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Soybean 1soflavones improve the health benefits, flavour
quality indicators and physical properties of grass carp
(Ctenopharygodon idella)

Bo Yang!, Wei-Dan Jiang!->3, Pei Wul-?3, Yang Liu'->3, Yun-Yun Zeng!, Jun Jiang!, Sheng-Yao
Kuang*, Ling Tang* Wu-Neng Tang* Shang-Wen Wang’, XiaoQiu ZhoulD'!?3*, Lin Feng!->>"
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Table 1 Composition and nutrients content of basal diet.

Ingredients % Nutrient levels %
Fish meal 5.70 Crude protein* 28.67
Casein 22.00 Crude lipid* 5.43
Gelatin 7.00 n-3 [67,68]° 1.04
Ca(H,PO,), 1.50 n-6 [67,68]° 0.96
a-starch 24.00 Available phosphorus [68,69]° 0.40
Corn starch 25.00

Fish oil 2.85

Corn oil 1.58

Cellulose 5.00

Vitamin premix ' 1.00

Mineral premix 2.00

Soybean isoflavones premix’ 1.00

Choline chloride (50%) 1.00

DL-Met (99%) 0.25

L-Trp (99%) 0.07

Ethoxyquin (30%) 0.05
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Table 3 Growth performance and muscle composition of grass carp fed the diets with graded level of SIF for 60 days.

Dietary SIF levels(mg/kg diet)

0 25 50 75 100 125
IBW' 213.78 + 0.77° | 213.56 + 038" 214.22 +0.38° 213.56 + 0.38" 213.78 + 0.77° 213.78 + 0.38°
FBW' 755.52 + 53.88° | 911.36 +127.7° 849.48 + 37.66° 817.3 + 68.65° 729.05 + 32.07° 645.98 + 47.82°
PWG' 253.43 + 8.44" |323.10 + 11.56° 294.54 + 9.48° 283.09 + 43.70°¢ 243.50 + 14.09° 202.70 + 7.96
SGR! 2.1+ 0.02° 2.4+ 0.02° 229 +0.02° 2.24 + 0.09° 2.06 + 0.04° 1.85 +0,02°
FI' 848.66 + 0.69° |957.39 + 1.68" 915.21 + 2.06° 854.51 + 1.18¢ 781.69 + 3.31° 711.52 + 2.13°
FE' 63.84 + 1.04" |72.07 +1.25¢ 68.94 + 1,09° 70.75 + 5,16 66.59 + 1,54 60.90 + 0.94°
Moisture (%)> 7921+ 0.37° | 78.02 £ 0.89°° 7714+ 033 Min | 77.84 £ 0.43° 78.85 + 0.77°¢ 79.44 + 1.43¢
Protein (%)’ 16.00 + 0.59° | 17.44 + 0.49% 17.91 + 0.34° | 17.36 + 066 16.81 * 0.69° 16.50 + 0.93*
Lipid (%)* 3.05+0,22° 3.34+0.31™ 358 +0.13° | 3.43 +0.29° 3.10 + 0.25° 2.67 +0.27°
Ash (%)” 1.7 £0.11° 0.97 £ 0.10 0.98 £ 0.09" 0.99 £ 0.08" 0.97 £ 0.07° 0.98 & 0.09"
Calcium 0.75 + 0.06" 1.00 + 0.03™ 1.06 + 0.09° | 0.97 % 0.06" 0.80 + 0.04° 0.81 + 0.08"
Phospherus 0.29 + 0.01° 0.31 + 0.01° 0.31 + 0.01° 0.30 £ 0.02° 0.30 + 0.02° 0.31 + 0.01°
! IBW: Initiz : sh); PE: feed
PN SIFVS D)L (25 mg / kg) FIBGE R A KERE (PWG, SGR, FIA :
Ay FE) o (REbEIGAC, IR FLIE AN AT CA 5 S5 UL R U o
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Table 4 Effects of
dietary SIF
supplementation
(mg/kg) on muscle
fillet fatty acid
composition (%
total fatty acids)
and 46-desaturase
gene expression of
grass carpl.

Dietary SIF levels(mg/kg diet)

0 25 50 75 100 125
Cl14: 0 240 +0.15° 232+021° 226 +0.20° 234+022° 2324022 2.50 + 0.17*
C15:0 0.25 + 0.03° 0.24 + 0.02° 0.23 +0.02° 0.23 + 0.04* 0.22 +0.01°* 0.25 + 0.03"
C16: 0 25.23 + 0.54" 23.60 + 1.21°° 2145+ 187 Min 2378+ 1.10™ 24.48 + 1.45° 24.46 + 1.56
C17:0 0.16 + 0.01° 0.15 + 0.02° 0.14 + 0.02° 0.14 + 0.01° 0.15 +0.02* 0.16 + 0.01°
C18: 0 3.76 + 0.27° 3.62 + 0.40° 3.74 +0.21° 3.71 + 0.46* 3.64 + 0.44° 3.74 +0.43
C20: 0 0.19 +0.02° 0.19 + 0.01° 0.17 +0.03° 0.19 + 0.02° 0.18 +0.01° 0.21 + 0.03*
C21:0 0.08 + 0.00° 0.07 + 0.01° 0.07 +0.01° 0.07 + 0.01° 0.08 +0.01* 0.08 + 0.01°*
C22:0 0.58 + 0.07° 0.58 + 0.06" 0.56 + 0.06* 0.58 + 0.07°* 0.59 + 0.09* 0.63 + 0.01°
C23:0 0.79 +0.03* 0.75 + 0.06* 0.76 + 0.08" 0.76 + 0.03* 0.77 + 0.08* 0.81 +0.12°
Cl4: 1 0.15 + 0.00° 0.15 + 0.01° 0.15 + 0.01° 0.15 + 0.01° 0.15 +0.01° 0.16 + 0.01°*
Cl16:1 11.13 + 0.98° 1031 + 0.83° 10.21 + 1.35" 10.54 + 1.25° 10.71 + 1.14° 11.63 + 1.66°
C17:1 0.27 +0.04° 0.26 + 0.04* 0.25 + 0,04° 0.25 + 0.04* 0.27 + 0.03* 0.30 + 0.04*
C18:1n9t 0.26 +0.03° 0.25 + 0.02° 0.25 + 0.03° 0.26 + 0.02° 0.24 +0.03* 0.26 + 0.03*
C18:1n9¢ 32.85+1.02" 3435+ 1.16" 36.11 + 2.36" 35.32 + 1.04" 34.87 £ 0.70° 33.50 + 2.94"
C20:1n9 1.94 +0.14° 169 +0.12*° 152+0.10° Min 153 +020° 1.79 £ 0.17°° 1.92+031°
C22: 1n-9 0.05 + 0.01° 0.05 + 0.01° 0.05 + 0.01° 0.05 + 0.00° 0.05 + 0.00* 0.05 + 0.00*
C24: 1n-9 0.04 + 0.00° 0.04 + 0.00° 0.04 +0.01° 0.04 + 0.00° 0.04 + 0.00" 0.04 + 0.01°
C18:2n6t 0.03 + 0.00° 0.03 + 0.00° 0.03 + 0.00° 0.03 + 0.00° 0.03 +0.01* 0.04 + 0.00°
C18:2n6¢ 10.33 £ 1.20° 10.08 + 1.47° 10.07 £ 0.77"

C20:2 0.07 £ 0.01° 0.07 £ 0.01° 0.07 £ 0.00° jz" 1kl ot % % Eﬁ @( /%
C22:2 0.12 £ 0.01° 0.14 % 0.02¢ 0.13 £ 0.01% - e S ’ -
C18:3n-6 0.10 £ 0.01° 0.10 % 0.01° 0.10 £ 0.01° EIZ' £ I\ ?E: e E]’(j SIFR] DA
C18: 3n-3(ALA) 0.58 +0.01° 0.65 + 0.07° 1.00 + 0.09°

C20: 3n-6 0.37 + 0.01° 0.37 + 0.03* 0.39 + 0.03° i le] ALA . DHA. EPA
C20: 3n-3 0.06 + 0.00° 0.06 + 000" 0.06 + 0.00°

C20: 5n-3(EPA) 1.40 + 0.07° Max 64+ 0.08" | 172x010° | :é 17?‘ {L H = Hﬁ Eﬁi E/J o E ’
C22: 6n-3(DHA) 6.80 + 0.24 29+078°  |L_g46x116" | nm £ I;L—J EI/J ,f@ }:ﬁ

SFA 33.43 £0.39° 31.53 203 29.38 £ 1.55° : E' e

UFA 66.57 + 0.39" 68.47 + 1. 70.62 + 1.55° 9:1: E.EF = T H}'L |7L—J EI:[
MUFA 46.70 +1.29" 47.09 + 1.64°\ 48.59 + 3.15° AETH

PUFA 19.88 + 0.91° 21.37 £ 067" 22,03+ 181° | N6-D ﬁ . E[/J %

¥n3/In6 0.81+0.13" 0.99+0.23 1.06+0.09" | : SRR e
A6-D 1.03 +0.25° 1.30 + 0.32%° 162+ 026" | 1.32 £ 0.36" 1.07 + 0.18“" 1.05 + 0.18°
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Table 5 Effects of dietary SIF supplementation (mg/kg) on muscle amino acid composition (mg/100 g tissue) of grass carp.

Dietary SIF levels(mg/kg diet)
0 25 50 75 100 125
Glu 9.22 + 0.62*° 11.16 + 0.82° 11.89 + 0.88° 11.28 +1.32° 10.52 + 0.79™ 8.59 + 0.86°
Asp 1.54 + 0.05%° 167 +0.13° 1.69 + 0.05" 1.65 +0.08%° 1.61 + 0.06™ 1.51 +0.08°
Ser— 8.98 + 0.74* 9.11 £ 0.52" 10.38 + 1.17° 10.10 + 0.48% 9.18 +0.33* 8.97 +0.71°
Gly |- AR LR 85.14 + 1.28° 89.53 + 1.89°° 92,22+ 3.57° 89.45 + 1.42%° 85.50 + 2.22° 85.32 + 4.43"
Ala— 21.92 £ 0.73° 25.59 & 1.75" 26.26 £ 0.47° 22.04 £ 0.73" 1.38"
Lys 15.37 + 0.85" 17.26 £2,16™ 20.53 £ 1.69° 19.81 £ 193> SIFE & 24 25-50 1.61"
Met 3.74 +0.18° 3.50 + 0.29° 3.39 & 0.06® 3.48 + 0.33° : ).35°
Thr 15.61 + 0.94° 14.99 + 0.85° 15.99 + 1.24° 14735095 |[MLALE I, #2RFAA e
Leu 464 +0.24° 5.02 + 0.45% 549 +0.47° 5.25 + 0,28 SwEEEIn, Tt
Ile 2.95 + 0.33" 3.23+0.30" 3.50 + 0.22° 2.87 £0.15" H R XK FH IS FAA  EXa
Arg 17.02 £ 1.56™ 17.54 + 0.92°° 18.50 + 1.61° 18.27 + 1.93" S 2 . IR H /\_ 1.40°
val 5.18 + 0.42° 5.26 + 0.28° 5.30 £ 0.53" 507 +0.23° ;‘, = .69
Phe 3.72+0.10° [ 519037 492+ 032 436 +0.21° Bri o HHAs pfF[l Gly e
His 175.82 + 11.29° 185.56 + 8.61° 177.72 +7.87° 171.74 + 6.35° & i"" NG EE 9.50°
Cys 0.44 £ 0.02° | 058£0.05° 0.56 + 0.04° 0.45 + 0.02° 25 -IMP & & .04
Tyr 3.72 £ 0.22° 3.39 £ 022" 3.07 £ 0.37° Min 342 £0.17%° 0.36¢
Total 375.00 + 12.97° 398.58 + 4.76° 383.81 + 5.32° 376.08 + 8.41° 367.78 + 12.83°

'All data were expressed as means = SD (n = 6). Mean values within the same row with different superscripts are significantly different (P < 0.05).
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Fig 1 Effects of SIF on the 5'-IMP in the muscle of grass carp.
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Table 6 Muscle shear force (N), cooking loss (%), hydroxyproline concentration (mg/g tissue) and
cathepsin B and L activities (U/g muscle) of grass carp fed diets with graded levels of SIF (mg/kg).

Dietary SIF levels(mg/kg diet)
0 25 50 75 100 125
Shear force 1.25 +0.38" 1.17 4 0.61°° 1.16+0.43* | 1.18 + 0.53* 1.20 + 0.83% 1.22 + 0.60™
Cooking loss 14.38 £ 0.79" 13.41 £ 0.86™ 13.11 +0.80° | 13.55 + 1.24% 14.12 £ 1.02* 14.32 + 0.68"
Hydroxyproline 0.48 + 0.04° 0.5 Min &~ 059+0.03" Max 0.53+0.01° 0.43 + 0.03* 0.40 + 0.02°
Cathepsin B 3.89 + 0.22° 3.18 £0.22%° | 3.09+025 | 3.42+0.25° 3.75 + 0.25° 4.13 +0.14°
Cathepsin L 2,02 +0.12°¢ 1.67 +0.13* | 1.66+004 | 1.81 £ 0.15*° 1.95 + 0.17¢ 2.20 + 0.04°

'All data were expressed as means + SD (n = 6). Mean values within the same row with different superscripts are significantly different (P < 0.05).
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Table 7 Effects of dietary SIF supplementation (mg/kg) on antioxidant parameters in the muscle of grass carp.

Dietary SIF levels(mg/kg diet)
0 25 50 75 100 125
ROS 99.91 + 7.784 79.81 + 5.07°° 77.20 + 4.23° 85.48 +3.79 88.14 + 5.01¢ 97.81 + 8.65°
MDA 11.02+0.58° 9.86+0.33° 9.16+0.88° | Min  10.01+0.73" 11.57+1.04° 13.14+0.23°
PC 2.49 +0.13° 1.47 +0.13% 1.42 + 0.16 1.53 +0.12° 1.80 + 0.15° 2.48 +0.18°
CuZnSOD 2.48 +0.15° 2.4 8+ 0.09* 2.57 + 0.26° 2.55 + 0.15 252+ 0.12° 2.48 +0.14°
MnSOD 2,99 +0.20*° 3.39 +0.31% 3.79 + 0.07° 3.58 + 0.29° 2.72 + 0.54° 2.71 + 0.39°
CAT 2.21 + 0.09° 3.99 + 0.27%4 421 +0.334 3.91 + 0.22°¢ 3.64 +0.31° 2.00 + 0.14°
GPx 139.87 + 7.25% 151.19 + 14.06* 167.96 + 11.54¢ | MaX 166.94 + 14,764 156.82 + 8.09"° 133.34 + 6.85"
GST 61.06 + 5.56° 76.60 + 7.05° 93.99 + 7.59° 80.42 + 5.03° 62.95 + 5.37° 57.03 + 4.85°
GR 23.65 + 1.70° 26.34 £2.27¢ 2821 + 1.89¢ 26.68 £ 1.80° 23.84 + 1.90 20.96 + 1.67°
GSH 3.52 + 0.30° 4.15 +0.32° 451 + 0.29° 427 +0.26°¢ 4.09 + 0.27° 3.34 +0.18°

'All data were expressed as means + SD (n = 6). Mean values within the same row with different superscripts are significantly different (P < 0.05). ROS, reactive oxygen

species (% DCEF florescence); MDA, malondialdehyde (nmol/g tissue); PC, protein carbonyl (nmol/mg protein); CuZnSOD, copper/zinc superoxide dismutase (U/mg
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Fig 3 Effects of SIF on the antioxidative enzyme genes expression and signaling molecules in the muscle of grass carp.

(B)TOR, Keapla, Keaplb, Nrf2, S6K1, 4E-BPI and 4E-BP2.
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Fig 4 Effects of SIF on the protein
levels of TOR and Nrf2 in the muscle
of grass carp.

(A) p-TOR Ser2448 and T-TOR
protein levels

Values are means (n = 6), error bars
indicate SD, and different letters above
a bar denote the significant difference
between treatments (P < 0.05). p-TOR
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Fig 5 General summary for the effects of dietary SIF on meat quality and its potential signaling pathways in the muscle of fish.
WHC, water-holding capacity; Nrf2, NF-E2-related factor 2; 5'-IMP, 5'-inosine monophosphate; FAA, free amino acids; TOR, target
of rapamycin.
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