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Abstract

The effects of exercise training and intermittent feeding on the capacity of carbohydrate utilization in Nile tilapia
(Oreochromis niloticus), an omnivorous fish, were examined under laboratory conditions, with the aim to increase the
content of carbohydrate in the feed. The experimental fish were fed with a diet of 45% carbohydrate level for 48 days.
Two feeding modes, namely continuous feeding group A and intermittent feeding group B (1 day starvation, 5 day
feeding) were set up. Two exercise intensity groups (0 BL/s and 1.5 BL/s) were set up for each feeding mode. After
feeding for 48 days, the results showed that exercise training could effectively reduce the negative effects on growth,
body nutrition and liver health caused by high sugar diet. Cyclical deprivation and re-feeding regimes stimulated over-
compensatory growth effects of O. niloticus fed by carbohydrate-rich diets. The combination of intermittent feeding and
exercise training can further improve the utilization rate of carbohydrates in O. niloticus, reduce the accumulation of
excessive glycogen and fat in fish, and alleviate the lipidty liver symptoms caused by high carbohydrate diets.
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Introduction

Carbohydrate is a kind of cheap diet material. Adding carbohydrate
to fish feed can save protein or fat [1,2]. But fish have a poor ability to
use carbohydrate [3]. Excess digestible carbohydrate in feed can cause
excess accumulation of liver fat or glycogen and damage liver tissue,
inhibit fish growth, cause fish death, etc. [4,5].

When fish return to normal feeding after starvation, they exhibit
a faster growth rate than normal, known as compensatory growth or
catch-up growth of fish [6-8]. Intermittent feeding can not only avoid
the loss of compensatory growth ability due to excessive starvation,
but also avoid the destruction of fish physiological function [9,10].
And intermittent feeding help to stimulate the compensatory growth
potential of fish and increase the compensatory growth time of fish
[11]. In addition, cyclical deprivation and re-feeding regimes can also
be used to change various substances and energy metabolism in fish,
thereby changing the content of energy nutrients such as protein, fat
and glycogen [12-14]. However, there are few reports of intermittent
feeding in the process of exercise training.

Tilapia belongs to Perciformes, Cichlidae. It is one of the excellent
breeding varieties recommended by FAO to the world [15]. Therefore,
this experiment took Oreochromis niloticus as the experimental
object. The effects of exercise training and intermittent feeding on the
carbohydrate utilization of O. niloticus were studied in this experiment,
with two main purposes: 1) in order to enhance the glucose tolerance of
fish and slow down the occurrence of metabolic diseases, such as fatty
liver and 2) in order to provide a theoretical basis for improving the
efficiency of aquaculture.

Materials and Methods
Animal handling and experimental feed

Nile tilapia (O. niloticus) was obtained from Fisheries Seedling
Breeding Center (Guangzhou, China). The care and use of the fish in
our laboratory complied with legal regulations in Guangdong, China,
and with animal experimental principles and guidelines [16]. The fish
were kept under natural photoperiod conditions in well-oxygenated
water at 27 + 2°C for 2 weeks (before and throughout the experiments).

The light intensity is 1200 LX + 100 LX. The fish was fed with commercial
feed twice a day at 9: 00 and 18: 00. The main composition of their diet was
35% protein, 6% lipid, 28% carbohydrate, 6% ash, and 1.5% vitamin and
mineral premix. At the beginning of the experiment, the mean body mass
of the fish was 41.78 + 5.38 g, and their mean length was 10.61 + 4.90 mm.

The feed used in this experiment is a feed with a Carbohydrate
content of 45%.The formula and nutritional level of experimental feed
are shown in Table 1.

Ingredients Scale (%)
White fish meal (CP 60.2%) 5
Soybean meal (CP 47.9%) 25
Casein (CP 84.4%) 18
Flour 5
Corn starch 38
Cellulose 3
Fish oil 2
Bean oil 2
Mineral premix 1
Vitamins premix 1
Ca(H,PO,), 2
Vitamin C 0.5
Choline chloride 0.5
Total 100
proximate composition (dry weight)

Ash 5.61
Crude protein 30.35
Crude lipid 4.58
Carbohydrate 45.26

Table 1: Composition and nutrient levels of experimental diets (Dry matter basis).
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Experimental design

The method of this experiment is to induce the counter current
movement of fish by flowing water [17]. The unit of flow velocity is
expressed as a multiple of the body length of the experimental fish
(BL/s). In the course of the experiment, the experimental fish were
placed in a self-designed swimming device [18].

The fish were hungry for 48 h before the beginning of the experiment.
Two feeding methods were set up in this experiment: continuous
feeding group A (daily feeding) and intermittent feeding group B
(starvation 1 day, feeding 5 days). Two water current velocities, 0 BL/s
and 1.5 BL/s, were set up for each feeding mode. The four experimental
group are 0A, 0B, 1.5A, 1.5B. There are 20 fish in each group. Each
combination has three parallel experiments. The whole experiment
went on for 48 days. The exercise group was trained for 12 hours a day
from 20: 00 to 8: 00. The feeding time and environmental conditions
during the experiment were the same as those in the temporary culture.

Sample collection

After the experiment, five fish were randomly selected from each
group. And then these fish were starved for 24 hours and anaesthetized
with MS-222 (100 mg/L; Sigma, St. Louis, MO, USA). The body
mass and body length, the weight gain rate, the specific growth rate,
condition factor and other indicators of these fish were calculated. The
blood samples of three fish in each group were collected by vein (=2
mL), and preserved samples. The white muscle, the red muscle and the
liver were isolated from nine fish in each group, and stored at -20°C for
the analysis of tissue nutrient components [19]. The liver was isolated
from three fish in each group for tissue section. Determination of
biochemical components

The water content of white muscle, red muscle and liver was
determined by atmospheric pressure drying method (105°C);
the content of crude ash was determined by the method of high
temperature burning in muffle furnace (550°C); and the content of
crude protein was determined by automatic Kjeldahl Kjeltec (Denmark
Foss Kjeltec TM2300). Crude fat content was determined by Soxel
extraction system (Foss Soxtec TM2055) and glycogen was determined
by anthrone colorimetry.

Liver tissue section

After dissection, the liver tissue was fixed in 10% neutral formalin,
embedded in paraffin, and made into 5um thick sections stained with
H. E., observed and photographed under microscope.

Statistical analysis

SPSS Statistics 17.0 (IBM, Somers, NY, USA) was used for data
analysis. The data for all parameters were presented as mean + SE. The
differences between the experimental groups were analyzed with one-

way analysis of variance and two-way analysis of variance (ANOVA),
followed by a Duncan’s test to identify significantly different means
(p<0.05).

The indicators are based on the following formula:

Weight gain rate(WGR, %) = % x100%

i

Lx100%

Specific Growth Rate (SGR, %<d-1)= M

Condition factor (CF, %) = % x100%

Liver body ratio(HSL %) = % x100%

d

Dirty body ratio(VSI, %) = % x100%
d
In the formula, Wi and Wt represent the initial body mass (g)
and the final body mass (g); T represents the actual number of days of
feeding (d); L denotes the sample body length (cm); Wd denotes the
sample body mass (g); W1 denotes the sample fish liver weight (g); Wg
denotes the sample fish visceral weight (g).

Results

Effects of intermittent feeding and exercise training on
growth

Table 2 shows the growth of tilapia in each combination. The WGR
and SGR of group 0A were significantly lower than those of group
1.5A, group OB and group 1.5B (P>0.05). For the same feeding mode,
group 1.5A was significantly higher than group 0A (P<0.05). There was
no significant difference between group 0B and group 1.5B (P>0.05).
For the same exercise pattern, group 0B was significantly higher than
group 0A (P<0.05). There was no significant difference between group
1.5A and group 1.5B (P>0.05). The HIS and CF of group 0B and group
1.5B were significantly higher than group 0A and group 1.5A (P<0.05).

According to Two-way analysis of variance, intermittent feeding
and exercise training had significant synergistic effects on HSI and VSI
of each experimental group (P<0.05).

Effects of intermittent feeding and exercise training on body
nutrition

Table 3 shows the effects of intermittent feeding and exercise
training on the nutritional components of the white muscle, red muscle
and liver.

Intermittent feeding and exercise training had no significant effect
on crude ash content of white muscle, red muscle and liver (P>0.05).

For crude protein in all components, the contents of group 1.5A,
group 0B and group 1.5B were significantly higher than that of group
0A. For the same feeding mode, group 1.5A was significantly higher

Items Experimental combinations
ocC OE 1.5E
IBW/g 41.72+548 41.10+5.90 41.82+3.86 42.48 +6.30
FBW/g 96.10 £ 4.01° 113.98 + 12.59° 124.00 £ 10.09% 136.11 £ 6.907
WGR/% 130.37 £ 20.97° 177.32 £ 30.63° 196.45 + 24.137 220.40 + 16.242
SGR/%-d"! 1.65 +0.21° 2.04 +0.23° 2.18+0.17° 2.35+0.10°
HSI/% 1.77 £ 0.19° 2.10 £ 0.10° 2.37+£0.18 2.31+£0.10°
VSI/% 6.28 + 0.37° 6.16 + 0.41° 5.28 £ 0.39° 6.64 +0.342
CF/% 4.44 +0.02° 4.46 + 0.06° 4.61+0.09% 4.68 +0.10°

Note: Values with different superscripts are significantly different (P<0.05).

Table 2: Effects of exercise training and intermittent feeding on the growth of O. niloticus.
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Tissue Items Experimental combinations
0A 1.5A 0B 1.5B
White muscle Moisture 21.88 + 0.68° 21.95 + 0.80° 22.60 + 0.58° 21.91 £ 0.50°
Ash 7.62 £1.03 7.08 +0.91 7.57 £0.47 7.05+1.21
Crude protein 84.72+1.71° 88.51 £ 1.212 86.48 + 2.11° 88.67 £ 0.732
Crude lipid 19.48 + 1.67¢ 16.18 + 2.63° 16.31 £ 1.03° 14.85 + 1.04°
Red muscle Moisture 23.46 + 1.14%° 22.34 +1.25° 23.92 +1.142 22.70 + 1.06°
Ash 4.99 £0.27 4.20 £0.98 4.42 £ 0.51 4.54 +£0.88
Crude protein 75.93 + 2.58° 79.68 £ 0.53% 76.99 + 070° 80.34 £ 2.05°
Crude lipid 29.01 + 3.05° 33.04 + 1.827 24.62 +1.70° 27.24 +1.22°
Liver Moisture 32.27 £ 1.992 27.59 £ 1.71° 32.70 + 1.882 29.53 + 1.48°
Ash 3.71+£0.51 3.54+0.35 3.25+0.66 3.14 £ 0.64
Crude protein 34.61+2.24° 40.23 + 1.482 36.00 + 0.60° 41.82+3.122
Crude lipid 40.40 + 1.522 36.78 + 2.09° 38.85 + 1.47% 35.25 + 0.92°

Note: Values with different superscripts are significantly different (P<0.05).

Table 3: Effects of intermittent feeding and exercise training on proximate composition in tissues in O. niloticus.

than that of group 0A (P<0.05), and group 1.5B was significantly higher
than that of group 0B (P<0.05). For the same exercise mode, there was
no significant difference between group 1.5A and group 1.5B (P>0.05).

For crude fat in white muscle and liver, the contents of group 0B,
group 1.5B and group 1.5A were significantly lower than those in group
OA. For the same feeding mode, group 1.5A was significantly lower
than group 0A (P < 0.05). There was no significant difference between
group 0 B and group 1.5 B (P>0.05). For the same exercise mode, group
0B was significantly lower than group 0A (P<0.05).

For crude fat in red muscle, the contents of group 0B and group
1.5B were significantly lower than those of group OA. For the same
feeding mode, group 1.5A was significantly higher than group 0A
(P<0.05), and group 1.5B was significantly higher than group 0B
(P<0.05), and for the same exercise mode, group 0A was significantly
higher than group 0B (P<0.05).

According to Two-way analysis of variance, for the contents of
crude protein and fat in white muscle, red muscle and liver, there was
no significant interaction between intermittent feeding and exercise
training (P>0.05).

Effects of intermittent feeding and exercise training on muscle
glycogen and liver glycogen

Figure 1 shows the effect of intermittent feeding and exercise
training on the content of muscle glycogen. There was no significant
difference in the content of glycogen in the white muscle of each
group (P>0.05). For the content of glycogen in red muscle, group 0B
was significantly higher than that of group 0A, group 1.5A and group
1.5B (P<0.05), and group OA was significantly higher than group
1.5A and group 1.5B (P<0.05). For the same feeding mode, group
1.5A was significantly lower than group 0A (P<0.05) and group B
was significantly lower than group 0B (P<0.05). For the same exercise
mode, the content of group 0B was significantly higher than group 0A
(P<0.05), and there was no significant difference between group 1.5A
and group 1.5B (P>0.05).

According to Two-way analysis of variance, for the contents of
glycogen in white and red muscles, there was no significant interaction
between intermittent feeding and exercise training (P>0.05).

Figure 2 shows the effect of intermittent feeding and exercise
training on liver glycogen content. The order of liver glycogen content
from high to low is: group 0A>group 0B>group 1.5A>group 1.5B, and
there is significant difference among all experimental groups (P<0.05).
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Figure 1: Effects of exercise training and intermittent feeding on the content of
the muscle glycogen of the O. niloticus.

According to Two-way analysis of variance, for the content
of glycogen in liver, there was no significant interaction between
intermittent feeding and exercise training (P>0.05).

Effect of intermittent feeding and exercise training on liver
tissue

Figure 3 shows the liver tissue morphology of the various
experimental combinations. This is a 400-fold optical microscope
photograph of the liver tissue section. In group 0A and group 0B,
the hepatocytes were swollen, a large number of cells were filled with
lipid droplets, the nucleus was squeezed to one side, and even broken.
Inflammatory cell infiltration was found in the central vein of group
0A. The cells of group 1.5A were obviously swollen, the cell volume
was enlarged, the nucleus was skewed obviously, the cytoplasm was
granule like degeneration, but there was no nuclear fragmentation and
inflammatory cells. However, there was only slight vacuolation and
nuclear deviation in the hepatocytes of group 1.5B.
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Figure 2: Effects of exercise training and intermittent feeding on the content of
hepatic glycogen of the O. niloticus

Note: CV: central vein; N: nucleus; V: vacuolation; IC: inflammatory cells
Figure 3: The optical microscope images of livers in O. niloticus.

Discussion

Effects of intermittent feeding and exercise training on
growth

In this study, a diet with a carbohydrate level of 45% was used. The
results show that, for WGR and SGR, continuous feeding swimming
group (1.5A), intermittent feeding resting group (0B) and intermittent
feeding swimming group (1.5B) were significantly higher than those
of continuous feeding resting group (0A). There was no significant
difference among the three combinations, which indicated that exercise
training, intermittent feeding and synergistic effects could reduce the
negative effects of high sugar diet on the growth of tilapia, and improve
the utilization rate of carbohydrate in fish.

For the body index, both resting group and swimming group, the
intermittent feeding of HIS, VSI and CF were higher than those of the
continuous feeding group. The results showed that HSI was influenced
by the synergistic effect of exercise training and intermittent feeding.
The HSI of group 1.5A, group 0B and group 1.5B were significantly
higher than that of group 0A, which may be due to the increase of
liver fat content induced by high carbohydrate diet. This may also be
due to low fat density or hepatocyte necrosis resulting in a decrease
in HIS [20]. In this experiment, intermittent feeding and exercise
training improved the utilization efficiency of carbohydrate to some
extent, increased the consumption of carbohydrate, reduced the lipid

conversion of carbohydrate, improved the liver structure, and the
corresponding ratio of liver to body increased.

Effects of intermittent feeding and exercise training on
muscle tissue composition

For the content of glycogen in red muscle, group 0B was
significantly higher than that in group 0A. The reason may be that
intermittent feeding not only promotes the recovery of muscle
glycogen consumed during starvation [21], but also induces adaptive
response of experimental fish, and stores more energy substances to
protect against hunger in the next cycle [22]. However, under exercise
conditions, there was no significant difference in the glycogen of red
muscle between the two feeding modes. The reason may be that the
glycogen of red muscle was used to supply energy during exercise, and
the experimental fish fed intermittently was trained during starvation,
which may aggravate the consumption of glycogen. This study shows
that no matter under any feeding mode, exercise training can effectively
improve the utilization rate of glycogen in red muscle and reduce
glycogen deposition. But the content of glycogen in the white muscle
was not affected by it.

In the aspect of lipid, the content of crude fat decreased significantly
in exercise mode, but there was no significant difference between the
two feeding modes. However, intermittent feeding mode in still water
can significantly reduce crude fat content. It can be seen that although
intermittent feeding and exercise training have significant effects on
adipose catabolism of red muscle, exercise training seems to have a
more significant effect on the fat catabolism of red muscle. It has been
pointed out that under the condition of continuous movement, fish
mainly rely on fat oxidation for energy supply, and the structure and
biochemical characteristics of red muscle can meet the requirement of
rapid fat oxidation. Therefore, red muscle is the most important place
for oxidation energy supply in this process [23-25].

In summary, in high carbohydrate diet, exercise training
significantly reduced the content of glycogen and fat in fish muscles,
and improved the tolerance of fish.

Effects of intermittent feeding and exercise training on liver
tissue composition

In a hungry state, the metabolic function of fish will change to adapt
to different nutritional conditions, often using their own energy storage
substances to provide the necessary energy for life [26]. However, in
most fish, liver glycogen is usually decomposed into glucose to provide
energy, and it is also used to maintain the dynamic balance of blood
glucose concentration [27,28]. Therefore, the level of liver glycogen
can reflect the body's glucose metabolism to some extent. In this study,
intermittent feeding and exercise training had significant effects on
liver glycogen content, but there was no significant synergistic effect
between them. The order of liver glycogen content from high to low
was: group 0A>group 0B>group 1.5A>group 1.5B. Moreover, there
were significant differences among the experimental combinations.
Both intermittent feeding and exercise training could enhance the
activity of glucose catabolism in the liver, mobilize the stored liver
glycogen to provide energy, and reduce excessive hepatic glycogen
deposition caused by high glucose, thus increasing the tolerance to
high sugar feed.

Effects of intermittent feeding and exercise training on liver
morphology

Fish eat excessive carbohydrate, which can lead to excessive
accumulation of fat and glycogen in the liver. This can also cause
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swelling and vacuolation of liver cells and damage liver tissue, thus
affecting the metabolic ability of fish [29-32]. In this study, the liver
cells of group 0A had obvious symptoms of fatty liver, but there were
no inflammatory cells infiltrating in liver tissue of group 0B. While
the hepatocytes of group 1.5A had obvious swelling, nuclear deviation
and other fatty liver symptoms, but their nuclear staining substances
were more than those of the former two groups. The symptom of fatty
liver is relieved to some extent. In the end, only slight vacuolization
and nuclear bias occurred in group 1.5B. The results showed that the
synergistic effect of intermittent feeding and exercise training could
significantly alleviate the symptoms of fatty liver caused by high
glucose, which coincided with the decrease of crude fat content and
glycogen content in the liver of the combination.

Conclusion

In this experiment, Oreochromis niloticus was used as the research
object, and were fed with a diet of 45% carbohydrate level. Through
intermittent feeding and exercise training, the effects of both and their
synergistic effects on the metabolic changes of carbohydrates and their
control on fatty liver caused by carbohydrate sugar feed were discussed.
The main conclusions were as follows:

1) Under the condition of high carbohydrate diet, the growth rate
of intermittent feeding swimming group was significantly higher than
that of continuous feeding resting group.

2) Exercise training and intermittent feeding had no significant
effect on the accumulation of white muscle glycogen, but significantly
decreased the fat content. Intermittent feeding promotes glycogen
accumulation in red muscle and inhibits fat accumulation. Exercise
training inhibits glycogen accumulation in the red muscle and
promotes fat accumulation.

3) According to the observation results of liver fat, glycogen content
and tissue section, intermittent feeding or exercise training could
alleviate the symptoms of fatty liver, but the effect of exercise training
was better than that of simple intermittent feeding. In particular,
the synergistic effect of exercise training and intermittent feeding
can significantly alleviate the symptoms of fatty liver in Oreochromis
niloticus.
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