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Mulberry leaf extract improves
non-specific immunity and
antioxidant capacity of
largemouth bass (Micropterus
salmoides) fed a high-starch diet
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Jin Honghao?, Zou Xinxi*, Ke Zhenlin', Sun Wenbo",
Hou Mengdan®, Yang Huijun® and Ye Hua**

*Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, College
of Fisheries, Southwest University, Chongging, China, 2?Chongging Aquatic Science and Technology
Innovation Alliance, Chongqing, China, *Guangzhou A Share Aquatic Science and Technology Co.,

Ltd, Guangzhou, China

A 70-day experiment was conducted to investigate the effects of mulberry leaf
extract (MLE) on growth, proximate compositions, antioxidant and plasma
biochemical parameters, and indices of hon-specific immunity of largemouth
bass (Micropterus salmoides) fed a high-starch diet. Two hundred eighty
largemouth bass (initial body weight, 68.00 + 0.19 g) were randomly fed
seven diets: basal-starch diet (BSD; 8.88% starch), high-starch diet (HSD;
11.42% starch), and HSD diets supplemented with 0.05%, 0.10%, 0.20%,
0.50%, and 1.00% MLE (MLE1, MLE2, MLE3, MLE4, and MLES, respectively).
The results indicated that HSD and MLE did not significantly affect the growth
performance of largemouth bass during the experimental period compared
with that of the BSD, but the supplementation with more than 0.20% (MLE3,
MLE4, and MLES5) MLE significantly decreased the hepatosomatic index (HSI)
values, and 1.00% (MLE5) MLE significantly decreased the viscerosomatic index
(VSI) values. The whole-body moisture of fish fed an HSD decreased
significantly, while the whole-body lipid content increased significantly in the
HSD group compared with the BSD group. Compared with HSD, MLE
supplementation significantly decreased the moisture and lipid contents in
the whole body. Supplementation with more than 0.20% MLE (MLE3, MLE4, and
MLES) significantly decreased the moisture content in the muscle.
Supplementation with 1.00% MLE significantly decreased the content of
hepatic and muscle glycogen. The malondialdehyde (MDA) content of the
HSD group was significantly increased compared to that of the BSD group,
whereas more than 0.10% (MLE2, MLE3, MLE4, and MLE5) MLE significantly
decreased the MDA content. Additionally, the total antioxidant capacity (T-
AOC), catalase (CAT), and glutathione peroxidase (GSH-Px) activities of MLES
were significantly higher than those of the HSD group. The complement-3 (C3)
content and globulin (GLB) in the plasma of the HSD group were significantly
lower than those of the BSD group. Plasma C3 levels in the MLE3, MLE4, and
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MLES groups were significantly higher than those in the HSD group. In addition,
glucose (GLU) levels in the MLE3, MLE4, and MLE5 groups were significantly
lower than those in the HSD group. Supplementation with 0.50% (MLE4) MLE
significantly increased the lysozyme (LYZ) content and decreased the activities
of alanine transaminase (ALT) and aspartate transaminase (AST).
Supplementation with 1.00% MLE significantly increased complement-4 (C4)
and GLB contents and alkaline phosphatase (ALP) activity. Overall, these
findings suggest that MLE could improve antioxidant capacity, immune
function, and glycolipid metabolism, thereby alleviating the negative effects
of a high-starch diet in M. salmoides.

KEYWORDS

mulberry leaf extract, growth performance, antioxidant, nonspecific immune indices,
Micropterus salmoides

Introduction

Dietary starch is the cheapest and major source of energy in
aquafeed, and it improves the efficiency of dietary protein and
lipid utilization (Enes et al., 2009; Cui et al., 2010). Dietary starch
is beneficial for the physical quality of feed (Sorensen et al.,
2010). However, the application of starch is limited to most
aquatic species, particularly carnivorous fishes (Taj et al., 2020).
The largemouth bass (Micropterus salmoides) is a typical
carnivorous fish and a major aquaculture freshwater species in
China. The annual production of M. salmoides was estimated to
have reached 619,000 tons in 2020. Numerous studies have
evaluated the M. salmoides intake of dietary starch that exceeds
10%, which significantly impairs the antioxidant capacity and
reduces the non-specific immunity, thus resulting in poor fish
health and lower growth performance (Zhou et al, 2014; Ma
et al,, 2019; Li S et al., 2020). Long-term intake of a high-starch
diet (HSD) can lead to disorders in glucolipid metabolism, non-
specific immunity, and antioxidant capacity, which in turn
compromises growth (Lee, 2002; Li et al.,, 2012). The addition
of some functional additives to aquafeeds is an effective
approach to prevent the detrimental effects of an HSD in fish.
For example, berberine supplementation in an HSD can reduce
hepatic lipid accumulation in black sea bream and improve liver
health (Wang et al., 2020). Nicotinamide benefits the glucose
and lipid metabolism of blunt snout bream (Megalobrama
amblycephala) fed a high-carbohydrate diet (Shi et al., 2020).
Bile acids supplementation can significantly improve growth
performance and enhance liver function and immunity in M.
salmoides fed a high-starch diet (Guo et al., 2020).

Mulberry leaves have been used in Chinese medicine for
liver improvement as well as antihyperlipidemic and
antihyperglycemic effects (El-Beshbishy et al,, 2006; Kimura
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et al,, 2007). Some studies have shown that mulberry contains
abundant alkaloids, flavonoids, polysaccharides, phenols, and
other active substances (Wang et al., 2010; Ou-yang et al., 2013;
Gryn Rynko et al., 2016) such as 1-deoxynojirimycin, which is an
alkaloid that can suppress the postprandial increases in plasma
glucose (Wang et al., 2018) and reduce the at-glucosidase activity
in humans (Kimura, 2011). Bioactive substances in mulberries
have been shown to modulate glucose metabolism by correcting
hyperglycemia, improving antioxidant status, and increasing
insulin secretion in rats (Jeszka Skowron et al., 2014). To date,
only a few studies on mulberry leaf extract (MLE) in aquaculture
have been reported. Dietary MLE can improve the growth
performance, feed utilization, digestive capacity, and hepatic
antioxidant status of the Chinese giant salamander (Li Z et al,,
2020). Mulberry leaf extract can also alleviate Aeromonas
hydrophila infection of African catfish (Clarias gariepinus)
(Sheikhlar et al., 2014; Sheikhlar et al., 2017). However, MLE
supplementation has not been reported for M. salmoides. Thus,
the aim of this study was to determine the effects of MLE
supplementation in a high-starch diet on growth performance,
antioxidant capacity, and immune parameters in M. salmoides.

Materials and methods
Preparation of mulberry leaf extract

First, the mulberry leaves were crushed, ground, and
sieved through a 50-um mesh. Then, mulberry leaf powder
was placed in a 70% ethanol solution (v/v) on an ultrasonic
frequency table at 100 kHz for 20 min at room temperature
(ultrasound-assisted extraction). After the ultrasonic
extraction, filtration was performed using a Boucher

frontiersin.org


https://doi.org/10.3389/fmars.2022.1029360
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Tingsen et al.

funnel. The extracted liquid was freeze-dried to obtain the
MLE that was used for diet preparation.

Experimental diets and experimental
procedure

Mulberry leaf extract was supplemented to formulate seven
experimental diets, including a control diet (BSD; 8.88% starch),
HSD (11.42% starch), and HSD diets supplemented with 0.05%,
0.10%, 0.20%, 0.50%, and 1.00% MLE (MLE1, MLE2, MLE3,
MLE4, and MLE5, respectively) (Table 1). All ingredients were
ground and sieved through a 60-um mesh before final mixing using
a commercial food mixer and then mixed with oils. Then, 20%
water was added to the mixture. The mixture was then pelleted
(without injected steam) using a pellet machine (Valva-60;
Guangzhou Weilawei Machinery Co., Ltd., Guangzhou, China),
and the pellets were dried in a ventilated oven at 85°C for 30 min.

10.3389/fmars.2022.1029360

After drying, diets were stored in sealed plastic bags at —20°C
until use.

One thousand M. salmoides specimens were purchased from a
commercial fish hatchery in Guangzhou, Guangdong Province,
China. After acclimatization with commercial feed (Guangdong
Junyou Feed Co., Ltd., Guangdong, China) for 14 days, the
specimens were fasted for 24 h, then a total of 280 healthy M.
salmoides (68.00 £ 0.19 g) were randomly distributed to 28 round
plastic drums (237 L, 10 fish per drum) connected to a recirculating
aquaculture system. Fish in each tank were randomly assigned to
one of the seven experimental diets. Each diet was tested in four
tanks. All fish were fed a certain proportion of their respective fish
weights twice daily at 08:00 and 16:00, and feed consumption was
recorded daily. The proportion of feeding was adjusted according to
feeding conditions. During the 10-week feeding trial, the water
temperature was kept at 24°C-28°C, dissolved oxygen was >6.8 mg/
L, ammonia-nitrogen was<0.45 mg/L, and pH was between 7.5 and
8.0. The photoperiod was maintained at 12 h:12 h (light:dark).

TABLE 1 Formulation and chemical composition of experimental diets (g/kg, dry matter).

Ingredients (g/kg) BSD HSD MLE1
Fish meal 440 440 440
Chicken meal 150 150 150
Blood meal 50 50 50
Soy protein concentrate 44 44 44
Cottonseed protein 40 40 40
Cassava starch 40 40 40
Flour 80 120 120
Fish oil 13 13 13
Soybean oil 12 12 12
Phosphatide oil 20 20 20
Ca(H,PO,), 2 2 2
Salt 2 2 2
Degelatinized bone dust 50.3 10.3 9.8
Mold inhibitor 1 1 1
Mulberry leaf extract® 0 0 0.5
Vitamin premixb 10 10 10
Mineral premix* 10 10 10
L-Lysine hydrochloride 44 44 4.4
DL-Met 2.7 2.7 2.7
L-Threonine 1.5 1.5 1.5
Tau 1.6 1.6 1.6
Choline chloride 5.5 5.5 5.5

Proximate composition (g/kg)

Protein 499.91 504.91 504.85
Lipid 108.19 107.71 107.68
Starch 88.82 114.22 114.22

MLE2 MLE3 MLE4 MLE5
440 440 440 440
150 150 150 150

50 50 50 50
44 44 44 44
40 40 40 40
40 40 40 40
120 120 120 120
13 13 13 13
12 12 12 12
20 20 20 20
22 22 22 22
2 2 2 2
9.3 8.3 53 0.3
1 1 1 1
1 2 5 10
10 10 10 10
10 10 10 10
4.4 4.4 44 4.4
2.7 2.7 2.7 2.7
15 1.5 15 1.5
1.6 1.6 1.6 1.6
55 5.5 5.5 5.5
504.80 504.70 504.38 503.85
107.66 107.60 107.44 107.17
114.21 114.21 114.20 114.19

a Mulberry leaf extract, obtained from Geneham Pharmaceutical Co., Ltd (Hunan, China). Actual mulberry leaf extract including 1.00% DNJ, 45.59% phenols, 1.80% flavonoids, and 5.7%

polysaccharides.

b Vitamin premix (IU or mg/kg of diet): VA, 220,000 IU; VD3, 75,000 IU; VB, 600; VBg, 1,000; VB, 0.8; riboflavin, 420; inositol, 4,000; niacinamide, 2,300; folic acid, 75; biotin, 2; pL-0(-
tocopherol acetate, 4,800; menadione nicotinamide bisulfite, 180; l-ascorbic acid-2-phosphate, 8,500; calcium d-pantothenate, 850.
¢ Mineral premix (mg/kg of diet): Mg, 2,800; Cu, 350; Fe, 3,000; Zn, 8,500; Mn, 800; I, 250; Se, 15; Co, 60.
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Sample collection

At the end of the feeding trial, all fish were fasted for
approximately 24 h and then anesthetized with MS-222 (50 mg/
L water), counted, and weighed. One fish per drum was randomly
sampled and stored at —20°C for the body proximate analysis. Five
fish per drum were used for the collection of blood samples using
heparinized syringes after measuring the body weight and length.
The fish were then dissected to obtain the viscera, liver, intestinal
fat, and dorsal muscles. The viscera, liver, and intestinal fat
weights of the five fish were measured to calculate the
viscerosomatic (VSI), hepatosomatic (HSI), and intestinal fat
(IFI) index values, respectively. In addition, the apparent
condition of the liver was recorded and classified as normal or
abnormal. The blood samples were centrifuged at 3,000 x g for
10 min (4°C) to obtain the plasma samples and stored at —80°C
until used. Liver and dorsal muscles were immediately frozen in
liquid nitrogen and stored at —80°C until analysis.

Chemical analysis

The proximate composition of feed ingredients, whole fish,
and muscle was analyzed using the standard methods reported
by the Association of Official Analytical Chemists (AOAC)
(AOAC, 1995). Moisture was evaluated by oven drying at 105°
C to a constant weight. Crude protein (N X 6.25) was determined
according to the Kjeldahl method using the Kjeltec system
(Kjeltec 8400, FOSS, Denmark). Crude lipid was quantified via
ether extraction using a Soxhlet apparatus. Ash was detected
using a muffle furnace at 550°C for 12 h. Glycogen in the liver
and muscle samples was determined using a commercial kit
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China)
following the manufacturer’s protocol.

Activity quantification of
antioxidant enzymes

Liver catalase (CAT), malondialdehyde (MDA), total
antioxidant capacity (T-AOC), and glutathione peroxidase
(GSH-Px) levels were measured using a commercial kit
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China)
following the manufacturer’s protocol.

Non-specific immune indices and plasma
biochemical parameters

Plasma glucose (GLU), globulin (GLB), total triglyceride
(TG), total cholesterol (TC), alanine transaminase (ALT),
aspartate transaminase (AST), and alkaline phosphatase (ALP)
levels were determined using an automatic biochemical analyzer
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(DT480, Dotopmed, Beijing, China). Plasma complement-3 (C3)
and complement-4 (C4) levels were measured using commercially
customized ELISA kits for fish according to the manufacturer’s
protocols (Shanghai Enzyme-linked Biotechnology Co., Ltd,,
Shanghai, China). Lysozyme (LYZ) activity was measured using
a commercial kit (Shanghai Enzyme-linked Biotechnology
Co., Ltd.).

Calculations and statistical analysis

. N;
Survival rate (SR, %) = 100 x —
NO

W, - W,
Weight gain (WG, %) = 100 x ‘T"
0

Specific growth rate (SGR, %) = (Ln W, - Ln W,)100/days

Feed intake (FI, g 100g™'BW day™")

= Df x 100/((W, - W¢)/2 x t)

W, - W,y

Protein efficiency ratio (PER) = ——————
protein intake

W,
Hepatosomatic index (HSL, % ) = WL x 100;
t

W
Viscerosomatic index (VSI, % ) = WV x 100;
t

4
Intestinal fat index (IFL, % ) = W{F

t

x 100

where N, is the mean of the initial number of fish in each drum,
and N, is the mean final number of fish in each drum; W, and W,
represent the final and initial body weights (g), respectively; t is the
experimental duration in days; Dy is the dry diet intake of each
drum, W, is the liver weight of the fish, W, is the viscerosomatic
weight of the fish, and Wi is the mean intestinal fat content.

All data are presented as the mean + standard error and were
statistically analyzed using SPSS (version 26.0) after Tukey’s test.
All data were subjected to a one-way ANOVA. The level of
significance was set at p< 0.05.

Results
Feed utilization and fish growth
The feed utilization and growth rate of the fish fed various

diets supplemented with MLE are summarized in Table 2. No
significant differences in WG, SGR, FI, or IFI were observed
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among any of the experimental treatments (p > 0.05). However,
weight gain was lower (7.12%) in the HSD group compared to
the BSD group. For HSD, the MLE1, MLE2, and MLE5 groups
showed an improved weight gain of 6.67%, 4.00%, and 7.59%,
respectively. The MLE2-MLE5 groups showed significantly
lower HSI values than HSD (p< 0.05), but no significant
differences were observed between the BSD and HSD (p >
0.05). The HSI values of the MLE3, MLE4, and MLE5 groups
were significantly lower than those of the BSD group (p< 0.05).
The VSI values of the HSD group showed no significant
differences compared to those of the BSD group (p > 0.05).
The VSI value of the MLE5 group was significantly lower than
that of the BSD group (p< 0.05). The percentage of the normal
liver in HSD is the lowest (34.38%). The percentage of the
normal liver in BSD is only 53.13%. In addition, the percentage
of normal lives in MLE2, MLE3, MLE4, and MLES5 is higher than
in BSD.

Proximate compositions

The proximate compositions of the fish fed various diets
supplemented with MLE are summarized in Table 3. In this
study, no significant differences were found in the body protein
and ash among the dietary treatments (p > 0.05). However, the
whole-body moisture of the HSD group was significantly lower
than that of the BSD group (p< 0.05). Body moisture decreased
significantly as the MLE levels increased (p< 0.05), and the body
moisture content of the MLE5 group was significantly lower
than that of the BSD group (p< 0.05). Body lipid levels were
significantly higher in the HSD group than that in other groups
(p< 0.05). The protein, lipid, and ash contents in the muscle did
not show any statistical differences among dietary treatments
(p > 0.05). The muscle moisture of the BSD and HSD groups was
significantly higher than that of the MLE3, MLE4, and MLE5
groups (p< 0.05). There were no significant differences in hepatic

10.3389/fmars.2022.1029360

and muscle glycogen contents between the HSD and BSD groups
(p > 0.05). However, MLE decreased the content of hepatic and
muscle glycogen, and a significant decrease was observed in the
MLES5 group (p< 0.05).

Liver antioxidant indices

The activity quantification of antioxidant enzymes in the fish
fed various diets supplemented with MLE is summarized in
Figure 1. The hepatic MDA content in M. salmoides in the HSD
group was significantly higher than that in the BSD group (p<
0.05), and the hepatic MDA content in M. salmoides in the
MLE2, MLE3, MLE4, and MLE5 groups was significantly lower
than that in the HSD group (p< 0.05); however, no significant
difference was found in the MDA content among the MLE2,
MLE3, MLE4, MLE5, and BSD groups (p > 0.05). The T-AOC,
CAT, and GSH-PX of the HSD group showed no significant
differences compared to those of the BSD group (p > 0.05). MLE
improved the activities of T-AOC, CAT, and GSH-PX. In
addition, fish from the MLE5 group had significantly higher
T-AOC, CAT, and GSH-PX activities than those in the HSD
group (p< 0.05).

Non-specific immune indices and plasma
biochemical parameters

The non-specific immune indices and plasma biochemical
parameters of the fish fed various diets supplemented with MLE
are summarized in Figure 2. The lowest plasma LYZ, C3, C4, and
GLB contents and the highest plasma ALT, AST, GLU, TG, and
TC contents were observed in the HSD group, and C3 and GLB
were significantly different from those of the BSD group (p<
0.05). Compared with the HSD group, adding 0.10%-1.0%
(MLE2, MLE3, MLE4, and MLE5) MLE significantly decreased

TABLE 2 Effects of mulberry leaf extract on growth performance and feed utilization of Micropterus salmoides fed high-starch diet diets.

Items BSD HSD MLE1 MLE2 MLE3 MLE4 MLE5
IBW (g) 68.02 + 0.12 67.82 + 0.06 68.02 + 0.08 68.05 + 0.06 68.05 + 0.13 67.85 = 0.08 67.92 + 0.20
FBW (g) 200.21 + 2.70 190.91 + 8.04 199.7 + 3.48 196.5 + 6.73 189.5 + 7.27 189.29 + 5.36 200.58 + 3.04
SR (%) 100 100 100 100 100 100

WG (%) 194.35 + 3.92 181.44 + 11.75  193.55 + 4.76 188.71 + 9.72 178.4 + 1042 17892 + 7.70 195.22 + 4.74
SGR (%/day) 0.67 + 0.00 0.64 + 0.03 0.68 + 0.10 0.66 + 0.22 0.63 + 0.24 0.64 +0.17 0.67 + 0.10
FI (g 100 g BW day ') 0.76 + 0.01 0.79 + 0.03 0.75 + 0.02 0.78 + 0.03 0.81 + 0.03 0.82 + 0.03 0.77 + 0.02
IFI (%) 1.38 + 0.06 1.31 +0.08 1.52 + 0.07 1.53 +0.08 1.36 + 0.07 1.60 + 0.10 1.30 + 0.09
HSI (%) 1.90 + 0.10%° 2.12 +021° 1.95 + 0.16% 1.73 + 0.07° 1.52 + 0.08%¢ 1.55 + 0.08%¢ 1.26 + 0.10¢
VSI (%) 5.60 + 0.11° 5.65 + 0.27° 570 + 0.21° 557 +0.15° 520+ 0.13" 559 + 0.16* 497 +0.15°
The percentage of normal liver (%) 53.13% 34.38% 50.00% 68.75% 73.33% 78.13% 96.88%

Values (means + SEM, n = 4) within a row with different letters are significantly different from the other dietary groups (p< 0.05).
IBW, initial body weight; FBW, final body weight; SR, survival rate; WG, weight gain; SGR, specific growth rate; FI, feed intake; IFI, intestinal fat index; HSI, hepatosomatic index; VSI,

viscerosomatic index.

Frontiers in Marine Science

frontiersin.org


https://doi.org/10.3389/fmars.2022.1029360
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Tingsen et al.

10.3389/fmars.2022.1029360

TABLE 3 Effects of mulberry leaf extract on experimental diets and proximate compositions of Micropterus salmoides fed high-starch diet diets.

Items BSD HSD MLE1

Feed (g/100 g)

Moisture 14.18 15.22 14.17
Protein 47.67 46.88 47.65
Lipid 10.32 10.15 10.27
Starch 8.47 10.89 11.01
Whole body (g/100 g)

Moisture 743 £0.28" 73.51 + 0.45" 74.50 + 0.19"
Protein 16.19 + 0.14 16.36 + 0.32 16.55 + 0.16
Lipid 477 024" 6.94 + 0.74* 5.03 + 0.15"
Ash 4.19 £ 0.07 4.35+£0.07 423 £0.08
Muscle (g/100 g)

Moisture 77.55 £ 0.20° 77.49 £ 0.20° 77.15 + 0.21°¢
Protein 20.50 + 0.32 20.34 £ 0.24 20.52 £ 0.29
Lipid 1.07 £ 0.17 121 £ 0.17 1.17 £ 0.07
Ash 1.31 £ 0.02 1.30 £ 0.01 1.35 £ 0.03
Glycogen content (mg/g)

Hepatic glycogen  131.2 + 8.96" 130.90 + 6.96° 123.01 + 10.48%
Muscle glycogen 0.99 + 0.14 1.15 + 0.11° 0.99 + 0.18%

MLE2 MLE3 MLE4 MLE5
14.51 15.82 14.38 14.62
4778 47.42 47.99 47.91
10.23 10.06 10.22 10.17
10.95 11.05 11.15 10.98
7426 + 013 7372 +0.18 73.70 + 0.44 73.13 + 0.27°
1632 +0.17 16.55 + 0.18 16.23 + 045 16.57 +0.25
5.46 + 0.32° 5.83 + 0.32° 5.08 +0.27° 4.93 +0.22°
427 +0.07 414 + 021 4.16 + 0.08 444 +0.08
77.20 + 0.17%  76.66 + 0.17%¢ 76.48 + 0.11° 76.60 + 0.25°
20.51 + 0.27 20.75 + 0.17 21.23 +0.20 21.17 + 0.13
1.08 +0.12 143 +0.15 137 £ 0.16 134 +0.14
1.35 + 0.02 1.29 +0.01 1.34 +0.03 1.30 + 0.02
117.93 + 7.19°° 11217 + 6.77%° 129.82 + 5.41° 104.8 + 7.85°
0.92 + 0.33% 0.77 + 0.08% 0.87 + 0.19% 0.67 + 0.15°

Values (means + SEM, n = 4) within a row with different letters are significantly different from the other dietary groups (p< 0.05).

the activity of ALT (p< 0.05). Adding more than 0.20% (MLES3,
MLE4, and MLE5) MLE significantly decreased the GLU content
and increased the C3 content (p< 0.05). Adding more than
0.50% (MLE4 and MLE5) MLE significantly decreased AST
activity and TC content and significantly increased LYZ
content (p< 0.05). The addition of 1.00% (MLE5) MLE
significantly increased the C4 and GLB contents and ALP
activity (p< 0.05).

Discussion

Carbohydrates are an important energy source for
vertebrates, and starch is one of the most common
carbohydrate sources in fish feed. Scientific evidence has
recently indicated that the source and level of starch play a
decisive role in fish growth (Xia et al., 2018; Li et al., 2019; Zhao
et al., 2020). M. salmoides is a carnivorous fish, and the level of
starch in its feed requires serious consideration. Recent studies
have shown that the growth performance of M. salmoides is
impaired when its dietary starch content is >10% (Lin et al.,
2018; Ma et al., 2019; Zhang et al., 2020a; b). This study showed
that M. salmoides fed with 8.88% and 11.42% dietary starch had no
significant influence, indicating that this range of starch (8.88%-
11.42%) content can be tolerated by M. salmoides in the short-term
without a visible reduction in production performance.

The viscera are crucial for fish metabolism. The VSI and HIS
values of the HSD group showed no significant differences
compared with those of the BSD group after the 70-day feeding
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trial, which was similar to a previous report (Zhang et al., 2020Db).
Zhao et al. (2020) demonstrated that VSI values are not significantly
affected by feeding juvenile golden pompano (Trachinotus ovatus)
different levels of corn starch, and HSI values were significantly
higher when the corn starch level was >20%. Zhou et al. (2015) also
reported that the HSI values of fish fed a 22.4% carbohydrate diet
were significantly higher than those of fish fed a 0%-11.2%
carbohydrate diet. Modern pharmacology shows that MLE
contains polysaccharides, flavonoids, alkaloids, and other active
ingredients (Sanchez-Salcedo et al., 2015; Yuan et al, 2015), and
previous studies have shown that MLE protects the liver by
regulating glucose and lipid metabolism (Chang et al., 2013; Ou
et al, 2013; Sheikhlar et al, 2017). This study showed that M.
salmoides fed a high-starch diet supplemented with > 0.1% MLE
had lower HSI values than fish fed a high-starch diet alone, which
indicates that MLE may be conducive to liver health. Therefore,
MLE could repair and improve liver function in fish fed a high-
starch diet.

Excessive dietary starch levels can lead to excessive glycogen
and lipid deposition (Lin et al., 2018; Ma et al., 2019; Zhang et al.,
2020b). After the 70-day feeding trial, whole-body lipid levels
were significantly higher in the HSD group than in the BSD
group. This is in agreement with previous studies on the golden
pompano (Zhou et al., 2015), blunt snout bream (Xia et al,
2018), and grass carp (Ctenopharyngodon idella) (Tian et al,
2011). However, hepatic and muscle glycogen contents in this
study were not correlated with dietary starch content. It has been
reported that hepatic and muscle glycogen contents were
significantly affected when dietary starch content was >15% in
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M. salmoides (Ma et al., 2019). The possible reason may relate to
the starch levels in the diet. The results showed that M. salmoides
in the MLE5 group had significant decreases in hepatic and
muscle glycogen contents. Dietary MLE significantly decreased
the whole-body lipid content. Jeszka Skowron et al. (2014) found
that bioactive substances in mulberry leaves regulate glucose
metabolism by correcting hyperglycemia and increasing insulin
secretion in the streptozotocin-induced non-obese diabetic rat
model. Dietary MLE has also been reported to inhibit lipid
accumulation by reducing lipogenesis and promoting hepatic
lipid clearance (Chang et al., 2013). Moreover, Hou et al. (2019)
found that mulberry leaf meal reduced liver lipid content by
suppressing the isolation and proliferation of adipocytes. In this
experiment, dietary MLE lowered the contents of GLU, TG, and
TC of M. salmoides fed a high-starch diet. Therefore, high starch
diet supplemented with MLE decreased lipid and glycogen
deposition by enhancing glucose and lipid metabolism. In
addition, the whole-body moisture and muscle were
significantly decreased in the MLE groups, which was
consistent with results previously obtained in the Chinese
giant salamander (Andrias davidianus) (Li Z et al., 2020).
Antioxidant enzyme systems are an important defense
mechanism of organisms, which can reduce peroxide in the
body into less harmful substances (Bogdan et al, 2000). A
previous study indicated that hyperglycemia after consuming a
high-starch diet is associated with oxidative stress (Rains and
Jain, 2011). MDA is the final product of lipid peroxidation and
reflects the degree of lipid peroxidation (Koruk et al, 2004).
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SOD, GSH-Px, and CAT are three important members of the
antioxidant system that work against the formation of reactive
oxygen species (ROS), protect cell membranes and intracellular
nucleic acids, and reflect the growth and development of the
organism, changes in the metabolic state in vivo, and
environmental stress (Zimmermann et al., 1973; Holmblad
and Soderhall, 1999). Additionally, T-AOC is the main index
used to determine the total antioxidant level of an organism,
which reflects a compensatory mechanism of the organism
under the stimulation of oxidative stress (Decker et al., 2000).
This study suggests that significantly higher MDA levels might
be induced in M. salmoides fed a high-starch diet but with no
significant effect on the activities of SOD, GSH-Px, CAT, and T-
AOC. Some recent studies have indicated that oxidative stress is
not directly related to dietary starch (Wang et al., 2014) and that
appropriate starch levels can improve antioxidant capacity (Wu
et al,, 2015). However, excess starch can induce strong oxidative
stress in fish (Zhou et al., 2013; Zhao et al., 2020). A previous
study indicated that 5% and 10% starch diets had no negative
effects on M. salmoides (Lin et al., 2018). Zhang et al., (2020a)
also found that suitable dietary starch levels (0-100 g/kg) had no
negative effect on antioxidant capacity. In this study, the higher
MDA content in the HSD group may indicate fatty liver injury.
Mulberry leaf extract contains enriched polyphenolics, flavone,
and 1-deoxynojirimycin, which has been shown to scavenge free
radicals (Radojkovic et al., 2012) and enhance antioxidant
enzyme activities in mammals (Bae et al, 2013; Lee et al,
2016). In addition, the antioxidative effects of MLE have been
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demonstrated in African catfishes (Sheikhlar et al., 2017). In this
study, significantly higher antioxidant capacities of M. salmoides
were observed after 1.0% MLE was added to the high-starch diet.
Thus, MLE improved liver function by suppressing
oxidative stress.

Hematological parameters are vital physiological indicators
that reflect the metabolic and physiological states of the body;
therefore, they are beneficial for disease diagnosis (Ahmdifar
et al,, 2011). Lysozyme activity is an important immune
parameter that protects against microorganisms (Jiang et al.,
2009). Complement is also an important component of non-
specific immunity, which mediates inflammatory and immune
responses (Han and Ulevitch, 2005; Boshra et al., 2006). The
inhibition of lysozyme and complement activity has been
confirmed in some fish fed a high-starch diet (Wu et al., 2015;
Xia et al., 2018; Li S et al., 2020). In this study, the lysozyme and
C3 content in the HSD group were lower than those in the BSD
group, and C4 was significantly lower. These results suggested
that starch levels could impact the immune system. Several
studies have suggested that MLE has anti-bacterial and anti-
inflammatory effects (Wang et al, 2009; Forato Anhé et al,
2014). In addition, MLE can improve hepatic injury and
inflammation induced by a high-sugar and high-fat diet
through various pathways (Ou et al., 2013; Park et al, 2013).
In the experiment, MLE supplementation in a high-starch diet
enhanced the non-specific immunity of M. salmoides. AST and
ALT are two crucial aminotransferases that mainly exist in cells
and are rarely present in the plasma. The activities of AST and
ALT were higher in cardiomyocytes and hepatocytes than those
in other organs. Therefore, the activities of AST and ALT in
plasma can reflect the health status of the liver and heart (Cho
et al., 1994; Liu et al, 2010). ALP is a hallmark enzyme of
lysosomal integrity, is involved in the transfer and metabolism of
phosphoric groups in organisms, and plays a crucial role in
immunity and growth (Oner et al., 2008; Yan et al., 2014). In this
study, no differences were observed in plasma levels of ALT,
AST, and ALP between the HSD and BSD groups. However,
there was approximately 46.87% observable liver damage in the
BSD group during sample collection. Thus, M. salmoides could
not adapt to an 8.88% starch-formulated diet. Alternatively,
formulated diets of M. salmoides must be optimized (Huang
et al,, 2017; Ma et al., 2019; Ma et al.,, 2020). In this study, the
plasma ALT and AST activities in the MLE5 group were
significantly lower than those in the HSD group, indicating
that 1.0% MLE can alleviate liver damage of M. salmoides fed a
high-starch diet. GLB is an important part of non-specific
immunity. The plasma GLB level in the MLE5 group was
significantly higher than that in the HSD group. This result
indicated that mulberry leaf extract improved the non-specific
immunity of M. salmoides fed a high-starch diet. The dietary
starch level markedly affects the metabolism of carbohydrates
and lipids. In this experiment, increased levels of GLU, TG, and
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TC were observed in the HSD group compared to the BSD
group. Similar results have been observed in the blunt snout
bream, golden pompano, and M. salmoides (Xia et al., 2018;
Zhang et al., 2020a; Zhao et al., 2020). Mulberry leaf extract
contains DNJ as a competitive inhibitor, which improves control
and decreases plasma glucose content in mammals (Shang et al.,
2012; Wang et al, 2018). In addition, mulberry leaf extract
inhibits lipid accumulation by reducing lipogenesis and
promoting hepatic lipid clearance (Chang et al., 2013). In this
experiment, dietary MLE lowered the contents of GLU, TG, and
TC in this study. These results suggest that MLE can improve the
transport of glucose and lipids in the liver of M. salmoides fed a
high-starch diet.

Conclusion

In conclusion, no significant difference in growth in the
8.88% starch level was observed, whereas it significantly affected
proximate compositions, liver antioxidant activity, and non-
specific immunity in M. salmoides. Dietary supplementation
with 1.0% MLE and 11.42% starch decreased the moisture,
lipids, and glycogen content in the body. Moreover, MLE
improved immune and liver function. This study shows that
MLE has positive effects on the health of M. salmoides when
combined with an 11.42% starch diet. Mulberry leaf extract may
also play a protective role by regulating glycolipid metabolism.
The underlying mechanisms of MLE on glycolipid metabolism
in M. salmoides warrant further exploration.
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