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of dietary citric acid and acidulated palm 
oil  soapstock  supplementation  on  growth  response, 

nutrient  utilization, blood metabolites, carcass traits 
and reproductive efficiency of NZW rabbits 

& S. 
OF ANIMAL 

OF 
EGY" 

- of acid  and 
acidulated  palm oil soapstock supplementation on of the 

of 51 
686 k 40 g) or 0.5% 

2) 1% acidulated  palm oil 3). 
(5 weeks  old)  and  up to  the  obtaining of 3 

(P c O .  05) the  digestibility 
of CP, CF, While,  the  digestibility  of EE, and 
the 
'Levels of in 
(P C 0.05 or 0.01) by  addition  of 
by 

(P C 0.05) by  the  two  supplements.  The  levels of 
(P < 0.05) gain,  feed 

in 
milk yield,  bunny 

to 21 to days  of  age 
(P 0.05) by  addition  of  acidulated  palm oil soapstock. 
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of and 

and 1990) 
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et al, 

et al, 1988).  The 
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growth of pigs  have  been  also 

(Grassmann 

be used an 

pigs  with  efficiency  equal  to  that 

of glucose. 

The  necessity  of  addition  of  fats  to 

the  diets  of  animals in high- 

to aid  the 

animal to withstand  the effects of  heat 

the 

. of 

1969 and  Lipstein  and 

fat 

to 

of the  diet, facillitate  supply 

of the  fat  soluble  vitamins 

et al, 1977)  and to 

diet  palatability (Finzi 

effect of to  the 

the  evaluation  of  some  wastes of 

the  acidulated  palm 

soapstock cheap  supplemental  fat in the 

investigate  the  effects 

to 

of 

0.5% 1% acidulated  palm oil 

soapstock to on 

of NZW 

out  at the 

of 

A total of 51 weanling NZW 

of  both  sexes  weighing  initially 686+-40 g 

and  of 5 weeks to 3 

a 

0.5% acid 

(CA) 1% acidulated  palm soapstock 

The  composition  of  the  basal  diets 

and  the  analyzed  fatty  acids  composition in 

in Table 1 and 2, 

to the 

fulfillment 

feeds, 

palm 
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1 

OF TO 
OF EXPERIMENT 

(%) 

Soybean  meal 

Com gluten  meal (60% 
Com gluten  meal (16% 

Lime stone 

Vitamins & 
Common salt 

Total , 

Chemical commsition (%) fed basis: 

Ash 
Ca 
P 
Lysine 

+ Cystine 

The  basal  diets 

23.00 
30.00 
26.20 
16.00 

- 
- 

3.00 
1 .o0 
- 

0.30 
0.35 
0.15 
100 

86.73 
17.48 
2.33 

12.32 
46.62 
7.98 
0.73 
0.51 
0.90 
0.63 

22.00 
17.00 
15.00 
16.00 
10.70 
4.00 

10.00 
3.00 

- 
1 S O  
0.50 
0.30 
- 

100 

89.39 
18.51 
2.29 

13.57 
45.79 
9.23 
O .79 
0.71 
0.87 
0.65 

* 
** 

*X* 

to from 5-12 weeks of age. 
aged 13 weeks. 

of A, 2000000 150000 Vit. E, 8.33 g; Vit 
0.33 g; Vit 0.33 g; 1.0 g; Oc33 g; 8.33 g; Vit 1.7 mg; 

acid, 3.33 g; 33 mg; Folic  acid 0.83 g; Choline 200 g; Zn. 11.7 
g; Fe, 12.5 g; Cu, g; 33.3 mg; Se 16.6 mg, 66.7 g; and 5 g. 

- 199 - 

CIHEAM - Options Mediterraneennes



(2) 
The  economical  efficiency  of  feeding 

FA"Y (5-13 

((B) weeks  of  age)  was  calculated  by the 

following  equation: 

The fatty acid %* = ((A-B)/B) X 100, A is selling 

Palmitic 35.36 cost  of  the  obtained  gain  and B is the 
Stearic 
Oleic 

10.34 
24.48 feeding  cost this gain. At 13 weeks  of 

10.37 

Arachidonic 
5.31 
7.24 using 3 

Others 6.90 

* As percentage of total methyl  esters. 

Company Soap  and Oils, Zagazig, 

Egypt. acid  was  dissolved  by  a  little 

of 

Also, the was 

the basal  diet 

just 

housed  in 

(60 55 X cm) 

each 2 to 

to 

same 

(5-13 

weeks  old) , individual  live  body  weight  and 

(7 days)  feed 

daily  faeces of 

65 OC 

for the  chemical  analysis. Also, 

composite  samples of 

containing (10%) 

O C  until 

analyzed 

digestibility 

into 

(5 22 

weeks of  age  by 

estimate  the  effect of continuous  feeding on 

the  changes  of  the  levels 

was 

3000 

15 
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CIHEAM - Options Mediterraneennes



OC) in  plastic  vials  until 

- 

(GOT) , 

glutamate - 
alkaline  phosphatase 

(P) 

as  well 

head, skin, 

to  the live 

body  weight.  Empty  body  weight  and 

also 

At 22 weeks  of  age, 3 

to evaluate 

the  effect of on 

collected  by  means  of 

each  collection = 15) ejaculate  volume, 

(1967). Also, 5 

to estimate  the  effect  of 

to  the  buck's  pen (3 

mating. All 10 days 

post mating to to 

Conception 

size 21 and 35 days  of  age 

recorded. 

to  A.0.A.C (1980). 

of one 

kilogram feed was 

to  the  following 

(1985): 

= 

(0.588 -t 0.164 X) 239, is a 

of the given 

diet.  The  fatty  acids  composition  of 

was by gas  liquid 

3300; 

column 101; of the 

200, 

280 and 240 Fatty acids 

. 

was 

in of 

of 

All 
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kits 

Company 

and 

~ Company, 

milk consumed 

to 21 days of age  was  estimated 

to  the  following  equation: 

= / 0.56, is  a 

of age  and O .  56 is  a  constant  calculated by 

Cowie  (1969). 

of 

analyzed by ANOVA a  completely 

to 

All 

to 

values  at  analysis.  Viability  and  conception 

analyzed 

Significant diffeknces 

EíTects of citric  acid  and APS 
supplementation on: 

1. Growth 

of of 

affected  by  feeding  on  basal  diet 

acidulated  palm 

in Table 3. 

daily  gain,  feed  consumption  and  feed 

et al, (1986) 

supplemented  with  2%  soya  acid oil 

(acidulated  soybean soapstock)  showed 

in 

daily  live  weight  ,gain to  the 

Also, Zaghini et al, (1986) 

of 1.5% of 

equivalent  amount  of  maize  meal  had no 

significant  effects  on  daily  body  gain,  feed 

O .  15 0.3% 

by 29.4  and 17.6%,  while  the  .economical 

efficiency  was  enhanced  by 3 and 11% 

diets, 
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3 

(%s.E) OF NZW BY 

No. of 
at 5 weeks  old <g) 

Body weight  at 8 weeks  old <g) 
Total  weight gain  (g) 

gain (g) 

feed consumption (g) 

Feed (g f d g  gain) 
Viability (%) 
Feed costkg gain (LE) 
Economical  efficiency (%) 

13 weeks  old <g) 

Total  weight gain <g) 

gain <g) 

feed consumption (g) 

Feed (g f d g  gain) 
Viability (%) 
Feed costlkg  gain (LE) 
Economical  efficiency (%) 

Total  weight gain (g) 

gain (g) 
feed consumption (g) 

Feed (g feed/g gain) 
Viability (%) 
Feed costlkg gain (LE)4 
Economical  efficiency (%) 

I I APS3 

17 
692.94 f42.84 
1297.33 65.63 
604.39f48.56 
28.78f2.31 
%.14f1.00 

3.34 
88.24 
1.74 
240.9 

2208.18k76.57 
910.85 58.20 
26.02 1.66 
117.69f2.93 

4.52 
73.33 
2.35 
155.3 

1515.24f68.01 
27.06 1.21 
109.61 f4.33 

4.05 
64.71 
2.10 
185.7 

5 - 8 weeks of ape 

17 
683.23 38.01 
1278.85 52.77 
595.62f  37.21 
28.36 1.77 
94.19f0.74 

3.32 
100 
1.83 
227.9 

8 - 13 weeks of ape 

2262.81 126.27 
983.69 89.84 
28.11 f2.57 
115.20 5.27 

4.10 
94.12 
2.26 
165.5 

5 - 13 weeks of ape 

1579.58f  125.15 
28.21 f2.23 
105.87f  3.38 

3.75 
94.12 . 

2.06 
191.3 

17 
681.47 38.73 
1288.33 82.59 
606.86 55.70 
28.90f2.65 
%.24 6-03 

3.33 
88.24 
1.76 
240.9 

2311.79f83.42 
1023.46 50.30 

29.24 1.44 
114.4f2.09 

3.91 
93.33 
2.07 
189.9 

1630.32f61.18 
29.11 1.09 
107.59f4.06 

3.70 
82.35 
1.96 
206.1 

* 
pellet4 

2Basal diet + 0.5% 
3Basal diet + 1% acidulated  palm  oil  soapstock 

of of diets was 0.52, and 
0.53 of one live  body  weight  at selling was 6.00 LE. 
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could be of 

beneficial  influence  on daily body  gain, 

turn the  economical 

in 

by 

29.4%  than those fed 

be to 

which  became 

unsuitable 

this et 

al, (1988)  stated  that  supplementation  of 

1.5% acid to 

of piglets. 

2. m e  apparent digestibìlìty,  nubitive 
value of dìets and  nitrogen  utìlkation: 

4 show  that  addition 

of 

(P 0.05) of CP 

and while the  digestibility of EE, 

and was 

within 

in the  digestibility 

may 

to of  intestinal  and 

caecum which in 

activity of 

components  (Scipioni et al, 1978  and 

Zaghini et al, 1986). 

et al, 

1 S% 

Supplementation of 

was obtained  when  the  feeding  value 

with supplementation 

< 0.05) than  the 

et al, (1988)  mentioned 

that N 

N 

by  addition of 1.5% to the 

3. Blood semm metabolìtes: 

of Table 5 indicate  that 

addition  of 1% 

(P<0.05 0.01) the  levels  of  total 

phosphatase, While; supplementation  of 

0.5% 

< 0.05), 

< 0.01) and  alkaline  phosphatase 

(P < 0.05). The  levels 

(P) 
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4 

m m  VALUE 
(F f S.E) OF NZW 

Live weiehts (k&. 

Final 
intake (g/head/day) 

digestibilitv: 

EE 
CF 
NFE 

value of feed 

(%o) 
(%) 

utilization: 

Faecal-N  &day) 
(g/day) 

(% of intake) 

supplementation 

2813 197 
2977 f 207 
156 f 12 

65.0 2.2 
66.6f 1.9 
71.8~t1.0~ 
7l.Ofl.7 
28.2 2.3b 
75.6 2.4 

2689 88 
55.4 1.5 

13.28f0.21b 

5.18 f 0.28 
1.46f0.14 
2.80 0.28 
0192f 0.03b 
17.76f1.14 

~ ~~ 

acid 

2857 167 
3047 162 
165 10 

68.8 1.3 
69.9 0.7 
76.8f1.1' 
75.8 3.2 
39.2 2.0' 
76.0 0.9 

2839 51 
58.2f0.7 

14.24f0.20' 

5.48f 0.31 
1.27f0.17 
3.14f0.35 
1.07f0.02' 
19.52 1.12 

2980 f 231 
3168 217 

184f4 

68.05 0.9 
69.0 f 1.5 
75.2 f 0.2a 
78.69 f 2.2 
36.06f1.5' 
76.74 1.7 

2808 36 
59.8f1.3 

13.91 f0.03a 

6.10f0.13 
1 S1 0.04 
3.56 0.07 
1 .O3 0.01' 
16.88f0.18 

statistical 
significance 

NS 
NS 
NS 

NS 

P c 0.05 

4 0.05 
N§ 

NS 
NS 
c 0.05 

NS 
NS 
NS 
c 0.05 
NS 

in the same with significantly c 0.05). 
was  conducted  when aged 13 weeks. 

of one to the equation 
by (1985). 
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5 

OF (XfS.E)' OF 

Total (mg/&): 
at 14 weeks of age 
at 22 weeks of age 

at 14 weeks of age 
at 22 weeks of age 

at 14 weeks of age 
at 22 weeks of age 

at 14 weeks of  age 
at 22 weeks of age 

at 14 weeks of age 
at 22 weeks of  age 

at 14 weeks of age 
at 22 weeks of age 

Total lipids 

Total 

SGPT 

Alkaline p h ~ s . ~  

(mg/&): 
at 14 weeks of age 
at 22 weeks of age 

at 14 weeks of age 
at 22 weeks of age 

Calcium 

: 
at 14 weeks of.age 
at 22 weeks of age 

supplementation 

64.0 f4.!jb 
80.3f2.8b 

4.23 f 0.20b 
4.60 f 0.17b 

4.63 0.35 
3.17f0.32 

63.60 f 2.65 
64.70 f 5.73 

1.60 
29.80 f 2.21 

17.12f1.07' 
18.77f 0.89a 

1.23 f 0.30 
1.15f0.32 

10.07 0.24 
9.87f0.26b 

4.00 f O.OSb 
3.33 0.16b 

69.3 f 3.3b 
71.0fl.F 

3.10fO.3Oc 
4.13 f 0.0SC 

5.10 f 0.49 
4.53 0.72 

66.13f 3.54 
69.80 f4.22 

28.07f1.18 
29.10 f 3.81 

11.77 f 1 .27b 
13.60 1 .Osb 

1.22f0.32 
1.19f0.17 

10.1 f0.17 
13.0f0.06a 

4.50 0.16a 
4.07 0.09a 

110.0f 5.5' 
118.0f4.6a 

6.50 0.40' 
5.57f0.20' 

4.60 f 0.03 
3.80 f 1.90 

63.80 f 2.90 
60.40 f 5.88 

30.20 0.30 
26.67f0.49 

16.01 
17.40 f 0.75' 

1.14f0.11 
1.23 f 0.15 

10.4f0.11 
l l . O f O . l O C  

4.0 f 0.06b 
3.93f0.12aC 

Statistical 
significance 

P < 0.01 
P < 0.01 

P < 0.05 
P 0.05 

NS2 
NS 

NS 
NS 

NS 

P 0.05 
P 0.05 

NS 

P 0.05 

P 0.05 
P < 0.05 

3 and at 14 and 22 weeks of 
(P 0.05). 

3Alkaline  phosphatase 
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< 0.05) 

of 

et al, (1986) 

unaffected  significantly  by  feeding  diets 

containing 1.5% 

an equivalent  amount  of  maize 

meal. 

to 

level  of of  Ca 

and P levels in 

addition of may  be 

(1993)  indicated  that  the  availability  of  Ca 

and P, Fe 

acid to  a maize-soya  diet. 

4. Carcass  traits: 

The  data  in  Table 6 indicate that 

of abdominal fat, which 

< 0.05) 

the  acidulated  palm soapstock 

et al, 

was unaffected  significantly  by 

feeding  on  diet  supplemented  with 2% 

acidulated  soybean soapstock,  the 

5. eflcìency: 

a. Semen  characterktics: 

Table 7 

0.5% 

1% acidulated  palm oil soapstock 

quality of bucks  semen.  The  most  obvious 

supplementation. 

b. traits: 

in Table 8 indicate  that 

to < 0.05) 

by  the  acidulated  palm soapstock ( M S )  

period, and 

unaffected  significantly  by  any  of  the 

in Table 8 show  also  that  bunny  weight  at 

was 

- - 
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6 

f SE)' OF NZW 
1% 

weight (g) 
Giblets 0 

(%l 
Abdominal fat k) 

(%) 
(g) 
(%l 

Empty  body  weight (g) 
(%) 
0 

T 

1983.3 k 101.5 
103.3 k4.4 
5.2k0.3 
15.720.3 
0.8 k O.lb 
400 k 20.2 
20.3 k 1.4 

1059k93.1 
53.2k2.1 

1162.3 k95.2 
58.4 k 2.0 

~~ 

2083.3 k 205.1 
95.0 k 2.9 
4.7k0.5 
21.3k6.8 

428.3k21.7 
20.8kl. l  

1096.3 & 140.0 
52.3 k 1.8 

1191.3 k 140.7 
56.9k1.3 

1.OkO.l~ 

2050.0f76.5 
91.7k11.7 
4.5 k0.6 
38.7 k4.4 
1.9f0.3a 

340.0k26.5 
16.6k1.1 

1190 k 28.6 
58.1k1.1 

1282 k38.0 
62.6 k 1.5 

Statistical 
significance 

NS 
NS 
NS 
NS 

P < 0.05 
NS 
NS 
NS 
NS 
NS 
NS 

0.05). 
3 

5 - 14 weeks of  age. 

7 

(2fS.E)' OF BY 
0.5% 1% 

Semen 

Ejaculate  volume (ml) 

motility (%) 
(%) 

(%) 
106) 

T 

1 15 
0.39 k0.05 
53.33 k5.40 
26.87k3.24 
18.67k2.21 
186.1 k3.68 

15 
0.49k0.05 
57.33 k6.86 
28.47 k4.16 
17.33 k2.60 
193.7 5.03 

15 
0.52k0.08 

65.45k3.12 
24.27k2.02 
17.82 k 2.98 

188.60 f4.07 

22 weeks. 
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--, 

8 

@fS.E) AS 

of 
Conception (%) 
Gestation period (days) 

size at: 

7 days 
21 days 
35 days 

(g) at: 

Birth 
21 days 
35 days 

yield (g) at: 
21 days of lactation 

No. of 
(g) at: 

Birth 
21 days 
35 days 

gain (g) 
to: 

21 days 
35 days 

Viability (%o) from to: 

7 days 
21 days 
35 days 

Control 

13 
53.85 

31.71 0.52 

5.71 0.75 
0.69 

3.86 0.86 
3.71 f 0.94 

345.7f60.14 
1093.57f209.07 
2371.67k431.19 

40 

60.71 f 5.28a 
301.43 29.04& 
577.04f48.99 

11.46f1.51 
14.75 1.40 

87.50a 
67.50 
65 .O0 

16 
50.00 

31.75f0.31 

6.75 f 0.16 
4.25 0.98 
3.50f0.82 
3.50 0.82 

265.00 f 12.03 
1280.00 164.60 
2460.00f455.43 

1803.57f 165.73b 

41.25k2.06b 
270.00f 9.66b 
566.67f45.36 

10.89f0.45 
15.01 f2.97 

88.88a 
72.22 
68.52 

APS 

22 
54.54 

31.42f 0.31 

6.50f0.58 
5.17f0.78 
4.67 0.82 
4.33 f 0.76 

343.75f 35.08 
1694.09f  157.71 
2804.55f231.63 

2389.61 147.45a 

78 

54.67+4.57a 
367.10+27.85a 
659.27k47.19 

14.88 1.31 
17.27f1.30 

79.49b 
71  -79 
66.67 

T 
1 

Statistical 
significance 

NS 

NS 
NS 

. 

NS 

NS 
NS 

- NS 

P < 0.05 

P 0.05 
P 0.05 

NS 

P < 0.05 
NS 
NS. 

in the same (P < 0.05) 
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< 0.05) 

to 7 days 

of age  tended to be < 0.01) with 

the  addition of The 

Snitinski (1986) feediig of 

3 weeks  of 

2% 6% animal fat, 

of 

and their to 

and 

that, in 

glycogen lipids. 

Conclusion 

0.5% 1% acidulated 

palm oil  soapstock  as  feed  additives  could 

be a of 

f e e d  utilization 

in rabbit 

A.O.A.C.  (1980):  Official  methods  of 

Analysis.  Association  of  Official  Analvtical 

Chemists,  13th  Edition,  Washington,  USA. 

& 

on 

to aid in  diets for weanling 

pigs. J. h i m .  Sci., 66: 1100. 

; 

P.N.; SCOTT, P.P. and 

of 

11 : 1-28. 

(1991): 

Acidification  of feeds 

the 

yield  and  composition of milk 

J. , 437-450. 

11: 1- 

42. 

influencing  the  efficiency of 

fat  utilization.  Feedstuffs, 41 (39):  14-15. 

& 

feed 

additives ín J. h i m .  Sci., 

58:  935. 

A. and VElUT.A P. (1976): 

of feed palatability. 

Conigigliocoltura, 13: 25-27. 
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& Science  and  Technology,  16(1/2):  109-117. 

supplementation  of soybean meal diets 

J. Anim. Sci., 60:  1288. 

& 

of 

on body 

composition  and  enzyme  activities  of 

with 

39(4):  307-319. 

& J. (1993): 

to maize - soya - diet 

with without  Zn - supplementation on the 

J. of Animal 

142. 

feeding; P., 

. 

F.X. 

a  feed  additive  in  pig 

Pig News 3: 259. 

& S .  

of  acidulated 

J. 5 4 :  396-404. 

J.; W. & 

. 

& 

of 

S.V.; & 

acids feed additives in 

effect on J. 

Anim. Sci., 2598-2605. 

on weanling  pig 

& 

A. 

weaning  piglets. Zoow. Anim., 4: 201. 

P. 

Vet. 

- 21:  222-233. 

& 

W.C.  (1982):  Statistical  methods.  6&  Edition, 

U.S.A. 

fat and  sodium 

to 

1989,  59(2):  104. 

G; ¿?c 

on 

of in 

feeds. 

12(5):  357-366. 
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