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some studies have shown that the low utilization of carbohydrates by ﬁsh
might be partly due to the poor postprandial supervision of certain energy
metabolic  sensors, which are closely involved 1n  glucose
metabolism.(Magnoni et al., 2012; Polakof et al., 2012;Condesieira and
Soengas, 2017; Kamalam et al., 2017)
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Indeed, some studies have shown that the intermediary metabolism of fish |
-could be regulated by these energy sensors that control intracellular glucose use i
‘(Luetal., 2018; Xu et al., 2018). !
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TABLE 1 | Formulation and proximate composition of the experimental diets.

o o [o) . (o) ’J\ﬁﬂg
Ingredients Control HC HCR
. Proximate composition (% air-dry basis)

Fish meal 8.00 8.00 8.00 _

Soybean meal 26.00 26.00 op00  Momsture 9.92 9.7 9.57
Rapeseed meel 17.00 17.00 17.00 Crude protein 32.20 32.73 32.71
Cottonseed meal 17.00 17.00 17.00 Crude lipid 5.58 5.38 S.71
Fish oil 2.00 2.00 2.00 Ash 7.05 7.07 7.12
Soybean oil 2.00 2.00 2.00 Crude fiber 15.99 3.81 3.54
Corn starch 12.00 25.00 25.00 Nitrogen-free extract? 29.86 41.64 41.35
Microcrystalline cellulose 13.00 0.00 0.00 Energy (MJ/kg) 19.71 19.72 19.20
Resveratrol (%) 0.00 0.00 0.04

Calcium biphosphate 1.80 1.80 1.80

Premix’ 1.20 1.20 1.20
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TABLE 3 | Growth performance, feed utilization, and whole-body composition of blunt snout bream fed different experimental diets.

Parameters Control HC HCR

Initial weight (g) 39.38 + 0.17 39.45 + 017 39.53 +£ 0.05
Final weight (g) 85.05 £ 2.25 89.43 + 4.39 88.81 £ 2.64
Feed intake (g per fish) 115.00 + 5.47 121.94 £ 6.10 118.66 + 8.74
WGR (%) 116.10 = 5.21 126.76 £+ 2.31 124.85 + 6.90
SGR (% day— ) 1.10 £ 0.03 1.16 £ 0.07 1.15+ 0.04
FCR 2.10 £ 0.08 2.03 £ 0.09 2.09 + 0.05
PER 1.41 +£0.05 1.53 +0.05 1.51 +£0.06
NRE (%) 22.27 + 0.87° 28.34 + 0.762 2816+ 0.172
ERE (%) 21.83 + 0.50° 25.05 + 0.662 25.00 4+ 0.282 I
HSI (96) 1.13 £ 0.02P 1.39 £ 0.04% 1.31 £ 0.052
VSI (%) 662+ 027 647 4+ 045 543+ 022
IPF (9%) 1.39 + 0.07° 1.76 £+ 0.082 1.66 + 0.062 T
Whole-body compasition

Moisture (%) 70.71 £0.10 70.48 + 0.67 70.78 £ 0.29
Crude protein (%) 1680 4+ 0.11 1721 + 025 17.20 4+ 0,40
Crude lipid (%) 7.53 + 0.26° 832 +0.128 8.06 + 0.112P
Ash (%) 3.11 +£0.04 3.49 + 0.08 331 +0.14
Energy (MJ/kg) 7.58 +0.28 7.81 £ 0.16 7.86 +0.12

Conirol, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level; HCR, diet with 41% carbohydrate and 0.04% resveratrol. Values are means £ SEM of

four replications. Means in the same line with different letters were significantly different (P < 0.05).
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TABLE 4 | Tissue glycogen synthase activities and glycogen and lipid contents of blunt snout bream fed different experimental diets.

Parameters Control HC HCR

GS synthase activities (U/g prot) i RS ﬁiﬁgﬁgfﬁ'ﬁt

Liver 20.08 + 0.49° 21.50 + 0.9120 24.42 + 0.842 4
Muscle 17.7 £ 0.42P 20.52 + 1.1120 2228 4+ 0.532 4
Intraperitoneal fat 871 +£0.31 8.87 £0.39 9.46 +£ 0.45
Glycogen contents (mg/g) ERSE

Liver 6.46 + 0.33¢ 1520 £ 0.19° 4 [18.80 + 0.682 ¢
Muscle 0.95 + 0.02 1.06 + 0.01 1.08 + 0.04
Intraperitoneal fat A 1.55 + 0.01P 1.85+0.072 4 1.88 + 0.05% 4
Lipid contents (%) IEREE

Liver 16.95 + 0.37° 20.75 + 1.002 4 17.07 + 0.65P
Muscle 464 +0.13° 6.92 +0.30% 4 4,65 + 0.35b l
Intraperitoneal fat 51.28 + 1.08° 60.00 + 1.612 4 55.80 + 2.632P

Control, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level; HCR, diet with 41% carbohydrate and 0.04% resveratrol. Values are means £+ SEM of
four replications. Means in the same line with different letters were significantly different (P < 0.05).

RIBSCRIEREL S FRIAR, BHEAEELIEE S ERIRRAERIIIse K IEaE BRI IR B =W, M
m_EREGSFERIA, (Vetterli et al., 2011)

MALRIERSEN TR, ERZE+d, BEHRRARIL, BHEFEEED MIACC, FAS, PPARYFISREBP1%E
HFREXENTMHIFINEAEERSHL .  (Andrade et al., 2014)
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TABLE 5 | Plasma metabolites of blunt snout bream fed the different experimental

diets.
Parameters Control HC HCR
Z&pE  Glucose (mmol/L) 516 +£0.35°  7.31+0.122 5.53 + 0.20° 4
PR IBE R GSP (mmol/L) 1.17 + 0.09° 1.64 + 0.09° 1.20 + 0.08° +
R HAYEEL (V2R P AGES (ng/mL) 578 +0.11%  6.24 + 0.09° 5.99 + 0.07%
BEEZE  Insulin (uiU/mL) 1262 £0.27° 13.08+0.33® 1450+070% *
B=fg Triglyceride (mmol/L) 1.81 + 0.04 1.87 £ 0.03 1.82 + 0.02

HfHERS  Total cholesterol (mmol/l) 548 +0.15°  670+0.15% 589+ 023° 4

Control, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level;
HCR, diet with 41% carbohydrate and 0.04% resveratrol. GSFE glycated serum
protein; AGES, advanced glycation end products. Values are means £+ SEM of four

replications. Means in the same line with different letters were significantly different
(P < 0.05).
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FIGURE 1 | Liver ATP contents (A), AMP contents (B), the ATP/AMP ratio (C), NAD* contents (D), NADH (E) contents and the NAD*/NADH ratio (F) of blunt snout
bream fed different experimental diets. Each data represents the mean of four replicates. Bars assigned with different letters are significantly different (P < 0.05).
Control, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level; HCR, diet with 41% carbohydrate and 0.04% resveratrol. ATF, adenosine
triphosphate; AMP, adenosine monophosphate; NAD*, nicotinamide adenine dinucleotide; NADH, nicotinamide adenine dinucleotide phosphate.
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FIGURE 2 | Hepatic t-AMPKa contents (A), p-AMPKa contents (B), the pAMPKa/t-AMPKa ratio (C) and SIRT1 contents (D) of blunt snout bream liver fed different

experimental diets. Gels were loaded with 20 g total protein per lane. Protein and phosphorylation levels were normalized to liver B-actin levels. Each data
represents the mean of four replicates. Bars assigned with different letters are significantly different (P < 0.05). Control, diet with 30% carbohydrate level; HC, diet
with 41% carbohydrate level; HCR, diet with 41% carbohydrate and 0.04% resveratrol. t-AMPKa, AMP-activated protein kinase o; phosphorylated AMP-activated

protein kinase a; SIRT1, sirtuin-1.
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FIGURE 3 | Relative expressions of the genes involved in energy sensing in the liver of blunt snout bream fed different experimental diets. Data are referred to the
values (relative units, RU) obtained in fish fed the control diet. Values were normalized with the transcription of EF1w. Each data represents the mean of four

replicates. Bars assigned with different letters are significantly different (P < 0.05). Control, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level;
HCR, diet with 419% carbohydrate and 0.04% resveratrol.
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FIGURE 4 | Relative expressions of the genes involved in glucose metabolism in the liver of blunt snout bream fed different experimental diets. Data are referred to
the values (relative units, RU) obtained in fish fed the control diet. Values were normalized with the transcription of EF1a. Each data represents the mean of four
replicates. Bars assigned with different letters are significantly different (P < 0.05). Control, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level;
HCR, diet with 41% carbohydrate and 0.04% resveratrol.
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FIGURE 5 | Relative expressions of the genes involved in lipid metabolism in the liver of blunt snout bream fed different experimental diets. Data are referred to the
values (relative units, RU) obtained in fish fed the control diet. Values were normalized with the transcription of EF1a. Each data represents the mean of four
replicates. Bars assigned with different letters are significantly different (P < 0.05). Control, diet with 30% carbohydrate level; HC, diet with 41% carbohydrate level;
HCR, diet with 41% carbohydrate and 0.04% resveratrol.
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20+ Two-way ANOVA Time:***
3 Time:*** n Dietary treatment:***
3 H i3] —_— 7]
2 15- Dietary treatment: a Time x dietary treatment: ***
E : . hdk =
s Time x dietary treatment: g 8- -e—- Control
§ 10- -o- Control E . - HC
B ~ HC 20 = HCR
:n - HCR § 4
E 5 e
z =
~ g 24
o=
0 1 1 I L) ) L) E
0 1 2 4 8 12 0 T T T T T T
Sampling time (h) ’ : Sampfing ti::le (h) ’ .
Sampling time Sampling time
Oh 1h zh 4h 8h 12h Oh 1h 2h 4h 8h 12h
Et()jntml Bd ;ﬂ ;t': A‘; ] ¢ e Control Bb Ad Ac Abc  Ab
Ac a ABbc ¢ € HC Aa ABc Bbe ABb ABb
HCR Be Ca Cb Bb b be HCR Ba Bd Bed Bbc Bb a

FIGURE 6 | Plasma glucose levels of blunt snout bream subjected to a glucose load after the adaption to different experimental diets. Each data represents the FIGURE 7 | Plasma glucose levels of blunt snout bream subjected to an insulin load after the adaption to different experimental diets. Each data represents the

mean of four replicates. Different lower-case letters indicate significant differences (P < 0.05) at different time points within each treatment, whereas different capital  mean of four replicates. Different lower-case letters indicate significant differences (P < 0.05) at different time points within each treatment, whereas different capital

letters indicate significant differences (P < 0.05) among these three treatment at each sampling point. ***P < 0.001. Control, diet with 30% carbohydrate level; HC, letters indicate significant differences (P < 0.05) among these three treatments at each sampling point. ***P < 0.001. Control, diet with 30% carbohydrate level; HC,

diet with 41% carbohydrate level; HCR, diet with 41% carbohydrate and 0.04% resveratrol. diet with 41% carbohydrate level; HCR, diet with 41% carbohydrate and 0.04% resveratral.

AR NEFEFRSEFMMEEARNESRNEENYER (P <0.05) , MARNKEFEERAX=MGIEEENTERZ
BERNEEEES (P <0.05)
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