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  INTRODUCTION 
 

In most parts of Iran, low rainfall and availability of water 
resources are the major limitations to the farmers. As many 
places in all over the world (Arosemena et al. 1995), feed 
shortage is a common feature of Iranian animal production 
industry.  

Continuous grazing, especially with high stocking rates, 
has made rangelands bare, caused soil erosion and native 
pasture deterioration mainly through the loss of useful 
vegetation. 

To offset part of this feed insufficiency, agricultural by-
products have been commonly used in animal and poultry 
nutrition, and this situation seems to be continued in future  
 

(Tabeidian and Sadeghi, 2009). 
However, some by-products from agricultural related in-

dustries are not yet being used properly.  
Of these, the byproducts remain after starch and gluten 

separation from wheat flour in starch processing factories. 
A mixture of these valuable by-products plus wheat bran 
has been recently manufactured which is known by a trade 
name of “Powerfeed®” (Pirzadeh Naeiny et al. 2010a). The 
typical lamb finishing diets used in many parts of Iran are 
barley-based diets supplemented with sugar beet pulps and 
corn silage.  

In this research, Powerfeed® was used in replacement of 
barley grain in rations to investigate its effects on the per-
formance of Chall lambs. 
 

 

Thirty six male Chall lambs (four-month old and 26  ± 1.5 kg body weight) were randomly assigned into 
four treatments (nine lambs per treatment) to study the effect of Powerfeed® (a commercial mixture made 
from wheat processing by-product and wheat bran) on weight gain, feed intake, feed conversion ratio, se-
rum sodium and potassium concentration and urine pH. Lambs in control group were fed with a total mixed 
ration based of alfalfa and barley grain. Barley grain was replaced with Powerfeed® (PF) at levels of 4, 8 
and 12 in treatments 2, 3 and 4, respectively. The experiment lasted for 105 days comprising 15 days of 
adaptation period and 90 days finishing period. No significant differences were observed in weight gain, 
feed intake, feed conversion ratio, serum sodium and potassium concentration and urine pH of lambs in 
control group when compared to other treatments. In conclusion, Powerfeed® can be used as partial re-
placement of barley grain in total mixed rations of finishing lambs. 
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  MATERIALS AND METHODS 
Animals and management 
Thirty six male Chall lambs with 26  ± 1.5 kg body weights 
(BW) at four months of age were randomly divided into 
four treatments (nine lambs per treatment). Four diets with 
concentrate to forage proportions of 68:32 were used under 
a completely randomized design. Animals in group 1 (con-
trol) were fed on a total mixed ration (TMR) comprised of 
26% alfalfa hay, 46% barley grain, 6% barley straw, 14% 
wheat bran, 7% rapeseed meal, 0.7% mineral-vitamin sup-
plement and 0.3% sodium bicarbonate to meet their energy 
and protein requirements according to the NRC (1985) rec-
ommendations. Ground barley grain was replaced with 
Powerfeed® (PF) at levels of 4, 8 and 12% of diet for lambs 
in groups 2, 3 and 4, respectively. The ingredients and the 
chemical composition of the total mixed rations are pre-
sented in Table 1. Lambs had free access to fresh water 
during the experiment. The trial lasted 105 days comprising 
15 days adaptation and 90 days finishing period. The ex-
perimental diets were given to lambs twice daily at 08:00 
and 18:00. The BW of lambs was measured at 15-day inter-
vals prior to their morning feedings and the initial and final 
weights were considered as the average of two consecutive 
weights. The feed conversion ratio was then calculated 
based on the relative feed consumption and weight gain of 
lambs.  
 
Blood and urine measurements 
At the middle and at the end of the experiment, jugular 
blood samples of lambs were taken into an evacuated glass 
tubes and allowed to coagulate. Samples were then trans-
ported to the laboratory within two hours of collection. The 
serum was separated by centrifuge at 3000 × g for 15 min-
utes. Samples were then frozen and stored at -20 ˚C for 
further analysis. A flame photometer was used to determine 
sodium and potassium in serum. Urine samples were col-
lected manually in plain glass tubes and their pH was 
measured by electrical digital pH-meter within 2 hours.  
 
Chemical analysis 
Dry matter content of feed samples was measured drying 
them in oven at 110 ˚C for 24 hours (AOAC, 1990). The 
proximate compositions of feeds were then measured ac-
cording to the AOAC (1990) method. The neutral detergent 
fiber (NDF) and the acid detergent fiber (ADF) contents of 
feed samples were also measured using the Van Soest et al. 
(1991) procedure. In addition, the crude protein (CP) con-
tent was determined using Kjeldahl method (AOAC, 1990). 
 

Statistical analysis 
Data were analyzed using the GLM procedure of SAS 
(2001). The lambs’ initial live weight was considered as a 

co-variable and a covariance analysis was conducted on the 
body weight and live weight gain.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

®Table 1 The ingredients and the chemical composition of Powerfeed  con-
tained total mixed rations 

Treatments*  

Items 
Control 4% PF 8% PF 12% PF 

    Ingredients (%) 

Alfalfa hay 26 26 26 26 

Barley straw 6 6 6 6

Ground barley grain 46 42 38 34 

Rapeseed meal 7 7 7 7 

Wheat bran 14 14 14 14
® Powerfeed - 4 8 12 

Mineral-vitamin mixture 0.7 0.7 0.7 0.7 

Sodium bicarbonate 0.3 0.3 0.3 0.3 

    Chemical composition (%) 

Crude protein 14.70 14.87 15.04 15.21 

Neutral detergent fiber 28.21 29.05 29.88 30.71 

Acid detergent fiber 15.65 15.93 16.22 16.51 

Ash 5.48 5.87 6.26 6.64 

Sodium 0.18 0.30 0.42 0.54 

Potassium 1.08 1.11 1.14 1.16 

Calcium 0.48 0.52 0.56 0.61 

Phosphorous 0.51 0.54 0.57 0.60 
* Barley grain was replaced with Powerfeed® (PF) at amounts of 4, 8 and 12 percent-
ages for the total mixed rations of lambs in group 2 (4% PF), group 3 (8% PF) and 
group 4 (12% PF), respectively. 

The differences between the means were compared using 
Duncan’s multiple range tests. The significance of differ-
ences between the treatment groups were then stated at 
P<0.05 values. 
 

  RESULTS AND DISCUSSION 
Chemical compositions 
The chemical compositions of diets are shown in Table 1. 
The crude protein contents were 14.70%, 14.87%, 15.04% 
and 15.21 in control, 4% PF, 8% PF and 12% PF mixtures, 
respectively; indicating that four diets used in this experi-
ment were almost isonitrogenous.  

The neutral detergent fiber and the acid detergent fiber 
contents were increased with the increasing of Powerfeed® 
levels in diets so that the highest percentage of NDF was 
observed in 12% PF diet followed decreasingly by 8% PF 
and 4% PF diets, and the lowest percentage of NDF was 
observed in control diet.  

The ash content of diets was also increased with the in-
creasing of Powerfeed® proportions in total mixed rations. 
The sodium levels were also measured and it was found to 
be 0.18%, 0.30%, 0.42% and 0.54% for the control, 4% PF, 
8% PF and 12% PF treatments, respectively (Table 1). 
From these, it can be concluded that by the increasing of 
Powerfeed® percentages in rations, the ash and the fiber 
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contents of rations were concurrently increased due to the 
relatively high content of fiber in wheat bran and the so-
dium contents of starch wastages. In agreement with these 
results, Singh et al. (1999), Dhakad et al. (2002) and 
Tabeidian and Sadeghi (2009) reported higher ash and fiber 
contents with the replacement of grains with wheat bran or 
de-oiled rice bran in diets. 
 
Lamb performance  
Data on the performance of lambs are presented in Table 2. 
Although the initial BW of lambs was not significantly dif-
ferent among the treatment groups, a covariance analysis 
was applied for more precise interpretation of observations. 
The BW of lambs was not significantly affected by the re-
placement of barley grain with Powerfeed® up to 12% (Fig-
ure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The effect of replacing barley grain with Powerfeed® on the body 
weight of finishing Chall lambs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Our results agree well with the findings of Abii et al. 
(1993) who observed no depression in daily gain of grow-
ing lambs when wheat bran was used up to 30% of their 
diets, but it was significantly depressed when the level of 
wheat bran of diet was increased to 60% and above. Table 2 
indicates that the replacement of barley grain with Power-
feed® had no adverse effect on the feed conversion ratio of 
finishing lambs.  

Lambs in control, 4% PF, 8% PF and 12% PF groups 
had average feed intake of 1.26, 1.30, 1.22 and 1.30 kg/d, 
respectively, indicating that the partial replacement of 
ground barley grain with Powerfeed® had no adverse effect 
on the feed intake of lambs. Our results are in agreement 
with findings of Singh et al. (1999) who reported no ad-
verse effect on feed intake when grains were replaced with 
wheat bran or de-oiled rice bran.  

However, Abii et al. (1993) found a significant reduc-
tion in dry matter intake of sheep with the increasing of 
wheat bran levels in their diets. 
 
Serum sodium and potassium concentration, and urine 
pH 
There were no significant differences in the serum sodium 
and potassium concentrations of lambs fed control diet 
compared to those fed 4%, 8% and 12% Powerfeed® diets 
(Table 3).  
No differences in blood sodium and potassium concentra-
tion have been found using high levels of sodium in lambs’ 
diets (Meyer and Weir, 1954; Devlin and Roberts, 1963; 
Moseley and Jones, 1974). Furthermore, normal concentra-
tions of sodium and potassium in sheep blood serum re-
ported 142-160 mmol/L and 4.5-5.9 mmol/L, respectively 
which are similar to those found for the lambs in different 
treatments of our study.  
 
 
 
 
 
 
 
 
 
 
 

The effect of Powerfeed 2Table   mance of Chall lambs containing total mixed rations on the perfor®

Treatments*  

Item 
Control 4% PF 8% PF 12% PF SEM 

26.38 26.40 26.39 26.44 0.76 Initial live weight (kg) 

45.34 45.77 46.46 46.91 0.93 Final live weight (kg) 

193.54 197.62 200.51 208.84 4.05 Weight gain (g/d) 

1.26 1.30 1.22 1.30 0.08 Feed intake (kg/d) 

Feed conversion ratio 6.52 6.58 6.31 6.22 0.13
* Barley grain was replaced with Powerfeed® (PF) at amounts of 4, 8 and 12 percentages for the total mixed rations of lambs in group 2 (4% PF), group 3 (8% PF) and group 
4 (12% PF), respectively. 

 
 
 
 
 
 
 

The effect of Powerfeed 3Table 
pH of Chall lambs   

and the urine , concentrations) L/mmol( and potassium )L/mmol( containing total mixed rations on the serum sodium ®

Treatments*  

Item 
Control 4% PF 8% PF 12% PF SEM 

Serum sodium  160.90 159.70 162.91 163.71 1.84 

Serum potassium  4.12 3.91 4.21 4.02 0.07 

Urine pH 8.16 8.17 8.18 8.19 0.04 
* Barley grain was replaced with Powerfeed® (PF) at amounts of 4, 8 and 12 percentages for the total mixed rations of lambs in group 2 (4% PF), group 3 (8% PF) and group 
4 (12% PF), respectively. 
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No statistically significant differences were observed for 
the urine pH of samples taken from individual lambs of 
four treatment groups in the present study (Table 3). Scien-
tific resources reported a normal urine pH of 7.90-8.11 for 
healthy lambs (Scott et al. 1993; Brown et al. 1999; Vinodh 
Kumar et al. 2010) which are similar to those found for 
lambs in the current study. 

Meyer J.H. and Weir H.C. (1954). The tolerance of sheep to high 
intakes of sodium chloride. J. Anim. Sci. 13, 443-449. 

Moseley G. and Jones D.I.H. (1974). The effect of sodium chlo-
ride supplementation of a sodium adequate hay on digestion, 
production and mineral nutrition in sheep. J. Agric. Sci. Camb. 
83, 37-42. 

NRC. (1985). National Research Council, Nutrient Requirements 
of Sheep. The 6th Revised Ed. Natl. Acad. Sci., Washington, 
DC.   

  CONCLUSION Pirzadeh Naeiny A., Khadem A.A., Rezaeian M. and Afzalzadeh 
A. (2010a). Starch processing wastage as a feed for Holstein 
bulls. Proc. British Soci. Anim. Sci. 373. The results of the present study indicate that barley grain 

could be replaced by Powerfeed® up to a level of 12% in 
total mixed rations of finishing lambs without any adverse 
effect on their productive traits. 

SAS Institute. (2001). SAS®/STAT Software, Release 8.2 SAS 
Institute, Inc., Cary, NC. 

Scott D., Loveridge N., Abudamir H., Buchan W. and Milne J. 
(1993). Effects of acute acid loading on parathyroid hormone 
secretion and on urinary calcium and cAMP excretion in the 
growing lambs. Exper. Physiol. 78, 57-163. 
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