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Table 1
Composition and nutrient levels of experimental diets (g kg ~").

Ingredients Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Fish meal 450.0 450.0 450.0 450.0 450.0
Soybean meal 130.0 130.0 130.0 130.0 130.0
Flour 237.4 237.4 237.4 237.4 237.4
Beer yeast powder 50.0 50.0 50.0 50.0 50.0
Fish oil 50.0 50.0 50.0 50.0 50.0
Soybean oil 50.0 50.0 50.0 50.0 50.0
Lecithin 10.0 10.0 10.0 10.0 10.0
Vitamin premix” 2.0 2.0 2.0 2.0 2.0
Mineral premix” 5.0 5.0 5.0 5.0 5.0
Choline chloride (50%) 5.0 5.0 5.0 5.0 5.0
Antioxidant 0.1 0.1 0.1 0.1 0.1
Vitamin C 0.5 0.5 0.5 0.5 0.5
Monocalcium phosphate 10.0 10.0 10.0 10.0 10.0
Lycium barbarum extract" 0 0.5 1.0 2.0 10.0
Nutrient levels (%)

Moisture 5.12 5.73 5.61 5.65 5.10
Crude protein 46.63 46.78 46.58 46.24 46.23
Crude lipid 14.81 14.67 14.72 14.72 14.73

Ash 10.36 10.31 10.33 10.40 10.42
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Table 3

Effects of dietary Lycium barbarum extract levels on body morphologic indices in hybrid grouper.
Diets (g kg~ h Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 ANOVA (P) Linear trend (P) Quadratic trend (P)

0 0.50 1.00 2.00 10.00

CF (g/cm’) 256 + 0.18% 254 + 0.11° 268 + 0.19™ 272 + 0.13° 265 + 010  0.017 0.026 0.058
VSI (%) 7.94 + (.68 8.65 + 0.87% 9.25 + 1.05" 9.39 + 1.01° 8.95 + (.53 0.076 0.065 0.023
HSI (%) 1.56 + 0.40° 1.69 + 0.42° 1.97 + 0.36% 223 + 0.15° 1.83 + 0.47% 0.047 0.092 0.018
SI (%) 0.13 + 0.02° 0.22 + 0.04° 0.20 + 0.02° 0.23 + 0.08° 0.21 + 0.06" 0.049 0.056 0.052
AFP (%) 257 + 0.25 2.22 + 0.35 2.17 + 0.28 2.15 + 0.26 2.43 + (.37 0.229 0.945 0.025
RGL (%) 13380 + 954 13461 + 1498 14368 + 1775  135.88 + 9.67 137.65 + 3.40  0.711 - -

Values are means * SD of three replications. Means in the same raw with different superscripts are significantly different (P < .05).
CF: condition factor; VSI: viscerosomatic index; HSI: hepatosomatic index; SI: spleen index; AFP: abdominal fat percentage; RGL: relative gut length.



Table 4

Effects of dietary Lycium barbarum levels on plasma biochemical indices of hybrid grouper.

Diets (g kg™ h Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 ANOVA (P)  Linear trend (P)  Quadratic trend (P)
0 0.50 1.00 2.00 10.00

CHO/(mmol L™Y)  3.31 + 0.64° 2.71 + 0.13% 262 + 0.29® 231 + 0.16° 251 + 0.34%° 0172 - -

TG/(mmolL™}) 275 + 0.72 2.16 + 0.18 217 + 0.41 2.21 + 0.40 2.63 + 0.38 0.595 - -
GLU/(mmolL™Y) 437 + 0.14° 2.46 + 0.16° 248 + 1.07* 1.69 + 0.29° 1.34 + 0.11° 0.012 0.002 0.06

TP/(gL™") 4885 + 0.35°  50.55 + 0.64® 5325 + 1.77° 5260 + 0.71% 4935 + 276" - -

AIP/(UL™Y 10050 + 0.71*  110.00 + 1.41® 116.00 + 1.41> 114.00 + 9.90> 101.50 + 0.71* 0.535 - -

LDL/(mmol L™Y  0.35 + 0.02° 0.30 + 0.022 0.28 + 0.04* 0.28 + 0.03 0.27 + 0.01% 0.151 - -
HDL/(mmol L™Y)  0.10 + 0.01° 0.12 + 0.00° 0.13 + 0.01° 012 + 0.02* 013 + 0.01° 0.119 0.03 0.152




Table 5
Effects of dietary Lycium barbarum levels on whole body, muscle and liver proximate composition of hybrid grouper.
Diets (g kg™ 4 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 ANOVA (P) Linear trend (P) Quadratic trend (P)
0 0.50 1.00 2.00 10.00
Whole body
Moisture 66.44 + 0.30° 6261 + 1.21*%* 6457 + 1.74>™  62.62 + 1.77**  60.78 + 2.11° 0.059 0.018 0.701
Crude protein 4939 + 205° 5267 + 0.96° 55.81 + 1.29° 52.29 + 0.63°®>  50.53 + 0.03®®  0.009 0.427 0.002
Crude lipid 2481 += 0.50° 23.01 + 0.59 21.17 = 1.02° 21.57 + 0.382P 22.18 + 0.38%" 0.011 0.009 0.005
Ash 13.97 + 1.30 13.27 + 0.83 13.32 + 1.47 13.03 = 0.90 12.70 = 1.86 0.889 - -
Muscle
Moisture 72.28 = 2.50% 73.72 = 0.047 74.60 = 0.707 74.21 = 1.09% 73.91 = 0.05% 0.39 - -
Crude protein 77.36 = 0.03% 77.97 + 0.52%° 80.09 + 0.90° 79.13 + 0.83%¢ 77.45 + 0.44" 0.016 0.725 0.003
Crude lipid 12.63 + 0.07° 10.23 + 0.76% 10.86 + 0.25% 10.09 + 0.27° 9.77 + 0.52% 0.008 0.004 0.040
Ash 491 + 0.34 5.11 + 0.11 5.10 = 0.10 5.12 + 0.15 5.13 + 0.02 0.568 - -
Liver
Moisture 58 4 + 25QP 5755 + 131P 59 74 + 2 242 54 50 + 1.732P 54 85 + 2 5()2P 004 0037 0038
Crude protein ~ 23.57 + 0.32°  21.50 + 0.11¢  20.14 = 0.17°  17.99 * 0.17° 20.57 + 0.12° 0 0 0 I
Crude lipid 2601 + 0.34° 28.41 + 0.340 24.18 + 0.147 22.51 + 0.24° 26.44 + 0.20° 0 0 0
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Effects of dietary Lycium barbarum extract on amino acid composition in the muscle of hybnid grouper (% /dry mass).

Amino acids Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 ANOVA (P) Linear trend (P) Quadratic trend (F)
0 0.50 1.00 2.00 10.00

Valine 2.63 + 0.08 2.85 + 0.10°° 3.04 + 0.05° 2.80 + 0.03™ 2,99 + (.15 0.003 0.002 0.717
Methionine 255 + 0.11° 2.78 + 0.09° 2.94 + 0.01% 2.68 + 0.10* 3.01 + 0.08° 0.03 0.014 0.076
Isoleucine 1.66 + 0.11° 1.89 + 0.13° 1.99 + 0.04° 1.87 + 0.047 1.97 + 0.11° 0.014 0.012 0.460
Leucine 2.94 + 0.13° 3.09 + 0.16° 3.68 + 0.25° 3.15 + 0.12° 3.58 + 0.16° 0.012 0.004 0.969
Phenylalanine 5.47 + (.28 5.60 + 0.37° 6.37 + 0.08° 5.79 + (.14° 6.51 + 0.21° 0.163 0.018 0.968
Arginine 255 + 0.13° 2.69 + 0.15%° 272 + 0.29% 2.80 + 0.11% 3.00 + 0.26° 0.018 0.018 0.306
Histidine 418 + 0.14° 456 + 0.19°™ 4.87 + 0.05° 4.40 + 0.13™ 477 + 0.31% 0.01 0.004 0.644
Lysine 1.33 + 0.09° 1.53 + 0.01° 1.37 + 0.05° 1.44 + 0.05% 1.56 + 0.07° 0.014 0.018 0.005
Threonine 9.56 + 0.35° 9.98 + 0.06%° 10.85 + 0.03° 10.61 + 0.05° 10.31 + 0.38 0.006 0.004 0.135
Aspartic acid 496 + 0.17° 5.22 + 0.09%° 5.41 + 0.30° 5.19 + 0.06% 5.58 + 0.30° 0.041 0.009 0.750
Serine 2.19 + 0.03 2.34 + 011 2.36 + 0.15 2.28 + 0.08 2.37 + 0.08 0.198 - -
Glutamic acid 5.12 + 0.08 5.61 + 0.10° 5.83 + 0.09° 5.52 + 0.10° 5.46 + 0.16° 0.001 0.017 0.001
Proline 2.17 + 0.08 221 + 017 2.28 + 0.30 2.29 + 0.10 2,40 + 0.21 0.625 - -
Glycine 2.88 + 0.13° 3.04 + 018" 3.24 + 0.14" 3.19 + 0.11™ 3.34 + 0.13° 0.021 0.002 0.234
Alanine 3.39 + 0.24 3.61 + 0.35 3.83 + 0.38 3.44 + 0.10 3.76 + 0.19 0.266 - -
Tyrosine 1.99 + 0.04° 2.36 + 0.11° 2.40 + 0.01° 2.12 + 0.09% 2.29 + 0.14b¢ 0.006 0.042 0.075
Total AA 55.49 + 2.08° 58.56 + 2.37° 63.80 + 0.80° 59.22 + 1.43° 65.25 + 1.77° 0.077 - -
Total EAA 32.87 + 1.32° 34.81 + 1.15%" 37.97 + 0.44~ 35.90 + 0.06™ 39.19 + 1.65° 0.012 0.002 0.295
Total NEAA 22.70 + 0.55° 24.15 + 1.10° 25.83 + 0.36° 24.03 + 0.36°° 26.06 + 0.14° 0.003 0.001 0.320
DAA 10.08 + 0.15° 10.69 + 0.34° 11.40 + 0.25° 10.71 + 0.05° 10.93 + 0.48™ 0.007 0.013 0.018

Values are means = SD (n = 3) of three replications. Means in the same raw with different superscripts are significantly different (P < .05).
Total AA: total amino acid; Total EAA: total essential amino acid; Total NEAA: total non-essential amino acid; DAA: delicious amino acid.
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Table 7
Effects of dietary Lycium barbarum extract on fatty acid composition in the muscle of hybrid grouper (% /dry mass).
Fatty acids Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 ANOVA () Linear trend (P) Quadratic trend (F)
0 0.50 1.00 2,00 10.00
C14:0 5.28 + 0.23" 478 + 0.00" 4.55 + 0.03 466 + 015 4,58 + 0.08 0.012 0.005 0.014
C15:0 0.50 + 0.01 049 + 0.05 0.51 + 0.03 047 + 0.05 0.50 + 0.01 0704 - -
C16:0 35.79 + 0.99"" 3683 = 2.01° 33.16 + 1.73° 34.50 + 0.84" 3541 + 0.75"" 0097 - -
C18:0 10.09 + 0.37* 11.48 + 0.44° 11.79 + 0.39" 11.36 + 0.37" 11.32 + 0.12b 0.005 0.014 0.004
C20:0 0.51 + 0.02 0.52 + 0.07 0.60 + 0.10 0.50 + 0.09 0.47 + 0.08 0.425 - -
C22:0 0.25 + 0.02 0.27 + 0.00 0.31 + 0.06 0.29 + 0.03 0.26 + 0.01 0.338 0.691 0.073
C23:0 0.05 + 0.01 0.07 + 0.00 0.06 + 0.02 0.07 + 001 0.06 = 0.00 0.408 - -
52.47 + 0.71"" 5288 + 104" 5080 + 1.57° 51.55 + 0.63*" 53.08 + 1.09" 0.153 0.659
(-]
19.07 += 0.48 17.87 + 0.82°" 18.15 + 0.89°" 17.89 + 0.58* 17.50 + 0.11° 0.103 0.026
-] ]
28.46 = 0,53 2902 = 0.02° 30.63 = 0.81 30.56 = 079" 29.91 = 0.83° 0.02x7 0.015
10.73 + 0.05 11.49 =+ 0.38 11.65 + 0.53 11.51 + 1.30 11.39 + 0.59 0791 -
17.45 = 0.49° 17.53 = 0400 18.98 + 0.29° 19.04 = 0.61" 18.81 = 0.41" 0014 0.0
091 = 0.03 089 £ 0104 0,92 = 0,10 094 = 002 0.89 = 0,04 0782 -
0.54 = 0.02 055 = 0.01 0.60 = 0.03 0.59 + 0.02 0.55 = 0.03 0071 =
1.54 = 0.07° 1.60 + 0.01** 1.66 = 0.06" 1.80 + 0.08° 1.70 = 0.03™ 0.024 -
C20:4n6 (ARA)  0.35 = 0.03 041 + 0.05 0.39 + 0.05 6 + 0.04 0.46 = 0.10 0.242 - -
C20:5n3 (EPA) 2.42 + 0.17 227 + 0.19 2.38 + 0.22 + 0.29 2.31 + 0.07 0.888 - -
£22:5n3 (DPA) 1.08 + 0.09 1.00 + 0.07 1.07 + 0.10 04 + 0.10 1.04 + 0.06 0.824 - -
- i
ESFA 52.47 + 0.71"" 5288 + 1.04""  50.80 + 1.57* 51.55 + 0.63"  53.08 + 1.00" 0.153 0.659 0.047
FMUFA 19.07 + 0.48" 17.87 + 0.82°" 1815 + 0.80"  17.80 + 0.58""  17.50 + 0.11° 0.103 0.026 0.371
FPUFA 28.46 = 0.53" 2002 + 0.02* 30.63 + 0.81° 30.56 + 0.79" 2091 + 0.83""  0.027 0.015 0.019
Fn-3 10.73 + 0.05 11.49 + 0.38 11.65 + 0.53 11.51 + 1.30 11.39 + 0.59 0.791 - -
Fn-6 17.45 + 0.49° 17.53 = 0.40° 18.98 + 0.29" 19.04 + 0.61° 18.81 + 0.41° 0.014 0.004 0.043
USFA/SFA 0.91 + 0.03 0.89 + 0.04 0.92 + 0.10 0.94 + 0.02 0.89 + 0.04 0.782 - -
PUFA/SFA 0.54 + 0.02 055 + 0.01 0.60 + 0.03 059 + 0.02 0.55 + 0.03 0.071 - -
n-6/n-3 1.54 + 0.07* 1.60 + 0.017° 1.66 + 0.06%° 1.80 + 0.08° 1.70 + 0.03™ 0.024 - -

Values are means = SD (n = 3) of three replications. Means in the same raw with different superscripts are significantly different (P < .05).
ESFA: saturated fatty acid; EMUFA: mono-unsaturated fatty acid; ZPUFA: poly-unsaturated fatty acid; Zn-3: total omega 3 fatty acid; En-6: total omega 6 fatty acid.
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