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Table 1. Formulation and proximate composition of experimental diets (g/100 g in dry matter).

Dietary Palm oil {PO) replacement level

Ingredient 0% PO 25% PO 50% PO 75% PO 100% PO
Fish meal’ 6.00 6.00 6.00 6.00 6.00
Soybean meal* 30.00 30.00 30.00 30.00 30.00
Wheat meal’ 22.50 22.50 22.50 22.50 22,50
Rapeseed meal’ 30.00 30.00 30.00 30.00 30.00
Fish oil* 6.00 4.50 3.00 1.50 0.00
Palm oil’ 0.00 1.50 3.00 4.50 6.00
Soybean phospholipid® 2.50 2.50 2.50 2.50 2.50
Mineral mix"* 0.55 0.55 0.55 0.55 0.55
Vitamin mix'** 0.40 0.40 0.40 0.40 0.40
Ca(H,PO,) 1.50 1.50 1.50 1.50 1.50
Choline Chloride 0.50 0.50 0.50 0.50 0.50
Inositol 0.05 0.05 0.05 0.05 0.05
Total 100 100 100 100 100
Proximate composition (%)

Moisture 10.30 10.53 10.82 10.70 10.50
Protein 33.18 33.15 33.09 3323 33.17
Lipid 9.82 9.81 9.87 9.88 9.85
Ash 5.25 5.60 5.53 5.40 5.50
Carbohydrate 41.45 140,91 40.69 40.79 40.98

Estimated energy (k]/g) 1 BR3.88 1873.49 1870.66 1876.08 1876.74
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Table 2. Main fatty acid composition (% of total fatty acids) of experimental diets,

Fatty acid(s) _ Dietary Palm oil (PO) replacement level' _

0% PO 25% POy S50% PO 5% PO 100% PO
12:0 0154000 0. 140,01 0.12+0.00 0124001 0.11+0.00
14:0 5544021 4.52+0.04 | 3.20+0.05 2.2540.09 1.27+0.10
16:0 23884049 25904008 ‘ 27004039 | 28064037 29.1940.27
18:0 5.3140.04 5. 762006 | 5.43+0.12 | 5.30+0.13 5.15+0.05
Total SFA 34,88 20,46 36.3240.83 ‘ 35754019 | 35732033 37.7240.72
16:1(n-7}) 6.02+0.34 5.2340.59 ‘ 3.15+0.04 | 2.06+0.15 0894001
18:1(n-9) 23.5640.68 25.4240.09 28,4040, 16 . 31 1640.20 33.7740.16
Total MUFA 29,58 40,85 30654047 31554077 33224043 34, 66040.32
18:2(n-6) 20.650.77 21.5740.05 23.070,22 23624032 24,33£0.03
24(n-6) ARA 0.5640.05 0.47+0.03 ‘ 0.41+0.00 0.2540.05 0.20£0.02
Total n-6 21.21%0.22 22.0440.89 | 23484033 |23 874018 24,5340.63
18:3(n-3) 5524023 3.0640.15 | 3.98+0.04 | 3.79+0,00 3.63+0.03
18:4(n-3) 0.3240.01 0.330.00 ‘ 0.32+0.01 | 0.30£0,00 0.29+0.01
20:5(n-3) EPA 4.25+0.14 3.19+0.01 ‘ 2.20£0.06 . 141004 0.62+0.00
22:6(n-3) DHA 56604035 4.150.04 2.85+0.16 | 1.69+0.02 0584002
Totaln-3 15.7540.19 11634057 9.35+0.04 7.19+0.39 5124031
DHA/EPA 1.3340.05 1.3040.21 1.2940.33 1.19+0.43 0.93+0.05
Total PUFA 34964018 33.6740.34 | 32,8340, 18 31064009 29.6540.14
Total SEA/ total PUFA 0.87 1.07 | 1.08 115 1.20
n-3:n-6 0.74 0.52 ‘ .39 [ 0.30 0.20
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Table 3. Growth performance and nutrient utilization of Oreochromis niloticus fed experimental diets,

Dietary Palm oil (PO) replacement level (%)

Parameters | | Cv

0% PO 25% PO Y 50% PO Cv 75% PO
Initial length{cm) | 6.73:40,08 |?.H4 6.49 6.71:+0,07 6.61 6.72+0,06
Initial weight (g) 9,35:40,05 | 1.02 9294003 | 0.66 9,30+0.05 1.01 9,38:+0,05

|
| 6, 754006
|
|
|

Final weight (g) | 66.34+1.03" | 262 | 62484091 | 341 | 69.85+2,19" 544 | 644241157
waGh 56.98+0,96"" | 295 | 53.18:1.26" | 411 | 6054£2,14" @ 612 @ 5504£071"
FI (g)* 76.74£0.21 0,49 | 76.27+0.26 | 0.6] 77.64£0.26 | 0.59 76.69+0.39
FCR' 1.34:40,02 2.59 1,430,03 4,81 1.28+0,03 5,38 1,3940,02
SR . 100,00+0,00 .00 100,00+0,00 0,00 100,00+0,00 0,00 100004000
o" 2,14 0,06 5.65 1,99 0,06 549 216 20,06 4,82 207 0,06

cv
6,14
0,98
201
2.26
(0,88
291
0,00
5.33

100%: PO

6, 73+0.05

9.42+0,03
65.0541,11"
55.63+1,17%

77.1940,35

1,38+0,03
L0000 0,00

202 +0.04

cv
1.95
0.66
310
165
0.79
4,32
0,00
382

P value
0,995
0,354
0032
0,030
0076
0,070

N/A
0278

r
0.0316
0.5761
0.7867
0.7914
0.7348
0.7404
N/A
06102
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Table 4. Lipid and fatty acid composition (% of total fatty adds) in liver of Oreochromis niloticus juvenile fed experimental diets.

Fatty acid(s) 0% PO
Lipid 7.48+0.86
5.6420.00
18:3(n-3) 0,91+0.02
0.96+0.01°
20:4(n-6) 0.98+0.02
20:5(n-3) 1.06+0,02°
22:6(n-3) | 6.35+0.18°
T SFA 37.18+0.46"
T MUFA 38,98+0,85"
[Total PUFA ) 23.27+0.20°
¥ n-3 10.16+0.22°
Y n-6 | 13.10+0.02%

CV
17.64
0.07
4,43

5.12

257
1.58
312
0.31
7.90

25% PO
7.63+0.43
10.60+0,14"
0,98+0.01
0.77+0.15"
0.68+0.03
0.58+0,15"
5.85+0.31°
37.76+0.83"
39.7940.47"
21.48+0.46"
8.81+0,89¢
12.66+0.21°
0.69+0.02°

CV
13.98
1.78
1.88
20.00
16.54
5.57
7.57
0.61
2.06
281
2.44
262
6.26

50% PO
8.46+0.59
12.04:40,39"
0.96+0.15
0.91+0.01"
0.72+0.01
0.20+0.03°
4.33+0.09"
38.25+0.19°
42,14+0.77
20.86+0.43"
6.88+0.33
13.98+0.36
0.49+0.01°

abc

CV
17.13
5.70
27.80
10.99
4.34
8.41
3.70
0.05
(.86
3.63
2.94
4.52

6.12

75% PO
8.61+0.78
14.13+0.17¢
1.00+0.49
0.38+0.00°
1.00+0.21
0.27£0.03"
1.47+0.19°
39.57+0.334
424240434
19.1740.43%
3.65+0,18"
5.52+0,13
2

1 be
0.24+0.01°

Dietary Palm oil (PO) replacement level (%)}

CV
2246
1.77
27.41
.01
14.32
18.7
18.84
1.46
0.95
3.19

100%: PO

9.06+0.41

14.560.67
1.15+0.00

0.29+0.01°
0.87+0.01

0.13+0.00°
0.85+0.02°
39.70+0.72°
43.55+0.32°
18.50+0.707
2.77+0.63°
15.7320.68°
0.18+0.00°

p-value
0.1065
00001
08624
00017
04513
00014
0.0001
0.0056
00001
0.0007
0.0001
00033
0.0058

r

0.5043
0.9637
0.3672
0.9666
0.4513
0.9304
0.9959
0.9593
0.9456
0.9419
0.9975
0.9129
0.9915
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Table 5. Lipid and fatty acid composition (% of total fatty adds) in muscle of Oreochromis niloticus juvenile fed experimental diets.

Fatty acids
Lipid
18:2({n-6)
18:3(n-3)

20:4{n-3)
20:4{n-6)

20:5(n-3)
22:6(n-3)
Z MUFAs
Total PUFAs
Z n-3
Z n-6
n-3mn-6

0% PO
9,48+0.12
10.5940.43""
0.50+0.04°
0.54+0.01°"
1.62+0.13"
0.97+0.03°
4.80£0.07¢
35.23+0.13
43.84+0.12
20.63+0.38°
7.59+0.03¢
13.04£0,38"
0.58+0.01°

"y
15.8
7.04
14.00
4.60
13.88
6.0
2.76
0.65
0.50
34
0.90
5.11
2.99

25% PO
9.82+0.38
12.48+0.61°
0.81£0.00™
0.52+0.03
1.240.07°
0.84+0,07™
4.32+0.03
35.60+0,34
43.29+0.05
21.63+0,58¢
7.17+0.13
14.46+0.70°
0.49£0.03"

CV
1.94
8.50
0.72
10.46
10.83
14.67
1.39
1.67
0.23
4.65
3.21
8.47
310

50% PO
9.54+0.05
10.36+0.19°
1.06+0.11%
0.58+0.02°"
0.68+0.01"
0.77+0.10™
4.09£0.26°
40.06+0.34"
43.62+0.89
18.69+0.43"
7.06+0.36°
11.6240,15"
0.60+0.02"

CY
1.09
3.19
18.58
8.58
441
2263
11.13
1.49
357
4.01
8.63
2.31

5.82

Dietary Palm oil (PO) replacement level (%)"

75% PO
9.89+0.74
10.30£0.21°
1.224++0.03¢
0.58+£0.02°"
0.50+0.04""
0.56+0.05""
2.46+0.18"
40.68+0,35"
45.02+0.25
16.62+0.50™
5.37+0.08"
11,25£0.24%

0.47£0.01°

100% PO
9.15+0.08
10.99+0.43""
1.16+0.09°
0.65+0.02°
0.26+0.00°
0.47+0,02°
1.57+0.06
40.75£0.19"
44.18+0.40
15.80+0.50°
4.18+0.07°
11.61£0,43°
0.36+0.00°

CV
7.86
6.94
14.20
555
4.00
7.42
6.99

0.73

p-value
0.6681
0.0021
0.0041
0.0229
0.0027
0.0018
0.0006
0.0345
0.6738
0.0001
0.0002
0.0401
0.0366

0.3714
0.8120
0.9370
0.7805
0.9803
0.902a
0.9845
0.9869
0.6738
0.9559
0.9808
0.8910
0.9479
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Table 6. Specific digestive enzyme activities (mU g meluln} in anterior intestine (Al), mid intestine (MI) and posterior intestine (P1) of Oreochromis niloticus ted
experimental diets.

Enzymes Sections Dietary Palm oil (PO) replacement level (%)
0% PO CY 25% PO CV 50% POy Yy 75% PO CV 100%: POy Yy p-value |r

) Al 03140007 693 0.25+0.001° 1.30 0.3240.005" 4.95 0.2540.004" 544 026400017 325 0.0001 08619
Amylase | MI 0.28+0.006" 15.33 | 0.2440.006" 7.75 0.3240,005" 5.31 0.28+0,002" 294 0.24+0.002" 300 0.0001 05181
Pl 0.2940.004° 4.91 0.22+0.002° 2.69 0.30+0,000° 0.94 0.2940.008° #.54 0.2540,003" 360 0.0001 0.9149
[ ) Al 158 1042.56" | 20.75 | 257.67+228h 1223 4288942 16 131 419.57413.02° 280 613.6642.54" 248 0.0001 09928
Lipase MI 133.8643.08" 3224 | 1857843667 9.16 444.05+2.81" 1.75 424.2042.10 1.01 588.4944.73" | 0,88 0.0001 09577
PI 124.8847.28" | 7.79 157.65+10.19" | 1972 | 392.71+12.32" | 576 396.67+7.99" 342 690.52+10.82° | 1.39 0.0001 09975
Al 459.6452.52 | 2556 | 305.0£2939 2155 | 460745596 2716 | 3596946907 4296 | 38].14+30.32 17.79 01665 05155
Protease  MI 448.4+69.99 3833 | ATR. 124077 2641 | 487.74£54.66 2746 | 4190444 84 26.21 [421.8+62.03 3602 07140 02798
PI 4218.8479.36 2048 | 354444569 3158 | 459.2469.84 37.26 | 38512475125 47.84 | 391.4+25.30 1583 07902 0.2518
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Table 7, Serum biochemical indices of Oreochromis niloticus fed experimental diets,

Parameters
TC (mmol LY
[ TAG (mmol LY |
HDL-C (mmol L '}
[LDL-C (mmol L)* ]
[ HDL-C/LDLC |

ALP(ULY |

GPT (UL ™YY
GOT (UL Yy

0% PO
3.51+0,16
3,260,223
2,32+0,33
0,27+0.02"
84141300
17.5041,83°
17.2141,23°
156,8+8,42
2.97+0,18

CV
10.68
16.19
19.07
18.09
13.69
13.40
16.08
22,87

16.56

25% PO
3,52+0,07
4,0340,03"
2,30+0.27
0.30+02"
8.28+1.88"
20.86+1,69"
30.09+1,78"
163,6+6,84
3,17+0.19

CV
4.59
1.67
5.21
23.09
20,73
14.10
9.59
23.09
16.42

Dietary Palm oil (PO) replacement level (%)!

50% PO
3,75+0,24
4,7640,17"
2,40+0.13
0,32+0.02""
7.7241.06"
24,58+ 186"
32.99+1.07"
166,6+7.00

312022

CV
14.34
8.20
12,22
20.04
20,90
14.28
16.00

25.25

18,87

75% PO
3.89+0,30
5,16+0,43"
2.1940,15
0,4240,04"
5.424+0.69""
23,72+1.46™
33,30+1,9"
173.349.40
3474023

Y
17.56
19.03

(5 o]
=28
(o] = T

1¥7 ] [ o]

b
(]
=

6,38
21.90
17.50

100% PO
3,99+0,05
5,57+0,40°
1.60+0.07
0.43+0,01°
3,78+0,07°
39.02+1.05"
46,85+1 98°
176.0+6.66
3,43+0,20

(Y | P value
333 | 0335
1632 | 0,000
563 | 0253
465 | 0,007
335 | 0,008
1620 | 0,029
735 | 0.0001
995 | 0427

15.48 | 0.393

r
0.4415
0.8089
0.6H98
0.7158
0.7340
06364
0,859
0.3391
03518
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Table 9. Effects of dietary PO inclusion on antioxidants of Nile tilapia fed experimental diets for 8 weeks.
Dietary Palm oil (PO) replacement level (%)
Parameters 0% PO "y 25% PO CV 50% POy CV 75% POy CV 100% PO
GR{UIL} 1 383.5+17.86" 11.40 382.9+16.69 10.68 365.7+£27.45 18.39 230.1+30° 185.42 202241878
]

TAC (U/L)® 0.73+2.40° | 1163 = 33.61+233° | 1698  28.06+£226™ | 1977 = 2279+3.00° | 1227 | 20.0040.70°
MDA (nmol/ml)* 124032 1571 4.35¢040° | 2280 | 4.14+026° | 1539 | 4.04+050™ | 2042 | 2.70:0.16
[GST (UL 277.6425.92" | 22.87 | 29232755 | 23.09 424244373 | 2525 | 452.0440.40° | 21.90 | 479.819.49°

CAT (U/L)° 1.38+0,05 5.12 1.28+0.08 8.84 1.27+0.06 6.68 1.26+0.08 8.98 1.2240.04
SOD (U/LY 22724145 | 9.03 20.23£0.97 6.78 19724143 10.26 2142111 | 733 | 21.12+1.38
GSHpx (U/L)* 40.5143.81 2308  3699+571 17.87 35104382 | 1671  2850+3.41 | 1932 | 30.54+3.86

CV
22.76
B.58
15.35
9.95
4.64
9.24
21.03

P value
0.0001
0.0001
0.0014
0.0002
0.5460
0.5657
0.2862

0.8720
0.9060
0.7042
0.7533
0.6381
0.6285
0.4189
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Table 8, Effects of dietary PO inclusion on serum lysozyme activity, total protein and respiratory burst of Oreochromis niloticus fed experimental diets,

Parameters 0%

Dietary Palm oil (PO) replacement level (%)"
PO Y 25% PO CV 50% PO Cy 75% PO CV 100%: POy Cy P value r

Lys (Uml™")? 184, 8£13,92 19,93 172021461 22,48 159.7£1240 20,55 177,621 1.63 17.33 161541168 19,13 0.6086 00,2890

TP (mmol LYY | 30.72+1.05° | 766 | 3532+1.19"" | 758 | 3681+1.85" | 1825 | 36870.81" 4,92 | 3510+1.05" | 672 0.014 | 0.6697
RB (540nm)* 12.10+0.40° 6,67 1243+0.23" | 689 | 12.61+019" | 464 612021 | 315 16.18+0,29¢ 3.27 00009 | 09063

Table 10. Ettects of replacing FO with PO on post-challenge mortality of Oreochromis niloticus after infection with Streptococcus infae.

0% PO CcV
674333 15.75

Dietary Palm oil (PO) replacement level (%)
25% PO " 50% PO cv 5% PO " LO0% PO cv p-value r
43,336,606 26,65 GOO0£577 16.67 4000 10,00 43.43 (3. 3326.66 18.23 0.06 06971
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