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ABSTRACT: 

Both salinomycin and virginiamycin as feed additives in 
ruminants diet were nutritionally evaluated through digestibility 
and feeding trials. Eighteen growing Ossimi lambs, averaging 11.6 
± 0.31 kg in live body weight were assigned on three diets.  The 
diets were (D1) control, (D2) control + 12 ppm salinomycin, and 
(D3) control + 36 ppm virginiamycin. The control ration consisted 
of 75% concentrate feed mixture (CFM) + 25% rice straw (RS).  
Significant differences (P <0.05) for the final body weight gain 
between control diet (D1) and other two diets were recorded.  
Insignificant differences were observed between the control diet 
(D1) and the other two diets containing salinomycin (D2) or 
virginiamycin (D3) in total dry matter intake (TDMI) or average 
dry matter intake, g/day (ADMI, g / day), while the digested crude 
protein (DCP) values recorded for D2 and D3 were significantly 
higher (P < 0.05) then those for D1. Insignificant differences were 
observed in OM, CF, NFE and EE digestibility coefficients 
between treatments, but the crude protein digestibility (CPD), 
values were significantly different (P <0.05) for D2 and D3 
compared to the D1. Insignificant differences for TDN and SV were 
recorded.  Concerning the economical evaluation, D2 or D3 were 
very similar and recorded clear advantage comparing to the D1.   

Key words: Salinomycin, virginiamycin, nutrient digestibility, nutritive 
value, performance, sheep. 

 
INTRODUCTION: 

In Egypt, animal breeders have a considerable problem in animal 
production, especially in feedlot because of high cost of the animal unit 
production. So, the use of feed additives can help in improving efficiency of 
feed utilization and animal performance and consequently reducing the cost of 
animal unit products. 

Salinomycin and virginiamycin are the widely growth promoters used 
in the world for animal production especially in ruminants nutrition.  
Virginiamycin, a composite antibiotic, is an antimicrobial feed additive that is 
produced as a fermentation product of Streptomyces virginiae; it’s approved 
for use in ruminants to improve feed efficiency, growth rate and animal 
performance (Ives et al. 2002). Salinomycin or virginiamycin improved 
average daily gain and feed conversion of feedlot cattle and growing lambs 
(Rogers et al. 1995, McAllister et al. 1996 and Wagner et al., 2000). 
Incidence of liver abscess and severity was also reduced when virginiamycin 
was fed at levels of 19.3 or 27.6 mg/kg DM feed as dry matter (DM) basis 
(Rogers et al. 1995).  It is believed to alter ruminal fermentation primarily by 
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changing ruminal microbial populations that inhabit the gastrointestinal tract 
or their metabolic activities (Wagner et al., 2000).  The gram-positive bacteria 
antimicrobial activity and subsequent alterations in ruminal fermentation 
products are similar to those of monensin (Hedde et al., 1982; Nagaraja et 
al., 1997 and Wagner et al., 2000), namely an increase in propionate at the 
expense of acetate and methane.   

  The study of McAllister et al., 1996 suggested that the recommended 
dose of salinomycin was in between 10 and 16 ppm of the diet. However, 
effect of salinomycin or virginiamycin as growth promoters on improving the 
efficiency of feeds under Egyptian conditions have not been fully investigated.  
So, this study was carried out to investigate the effects of salinomycin or 
virginiamycin on digestibility coefficients of feed nutrients, animal 
performance, feed efficiency and a simple economical evaluation of feeds was 
calculated for growing lambs. 
Materials and Methods: 

This study was conducted at the Experimental Farm of Animal 
Production Department, Faculty of Agriculture, El-Minia University, El-
Minia, Egypt, to evaluate the effect of salinomycin or virginiamycin as feed 
additives on animal performance and feed conversion. The tested rations (D1, 
D2 and D3) represented three treatments that contain 0, 12 ppm salinomycin 
and 36 ppm virginamycin, respectively. Where, D1 was the control diet, D2 
was the control diet + 12 ppm salinomycin and D3 was the control diet + 36 
ppm virginiamycin. The control diet contained 75% CFM and 25% RS. The 
chemical composition of ingredients used in formulating the tested rations are 
presented in (Table, 1). 
 
Table (1): Chemical composition of ingredients and calculated values for 

ration used in growth trial, on dry matter basis. 
Item % on DM basis 

DM OM CP CF EE NFE Ash 
CFM 
RS 
Control diet 

88.4 
87.2 
88.1 

89.45 
83.98 
88.08 

12.5 
3.11 
10.15 

16.6 
36.15 
21.49 

2.3 
2.1 
2.25 

58.05 
42.62 
54.19 

10.55 
16.02 
11.92 

 

Concentrate feed mixture (CFM), composed of : 40% wheat midlings, 
20% undecorticated cotton seed cake, 11% wheat bran, 13% yellow corn, 9% 
rice germ, 4% molasses, 2% limestone and 1% commen salt.   
Feeding trial:  Eighteen weanling Ossimi male lambs of 11.6 ± 0.31 kg live 
body weight (three months old) were distributed into three groups, each of 6 
lambs.  Each group fed one of the experimental rations (D1, D2 or D3) by the 
ratio of 1% and 3% of live body weight rice straw (RS) and CFM, respectively 
for 90 days. The animals were weighted every two weeks before morning 
feeding, the rations were offered twice daily at 9.0 a.m. and 2.0 p.m. into equal 
portions and adjusted according to body weight changes and water was freely 
available along the experimental period.  Average daily gain, feed intake and 
feed conversion were determined. 
Digestibility trials:  Digestibility trials were carried out during the last two 
weeks of each treatment.  Three animals of each group were used to determine 
digestibility coefficients of the tested diets. Animals were fed the experimental 
diets at 4% of live body weight.  The weighted rations were offered twice 
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daily at 9.0 a.m. and 2.0 p.m. in equal portions, fresh water was available.  
Acid Insoluble Ash (AIA) was used as internal marker (Van Keulen and 
Young, 1977). 
Laboratory analysis: 
 Determinations of feeds and feces were carried out according to 
A.O.A.C. (1990) for dry matter (DM), crude protein (CP), crude fiber (CF), 
ether extract (EE) and ash determinations. Nitrogen free extract (NFE) was 
calculated by the difference. 
Statistical analysis: 

Complete randomized design was used for digestibility and feeding 
trials.  The general linear model procedure adapted by SPSS (1997) was used 
and the least significant differences (LSD) was used when the treatments 
effect was significant (Steel and Torrie, 1980). 
Economical evaluation: 

The cost of feeding was calculated, assuming that the price of one ton 
as DM of rice straw and concentrate feed mixture were 100 and 1000 LE, 
respectively and the price of one kg live body weight is 12 LE. 
 

RESULTS: 
Group feeding experiment: 

Lambs performance: Results of growth performance, body weight 
gain for lambs fed on different diets are presented in (Table 2).  Insignificant 
difference was found among treatments concerning initial body weight.  
Significant differences (P < 0.05) were obtained for final body weight gain 
between control diet (D1) and other two diets (D2 and D3), while the 
differences between propiotic supplemented diets were insignificant. 

Average total gain (ATG) and average daily gain (ADG) differed 
significantly (P < 0.01) between D1 and both other two diets.  The values were 
(9.1 vs. 11.63 and 11.52 kg) for ATG and (101.11 vs. 129.17 and 127.96 g / d) 
for ADG in D1, D2 and D3, respectively. 
 
Table (2):  Effect of salinomycin and virginamycin as feed additives on 

ram lambs performance. 
Item Rations SE 

D1 D2 D3 
Average initial body weight, kg. 
Average final body weight, kg. 
Total gain, kg. 
Average daily gain, gm. 

11.58 
20.68

b 

09.10
B 

101.11
B 

11.67 
23.29

a 

011.63
A
  

129.17
A 

11.50 
23.02

a 

11.52
A 

127.96
A 

0.31 
0.49 
0.31 
3.49 

Averages in the same raw with different superscripts are different (P < 0.05 for a and b, P < 

0.01 for A and B). SE, standard error. 
 
Feed intake:  Insignificant differences (P <0.05) were observed between 
control diet (D1) and the other two diets containing salinomycin (D2) or 
virginiamycin (D3) in total dry matter intake (TDMI) or average dry matter 
intake, g/day (ADMI, g/d), while the digested crude protein (DCPg/d) values 
recorded significant differences (P <0.05) for D2 and D3 compared to D1 
(Table 3). The figures concerning D1, D2 and D3 were (56.96, 62.91 and 
62.14), (632.89, 699.00 and 690.44) and (45.10, 52.26 and 52.01) for TDMI, 
ADMI and DCP respectively.  While, no significant differences were observed 
between D2 and D3 for these parameters. 
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Table (3): Effect of salinomycin and virginamycin as feed additives on 
feed intake and feed conversion. 

Item Rations SE 
D1 D2 D3 

Feed intake: 
TDMI, kg/head. 
ADMI, g / D 
DCP, g / D  
Feed conversion,/ kg gain: 
DM, kg. 
DCP, g. 
SV, kg. 
TDN, kg. 

 
56.96 

632.89 
45.10

b 

 
06.26

a
 

495.60
a
 

05.19
a
 

   06.15
a
 

 
62.91 

699.00 
52.26

a 

 
05.41

b
 

449.36
b
 

04.02
b
 

04.77
b
 

 
62.14 

690.44 
52.01

a 

 
05.39

b 

451.48
b
 

04.04
b
 

04.80
b
 

 
01.33 
14.77 
01.08 

 
0.13 
06.86 
0.18 
0.18 

SE, standard error, TDN = Total digestion nutrients, DCP = Digestible crude protein and SV = 
Starch value. 
Averages in the same raw with different superscripts are different (P<0.05) for a and b. 
 

Feed conversion:  Feed conversion expressed as DM, TDN, SV (kg/kg gain) 
and DCP (g / kg gain) are presented in (Table 3).  Significant differences were 
recorded with D2 and D3 compared with D1 concerning DM, TDN, SV and 
DCP. No significant differences were detected between D2 and D3 where the 
values were very close. 
Digestibility trials: 
Nutrients digestibility coefficients:  Digestibility coefficients of OM, CP, 
CF, EE and NFE of different diets are presented in (Table 4).  No significant 
differences were observed in OM, CF and EE digestibility coefficients values. 
However, D2 and D3 showed significant higher CP digestibility values 
compared to the control (D1), the values were 70.20, 73.67 and 74.21 for D1, 

D2 and D3 respectively.  The improvement rate in CP digestibility were 4.94 % 
and 5.71 for D2 and D3, respectively compared with the control diet.  The CF 
digestibility (CFD) values ranged between 29.17 for D2 to 30.67% for D1. 
Concerning the EE digestibility (EED), the values were close to each other and 
ranged between 84.90 to 85.30, (D2 and D3), respectively.  The values of NFE 
digestibility ranged between 68.28 to 69.94 for D3 and D1, respectively.   
 

Table (4):  Digestibility coefficients of the tested diets, on dry matter basis. 
Item Rations SE 

D1 D2 D3 

Digestibility coefficients % 
OM 
CP 
CF 
EE 
NFE 

 
60.32 
70.20

b 

30.67 
85.10 
69.94 

 
60.97 
73.67

a 

29.17 
84.90 
69.17 

 
61.14 
74.21

a 

30.10 
85.30 
68.28 

 
0.92 
0.84 
0.56 
0.96 
0.72 

Averages in the same raw with different superscripts are different (P < 0.05) for a and b. SE, 

standard error. 
 

Nutritive value:  The nutritive values of the different diets used expressed as 
TDN, DCP and SV are presented in (Table 5). No significant differences were 
detected among D1, D2 and D3 for TDN and SV.  Concerning values for TDN 
and SV were (55.93, 55.53 and 55.32) and (47.20, 46.78 and 46.57) 
respectively. Even though the DCP showed significant differences (P < 0.05) 
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for the diets containing propiotics (D2 and D3) compared to the control diet, the 
values were (7.13, 7.48 and 7.53) for D1, D2 and D3, respectively.  
 

Table (5): Feeding values of the tested diets, on dry matter basis. 
Item Rations SE 

D1 D2 D3 
Feeding values: 
TDN % 
SV %. 
DCP % 

 
55.92 
47.20 
07.13

b
 

 
55.53 
46.78 
07.48

a
 

 
55.32 
46.57 
07.53

a
 

 
0.65 
0.81 
0.11 

Averages in the same raw with different superscripts are different (P < 0.05) for a and b. SE, 

standard error. 
 

ECONOMICAL EVALUATION: 
Taking into consideration the difference between the cost of feed intake 

and price of total gain (LE), it is clear that propiotic supplementation improved 
the interest.  The relative percentage of cost of one kg gain for D2 and D3 were 
86.36 and 86.17 % respectively compared to the control group (D1). 
 

Table (6): Economical evaluation of salinomycin and virginamycin as feed 
additives in lamb rations. 

Item Rations 
D1 D2 D3 

Cost of feed intake, LE.
1 

Price of total gain, LE.
2 

Difference, LE. 
Relation % of difference 
Cost / kg gain 
Relation % of cost / kg gain 
 

48.65 
109.2 
60.55 
100 
5.35 
100 

 

53.74 
139.5 
85.82 
142 
4.62 
86.36 

 

53.07 
138.2 
85.17 
141 
4.61 
86.17 

 
Difference = step

2
 – step

1 

Relation % = assuming that the control is 100% 
Cost / kg gain = step

1
 / total gain 

Relation % of cost / kg gain = assuming that the control is 100% 
 

DISCUSSION: 
 The average daily gain for lambs fed diets containing salinomycin (D2) 
or virginiamycin (D3) were significantly higher (P <0.01) than the control 
group, the advantage percents were 27.75 and 26.85., respectively, (Table 4).  
These results could be explained in view of the digestibility coefficients of CP. 
The animals fed diets containing salinomycin or virginiamycin recorded 
improving in CP digestibility by (4.9 and 5.7) for D2 and D3, respectively 
(Table 4). 

Total intake expressed as DM and (digestible crude protein) DCP were 
greater for the animals fed D2 and D3 when compared with the control group 
(Table 3).  It is widely acceptable that increasing the energy level in the diet 
improve digestibility, accordingly the intake would be increased at least from 
digestible nutrients and net energy.  Consequently the weight gain would be 
enhanced (Etman et al., 1987, Ridla and Unchida, 1999 and Shalaby et 
al.1989). 

In the present study supplementation of salinomycin or virginiamycin 
to the diet improved average daily gain and (or) feed conversion, with no 
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substantial effect on dry matter intake. Pooled analyses of our study providing 
salinomycin or virginiamycin at 12 and 36 ppm, respectively of DM in the 
complete diet indicated that growth and feed conversion were improved (P< 
.05). These obtained results are in agreement with (Richter, 1991 and Rogers 
et al. 1995) on salinomycin and virginiamycin, respectively.   

Changes in body weight during
 
the experiment were significantly 

higher for animals fed diets containing salinomycin or virginiamycin.  
Previous studies have reported

 
that adding lasalocid to high forage diets 

improved (Thonney et al., 1981,
 
Paterson et al., 1983, Spears and Harvey, 

1984)
 
or had no effect (Beacom et al., 1988, Steen et al., 1992) on

 
growth rate 

in cattle or sheep. Results herein on sheep
 
were consistent with these 

observations. However, ionophores may inhibit ruminal amino acid 
deamination (Russell and Martin, 1984;

 
Beacom et al., 1988; Yang and 

Russell, 1993 and Ives et al. 2002).
 
This effect could increase amino acids for 

absorption. It also
 
could minimize energy cost for converting excess ammonia 

absorbed
 
into urea. It therefore appears that inhibition of methane formation

 

and deamination in the rumen by ionophores both could result
 
in conservation 

of energy and amino acids (Ives et al. 2002).
 
 

 
In addition, when animals are fed high amounts

 
of low quality forage 

and concentrate with a high rumen degradable
 
protein content, there is often an 

imbalance between ruminal
 
protein (high CP degradability) and carbohydrate 

fermentation
 

(low carbohydrate availability), and excess ammonia can 
accumulate

 
in the rumen (Nocek and Russell, 1988).

  

It is uncertain whether the improvement in gain observed
 
resulted from 

an increased intake. Average dry matter intake (ADMI/d) for D2 and D3 
appeared insignificant compared to the control diet (Table 3). Some reports 
indicated

 
that feeding lasalocid had no effect on feed intake of animals

 
fed 

high forage diets (Thonney et al., 1981, Steen et al., 1992). However, in the 
present study, the animals in groups (D2 and D3) reported significant higher 
DCP by 15.57 and 15.30% compared to the control group.  
 

CONCLUSION: 
In conclusion, supplementation of salinomycin or virginiamycin to 

growing
 
lambs diets improved CP digestibility, feed conversion and average 

daily
 
gain. It appeared that

 
the increased weight gain in salinomycin or 

virginiamycin fed lambs could
 

be attributed partially to the improved 
utilization of absorbed

 
N (Ives, et al. 2002).   

Salinomycin or virginiamycin as growth promoters appeared to have a 
protein-sparing effect on feed

 
proteins in the rumen of steers fed corn-based 

finishing diets.
 
Thus, the inclusion of salinomycin or virginiamycin into diets 

could increase
 
metabolic protein supply to ruminants (Ives, et al 2002). In 

addition, the percent of improvements in economical return were 41.73 and 
40.66% for D2 and D3, respectively compared to the control. 
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 تأثير السالينوميسين أو الفيرجينياميسين كمضافات غذائية على أداء الأغنام
 

 2ل محمود الجارحىجما   ؛    1حمد مصطفىاسيد احمد محمد سيد 

  مصر -المنيا  –جامعة المنيا   –كلية الزراعة  - قسم الإنتاج الحيواني -1
 مصر -الفيوم  –جامعة القاهرة/ فرع الفيوم  –كلية الزراعة  – قسم الإنتاج الحيواني -2

 
ليهتتا جامعتتة المنيتتا علتتة عليقتتة تستتمي  م تتافا    –أجريتته هتتلد الةراستتة  مزرعتتة كليتتة الزراعتتة  المنيتتا 

حمت  مت  لكتور ايوستيمي عنتة عمتر شهشتة أشتهر  متوستط وز   11منشطاه نمو.  أستخةم فتة هتلد الةراستة 
كيلو جرام. تم توزيع الحيواناه عشوائيا علة شهشة مجاميع متع ايختل فتي ابعت تار أ  تكتو   ±1.31  11.61

يوم. وتتمش  هلة العهئق  01مخت رة لمةة وتم تغليتها علة العهئق ال متوسطاه المجاميع متساوية  قةر الإمكا .
جتز  فتي  36جتز  فتي المليتو  سالينوميستي ، عليقتة الكنتترو     12في، عليقة الكنترو ، عليقة الكنتترو    

% قت  أرز. أو تحه النتتائ  25% علت  مصتنع   55المليو  فيرجينوميسي . وتكونه عليقة الكنترو  مت  
 المتحص  عليها ما يلي:

ئق الم ا   ليها سالينوميسي  وفيرجينياميستي  أعلتة معتةبه نمتو وكانته الزيتاةة معنويتة عنتة حققه العه -1
% عنة مقارنتها  الكنترو  وكللك حققه تحس  في ك  م  معة  تحوي  الغلا   مستوى معنوية 5مستوى 

م المرك تاه %  المقارنة  الكنترو  وكللك ال تروتي  المه توم،  ينمتا لتم يوجتة اختهفتاه معنويتة فتي قتي5
 المه ومة الكلية، معاة  النشا.

أو حه حسا اه التقييم ابقتصاةي للعهئق المختلفة علة أساس تكلفة الغلا  وكللك سعر الزياةة في الوز   -2
)سالينوميسي   وفيرجينياميسي ( الحي تفوق المجاميع التي غليه علة عهئق تحتوى علة منشط نمو 

% علة التوالي.  وكا  م  خهصة هلد الةراسة 41%، 42كا  معة  التحس  في العائة علة الكنترو  و
 مكانية استخةام منشطاه النمو مو ع الةراسة في تسمي  ايغنام مع ايخل في ابعت ار النسب المسموح 

  استخةامها والتي تعطة التحس  المطلوب.


