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Abstract: This feeding trail was conducted to investigate the effects of partial replacing of cotton seed meal
(CSM) with distillers dried grain with solubles (DDGS) at levels 0, 25 and 50% on growth performance, digestion
coefficients and economic efficiency in crossbred calves fed for 90 days. Hemogram and serum biochemical
parameters were also determined. Thirty male crossbred (Baladi x Friesian) calves (322.00±3.00 kg BW), were
randomly assigned into three equal groups. Group 1 (G ) fed control fed dietary supplemented with 20% CSM.1

Groups 2 and 3 (G  and G ) received dietary supplemented with 5% and 10% DDGS that equal replacement 25%2 3

and 50% of CSM in control ration, respectively. The experimental diets were offered twice daily in two equal
portions at 8.30 am. and 14.30 pm., while wheat straw and water were offered ad libitum. The composition of
experimental diets was analyzed for nutritive values. Also nutrient digestibility coefficients and nutritive values
(%) by the experimental groups were calculated. Growth performance, water intake and economic evaluation
of the experimental groups were evaluated. At the end of the experiment, blood was collected from all groups
for assessment of hematological and biochemical parameters. Results revealed that incorporation DDGS at
different levels (0, 5 and 10%) in concentrate feed mixtures slightly decreased NDF, ADF, ADL and cellulose
contents, however, slightly increased hemicellulose contents. Replacement 25 or 50% of CSM with DDGS
significantly (P<0.05) improved both total body weight gain and average daily gain compared to control diet.
While, dry matter intake of CFM, wheat straw and total dry matter intake insignificantly (P>0.05) increased with
increasing level of replacement of CSM by DDGS. On the other hand, feed conversion expressed as (kg DM
intake/kg gain) significantly (P<0.05) improved with incorporation DDGS in the rations (G  and G ) compared2 3

to control (G ). DDGS in calves rations caused slightly increasing in total daily feeding costs of experimental1

rations by 0.85% for G  while, 3.41% for G compared to control G . Meanwhile, average daily gain, daily profit2 3 1

above feeding cost and relative economic efficiency for G  and G  were improved in comparison with control2 3

(G ). The values of packed cell volume was significantly decreased (P<0.05) while mean corpuscular volume was1

increased in G  in comparison to control group. No significant differences in hemoglobin concentration, red3

blood cell count, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration between all
groups were recorded. There were marked (P<0.05) decrease in total leukocyte, lymphocyte and monocyte
counts in G  and G  in comparison with control group. But the neutrophil count was obviously increased in G2 3 2

than control group. The results showed that total globulins, glucose and triglycerides levels and gamma
glutamyl transferase activity significantly decreased in both G  and G  compared to control group. However,2 3

the activities of ALT and AST and serum urea levels were slightly elevated in both treated groups (G  and G )2 3

compared to the control group. However, there were no significant differences in total serum cholesterol,
creatinine, total proteins and albumin levels between all groups. In conclusion, DDGS can be used safety in
calves ration formulation up to 10% (replaced 50% of CSM) causing improvement in growth performance,
nutrient digestibility coefficients, average daily gain, feed conversion ratio and economic efficiency with very
mild adverse effect on some blood constituents. 
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INTRODUCTION Experimental Animals and Feeds: Thirty male crossbred

Production of ethanol from grains has increased the 322.00+3.00 kg were divided into three experimental
availability of the co-product distillers dried grains with groups, each of 10 calves. G : calves received ration
solubles (DDGS). The DDGS has higher gross energy contained 20% cotton seed meal  (CSM)  and  expressed
content [1], a higher protein and fiber content and as control. G : calves received ration contained 5%
drastically reduced starch content compared to grain [2, distillers dried grain with solubles (DDGS) that equal
3]. This nutritional profile provides an opportunity to use replacement  25%  of  CSM percentage in control ration.
DDGS primarily as a protein feedstuff in livestock feeding G : calves received ration contained 10% DDGS  that
to mitigate feed cost, which is the largest variable cost of equal replacement 50% of CSM percentage in control
animal production [4]. ration.

It has been estimated that in 2010 in European Union Animals were housed in semi opened pens where
6.3 billion liters of ethanol will be produced [5]. That they were individually fed. Each group individually
would give 5.06 billion tons of DDGS if made from corn received one of the experimental concentrate  feed
only. In the USA over 80% of this by-product is utilized mixtures (CFM , CFM  and CFM ) at 2% of their live body
as a feed component for cattle, of which 45% as feed for weight for 90 days. Experimental CFM was offered twice
beef cattle [6]. daily in two equal portions at 8.30 am. and 14.30  pm.,

Processing of 100 kg of corn grain provides 40.2l of while wheat straw was offered ad libitum. The tested
ethanol and 32.3 kg of DDGS [7]. This generates a concentrate feed mixtures (CFM , CFM  and CFM )
necessity of utilization of this by-product. contained 0, 5 and 10% of distillers dried grains with

Dried distillers grain can be used as feed component solubles (DDGS) that equal replacing 0, 25 and 50% of
in animal nutrition. It consists of non-fermentative corn cotton seed meal (CSM), respectively. Animals were
grain fractions-protein, fat and fiber which are three-fold raised under hygienic and managerial conditions and
more concentrated than in raw corn grain [8]. Moreover, fresh water and mineral blocks were available all time
it contains yeasts which are a source of protein of high through the experimental period. 
biological value and vitamins. Corn DDGS usually Offered and refused diets were daily recorded. The
contains 20-30% of crude protein, of which about 50–55% experimental animals were individually weighed bi-weekly
is bypass protein [9, 10]. before feeding at 8.00 am to calculate the average daily

Most of the energy contained in dried distillers grain gain. Offered feeds were adjusted according to changes
comes from fat and fiber. This effects in a reduction of the of body weights. 
risk of acidosis, when is fed in higher amounts [11]. Low Composition of concentrate feed mixtures (CFM ,
structural value of this fiber can be increased by an CFM  and CFM )  and  chemical  analysis  of  CSM,
addition of hay or straw [12]. DDGS, wheat straw and different concentrate feed

The main objectives of this work was to investigate mixtures  (CFM ,  CFM   and  CFM ) are presented in
the effects of partial replacement of cotton seed meal Table (1).
(CSM) by distillers dried grain with solubles (DDGS) at
levels 0, 25 and 50% CSM for 90 days on growth Digestibility Trial: Three metabolism trials were carried
performance, digestion coefficients and economic out at the end of the experimental period. Six animals for
efficiency in crossbred calves. Moreover, we aimed to each group were randomly chosen to estimate the
evaluate its effect on hemogram and some biochemical influence of tested diets on nutrient digestibility. 
parameters related to liver and kidney functions. A grab sample method was applied at which acid

MATERIALS AND METHODS according to Van Keulen and Young [13] for evaluating

This study was carried out at Research and were taken from each animal for five days and sprayed
Production Station, located in El-Emam Malik Village, El- with 10 % sulphoric acid and 10 % formaldehyde
Bostan West of Nubaria, El-Behaira governorate and at solutions and dried at 60  C for 24 hrs. Samples were
laboratories of Animal Production and Parasitology and mixed and stored for chemical analysis. Composite
Animal Diseases Departments, National Research Centre, samples of feeds and feces were finely ground prior to
33 Bohouth Street, Dokki, Giza, Egypt. analysis. The   nutritive  values  expressed  as   the  total

(Baladi x Friesian) calves with an average body weight of
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insoluble ash (AIA) was used as an internal marker

the nutrients digestibility coefficient. Samples of feces
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digestible nutrient (TDN) and digestible crude protein Patton and Crouch [23] and Houot [24], respectively.
(DCP) of the experimental rations was calculated by Determination of serum total cholesterol and triglycerides
classical method. Chemical analysis of the experimental were estimated according to Allain et al. [25] and Fossati
rations that used to calculate the nutrient digestibility and Prencipe [26], respectively. Test kits supplied by
coefficients is shown in Table (2). bioMérieux-France, were used. 

Blood Sampling: Two blood samples were taken from Statistical Analysis: Data collected of feed and water
jugular vein puncture from five calves from each group at intake, live body weight gain, average daily gain, feed
the end of experiment. The first blood sample collected conversion and nutrient digestibility coefficients and
with anti-coagulant EDTA (ethylenediaminetetraacetic blood parameters were subjected to statistical analysis as
acid tripotassium) was used for hematological one way analysis of variance according to Snedecore and
evaluations. The second blood sample collected without Cochran, [27] using SPSS version 16 computer program.
anti-coagulants were processed for serum. Sera were Duncan’s Multiple Range Test Duncan [28] was used to
stored in -20 °C until further biochemical analyses. separate means when the dietary treatment effect was

Analytical Procedures: Experimental diets ingredients: e  Where: Y = observation. µ= overall mean. T = effect of
Representative samples of ingredients (CSM, DDGS, tested diet levels for i= 1–3 [1= (Control; 0% DDGS), 2=
wheat  straw)  and  tested  concentrate  feed  mixture DDGS replaced 25% of cotton seed meal and 3= DDGS
(CFM , CFM  and CFM ) were analyzed for DM, CP, CF, replaced 50% of cotton seed meal]. e = the experimental1 2 3

EE and ash according to AOAC [15] methods, while, error.
nitrogen free extract (NFE) was calculated by differences.
Neutral detergent fiber (NDF), acid detergent fiber (ADF) RESULTS AND DISCUSSION
and acid detergent lignin (ADL) were determined in
ingredients and tested diets according to Goering and Van Composition of Concentrate Feed Mixtures (CFM) and
Soest [16] and Van Soest et al. [17]. Hemicellulose was Chemical Analysis of Cotton Seed Meal, Distillers Dried
calculated as the difference between NDF and ADF, while Grain with Solubles, Wheat Straw and CFM: Data
cellulose was calculated as the difference between ADF illustrated in Table (1) cleared that CSM and DDGS were
and ADL. almost comparable in their contents of crude protein and

Hematological Investigations: Hemogram of collected ether extract, nitrogen-free extract, ash, neutral detergent
blood samples were evaluated according to the method fiber, acid detergent fiber, acid detergent lignin and
described by Weiss and Wardrop [14]. It included the red hemicellulose percentages. 
blood cell count (RBCs), packed cell volume (PCV), Also, it's noticed that different concentrate feed
hemoglobin (Hb) concentration, calculated red blood mixtures CFM  CFM and CFM  was iso-nitrogenous
indices [Mean corpuscular volume (MCV), Mean (14.61% CP in average) and slightly different in EE
corpuscular hemoglobin (MCH), Mean corpuscular content, it was observed that, EE content slightly
hemoglobin concentration (MCHC)], total leukocyte increased with increasing level of incorporation of DDGS
(TLC) and differential leukocyte counts. in CFM formulation. The corresponding values of EE

Serum Biochemical Studies: Serum total proteins and content was decreased with increase the replacement of
albumin were determined according to the methods of CSM by DDGS. The corresponding values of CF were
Henary et al. [18] and Doumas et al. [19], respectively. 8.91, 7.93 and 6.95% for CFM , CFM  and CFM ,
The activities of aspartate aminotransferase (AST), respectively. On the other hand, ash content was in the
alanine aminotransferase (ALT) were determined same trend approximately. Incorporation DDGS at
according to the procedure of Reitman and Frankel [20]. different levels (0, 5 and 10%) in CFM slightly decreased
Serum gamma glutamyl transferase (GGT) and glucose NDF, ADF, ADL and cellulose contents, however, slightly
were done according methods described by Schiele et al. increased hemicellulose contents. This different may be
[21] and Trinder [22], respectively. Serum urea and related to different the cell wall constituent's content of
creatinine were determined according to the methods of CSM compared to DDGS. 

significant according to the following model: Y  = µ + T  +ij i

ij ij i

ij

cellulose; while, differed in their contents of crude fiber,

1, 2 3

content were 3.10, 3.49 and 3.87%. While, crude fiber

1 2 3
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Table 1: Composition  of  concentrate  feed  mixtures  (CFM)  and chemical analysis of cotton seed meal, distillers dried grain with solubles, wheat straw
and CFM

Concentrate feed mixtures

Item CSM DDGS Wheat straw CFM CFM CFM1 2 3

Composition of the concentrate feed mixture:
Yellow corn 54.50 54.50 54.50
Wheat bran 17.00 17.00 17.00
Soybean meal 5.00 5.00 5.00
Cotton seed meal (CSM) 20.00 15.00 10.00
Distillers dried grain with solubles (DDGS) 0.00 5.00 10.00
Limestone 2.00 2.00 2.00
Sodium chloride 1.00 1.00 1.00
Vitamins and minerals mixture1 0.50 0.50 0.50
Price, L.E/ Ton 2676 2646 2616
Chemical analysis of CSM, DDGS, wheat straw and CFM.
Dry matter (DM) 87.88 87.48 94.21 89.59 89.56 89.55
Chemical analysis on DM basis:
Organic matter (OM) 94.20 95.65 89.12 93.35 93.42 93.49
Crude protein (CP) 24.82 24.72 3.32 14.61 14.61 14.60
Crude fiber (CF) 27.75 8.10 38.54 8.91 7.93 6.95
Ether extract (EE) 2.71 10.42 1.78 3.10 3.49 3.87
Nitrogen-free extract (NFE) 38.92 52.41 45.48 66.73 67.39 68.07
Ash 5.80 4.35 10.88 6.65 6.58 6.51
Cell wall constituents: 
Neutral detergent fiber (NDF) 50.63 39.23 77.36 37.19 36.61 36.04
Acid detergent fiber (ADF) 36.18 19.68 53.18 26.29 25.46 24.64
Acid detergent lignin (ADL) 20.46 4.79 10.21 6.28 5.50 4.72
Hemicellulose* 14.45 19.55 24.18 10.9 11.15 11.4
Cellulose** 15.72 14.94 42.97 20.01 19.96 19.92
Each 3 kg Vitamins and Minerals mixture contains: Vit. A 12,500,000 IU, Vit. D  2,500,000 IU, Vit. E 10,000 mg, Manganese 80,000 mg, Zinc 60,0001

3

mg, Iron 50,000 mg, Copper 20,000 mg, Iodine 5,000 mg, Cobalt 1000 mg and carrier (CaCo ) add to 3000 g. (Produced by Agri-Vet Comp.) CSM: cotton3

seed meal. DDGS: Distillers dried grain with solubles.
* Hemicellulose = NDF – ADF ** Cellulose = ADF – ADL. .

Table 2: Chemical analysis of the experimental rations, nutrient digestibility coefficients and nutritive values (%) by the experimental groups
Experimental rations
--------------------------------------------------------------------------------------------------------------------------------------------

Item R R R SEM1 2 3

Concentrate: Roughage ratio 66.70: 33.30
Chemical analysis of the experimental rations on DM basis:
Dry matter (DM) 91.13 91.11 91.10 --
Organic matter (OM) 91.94 91.99 92.04 --
Crude protein (CP) 10.85 10.85 10.85 --
Crude fiber (CF) 18.77 18.12 17.47 --
Ether extract (EE) 2.66 2.92 3.17 --
Nitrogen-free extract (NFE) 59.66 60.10 60.55 --
Ash 8.06 8.01 7.96 --
Nutrient digestibility coefficients
Dry matter (DM) 96.45 97.11 98.10 0.24b b a

Organic matter (OM) 84.41 88.21 91.61 0.96c b a

Crude protein (CP) 79.32 86.40 88.44 1.33b a a

Crude fiber (CF) 77.66 82.81 86.92 1.31c b a

Ether extract (EE) 71.60 81.16 86.29 2.37b a a

Nitrogen-free extract (NFE) 88.04 90.51 93.81 0.76c b a

Nutritive value
Total digestible nutrient (TDN) 79.99 84.11 87.74 1.02c b a

Digestible crude protein (DCP) 8.61 9.38 9.60 0.15b a a

Means with different superscripts in the same row are significantly different at P<0.05. SEM: standard error of means.
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Nutrient Digestibility Coefficients and Nutritive Values: In contrast, many researchers did not noticed any
Nutrient digestibility coefficients and nutritive values by
the experimental groups are presented in Table (2).
Results cleared that dietary treatments had significant
(P<0.05) effect on nutrient digestibility coefficients and
nutritive values. Inclusion DDGS in the rations improved
significantly (P<0.05) all nutrient digestibility coefficients
(DM, OM, CP, CF, EE and NFE) and nutritive values (TDN
and DCP). Increasing level of DDGS in rations recorded
significantly (P<0.05) increasing in all nutrient digestibility
and nutritive values. These results were not agreement
with those found by Santos et al. [29] who reported a non
significant decrease in OM digestibility by cows
supplemented with DDGs (63.6%) compared with lactating
dairy cattle supplemented with SBM (68.0%). Also, ZoBell
et al. [30] stated that DM and NDF digestibility were not
affected (P>0.05) by treatments contained 10.5 or 16.5%
DDGS in finishing beef steers. On the other hand, McGinn
et al. [31] noted that using DDGS in beef cattle rations
may actually be of advantage to the ruminant animal
industry as the product has been shown to reduce
methane emission by nearly 20 % when included in beef
cattle diets. While, Firkins et al. [32] demonstrated that
diets containing DDGS had less ruminal NDF digestion
compared to a diet containing dry corn gluten feed, but
NDF digestion was greater for DDGS diet suggesting
greater hindgut fermentation. 

Growth Performance, Water Intake and Economic
Evaluation of the Experimental Groups: Effect of dietary
treatments on weights, feed intake and feed conversion
by experimental group calves is presented in Table (3).
Replacement 25 or 50% of CSM with DDGS significantly
(P<0.05) improved both total body weight gain and
average daily gain compared to control diet that not
contained DDGS. While, dry matter intake of CFM, wheat
straw and total dry matter intake insignificantly (P>0.05)
increased with increasing level of replacement of CSM by
DDGS. On the other hand, feed conversion expressed as
(kg DM intake/ kg gain) significantly (P<0.05) improved
with incorporation DDGS in the rations (G  and G )2 3

compared to control (G ). These results were in agreement1

with those obtained by Szulc et al. [5] who, reported that,
the effect of extracted rapeseed meal replacing with corn
DDGS on performance of Polish Holstein-Friesian bulls
caused significant increasing in average daily gain and
feed conversion compared to control.

Also, Ham et al. [33], Peter et al. [34]; Loy et al. [35]
and Depenbusch et al. [36] noted that addition of DDGS
in heifers rations had higher gain and feed conversion
ratio than hefiers fed with corn grain. 

significant improvement of an average daily gains and
feed conversion when animals were fed with dried
distillers grain [37-39].

Data  of  water  intake  by  the   experimental  groups
is  presented  in  Table  (3)  showed  that  dietary
treatment had no significant effect (P>0.05) on water
intake that expressed as L/h/d or L/kg DM intake. The
corresponding values of water intake were 16.80, 17.60
and 18.30 L/h/d for G , G  and G , respectively. These1 2 3

results are in agreement with those noted by Thickett et
al. [40] and Kertz et al. [41] who observed simultaneous
increases of water and calf starter intake. While, Jenny et
al. [42] indicated that physical capacity was not limiting
water intake. 

Economic efficiency was represented by daily profit
over feed cost. The costs were based on average values
of year 2015 for feeds and live body weight. Feeding costs
and profit above feeding costs are shown in Table (3).
Inclusion DDGS in calves rations caused slightly
increasing in total daily feeding costs of experimental
rations by 0.85% for G  while, 3.41% for G compared to2 3

control G . Meanwhile, average daily gain, daily profit1

above feeding cost and relative economic efficiency for G2

and G  were improved in comparison with control (G ).3 1

Feed cost (LE per kilogram gain) was decreased by 24.89%
and 29.83% for G  and G , respectively, compared to2 3

control (G ). Relative economic efficiency improved by1

230.4 and 273.9 % for G  and G  compared to control (G )2 3 1

when assuming that relative economic efficiency of
control diet equals 100%. These results were in agreement
with those obtained by Trenkle [43-45] who noted that
feed cost of gain will be reduced if the cost of DDGS is
not greater than cost of corn grain on a dry basis. For
each $0.25 increase in corn price/ buy, the value of DDGS
(90% dry matter) as a feed for finishing cattle increases
$9.50/ ton. Also, results in this study were in agreement
with those found by Youssef et al. [46] who stated that
the evident improvement in economic evaluation is due to
decreased cost of total feed consumed with increasing the
level of DDGS up to 30% and associated with improved
feed conversion of growing rabbits.

Hematological Findings: The values of packed cell
volume (PCV%) was significantly decreased (P<0.05) in
the G  fed DDG at level 50% compared to both control (G )3 1

and G fed DDG at level 25% CSM. However, the values2

of mean corpuscular volume (MCV) were increased in
both experimental groups (G  and G ) but markedly2 3

increased  (P<0.05)  in  G   than  that  the  control  group.3
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Table 3: Growth performance, water intake and economic evaluation of the experimental groups
Experimental rations
----------------------------------------------------------------------------------------------------

Item G G G SEM1 2 3

1. Growth performance of the experimental groups
Initial weight, kg 325 319 322 3.00
Final weight, kg 382 395.5 406 3.58
Total body weight gain, kg (TBWG) 57.00 76.50 84.00 2.76b a a

Average daily gain, kg 0.633 0.850 0.933 0.046b a a

Feed intake
DM intake of concentrate feed mixture (CFM), kg 4.106 4.179 4.328 0.077
DM intake of wheat straw, kg 2.159 2.199 2.277 0.041
Total DM intake, kg/h/day 6.265 6.378 6.605 0.118
Feed conversion
Kg DM intake/ kg gain 9.897 7.504 7.079 0.41b a a

2. Water intake by the experimental groups
L/h/d 16.80 17.60 18.30 1.14
L/ kg DM intake 2.682 2.665 2.869 0.178
3- Economic evaluation:
Daily feed intake (fresh, kg) of;
Concentrate feed mixture (CFM) 4.583 4.666 4.833 --
Wheat straw (WS) 2.034 2.072 2.145 --
Value of 1- kg feed (LE) of
Concentrate feed mixture 12.26 12.35 12.64 --
Wheat straw 1.83 1.86 1.93 --
Daily feeding cost (LE) of (CFM + WS) 14.09 14.21 14.57 -- a

Average daily gain (kg) 0.633 0.850 0.933 --
Value of daily gain (LE) 18.99 25.50 27.99 --b

Daily profit above feeding cost (LE) 4.90 11.29 13.42 --
Relative economic efficiency 100 230.4 273.9 --c

Feed cost (LE/kg gain) 22.26 16.72 15.62 --
Means with different superscripts in the same row are significantly different at P<0.05. SEM: standard error of means.
G : calves received ration contained 20% cotton seed meal (CSM) and expressed as control.1

G : calves received ration contained 5% distillers dried grain with solubles (DDGS) that equal replacement 25% of CSM percentage in control ration.2

G : calves received ration contained 10% DDGS that equal replacement 50% of CSM percentage in control ration.3

LE = Egyptian pound equals 0.143 USS approximately.
 Based on prices of year 2015. a

 Value of 1- kg live body weight equals 30 LE (year 2015).b

Assuming that the relative economic efficiency of control diet equals 100.c

Table 4: Hemogram of the experimental groups
Experimental groups
----------------------------------------------------------------------------------------------------

Parameters G G G SEM1 2 3

Red blood cell count (x10 /µl) 7.23 6.89 6.06 0.206 a ab b

Packed cell volume (%) 34.80 35.00 32.20 0.41a a b

Hemoglobin concentration (g/dl) 11.49 12.21 11.39 0.36
Mean corpuscular volume (fl) 45.60b 50.54 52.71 1.23ab a

Mean corpuscular hemoglobin (pg) 14.81 17.47 18.26 0.79
MCHC (g/dl) 32.73 35.20 34.31 0.96
Total leukocyte count (x 10 /µl ) 13.49 11.00 10.47 0.383 a b c

Neutrophils (x10 /µL) 4.48 5.98 2.57 0.393 b a c

Eosinophils (x10 /µl) 0.32 0.25 0.23 0.033

Basophils (x10 /µl) 0.06 0.00 0.06 0.023

Lymphocytes (x10 /µl) 7.79 4.53 6.95 0.393 a  c b

Monocytes (x10 /µl) 0.89 0.24 0.66 0.093 a c b

Means with different superscripts in the same row are significantly different at P<0.05. SEM: standard error of means.
G : calves received ration contained 20% cotton seed meal (CSM) and expressed as control.1

G : calves received ration contained 5% distillers dried grain with solubles (DDGS) that equal replacement 25% of CSM percentage in control ration.2

G : calves received ration contained 10% DDGS that equal replacement 50% of CSM percentage in control ration.3

MCHC = Mean corpuscular hemoglobin concentration.
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Table 5: Serum biochemical changes of the experimental groups
Experimental groups
----------------------------------------------------------------------------------------------------

Item G G G SEM1 2 3

Total proteins (g/dl) 7.41 7.07 7.44 0.11
Albumin (g/dl) 3.50 3.62 3.82 0.08
Total globulins (g/dl) 3.91 3.45 3.61 0.08a b b

A/G ratio 0.90 1.05 1.06 0.03b a a

Glucose (mg/dl) 75.67 45.33 64.56 3.63a c b

Alanine aminotransferase (U/l) 20.43 37.52 30.66 1.94c a b

Aspartate aminotranseferase (U/l) 46.25 67.34 59.43 2.71b a a

Gamma glutamyl transferase (U/l) 13.89 11.23 10.86 0.42a b b

Total cholesterol (mg/dl) 113.39 114.44 118.64 2.03
Triglycerides (mg/dl) 32.16 30.77 21.43 1.77a a c

Urea (mg/dl) 29.38 32.18 33.18 0.60b a a

Creatinine (mg/dl) 1.27 1.18 1.38 0.05
Means with different superscripts in the same row are significantly different at P<0.05. SEM: standard error of means.
G : calves received ration contained 20% cotton seed meal (CSM) and expressed as control.1

G : calves received ration contained 5% distillers dried grain with solubles (DDGS) that equal replacement 25% of CSM percentage in control ration.2

G : calves received ration contained 10% DDGS that equal replacement 50% of CSM percentage in control ration.3

However, there were no significant differences in and are mainly distributed in liver, kidney, skeletal muscle
hemoglobin concentration, RBC's count, mean and myocardium. When necrosis occurs, ALT and AST
corpuscular hemoglobin (MCH) and mean corpuscular increases according to the degree of tissue damage [47].
hemoglobin concentration (MCHC) between all groups Serum glucose levels were significant decreased
(Table 4). (P<0.05) in both treated groups fed diets replaced 25 or

There was a marked (P<0.05) decrease in total 50% of CSM by DDGS (G  and G ) compared to the
leukocyte count with increasing level of substitution of control group. It may be due to DDGS increases the
CSM by DDGS at levels 25% and 50% (G  and G ) secretion of insulin in the blood leads to decrease the2 3

compared to control group. However, decrease glucose level [48]. However, triglycerides level was
lymphocyte and monocyte counts were significantly significantly (P<0.05) decreased gradually with increasing
(P<0.05) in G  fed DDGs at level 25% in comparison with level of CSM substitution by DDGS (Table 5). These2

the control group and G  that fed DDGS replaced 50% of changes may be attributed to that DDGS inclusion in the3

CSM. But neutrophil count increased in G  compared to diet significantly decreases glucose concentration2

the control group and G . Dietary treatment had no because it decreases starch available for rumen3

significant effect on eosinophil and basophils counts degradation. In addition, DDGS improved histology of the
(Table 4). Although the most results of hemogram were small intestine, liver and pancreas, resulting in enhancing
within the normal values [14], it indicated that calves fed the digestibility and absorption of most nutrients [49].
DDGS may be induced slightly adverse effect on bone Serum urea levels were markedly elevated (P<0.05) in
marrow. both treated groups fed DDGS at levels 25% and 50%

Serum Biochemical Changes: Total globulins levels group, while there is no significant differences in total
significantly decreased (P<0.05) while the A/G ratio serum cholesterol and creatinine levels between all groups
values markedly increased in both treated groups (G  and (Table 5). This result reflected that DDGS has no adverse2

G ) compared to the control group (G ). However, there effect on kidney functions. There was a significant3 1

were no significantly (P>0.05) differences in total serum (P<0.05) increase in circulating of urea may be due to
proteins and albumin among different groups (Table 5). greater protein (nitrogen) intake. Similar result was

The activities of ALT and AST significantly obtained by Whitney and Lupton [50] who recorded that
increased (P<0.05), while markedly decreased (P<0.05) in serum urea nitrogen increased as percentage of
GGT activity in the serum of calves fed DDGs at levels cottonseed meal increased in lambs fed ad libitum
25% (G ) and 50% (G ) in comparison with the control pelleted diets for 98 days containing 40% dried distillers2 3

group (G ) as shown in table 5. ALT and AST are grains. Also, Sultan and Loerch [51] and Whitney et al.1

important enzymes in the process of protein metabolism [52]  explained  that  the increase urea associated with the

2 3

replacement of CSM (G  and G ) compared to the control2 3
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excessive nitrogen intake and excretion in steers and 4. Avelar,   E.,   R.   Jha,  E.  Beltranena,  M.  Cervantes,
lambs, respectively. On the other hand, Karkoodi and A. Moralesb and R.T. Zijlstra, 2010. The effect of
Khalajdeh [48] noted that  calves  fed  dry-rolled  wheat feeding wheat distillers dried grain with solubles on
starter ration had higher blood glucose, insulin and urea growth performance and nutrient digestibility in
concentrations, but their blood â-hydroxy butyrate weaned pigs. Animal Feed Science and Technology,
concentration was significantly lower than the other 160: 73-77.
group, while, albumin, total protein and triglycerides 5. Szulc, T.,  J.  Szurko, S.  Wajda,  A.  Zielak-Steciwko,
levels were not significantly differed with the control I. Newlacil and M. Demkowicz, 2010. Efficiency of
group. dried     distillers    grain    with   solubles   (DDGS)

CONCLUSION Electronic Journal of Polish Agricultural Universties,

It can be mentioned that distillers dried grains with issue1/art-04.html.
solubles (DDGS) can be used safety in calves ration 6. Windhorst, H.W., 2007. Bio-energy production-a
formulation up to 10% or replaced 50% of cotton seed threat to the global egg industry?. World's Poultry
meal (CSM) occurred improvement in growth performance, Science Journal, 563: 365-378.
nutrient digestibility coefficients and economic efficiency 7. Schingoethe, D.J., 2006b. Utilization of DDGS by
with very mild adverse effect on some blood constituents. Cattle. Proc.27  Western Nutrition Conf, Winnipeg,
Also, replacement of CSM with DDGS in concentrate feed Manitoba, Canada, September 19–20, pp: 61-74.
mixture for fattening (Baladi x fresian) cross breed calves 8. wi tkiewicz,     S.     and    J.   Koreleski,   2007.
increased their average daily gain, dry matter intake and Wywary     zbo owe    uzyskiwane   w   procesie
improved feed conversion ratio compored to control, produkcji etanolu paliwowego w ywieniu  drobiu
Relative economic efficiency improved by 230.4 and 273.9 [Distillers grains obtained in the ethanol fuel
% for G  that replaced 25% of CSM in control ration with production in poultry nutrition]. Roczniki Naukowe2

DDGS and G  that replaced 50% of CSM in control with Zootechniki, Monografie Rozprawy, 36 [in Polish].3

DDGS. 9. Tjardes, K. and C. Wright, 2002. Feeding Corn
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