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ABSTRACT 
 

Eighteen crossbred Friesian calves weighed 95.3 ± 1.74 Kg on average were 
used in a feeding trial lasted for 180 days. Animals were divided into three similar 
groups (6 calves each) to study the effects of protecting proteins of soybean meal 
(SBM) and un-decorticated cottonseed meal (UCSM) by zinc sulphate on nutrients 
digestibility, some rumen fermentation characteristics, plasma metabolite 
concentrations and their reflection on growth performance of calves fed corn silage 
based diets. The ratio of corn silage to concentrate was 67 to 33 on the basis of dry 
matter and fed ad libitum. Diets were supplemented with SBM and UCSM; Zn-SBM 
and Zn-UCSM or a 50 : 50 combination of both Zn-protected and untreated sources.  

The obtained results indicated that digestibility coefficients of DM, OM, CP, CF 
and NFE for calves fed treated proteins by zinc sulphate increased than those fed 
untreated materials. The improvements in digestibility of nutrients reflected better 
feeding values in terms of TDN and DCP for diets containing treated proteins than the 
control ones.  

Ruminal NH3-N and NPN concentrations were lower (P<0.05) for calves fed 
treated proteins by zinc sulphate than those fed untreated diet, indicating efficiency of 
the protection and / or better synchronization between availability of energy and 
release of NH3. On the other hand, ruminal true protein nitrogen (TPN) and protozoa 
count were higher (P<0.05) for calves fed zinc sulphate treated proteins and those 
received a ratio of 50 : 50 of combined treated sources than those fed the untreated 
ones. Ruminal acetic acid concentration decreased by 11.15% for calves fed 
protected proteins than those fed untreated proteins, whereas ruminal propionic acid 
increased by 8.29%. 

The concentration of plasma urea-N was decreased (P<0.05) in calves fed 
treated proteins by zinc sulphate than untreated materials, indicating better utilization 
of protected proteins. Whereas, the zinc sulphate protected protein diet resulted in the 
highest (P<0.05) values for plasma total protein, albumin and globulin concentrations. 

Average daily gain (ADG) was significantly (P<0.05) higher for calves fed 
treated proteins followed by calves fed diet treated and untreated proteins with a 50 : 
50 combination of both Zn-protected and untreated ones, being 1.272, 1.178 and 
0.962 Kg/h/d, respectively. Moreover, feed conversion efficiency (expressed as DM, 
TDN and DCP, Kg/Kg gain) were better for calves fed protected proteins than those 
fed unprotected proteins. Feed cost decreased by 29.8 and 25.7% for calves fed 
protected proteins and diet contained a 50 : 50 combination of both Zn-protected and 
untreated proteins, respectively than those fed unprotected protein. Accordingly, 
economical efficiency improved by 29.9 and 25.8% with diets contained protected 
proteins or a 50 : 50 combination of both Zn-protected and untreated sources than 
with diet contained untreated proteins. 

From the aforementioned results, this study recommends the use of zinc 
sulphate as a protection method for half or all SBM and UCSM protein sources from 
degradation in the rumen during formulating rations for crossbred Friesian calves 
when feeding corn silage as a basal diet. 
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INTRODUCTION 
 

Soybean meal (SBM) and un-decorticated cotton seed meal (UCSM) 
are the most commonly materials used as protein supplement in animal diets. 
However, SBM and UCSM have relative low protein efficiency because of 
their extensive degradation in the rumen. Their use is becoming limited in 
diets of high producing ruminant animals. Soybean meal is a very expensive 
protein source when the price calculated based on crude protein content, but 
it becomes feasible when the price is considered per kilogram of ruminal 
undegradable protein (RUP), especially ruminally undegradable methionine, 
therefore the use of SBM in the diets of high yielding animals appears to be 
much more economic. Accordingly, improving ruminal escape characteristics 
of SBM and UCSM are of a major importance to animal performance. Various 
methods of treating proteins have been used to reduce their degradation in 
the rumen. Treatment with zinc sulphate appears to be an efficient method.  

Zinc (Zn) is generally added to diets to ensure that nutritional 
requirements of Zn are met. However, Zn sometimes is used to affect the 
nutritional properties of feed. For example, Zn has been shown to reduce 
ruminal degradability of feed protein.  

Britton and Klopfenstein (1986) demonstrated that treating soybean 
meal (SBM) with Zn salts at 1.5 to 2.0% of feed DM reduced In vitro 
degradation of SBM-protein and improved efficiency of N utilization by calves 
fed diets supplemented with Zn-treated SBM compared with solvent-
extracted SBM. 

Cecava et al. (1993) reported that ruminal escape N content for Zn-
SBM, estimated by 12 h ruminal incubation, was 90% greater than for solvent 
extracted SBM. Also, Karr et al. (1991b) found that 70% of N in Zn-SBM 
escaped ruminal degradation in cannulated sheep. Other researchers 
observed similar improvements in calf growth (Karr et al., 1991c) or milk 
production (Zimmerman et al., 1992) when diets contained Zn-treated SBM 
(Zn-SBM) compared with solvent-extracted SBM. The mechanism by which 
Zn salts can precipitate soluble proteins in laboratory procedures (Haurowitz, 
1950) and studies increased flow of feed AA in lambs (Karr et al., 1991b) and 
steers (Froetschel et al., 1990) fed diets containing Zn-treated SBM. Karr et 
al. (1991a) suggested that Zn salts may inactivate proteolytic enzymes of 
selected ruminal bacteria, thus reducing ruminal proteolyses of dietary 
protein. 

Cecava et al. (1993) reported that feeding a combination of ruminally 
degradable and un-degradable SBM as supplemental protein in diets based 
on corn silage and high-moisture corn increased the supply of amino acids to 
the small intestine compared with feeding protein source alone. 

Under Egyptian conditions, few studies have been made on the effect 
of protected proteins by zinc on growth performance of farm animals. So, the 
main objective of the present study was to investigate the effects of protecting 
protein of soybean meal (SBM) and un-decorticated cotton seed meal 
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(UCSM) by zinc sulphate in diets of crossbred Friesian calves on nutrients 
digestibility, some rumen fermentation characteristics, plasma metabolite 
concentrations and their reflection on growth performance of calves fed corn 
silage based diets. 
 

MATERIALS AND METHODS 
 

The current investigation was carried out at El-Serw experimental 
station, Animal Production Research Institute, Agricultural Research Center, 
Ministry of Agriculture, Egypt. 

Eighteen crossbred Friesian calves, weighed 95.3 ± 1.74 Kg live body 
weight on average, were assigned randomly into three similar groups (6 
calves each) according to their live body weight and were assigned at 
random to the three experimental treatments. Animals of each group were 
housed in separate stalls and fed in groups. Fresh and clean drinking water 
was available all the time. 

Three experimental diets were formulated (Table 1) using local 
resources of ingredient materials, i.e. whole corn silage (WCS), soybean 
meal (SBM) and un-decorticated cotton seed meal (UCSM). Both of SBM or 
UCSM were either untreated or Zn-treated in the experimental diets. The 
SBM or UCSM were treated by spraying Zn-sulphate at the rate of 1.5% of 
feed DM (Brittion and Klopfenstein, 1986). The diets were prepared once 
daily as a total mixed rations and offered to animals once daily. The animals 
were fed ad libitum and the feed residual were weighed daily. The 
experimental diets were formulated so that ad lib intake would at least cover 
the recommended allowances (NRC,1989) and Zn-Oxide was added to diets 
1 and 2 to equalize Zn concentrations among diets. All animals were fed on 
the tested diets containing 33% concentrate: 67% corn silage ratio (Table 1). 
The experiment lasted six months and the animals were weighed monthly 
before morning feeding. The amounts of consumed feed were recorded. 
Feed conversion and economical efficiency were therefore calculated. 

 

Table (1): Formulation of the experimental diets (% of DM). 

Ingredients 
Experimental diets  

Diet 1 Diet 2 Diet 3 

Whole Corn silage, WCS 67.0 67.0 67.0 

Soybean meal, SBM 10.0 5.0 - 

Zinc-SBM - 5.0 10.0 

Un-decorticated cotton seed meal, UCSM 20.0 10.0 - 

Zinc-UCSM - 10.0 20.0 

Limestone 1.25 1.25 1.25 

Sodium chloride 0.73 0.74 0.75 

Dicalcium phosphate 0.5 0.5 0.5 

Minerals and vitamins mixture* 0.5 0.5 0.5 

Zinc oxide 0.02 0.01 - 
* Each Kg contained P, 40 g; Ca, 50 g; Mg. 50 g; Mn, 4.5 g; S, 12 g; Fe, 7 g; Cu, 2 g; Se, 12 

mg, Co, 50 mg; vitamin A, 2000000 IU; vitamin D, 20000 IU and vitamin E, 20 mg (Biomix 
33, produced by Biochema,, Cairo, Egypt). 
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Digestibility trials were carried out at the end of the feeding experiment 
using three random animals from each group to determine the digestion 
coefficients and nutritive values of the tested rations used in the feeding trial. 
Fecal samples were gripped from the rectum of each animal twice daily 
during the collection period (5 days). Acid insoluble ash (AIA) was used as a 
natural marker (Van Keulen and Young, 1977). 

Samples of WCS, SBM and UCSM were collected weekly throughout 
the experiment. Dry matter was assayed after the samples were  ground 
through a 1 mm screen hammer mill and dried at 105°C for 3 hours except 
those of silages and feces were first dried at 60°C for 48 hours and analyzed 
for ash, crude fiber, crude protein, ether extract, zinc according to A.O.A.C 
(1990). 

At the end of digestibility trial, rumen fluid samples were taken from 
three animals in each group just before offering morning meal and 4 hours 
post-feeding using stomach tube. Rumen-fluid pH was measured immediately 
on a fresh aliquot using battery operated pH meter and then samples were 
filtered through two layers of surgical gauze. Total volatile fatty acids (VFA's) 
concentrations were estimated using steam distillation method (Warner, 
1964). Ammonia-N (NH3-N) concentration was assayed according to Conway 
and O'Mally (1957). Molar proportions of VFA's were determined according to 
Erwin et al. (1961) and Protozoa count carried out according to Abou El-Naga 
(1967). Ruminal total nitrogen (TN) and non-protein nitrogen (NPN) were 
determined according to A.O.A.C (1990). True protein nitrogen (True-PN) 
was estimated by the difference between TN and NPN. 

At the end of the digestibility trial, blood samples were collected in 
heparinized test tubes from the jugular vein from three animals of each group 
before morning feeding and 4 hours post-feeding. Blood samples were 
centrifuged immediately at 3500 revolution per minute (rpm) for 15 minutes to 
separate blood plasma and stored at -20°C until further analysis. Blood 
plasma was analyzed for urea-N (Patton and Crouch, 1977), total protein 
(Peters, 1968), and albumin (Webster, 1974). Globulin concentration was 
calculated by difference (Total protein-albumin). Calcium and zinc were 
determined in blood plasma using kits of SENTINEL, CH., Milano, Italy by 
means of spectrophotometer at the Sheep and Goats Departments' 
laboratory, Animal Production Research Institute. Inorganic phosphorus was 
determined in blood plasma sing kits of QCA., Amposta, Spain by means of 
spectrophotometer, in the same laboratory. 

Data of growth performance and feed evaluation were subjected to 
statistical analysis by the computer program of SAS (1996) using the General 
Linear Model (GLM), according to the following model: 

Yij = U + Ai +eij 
Where: 
Yij = observed traits, U=overall mean, Ai=experimental diets1-3 (1= diet1, 2 = 
diet2 and 3 = diet3), eij = Random error. The data of rumen liquor and blood 
metabolites were subjected to two-way analysis of variance for examing of 
effect of treatments (diet1, diet2 and diet3) and time of sampling (0 and 4 
hours)and their interaction according to the following model: 
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Yijk = U+Ai+Tj+ATij+eijk 
where: Yiijk = observed traits, U = overall mean, Ai = experimental diets1-3 (1 
= diet1, 2 = diet2 and 3 = diet3),Tj = time of sampling, ATij = interaction, eijk = 
Random error. Means were compared according to Duncan's Multiple Range 
Test at 0.05 level (Duncan, 1955). It was found that the interaction diet X time 
was not significant, the main effects will be only presented in the results and 
discussion. 
 

RESULTS AND DISCUSSION 

 
Experimental diets: 
 Formulation of the experimental diets and the chemical composition 
of the ingredients used to formulate the total mixed rations are presented in 
Tables 1 and 2. The chemical composition of the ingredients was within the 
normal published ranges (Abou-Raya ,1967, MOA, 1997, El-Shabrawy, 2000 
and El-Shabrawy and El-Fadaly, 2006); except for CP content which was 
relatively lower in SBM (37.48%) due to its high content of EE (5.43%). The 
calculated chemical composition of the tested diets seemed to be similar in 
their nutrient content. The determined Zn contents of the tasted diets were 
380.0, 341.0 and 416.0 mg/kg diet for diet 1,2 and 3 respectively.  
 
Table (2): Chemical composition of the tested ingredients and the 

experimental diets. 

Ingredients 
DM 
(%) 

Chemical composition on DM basis (%) 

OM CP EE CF NFE Ash 

WCS 
SBM 
Zn-SBM 
UCSM 
Zn-UCSM 

30.59 
89.92 
88.40 
90.05 
88.60 

91.99 
93.20 
93.30 
94.30 
94.18 

8.30 
37.48 
37.55 
25.60 
25.75 

3.25 
5.43 
5.30 
5.94 
5.80 

26.30 
5.21 
5.50 

24.72 
24.50 

54.14 
44.68 
44.95 
38.04 
38.13 

8.01 
6.80 
6.70 
5.70 
5.82 

Calculated chemical composition of the tested diets(%) 

Diet (1) 
Diet (2) 
Diet (3) 

47.49 
47.28 
47.05 

89.81 
89.80 
89.80 

14.43 
14.44 
14.46 

3.91 
3.88 
3.87 

23.08 
23.07 
23.07 

48.39 
48.41 
48.40 

10.19 
10.20 
10.20 

 
 Generally, the concentrations of Zn in the tested diets follows within 
the safe range for animal health according to Miller et al. (1965) and Kincaid 
et al. (1976). 
 
Digestibility coefficients and nutritive values: 
 The results of digestibility coefficients and feeding values of the 
tested diets are presented in Table (3). It was clear that the lowest (P<0.05) 
digestibility coefficients were recorded with diet (1) compared to those 
obtained with both diets (2 and 3). Meanwhile, diets (2) and (3) did not show 
significant differences among each other in digestibility coefficients of DM, 
OM, CF, while it shows significant (P<0.05) differences in CP, NFE. All the 
tested diets were not significantly different in EE digestion. On the other 
hand, positive improvements were recorded for TDN and DCP values with 
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diet (3) compared to that of diets (2) and (1) in a decreasing rate, respectively 
with significant differences (P<0.05) among them. The higher DCP with the 
protected protein was probably because of higher crude protein digestibility. 
 Diet (3) was higher by about 7.97% and 2.63% for CP digestibility 
than diets (1) and (2), respectively. The improvement in CP digestibility might 
be related to Zn treatment as a protection method of protein, hence reducing 
protein solubility and degradability in the rumen and therefore provided more 
dietary protein for digestion and absorption in the small intestine which 
probably is better than the microbial protein (Cecava et al., 1993) if the quality 
of protected protein is higher. 
 The obtained results are on line with those reported by Karr et al. 
(1991b) and Cecava et al. (1993) who reported that ruminal escape N content 
for Zn-SBM was 70% to 90% greater than for solvent-extracted SBM.  

Moreover, regarding OM digestibility trend in the present study it 
seems that protection method improved its values with diet (3) compared with 
those recorded for diet (1) (being 73.57 Vs. 69.87%). In this respect, Karr et 
al. (1991b) found significant effect on organic matter digestibility for sheep fed 
Zn-SBM than those fed untreated-SBM. On the other hand, Cecava et al. 
(1993) reported that total tract OM digestibility was similar among treatments 
when they were fed Zn-SBM compared with those given untreated SBM. 
 
Table (3): Effect of the experimental diets on digestion coefficients and 

nutritive values. 

Item 
Experimental diets 

SEM 
Diet 1 Diet 2 Diet 3 

Digestibility coefficients (%) 

DM 67.88
b 

71.19
a 

71.74
a 

0.48 

OM 69.87
b 

72.88
a 

73.57
a 

0.58 

CP 68.91
c 

72.49
b 

74.40
a 

0.55 

EE 77.75 77.54 78.14 0.54 

CF 63.38
b 

68.58
a 

70.75
a 

0.69 

NFE 68.33
c 

71.06
b 

72.38
a 

0.25 

Nutritive value (%) 

TDN  64.48
c 

67.46
b 

68.97
a 

0.23 

DCP 9.94
c 

10.47
b 

10.76
a 

0.08 
Means within the same row having different superscripts are significantly different (P< 0.05).  
 

Certainly the influences on the digestibility of nutrients along the 
whole alimentary tract are mainly reflections of fermentation in the rumen in 
terms of availability of N for rumen microbes as a result of protein protection. 

 Haddad et al. (2005) and Soto-Navarro et al. (2006) reported that the 
digestibility coefficients of DM and CP for sheep increased when rumen 
undegradable protein (RUP) content of their diets increased. 
 
Some rumen fluid parameters: 

Data in Table (4) showed that pH values gave its maximum value 
with diet (3) with significant (P<0.05) difference compared with those recoded 
for diets (1) and (2). While, VFAs' concentrations took the reverse trend, 
since it recorded the lowest significant (P<0.05) value with diet (3) compared 
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to those recorded with both diets 1 and 2. These results are in agreement 
with those recorded by Pires et al. (1997) who reported higher ruminal pH 
values for dairy cows fed high RUP than those fed low RUP. For time effect, it 
is clear that the normal pattern showed in both pH and VFA concentration, 
since the first significantly (P<0.05) decreased after feeding while VFA 
significantly (P<0.05) increased as recorded in several studies (El-Shabrawy, 
2006) on lactating Zaraibi goats. 

Regarding the molar proportions of individual volatile fatty acids, it 
was clear that acetic acid concentration significantly (P<0.05) decreased from 
50.63 (mol/100mol) in diet (2) to 44.32 (mol/100mol) in diet (3), while diet (1) 
gave intermediate value of 49.88 (mol/100mol), but without significant 
differences with the other two diets. Meanwhile, Propionic acid concentration 
recorded the highest value with diet (3) compared to those with diets (1 and 
2) without significant differences among the tested diets. 
 

Table (4): Mean effect of feeding the experimental diets on rumen liquor 
pH and volatile fatty acids of Friesian cross-bred calves. 

Items 
Experimental diets 

SEM 
Sampling time (hr) 

SEM 
Diet 1 Diet 2 Diet 3 0 4 

pH 
VFA (meq./100 ml RL) 

6.37
b 

7.73
a 

6.50
b 

7.24
a 

6.79
a 

6.53
b 

0.09 
0.18 

6.78
a 

6.49
b 

6.33
b 

7.83
a 

0.08 
0.15 

Individual volatile fatty acid (mol/100 mol) 

Acetic acid 
Propionic acid 
Butyric acid 
Iso-butyric acid 
Iso-Valeric acid 

49.88
ab 

25.45
 

22.76 
1.13

 

0.78
 

50.63
a 

25.48 
21.38 
1.07 
0.52 

46.32
b 

27.56 
24.34 
1.05 
0.51 

1.87 
0.87 
4.71 
0.24 
0.19 

49.24 
25.92 
21.55 
1.63

a
 

0.70 

47.32 
25.41 
25.27 
0.53

b 

0.51 

1.53 
0.71 
3.85 
0.20 
0.15 

Means within the same row having different superscripts are significantly different (P< 0.05).  
 

As for nitrogen fractions in the rumen liquor of calves, Table (5) 
revealed that TN and TPN gave their highest significant (P<0.05) values 
when animals were fed diet (3) and both increased significantly (P<0.05) after 
4 hrs from feeding compared to their values before feeding. On the other 
hand, ruminal NPN and NH3-N concentrations were significantly lower 
(P<0.05) in calves consumed protected proteins (diets 2 and 3) compared to 
those received the untreated proteins (diet 1). All nitrogen fraction in rumen 
liquor of calves were significantly (P<0.05) increased after 4 hrs post feeding 
compared to those recorded before feeding. Generally, the low values of both 
NPN and NH3-N and the increased values of TPN obtained in the present 
study could be reflections to the declined solubility and degradability of 
protein in the rumen as a result of Zn treatment, which would in turn positively 
increase the RUP. 
 Protozoa count (Table 5 and Figure 1) significantly (P<0.05) differed 
among the tested diets with the highest values in diets (3) reflecting the 
suitable pH values recorded with the same diet (Table 4). This could 
contribute to the enhanced digestibility coefficients of the same diet (Table 3).  
This effect for protozoa may not be because of Zn treatment as much as the 
rumen fermentation environment. In this concern, this explanation could be 
confirmed by the results obtained by Cecava et al. (1993) since they recorded 
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that ruminal fermentation of OM, ruminal NH3-N concentrations, and protoza 
populations were unaffected by dietary Zn. 

 

Table (5): Mean effect of feeding the experimental diets on rumen liquor 
nitrogen and protozoa count of Friesian cross-bred calves. 

Items 
Experimental diets 

SEM 

Sampling 
time (hr) SEM 

Diet 1 Diet 2 Diet 3 0 4 

Total nitrogen (TN, mg/100 ml RL) 
Non-protein nitrogen (NPN, mg/100 ml RL) 
NH3-N (mg/100 ml RL) 
True-protein nitrogen (TPN, mg/100 ml RL) 

124.50
b 

54.33
a 

20.91
a 

70.17
c 

129.33
ab 

39.83
b 

14.84
b 

89.50
b 

133.50
a 

36.67
c 

14.77
b 

96.83
a 

1.85 
0.76 
0.57 
2.02 

91.1
b 

31.1
b 

14.5
b 

60.0
b 

167.1
a 

56.1
a 

19.2
a 

111.0
a 

1.51 
0.62 
0.47 
1.65 

Protozoa Count x 10
3
 / ml  550

c 
695

b 
848

a 
14

 
571

b 
824

a 
12

 

Means within the same row having different superscripts are significantly different (P< 0.05).  
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Figure (1): Protozoa count (x 10

3
)/ml of rumen liquor collected from the 

growing Friesian crossbred calves fed the experimental 
diets. 

 

Blood constituents: 
Concerning the effect of protected protein on some plasma metabolites 

(Table 6), lower (P<0.05) value of urea-N was found in plasma of calves 
received protected protein (diets 2 and 3) than those received unprotected 
protein (diet 1). The reduction in urea-N concentration for calves fed diet 3 
and diet 2 were 3.46 and 3.29 mg/100 ml, respectively than that of the 
control. The obtained results in this study were close to the previous findings 
reported by El-Shabrawy (2006) who found that feeding goats on diet 
containing formaldehyde or heat treated SBM or soybean seeds (high RUP) 
reduced plasma urea-N by 2.88 and 2.22 mg/100 ml plasma compared to 
those fed the diet contained untreated SBM (low RUP). 

The reduction in blood urea-N concentration for calves given diets 
contained protected protein may be due to the decrease in rumen degradable 
protein, consequently decreased NH3-N concentrations in the rumen liquor 
(Table 5). Whereas, higher (P<0.05) values of total protein and its fractions 
(albumin and globulin) were recorded for calves given diets 2 and 3 than 
those given diet 1. Moreover, sampling time as well as its interaction with 
tested diets did not show significant effect on all measured blood parameters, 
except the interaction which showed to significantly (P<0.05) affect urea-N 
levels. High levels of plasma protein reflect a good nutritional status of the 
animals (O'Kelly, 1973). The results obtained in this study were similar to the 
previous findings reported by El-Shabrawy et al. (2004) who found 
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significantly higher levels of protein in plasma of animals fed protected 
protein. This may be due to higher RUP, which consequently increased 
amino acids supply in the small intestine.  
 

Table (6): Mean values of blood constituents' concentrations of Friesian 
cross-bred calves fed the three experimental diets. 

Items 
Experimental diets 

SEM 

Sampling 
time (hr) SEM 

Diet 1 Diet 2 Diet 3 0 4 

Urea-N (mg/100 ml) 15.76
a 

12.47
b 

12.30
b 

0.35 13.54 13.48 0.17 

Total protein (g/100 ml) 6.68
b 

7.48
a 

7.68
a 

0.07 7.74 7.31 0.06 

Albumin (A, g/100 ml) 3.66
c 

4.16
b 

4.29
a 

0.02 4.03 4.05 0.02 

Globulin (G, g/100 ml) 3.01
b 

3.32
a 

3.39
a 

0.07 3.21 3.26 0.07 

A / G ratio 1.22
 

1.26
 

1.27
 

0.03 1.26 1.24 0.03 

Zn (mg/dl)  39.29
 

56.02
 

64.82
 

12.15 58.04 48.71 10.47 

Ca (mg/dl) 6.29
 

6.54
 

5.90
 

1.26 5.29 7.20 1.05 

P (mg/dl) 6.67
 

6.00
 

6.61
 

0.43 6.37 6.49 0.33 
Means within the same row having different superscripts are significantly different (P< 0.05).  
 

There were no significant differences among tested groups in their 
plasma Zn, Ca and P concentrations due to feeding the experimental diets. 
These results are in agreement with those obtained by Nunnery et al. (2007) 
who stated that serum Zn concentration and specific ovalbumin IgG titers did 
not differ (P > 0.10) among 4 treatments on any sampling day. Puchala et al. 
(1999) found that plasma Zn concentrations were similar for animals fed diets 
contained Zn-methionine, Zn-oxide and the control group and generally all 
values were within the normal range for healthy goats. 
 

Growth performance: 
As shown in Table (7) and Figure (2), the ADG was higher (P<0.05) for 

calves fed diet 3 followed by calves fed diet 2 then those fed diet 1, being 
1.272, 1.178 and 0.962 Kg/h/day, respectively. 
 Puchala et al. (1999) reported that yearling Angora goats fed diet 
containing zinc-methionine had higher ADG than the control ones. Habib et 
al. (2001) found that the growth performance of lambs was improved by the 
supplementation of RUP in diets.  

Data in Table (7) also showed that intakes from DM, TDN and DCP 
increased for calves fed on diets contained protected protein by Zn than 
those fed diet contained untreated protein which was naturally a reflection of 
better body weight gains. These results are in agreement with those obtained 
by Can et al. (2004) who reported that male lambs fed rations containing 
ruminal un-degradable protein (RUP) increased DM intake. 
 The results of feed conversion (Kg DM / Kg gain) showed that calves 
fed diets containing Zn-treated protein (diet 3) recorded the best (P<0.05) 
value flowed by calves fed diets contained Zn-treated protein and untreated 
protein with 50:50 ratio (diet 2) than those fed untreated protein (diet 1) which 
recorded the poorest value. The feed conversion (Kg DM / Kg gain) was 
improved by 11.28 or 11.19% for calves fed diet 3 or diet 2, respectively than 
those received diet 1. These results are in agreement with those obtained by 
Can et al. (2004) who stated that male lambs fed diets containing 5% RUP 
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increased feed conversion efficiency. Smartz et al. (1991) reported that 
increasing the RUP of the diet was beneficial  in improving ADG and feed 
efficiency in young growing Holstein calves (wk 14 to 25) when they were fed 
ad libitum. Moreover, Ponnampalam et al. (2006) reported that fish meal 
(higher RUP) resulted in better growth rates and feed efficiency for lambs as 
compared to cannola meal and SBM (lower RDP).  
 
Table (7): Live body weight gain, feed intake and feed conversion of 

Friesian cross-bred calves fed the experimental diets. 

Items 
Experimental diets 

SEM 
Diet 1 Diet 2 Diet 3 

Experimental period, day 180 180 180 - 

Calves No. 6 6 6 - 

Initial body weight (IBW), Kg 96.0 97.0 93.0 3.1 

Final body weight (FBW), Kg 269.2
b 

309.0
a
 322.0

b
 7.5 

Total gain, Kg 173.2
c 

212.0
b 

229.0
a 

5.47 

Average daily gain (ADG), Kg/h/d 0.962
c 

1.178
b 

1.272
a 

0.030 

DM Intake, Kg/h/d 6.07 6.60 7.12 - 

TDN Intake, Kg/h/d 3.914 4.452 4.911 - 

DCP Intake, Kg/h/d 0.603 0.621 0.766 - 

Feed Conversion: 

Kg DM / Kg gain 
Kg TDN / Kg gain 
Kg DCP / Kg gain 

 
6.309 
4.069 
0.627 

 
5.603 
3.779 
0.586 

 
5.597 
3.861 
0.602 

 
- 
- 
- 

Means within the same row having different superscripts are significantly different (P< 0.05).  
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Figure (2): Live body weight changes of Friesian crossbred calves 
during the experimental period. 

 
 
Economical evaluation: 
 Economical efficiency parameters listed in Table (8) showed 
improved values of efficiency with feeding calves on diets 2 and 3 compared 
to that recorded for feeding animals diet 1. These results indicated that feed 
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cost / Kg gain was lower for calves received diets 3 and 2 contained 
protected protein than those received diet contained the unprotected protein, 
being 4.15, 4.39 and 5.91 L.E., respectively. Consequently, the economic 
efficiency was improved for calves fed protected protein (diets 2 and 3) by 
38.8% than those fed unprotected protein (diet 1). 
 
Table (8): Economical efficiency of the experimental diets used in 

growing cross-bred calves. 

Items 
Experimental diets 

Diet 1 Diet 2 Diet 3 

Daily feed Intake (Kg/h/d) as fed: 

WCS 
SBM 
Zn-SBM 
UCSM 
Zn-UCSM 

 
13.29 
0.675 

- 
1.348 

- 

 
14.45 
0.367 
0.373 
0.733 
0.745 

 
15.59 

- 
0.805 

- 
1.607 

Daily feeding costs (L.E) 5.47 6.09 6.72 

Daily weight gain, Kg/h/d 0.962 1.178 1.272 

Price of daily gain (L.E) 5.69 5.17 5.28 

Feed costs/Kg gain (L.E) 5.91 4.39 4.15 

Economic efficiency 3.04 4.10 4.34 
The price list of one ton WCS, SBM, Zn-SBM, UCSM and Zn-UCSM were 150, 2750, 2850, 

1200 and 1300 L.E., respectively and price of one Kg for live body weight was 18 L.E. 
(Based on year 2008 prices).  

 
 On the light of the above mentioned results the use of zinc sulphate 
to protect half or all of SMN and UCSM dietary protein from degradation in 
the rumen of Friesian crossbred calves was of beneficial effect on their 
growth performance indicating better utilization of  the treated diets compared 
to that untreated ones. 
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تأأير البروأأا ت ملبر ع أأالداأأالبتابيلبعجتأأخلالرالأأ زلااأأ ملبرةا ل أأخملبر  أأ ب لداأأال
لس لاجلبلأ ا لكاا قةلأسخس ة

ل ل1ملدت أأأأخمل،لكخ أأأأزلدت أأأأخمل وأأأأاب  1،ل ع أأأأال ع أأأأالبرأأأأا  1عخ أأأأال ع أأأأالبر أأأأواب  
ل2أع اللكال عال

 لبا لل–ابد أةل اكللبروعأ ثلبرلل– اهالوع ثلبعجتخجلبرع  بجالل–قسملوع ثلت   ةلبرع  بمل-1
ل صا.ل–برلابدةل

للخ اةلبر جص ا .ل–كا ةلبرلابدةلل–قسمل جتخجلبرع  بملل-2
 

 جا  لعايط اليرياياج   81أجريت هذه الدراسة في محطة بحوث الإنتاج  الحياواني بجلسارو  عاد  ادد 
حيوانااجت بكاا  مجمو ااة( فااي  6( مجمو ااجت  9كجاا، و ومساامت  يااواليج)  لااد   85.1±  3.59بمتوسااط وا  

يومااج)  عاد   لاام ايااتمعت اىولااد  عااد كساك فااو  صااويج وكسااك مطاا   ياار  811صامي، تااج، الايااوالية لمااد  ت
ماا  كاا  ماا  مصاادري البااروتي  الماجمااا   1.:  1.المقيااور  ياار الماجماا  و وايااتمعت الاعيقااة ال جنيااة  عااد 

لماجما  و وذلاك لدراساة بكبريتجت الانك و ير الماجما  و بينماج احتاوت الاعيقاة ال جل اة  عاد مصادري الباروتي  ا
تأ ير حمجية المصجدر البروتينية في الا لام الملتبار  بجساتلدا، كبريتاجت الاناك  عاد مااجم ت الض ا، وباا  
مقااجييا التلماار بااجلكري وتركيااا مكونااجت ب امااج الااد، واناكجسااضج  عااد الدال الإنتااججي لعاجااو  الم ااذاه  عااد 

 15سي   الذره كاعيقه أسجسيه
المتحص   عيضج ايجد  ماجم ت ه ، ك  م  المجد  الججفة والمجد  الا وية والبروتي  اللاج، أظضرت النتجلج  -

 واىليجف اللج، ومستلعص لجلي اىاوت في الاجو  الم ذا   عد المصجدر البروتينية المحمية5
ي   ناكا التحس  في ماجم ت الض ، في  ظضجر ميمة  ذالية  جلياة فاي صاور  ماواد كعياة مض اومة وباروت -

 لج، مض و، لعا لم المحتوية  عد بروتينجت محمية5
انلي ت تركياات اىمونيج والمواد الاوتية  ير البروتينية في كري الاجو  الم ذا   عد مصاجدر باروتي   -

يت  عااد مصااجدر  ياار ماجمعااة5 و عااد الججنااك اللاار  اداد تركيااا نتااروجي  محمااي مقجرنااة بتعااك التااي  ااذ
 البروتي  الحقيقي وتاداد البروتواوا في سجل  الكري5

انلي  تركيا نتروجي  يوريج الد، و بينمج  ادادت تركياات البروتينجت الكعية واىلبيومي  والجعوبياولي  فاي  -
در البروتينااجت المحميااة مقجرنااة بم ي تضااج الم ااذا   عااد الاجااو  الم ااذا   عااد الا لاام المحتويااة  عااد مصااج

 مصجدر  ير المحمية5
بجلمقجرناة كج،/رأا/ياو، فاي المجمو اة ال جل اة وال جنياة   858.1 و 851.1ماد  النمو اليومي بمقدار  اداد  -

 كج،/رأا/يو،5 15361اىولد بجلمجمو ة 
الكعية المض ومة والبروتي  اللاج، المض او، فاي ماجم  التحوي  ال ذالي في صور  مجد  ججفة والمواد تحس   -

 الاجو  الم ج   عد البروتينجت المحمية    م يعه في مجمو ة البروتينجت  ير المحمية5 
% مماج أدي  لاد حادوث تحسا  فاي الكياجل  ايمتصاجدية بمااد  .1.5و  1351انلي ت تكعية ال اذال بمقادار  -

  عد الترتيك مقجرنة بجلاعيقة اىولد5% في الاعيقتي  ال جل ة وال جنية 1.51و 1353
كطريقاة ذات جادو  % ما  الماجد  الججفاة .85بمااد  توصي هذه الدراسة بجستلدا، كبريتجت الانك 

 ذالية وامتصجدية لحمجية ك  أو نصف بروتينجت كسك فو  الصويج وكسك القط   ير المقيور م  التكسر فاي 
 ا   عد سي   اىذر  كاعيقة أسجسية5الكري في   لم الاجو  لعيط اليريايج  الم ذ

ل
لقخملوتعك ملبروعث

 

للخ اةلبر جص ا ل–كا ةلبرلابدةلل ع  ال  سفلبراخ قأ.ال/ل
لاا بروعثلبرالأكخا   ةل عسمل ع  ال كا أ.ال/ل


