of alkaloids from curry leaves per day results
in markedly less weight gain in murines and provided a
high-fat diet (Peng et al., 2011; Jagtap et al., 2017).
Although the influence of phytochemicals from different
sources varies in different animals, their efficacy may be
the same. The dosages of phenolic acids, flavonoids, and
alkaloids in the ML15 treatment of the present study were
higher than those used in the above-mentioned studies,
and in this regard, the anti-lipogenesis and lipolysis-
enhancement effect of the ML15 diet may be stronger,
indicating that the content of phytochemicals (phenolic
acids, flavonoids, and alkaloids) in mulberry leaves may
be the main factor responsible for the low growth of
rabbits.

To determine the health status of the experimental
rabbits, biochemical indices in plasma were examined.
On the basis of the data presented in Table 3, there was
no significant change in fasting glucose, cholesterol,
HDL, LDL, or triglycerides of rabbits in the mulberry leaf
treatment groups. Mulberry leaves are used to prevent
postprandial hyperglycemia and hyperlipidemia in type-2
diabetes mellitus treatment to promote glycolipid
metabolism (Andallu et al., 2001; Tsuduki et al., 2013).
For disease-free animals, glycolipid metabolism improves,
and the levels of glucose and lipid metabolites can return
to the normal levels a short time after feeding. Mulberry
leaf ethanol extract has the effect of accelerating the
reduction rate of postprandial hyperglycemia and
hyperlipidemia in normal rats (Miyahara et al., 2004),
illustrating that mulberry leaves can maintain blood



glucose concentrations at normal levels, which prevents
excessive amounts of glucose from circulating in the
blood or converts it into fat distributed throughout the
body.

In the present study, plasma thiobarbituric acid-reactive
substances (TBARS), which are considered early
biomarkers of oxidative damage, were discovered in all
rabbits groups, thereby indicating that the experimental
animals were suffering from oxidative stress (Ghani et al.,
2017). For animals, many factors, including environmental
change, negative energy balance, consumption of
oxidized diets, weaning, and infection, can lead to
oxidative stress (Yin et al., 2013; Celi and Gabai, 2015).
Mulberry leaves appear to have a significant inhibitory
effect against the formation of TBARS, as the content of
TBARS in rabbits fed on the ML15 and ML20 mulberry
leaf diets were lower than in the control group animals,
which in turn indicates that oxidative damage was
reduced by consuming mulberry leaves. A reduction in
oxidative damage was mediated through an increase in
the activity of the antioxidant enzymes SOD, GPx, GST,
and CAT in plasma (Table 3). These results are consistent
with the findings of Cheong et al. (2012) obtained from
the muscle of beef cattle fed by mulberry leaf silage.
Mulberry leaf phytochemicals such as phenolic acids,
flavonoids, and 1-deoxynojirimycin (DNJ, an important
alkaloid in mulberry leaf) are strong antioxidants (Jeszka-
Skowron et al., 2014; Pham et al., 2017). The increased
activity of antioxidant enzymes in rabbits was stimulated
by these antioxidants, which can be inferred from the
study of Andallu and Nch (2003), in which it was
demonstrated that the activities of antioxidant enzymes in
uncontrolled diabetes were improved efficiently by
mulberry leaf powder treatment in streptozotocin-induced
diabetic rats.

In the present study, the use of mulberry leaves altered
the concentrations of cecal metabolites in rabbits. The
increase in total VFAs and the slight (non-significant)
decrease in pH suggests that fermentation activity in the
cecum was higher in the mulberry leaf-supplemented
groups ML10, ML15, and ML20 (Table 3), which is
consistent with the observations of Prasad et al. (2003),
who reported a significant decrease in NHs-N in the
cecum of rabbits fed with 15% and 20% mulberry leaves.
Studies on finishing steers revealed similar NHz-N and
VFA concentration changes in rumen fluid, although no
differences were detected in pH values between mulberry
leaf and non-mulberry leaf groups (Zhou et al., 2014).
Different levels of NH3-N and VFAs could be related to
changes in the composition of commensal cecal and
intestinal micro-flora, as some of the microbes in the
cecum originate from gastrointestinal tract. An effect of
mulberry leaf on modulating intestinal micro-flora was
also identified in the cure of intestinal flora disorder in
streptozotocin-induced diabetic rats (Sheng et al., 2017).

In ewes, supplementation of mulberry flavonoids has
been shown to improve the digestibility of organic matter
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and reduce CH, output by inhibiting the populations of
microbes involved in methanogenesis (Ma et al., 2016).
As indicated by the findings of the present and previous
studies, 10~20% mulberry leaves in the diet can
effectively optimize the cecum micro-flora as well as the
intestinal micro-flora of rabbits, and this capacity of
mulberry leaf can be attributed to the constituent
phytochemicals.

Conclusion

The results of this study indicate that inclusion of mulberry
leaves in the diet was suitable for raising rabbits.
Inclusion of £15% mulberry leaves in the diet could
promote performance from a production point of view.
Phytochemicals (phenolic acids, flavonoids, and
alkaloids), which may be the main factor restricting the
acceptable amount of mulberry leaves that can effectively
be included in rabbit feed, also contribute to the
enhancement of antioxidant activity in rabbit blood and
optimization of the micro-flora population in the rabbit
cecum. For the future research, how to reduce the
restricting factors would be a significant direction, and
that would be helpful to increase the usage of mulberry in
animal feed.
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