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ABSTRACT 
 

      Fifteen lactating crossbred Friesian cows in early lactating were randomly 
assigned into three groups (five animals each). Three experimental diets were 
formulated to study the effect of protected protein of concentrate feed mixture (CFM) 
by zinc sulphate on nutrients digestibility, some rumen fermentation characteristics, 
some plasma metabolite concentrates and their reflection on milk production and its 
components of cows fed berssem hay (BH) based diet. The ratio of BH to CFM was 
40 to 60 on dry matter basis. Diets were supplemented with CFM; Zn- CFM and 
combination of Zn- CFM and CFM at rate of (1:1). 

      The obtained results indicated that digestibility coefficients of OM, CP and 
NFE were significantly (P<0.05) higher for cows fed combination of                Zn-
CFM/CFM and Zn-CFM diets than those fed CFM diet. The improvements in 
digestibility of nutrients reflected better feeding values in terms of TDN and DCP for 
diets containing treated CFM than the untreated CFM diet.  

      Ruminal NH3-N and NPN concentrations were lower (P<0.05) for cows fed 
treated CFM 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) was higher (P<0.05) for 
cows fed combination of Zn-CFM/CFM and Zn-CFM diets than those fed CFM diet. 

      The concentration of plasma urea-N was decreased when cows were given 
protected CFM-protein than those fed unprotected one, whereas, the concentrations 
of total protein, albumin and globulin were increased.  

      Yields of milk, 4% fat-corrected milk (4%FCM) and its components were 
higher (P<0.05) when cows were fed combination of Zn-CFM/CFM or Zn-CFM diet 
than those fed CFM diet. Milk non-protein nitrogen (NPN) was lower on Zn-CFM/CFM 
or Zn-CFM diets. On the other hand, yields of true protein nitrogen, casein nitrogen, 
non- casein nitrogen and whey nitrogen in milk were higher (P<0.05) for cows fed 
protected protein than those fed unprotected protein. 

      Feed cost per one kg 4% FCM was lower for cows fed combination of Zn-
CFM and CFM diet than those fed Zn-CFM diet or CFM diet. Accordingly, economic 
efficiency value was the best with Zn-CFM/CFM diet. 
Keywords: zinc sulphate, concentrate feed mixture, protected protein, lactating cows. 
 

INTRODUCTION 
 

      In Egypt, most farm animal species depend mainly on berseem hay (BH) 
as a forage during summer along with concentrate feed mixture (CFM) as a 
supplement. Many sources of plant proteins are used to formulate CFM for 
lactating and growing animals. Among those, undecorticated cotton seed 
meal, linseed meal, soybean meal and wheat bran which are characterized 
by high rumen degraded protein (Mehrez, 1981; NRC, 1989 and El-
Shabrawy, 1996).  
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      Milk yield and its protein content can be affected by amount of CP flow 
into the small intestine (Hof et al., 1994). Previous studies (Pires et al., 1997; 
El-Shabrawy, 2006 and El-Shabrawy et al., 2010b) showed that milk yield 
and its components have increased in response to increased intake of 
undegradable CP. In order to magnify available protein level, undegradable 
protein synthesized in the rumen has to be assessed (NRC, 1989). There are 
many methods for protein protection to increase the undegradable CP in the 
rumen, e.g. zinc salts treatment (Britton and Klopfenstein, 1986), 
formaldehyde treatment (Ferguson et al., 1967), heat treatment (El-
Shabrawy, 1996) and tannin treatment (Pace et al., 1993) and hence 
increasing the amount of CP escaping to the small intestine.  
      Britton and Klopfenstein (1986) demonstrated that treating soybean meal 
with zinc 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 zinc treated SBM compared with solvent-extracted SBM. 
      Under Egyptian conditions, few studies have been made on the effect of 
protected protein by zinc salts on milk production by farm animals. So, the 
main objective of the present study was to investigate the effects of protecting 
protein of CFM by zinc sulphate in diets of lactating crossbred Friesian cows 
on nutrients digestibility, some rumen fermentation characteristics, plasma 
constituents and their reflection on milk yield and its components. Milk protein 
profile and economic efficiency were also studied. 
          

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. 
    Fifteen lactating crossbred Friesian cows in early lactation were balanced 
for body weight, milk yield, days after calving and parity. The animals were 
divided into three groups and received one of three experimental diets. 
     The three experimental diets used (Table 1) were as follows: 1) untreated 
concentrate feed mixture (CFM) + berseem hay (BH), 2) combination (1:1) of 
Zinc sulphate treated CFM/untreated CFM (Zn-CFM / CFM) + BH. 3) Zn-CFM 
+ BH. The CFM consisted of 27% yellow maize, 33% wheat bran, 34% 
undecorticated cotton seed meal, 3% molasses, 2% limestone and 1% 
sodium chloride. The CFM pellets were ground (6 mm particle size) and 
sprayed with Zn–sulphate at rate of 1.5% of feed DM (Brittion and 
Klopfenstein, 1986). All animals were fed on the tested diets formulated of 
60% CFM (untreated or treated) and 40% BH to satisfy their requirements, 
according to NRC (1989).  
     The diets were weighed and fed individually for animals and offered twice 
daily. Animals were fed individually in tie – stalls, kept in their stalls (usually 
8h), then were exercised in a drylot with free access to water.  
     The experiment began after 10 days of adaptation to the different diets 
and lasted 12 weeks. Daily amounts of feed were readjusted every two 
weeks based on the average milk production and body weight changes. 
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Table 1. Formulation of the experimental diets (% of DM) 

Ingredients 

Experimental diets 

Diet 1 
(CFM) 

Diet 2 
(Zn-CFM/CFM) 

Diet 3 
(Zn-CFM) 

Berssem hay (BH) 40 40 40 

Concentrate feed mixture (CFM) 60 30 - 

Zinc-CFM (Zn-CFM) - 30 60 

 
Samples of BH and CFM were weekly collected 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 and analyzed for 
ash, crude fiber, crude protein and ether extract  according to A.O.A.C 
(1990). 

Animals were machine milked twice daily at 5.00 a.m. and 5.00 p.m. 
and milk yield of individual animals was recorded at each milking. Milk was 
sampled biweekly from two consecutive milkings, and composited according 
to milk yield. Composite milk samples were analyzed for contents of total 
solids (TS), ash, fat, total nitrogen (TN), non-casein nitrogen (NCN), and non-
protein nitrogen (NPN). 

Total solids in milk were determined by drying at 105°C for 4 hours to a 
constant weight, milk fat was analyzed following the Gerber method (British 
Standard Institution's Method, 1955), and protein was analyzed using the 
Kjeldahl method (N x 6.38). Lactose was determined by difference after 
ashing in a muffle furnace (Model RHF, 1200, England) at 750°C for 4 hours. 
Solids-not fat (SNF) were calculated as the difference between TS and fat. 
Non-casein nitrogen (NCN) was determined by Kjeldahl analysis of the filtrate 
by using Whatman paper No. 42 after precipitation with 10% acetic acid and 
1 N sodium acetate (Ling, 1963). Non-protein nitrogen (NPN) was determined 
by Kjeldahl analysis of the filtrate by using Whatman paper No. 42 after 
precipitation with 15% trichloroacetic acid, TCA (Ling, 1963). 

Casein-N was calculated as the difference between TN and NCN, true 
protein-N was calculated as the difference between TN and NPN. Whey N 
was calculated as the difference between true protein-N and casein-N. 

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. 
Acid insoluble ash (AIA) was used as a natural marker (Van Keulen and 
Young, 1977). Fecal samples were gripped from the rectum of each animal 
twice daily during the collection period (5 days).  

At the end of digestibility trial, rumen fluid samples were taken from 
three animals of 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 
(TVFA's) concentration were estimated using steam distillation method 
(Warner, 1964). Ammonia-N (NH3-N) concentration was assayed according 
to Conway and O'Mally (1957). 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. 
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During the last week of the experimental period, 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).  
       Data were subjected to statistical analysis by the computer program of 
SAS (1996) using the General Linear Model (GLM).The data of digestibility 
coefficient and milk yield and its components were subjected to one-way 
analysis of variance of examing of effects of treatments (diet 1 , diet 2 and 
diet 3) , according to the following Model : 
Yij = u + Ai + eij 
Where:  yij = observed traits, u = overall mean, Ai = experimental diets 1-3 
(1=diet 1, 2 = diet 2 and 3 = diet 3), eij = Random error. 
      The data of rumen parameters and blood metabolites were subjected to 
analysis of variance for examing of effects of treatments (diet 1, diet 2 and 
diet 3) and time of sampling (0 and 4 hours) and their interaction according to 
the following  
Model: 
Yijk = u + Ai + Tj + ATij + eijk 
Where: yijk = observed traits, u = overall mean, Ai = experimental diets 1-3 
(1=diet 1, 2 = diet 2 and 3 = diet 3), Tj = Time of sampling, ATij = interaction 
experimental diets x time of sampling, eijk = Random error.  
       Means were compared according to Duncan's Multiple ranges test at 
0.05 level (Duncan, 1955). Since the interactions were not significant, the 
main effects will by only presented in the results and discussion.  
 

RESULTS AND DISCUSSION 
 

Experimental diets: 
      The results presented in Table (2) show that the chemical analysis of the 
different ingredients used in this study were within the normal range of similar 
materials as previously discussed and reviewed by El-Shabrawy and El-
Fadaly (2006) and Abou-Elenin et al. (2011). 
 
Table 2. Chemical composition of the ingredients and the experimental 

diets 

Ingredients 
DM 
(%) 

Chemical composition on DM basis (%) 

OM CP EE CF NFE Ash 

BH 88.30 89.50 13.25 2.24 27.40 46.61 10.50 

CFM 90.20 91.70 16.25 2.89 12.20 60.36 8.30 

Zn-CFM 88.10 91.72 16.30 2.87 12.17 60.38 8.28 

Calculated chemical composition of the tested diets (%) 

CFM 

Zn-CFM/CFM 

Zn-CFM 

89.44 

88.81 

88.18 

90.82 

90.83 

90.83 

15.05 

15.06 

15.08 

2.62 

2.62 

2.61 

18.28 

18.27 

18.26 

54.87 

54.88 

54.88 

9.18 

9.17 

9.17 



J.Animal and Poultry Prod., Mansoura Univ., Vol.3 (2), February,2012 

 87 

       
      The calculated chemical composition of the tested formulated diets using 
these ingredients seemed to be similar in all nutrients. The CP contents in the 
tested diets (about 15.0%) were in the normal recommended ranges reported 
by NRC, (1989) CP for lactating cow producing between 15 to 25 kg milk/day. 
 Digestibility coefficients and nutritive values:   
      The nutrients digestibility coefficients and nutritive values of the 
experimental diets are presented in Table (3). It was clear that were 
significant differences (P<0.05) in digestibility of OM, CP and NFE among the 
tested diets. On the other hand, digestibility of DM, EE and CF did not differ 
among the tested diets. The highest values for DM, CP and NFE digestibility 
was those of diet CFM and Zn-CFM combination and the lowest values were 
of CFM diet. The CFM and Zn-CFM combination diet was higher by about 
9.20% or 4.28% for CP digestibility than CFM or Zn-CFM diets, respectively. 
The improvement in CP digestibility may be a result of zinc treatment as a 
protection method of protein, hence, reducing protein solubility and 
degradability in the rumen and there for provided more dietary protein for 
digestion and absorption in the small intestine, which is probably better than 
microbial protein (Karr et al., 1991, Cecava, et al., 1993 and El-Shabrawy et 
al., 2010a). The obtained results are on a line with those reported by Karr et 
al., (1991) 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 combination of CFM and Zn-
CFM diet compared with those recorded for CFM diet (being 74.63 vs. 
70.0%). In this respect, El-Shabrawy et al., (2010a) found significant effect on 
OM digestibility for calves 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. Effects of the experimental diets on means of digestion 
coefficients and nutritive values 

Item 
Experimental diets 

±SE 
CFM ZN-CFM/CFM ZN-CFM 

Digestibility coefficients (%) 
DM 68.36

 
69.68

 
68.70

 
0.47 

OM 70.00
c 

74.63
a 

72.25
b 

0.28 
CP 68.07

c 
74.33

a 
71.28

b 
0.20 

EE 71.15 70.98 70.89 0.52 
CF 66.23

 
66.81

 
66.48

 
0.38 

NFE 69.87
c 

74.06
a 

71.87
b 

0.42 
Nutritive value (%) 

TDN  64.88
c 

68.23
a 

66.49
b 

0.29 
DCP 10.24

c 
11.20

a 
10.75

b 
0.03 

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

      Positive improvement were recorded for TDN and DCP values with 
combination of CFM and Zn-CFM diet compared to those of Zn-CFM and 
CFM diets 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.  
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      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.     
      El-Shabrawy et al., (2004) and El-Shabrawy et al., (2010b) reported that 
the digestibility coefficients of OM and CP for lactating goats increased when 
rumen undegradable protein (RUP) content of their diets increased.  
Ruminal fermentation parameters: 
      The results in Table 4 indicated that the ruminal pH values and total 
VFA's concentration did not differ among the tested diets. The results 
obtained in this experiment showed that pH values were in normal ranges for 
maximal proteolytic activity as reported by El-Fadaly et al., (2003) and EL-
Deeb et al., (2010) to lie between 6 to 7. These results are in agreement with 
El-Shabrawy (2000) and El-Shabrawy et al., (2004) did not detect any effect 
for protein protection on ruminal pH values or VFA concentrations. On the 
other side, El-Shabrawy et al., (2010a) reported higher ruminal pH values for 
calves fed high RUP than Those fed low RUP. 
      For sampling time effect, it is clear that the normal pattern showed in both 
of pH values and VFA concentration, since, pH values were significantly 
(P<0.05) decreased after feeding while, VFA concentration significantly 
(P<0.05) increased as recorded in several studies (El-Shabrawy, 2006) on 
lactating zaraibi goats. 
      Nitrogen fraction in the rumen liquor of cows in Table (4) revealed that TN 
and TPN values were the highest (P<0.05) and were the lowest (P<0.05) for 
ruminal NPN and NH3-N concentrations when cows were fed a combination 
of Zn-CFM/CFM diet and Zn-CFM diet compared with those fed CFM diet. 
These results are in agreement with the previous results of El-Shabrawy et 
al., (2010a) on growth of crossbred Friesian calves. Also, Abo-Donia et al., 
(2003) reported that ruminal NPN and NH3-N were decreased and ruminal 
TN and TPN were increased for lactating cows fed heated- soybean seeds 
compared to those fed untreated soybean seeds. Moreover, El-Fadaly et al., 
(2003) and El-Shabrawy (2006) reported that protecting dietary protein leads 
to decreased ruminal NH3-N concentration. Although, Cecava et al., (1993) 
indicated the ruminal NH3-N concentration did not differ for steers fed Zn-
SBM compared to those fed SBM. 
 

Table 4. Effects of feeding the experimental diets on the means of some 
rumen liquor parameters of lactating cows 

Items 
Experimental diets 

±SE 
Sampling time (hr) 

±SE 
CFM Zn-CFM/CFM Zn-CFM 0 4 

pH 6.41 6.44 6.45 0.03 6.59
a
 6.27

b
 0.02 

VFA (meq./100 ml RL) 7.97 8.09 8.01 0.06 6.98
b
 9.07

a
 0.05 

NH3-N (mg/100 ml RL) 19.88
a
 16.98

c
 18.20

b
 0.18 16.31

b
 20.39

a
 0.15 

Total nitrogen  
(TN, mg/100 ml RL) 

124.4
c
 134.6

a
 129.5

b
 0.47 97.1

b
 161.9

a
 0.39 

Non-protein nitrogen 
(NPN, mg/100 ml RL) 

51.62
a
 41.12

c
 44.26

b
 0.83 38.83

b
 52.50

a
 0.68 

True-protein nitrogen 
(TPN, mg/100 ml RL) 

72.81
c
 93.48

a
 83.73

b
 0.17 58.3

b
 108.4

a
 0.14 

Means within the same row having different superscripts are significantly different (P< 0.05).  
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      All nitrogen fractions in rumen liquor of cows 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 reflection 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.                  
Blood constituents: 
      Concerning the effect of protected protein on some plasma metabolites 
(Table5), lower (P<0.05) value of urea-N was found in plasma of cows 
receiving combination of Zn-CFM/CFM and Zn-CFM diets than those 
receiving CFM diet. The reduction plasma in urea-N concentration for cows 
fed combination of Zn-CFM/CFM diet and Zn-CFM diet were 2.58 and 1.25 
mg/100 ml compared to those fed CFM diet. The obtained results in this 
study were closer to the previous findings reported by El-Shabrawy et al., 
(2010a) who found that feeding calves on diet containing zinc treated 
soybean meal (SBM) and undicorticated cotton seed meal (UCSM) reduced 
plasma urea-N by 3.46 mg/100ml compared to those fed the diet containing 
untreated SBM and UCSM. 
      Moreover, El-Shabrawy et al., (2004), El-Shabrawy (2006) and El-
Shabrawy et al., (2010b) found that feeding goats on diet containing high-
RUP reduced plasma urea-N compared to those fed the diet containing low-
RUP. 
 
Table 5. Mean values of the concentrations of some blood constituents 

of lactating cows fed the different experimental diets 

Items 
Experimental diets 

±SE 

Sampling time 
(hr) ±SE 

CFM Zn-CFM/CFM Zn-CFM 0 4 

Urea-N (mg/100 ml) 18.14
a 

15.56
c 

16.89
b 

0.07 16.48
b
 17.25

a
 0.05 

Total protein (g/100 ml) 6.52
c 

7.69
a 

7.07
b 

0.04 7.08 7.11 0.03 

Albumin (A, g/100 ml) 3.70
c 

4.44
 a 

4.08
b 

0.02 4.07 4.08 0.01 

Globulin (G, g/100 ml) 2.82
c 

3.25
a 

2.98
 b 

0.03 3.01 3.02 0.02 

A / G ratio 1.31
b 

1.37
a 

1.37
a 

0.01 1.35 1.35 0.01 

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

 
      The reduction in blood plasma urea-N concentration for cows given diets 
contained protected protein may be due to the decrease in rumen degradable 
protein, consequently decreased NH3-N and NPN concentrations in the 
rumen liquor (Table 4). Whereas, higher (P<0.05) values of total protein and 
its fractions (albumin and globulin) were recorded for cows given Zn-CFM: 
CFM and Zn-CFM diets than those given CFM diet. The results obtained in 
this study were similar to the previous findings reported by El-Ayek et 
al.,(1999), El-Shabrawy (2006) and El-Shabrawy et al., (2010b) who found 
significantly higher level 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. Generally, all values were within the normal 
ranges for healthy cows.          
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Milk yield and its components: 
      The results in Table (6) indicated that milk yield was significantly (P<0.05) 
increased by 13.22 and 12.62% for cows fed Zn-CFM: CFM and Zn-CFM 
diets than for cows fed untreated CFM diet, respectively. The 4% FCM yield 
took the same trend as milk yield. The results in Fig. (1) indicted that milk 
yield for cows fed combination of Zn-CFM/CFM diet was increased and 
maintained higher through the whole experimental period compared to those 
fed Zn-CFM diet and CFM diet, respectively. On the same flock, El-Shabrawy 
and El-Fadaly (2006) showed that milk yield improved by 8.4% for lactating 
cows fed formaldehyde treated CFM than those fed untreated one. Similarly, 
Abo-Donia et al., (2003) and El-Shabrawy et al., (2004) noticed an increase 
in milk production by lactating cows or goats fed heated-soybean seeds or 
formaldehyde treated alfalfa silage as compared to those fed untreated one. 
These results are also in agreement with the previous results of Atwal et al., 
(1995) El-Shabrawy (2000) who found that milk yield increased by 2.2 kg/h/d 
in dairy cows fed high RUP than those fed low RUP. On the other hand, 
Gaynor et al., (1988) reported similar results in milk yield for lactating cows 
fed Zn-SBM diet and untreated-SBM. 
      These results are probably because of the higher value of CP (18%) 18 
CP in untreated-SBM diet compared to 15% CP in diet Zn-SBM or lack of 
level of protected-SBM (0.65% zinc sulphate). 
 
Table 6. Effects of feeding the experimental diets on the means of milk 

production and its components 

Item 
Experimental diets 

±SE 
CFM ZN-CFM/CFM ZN-CFM 

Milk yield (kg/day) 15.45
b
 17.40

a
 17.08

a
 0.13 

4% FCM (kg/day) 14.75
c
 16.70

a
 16.35

b
 0.04 

   Fat     
    % 3.70 3.73 3.72 0.05 
   kg/day 0.572

c
 0.650

a
 0.635

b
 0.004 

Protein     
    % 2.80

b
 3.20

a
 3.17

a
 0.04 

   kg/day 0.432
c
 0.557

a
 0.542

b
 0.003 

Lactose     
   % 4.73 4.72 4.73 0.04 
   kg/day 0.731

b
 0.821

a
 0.808

a
 0.011 

Solids not fat (SNF)     
   % 8.22

b
 8.58

a
 8.58

a
 0.02 

   kg/day 1.270
b
 1.494

a
 1.466

a
 0.010 

Total solids (TS)     
   % 11.92

b
 12.32

a
 12.30

a
 0.05 

   kg/day 1.841
c
 2.143

a
 2.102

b
 0.008 

Ash     
   % 0.68 0.67 0.68 0.02 
   kg/day 0.106

b
 0.116

a
 0.117

a
 0.003 

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

 
Higher percentages of milk components (P<0.05) were recorded with 

cows fed combination of  Zn-CFM/CFM and Zn-CFM diets, except milk fat, 
lactose and ash percentages than those fed CFM diet. On the other hand, 
production of fat, protein, lactose, SNF and TS milk were greater (P<0.05) on 
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combination of Zn-CFM/CFM and Zn-CFM diets than on CFM diet. These 
results are in good agreements with El-Ayek et al., (1999); El-Shabrawy et 
al., (2004) and El-Shabrawy et al., (2010b) who reported that yields of milk 
components increased when lactating animals were fed protected proteins. 
Milk fat, protein and lactose yield were increased in average by 70, 117 and 
83 g/d for cows fed on diets containing Zn-CFM than for cows fed diet 
containing CFM. Atwal et al., (1995) reported that milk fat, protein and lactose 
yield were increased by 54.26 and 76 g/d for cows fed on diets containing 
protected SBM-protein than for cows fed on diets containing untreared-SBM. 
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Fig. 1. Milk yield during the experimental period of cows fed the tested 

diets  
 
            In the present study, the increase in RUP levels in the tested diets 
containing protected protein achieved by using zinc sulphate treatment of 
CFM-protein, improved the yield of milk and its components, probably 
because of higher flow of N and essential amino acids to the intestine 
(Cunningham et al., 1996). 
Milk protein fractions: 
      Table (7) presents the effect of feeding the experimental diets on fractions 
of milk nitrogen. Milk total-N, true protein-N, non-casein-N, casein-N and 
whey-N contents were increased (P<0.05) for cows receiving combination of 
Zn-CFM/CFM and Zn-CFM diets than those receiving untreated CFM diet. On 
the other hand, using of zinc sulphate to protected dietary protein decreased 
(P<0.05) NPN content in milk, which reflects dietary differences in rumen 
degradable protein (El-Shabrawy et al., 2004, El-Shabraw 2006,  and El-
Shabrawy et al., 2010b). 
      The increase in milk protein content (Table 6) corresponded to an 
increase in true protein-N content, non-casein-N, casein-N and whey-N 
contents in milk. 
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Table 7. Effects of feeding the experimental diets on the means of 
fractions of milk nitrogen 

Item 
Experimental diets 

±SE 
CFM ZN-CFM/CFM ZN-CFM 

Total - N      
    % 0.429

b
 0.502

a
 0.498

a
 0.006 

    g/day 67.80
c
 87.28

a
 85.02

b
 0.50 

True protein - N      
     % 0.401

b
 0.476

a
 0.469

a
 0.006 

     g/day 61.93
c
 82.76

a
 80.06

 b
 0.53 

Non-protein - N      
     % 0.038

a 
0.026

b
 0.029

b
 0.001 

     g/day 5.87
a
 4.53

b
 4.95

b
 0.20 

Non-casein – N     
    % 0.093 0.090 0.091 0.001 
    g/day 14.36

b
 15.66

a
 15.60

a
 0.15 

Casein – N     
    % 0.346

b
 0.412

a
 0.406

a
 0.005 

    g/day 53.43
c
 71.62

a
 69.41

b
 0.41 

Whey – N     
    % 0.055

b
 0.064

a
 0.062

a
 0.002 

    g/day 8.50
b
 11.13

a
 10.65

a
 0.29 

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

 
      Milk NPN concentration has been used as an indicator of relative protein 
to energy intake and efficiency of ruminal N capture (Oltner and Wiktorsson, 
1983). Milk NPN concentration in the present study followed a pattern similar 
to ruminal NH3-N (Table 4) and plasma urea-N concentration (Table 5). Milk 
NPN content decreased by 22.83% in combination of Zn-CFM/CFM diet and 
by 15.67% in Zn-CFM diet compared with CFM diet.In this concern, El-
Shabrawy et al. (2004) found that milk NPN content was lower by 22.0% for 
goats fed diets contained formaldehyde treated alfalfa silage than those fed 
on diet containing untreated alfalfa silage. Also, El-Shabrawy (2006) found 
that milk NPN content decreased by 18.5% in formaldehyde-SBM diet and by 
38.0% in heated-SBS diet compared with U-SBM diet. 
Decreasing NPN and increasing casein-N of goat’s milk as a result of feeding 
diets containing protected protein by zinc sulphate would improve the yield 
and properties of cheese made from it. Milk containing high casein ratio 
produces suitable firm curd and so cheese with good body and texture and 
raise the yield, while, increasing of NPN content in milk retard the rennet 
action and made weak curd and the resultant chesses has low yield and bad 
properties (Davis, 1965).  
      Generally, the increase in milk true protein-N and casein-N contents were 
associated with decreases in milk NPN for cows fed diets containing 
protected protein (Zn-CFM/CFM and Zn-CFM diets) compared to those fed 
diet containing un-protected protein (CFM diet). This may be due to the 
decreased protein solubility and degradability in the rumen, consequently, 
were ruminal undegradable-protein for digestion and absorption in the small 
intestine was available, thus increased the availability of amino acids in the 
small intestine and improved protein status of the host animal (Chanjula et 
al., 2004). 
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Economic evaluation: 
      Economical efficiency parameters listed in Table (8) indicated that feed 
cost to produced one kg 4% FCM was lower for cows received combination 
of Zn-CFM and CFM than those fed Zn-CFM diet and CFM diet, being 0.99, 
1.05 and 1.05 L.E., respectively. 
 
Table 8. Economical efficiency of the experimental diets used in 

lactating cows 

Item 
Experimental diet 

CFM Zn-CFM/CFM Zn-CFM 

Feed intake (kg/h/d) as fed    

BH 5.44 5.62 5.62 

CFM 7.98 4.12 - 

Zn-CFM - 4.22 8.44 

Feedcost (L.E/day) 15.51 16.58 17.15 

Milk price (L.E/day) 44.25 50.10 49.05 

Feed cost / kg 4% FCM  1.05 0.99 1.05 

Economic efficiency* 2.85 3.02 2.86 

The price list of one ton BH,CFM,Zn-CFM were 650,1500,1600 L.E, respectively and price of kg 
for row milk was 3.0 L.E (Based on year 2008 prices). 

* Economic efficiency = money output / money input  

 
 Consequently, the economic efficiency was improved for cows fed 

combination of Zn-CFM and CFM by 6.0% than those fed CFM diet or Zn-
CFM diet. El-Shabrawy et al., (2010a) recommended that using protected 
protein by zinc sulphate of the complete rations in growing calves diet's 
resulted in superior economical efficiency compared with the control diet.  
 

CONCLUSION 
 

      From these results, it could be concluded that using protected CFM-
protein by zinc sulphate in rations of lactating cows tended to improve 
digestibility coefficients of nutrients and feeding values, with no adverse 
effects on some parameters of rumen liquid and some blood measurements. 
These improvements were reflected on producing more (P<0.05) milk and 
4% FCM yields and improved its milk characteristics. 
      Generally, using combination of Zn-CFM and CFM in lactating cows 
rations was better to get more milk yield and better economical efficiency.  
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 بكبريتات الزنك على الآداء الإنتاجي للأبقار الحلابةحماية بروتين الغذاء  تأثير
 و1سددددمير علددددى عبددددرا ي  -1كامددددم عتمددددان عبددددرا ي  عتمددددان -1مددددد الاددددبروا حامددددد مح

  2أحمد زكي محرز
 .مصر -الجيزة  –الدقي  -مركز البحوث الزراعية –معهد بحوث الإنتاج الحيواني  -1
 جامعة المنصورة. –كلية الزراعة  –قس  عنتاج الحيوان  -2
 

وقير  لليية  55علي  عيدد أجريت هذه الدراسة في  حطةية وطيالإ ااج يلح الطييااج  وللسيرا 
طيااجيلت وليم حجحاعية   5حجحاعيلت   3ا قسحت عشيااييل  للي  فريزيلن ف  حرطلة ااج لح العلل  

فيي   يييحيم  ييلم العشيياايية عليي  ع يييل اشيي حلت ا اليي  عليي  حلليياة العليي  الحرلييز ال ييير حعلحييم  
ك ا حللياة العلي  الحرليز الحعلحم ولوري يلت الزجياش حلت العليقة الثلجية عل  حللاة العل  الحرلز 

  ويجحل اش حلت العلوقة الثللثية علي  حللياة العلي  الحرليز الحعلحيم ا ذليك  5:5 غير الحعلحم وجسوة 
العلي  الحرليز في  الع ييل الحل وير  ولسي لدام لوري يلت الزجيك لدراسة  أثير طحليية ويرا ين حللياة 

ليز حلاجلت الدم ا لجعللسيهل  ر وعض عل  حعلح ت الهضم ا وعض ليليص ال لحر ف  اللرش ا
 عل  لج لح ا حلاجلت اللون الجل ج حن الطيااجلت ال جريوية الح ذا  عل  دريس الورسيم عليقة لسلسية.

ا قد أظهيرت الج يليج الح طييم عليهيل زييلد  حعيلح ت هضيم الحيلد  العضياية ا الويرا ين الليلم ا  -
حللاة العل  الحرلز الحعلحيم ط اية عل  حس للص للل  ا زات للأوقلر الح ذا  عل  الع يل الح

 ولوري لت الزجك وللحقلرجة وللعليقة الحط اية عل  حللاة العل  الحرلز غير الحعلحم.
لجعلس ال طسن ف  حعلح ت الهضم ف  لظهلر قيحة غذايية عللية ف  يار  حلد  للية حهضياحة ا  -

 الحعلحم. ورا ين للم حهضام للع يل الحط اية عل  حللاة العل  الحرلز
اجلفضت  رليزات ا حاجيل ا الحااد ا زا ية غير الورا يجية ف  سليم اللرش للأوقلر الح ذا  علي   -

قلرجة و لك ال   غذيت عل  حللاة العل  الحرلز غير الحعلحم. ا حالحعلحم حللاة العل  الحرلز 
 عل  الجلجب الآلر ازداد  رليز ج راجين الورا ين الطقيق  ف  سليم اللرش.

اجلفض  رليز ياريل الدم  ويجحل ازدادت  رليزات الورا يجلت الللية ا ا لوياحين ا الجلاويالين ف   -
 ا وقلر الح ذا  عل  الورا ين الحطح  حقلرجة وحثي  هل الح ذا  عل  ورا ين غير حطح .

فيي    0.5.%  ا حلاجييلت اللييون عجييد حسيي ا  حعجاييية  4ون حعييدم الييدهن  لييللج ييلح اللييون ااازداد  -
الطيااجلت الح ذا  عل  الع يل الحط اية حللاة العل  الحرلز الحعلحم وللحقلرجية وحثي  هيل الح يذا  
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عل  العليقة الحط اية حللاة العل  الحرلز غير الحعلحم. ا للجت  رلييزات الحيااد ا زا يية غيير 
لعليي  الحرلييز الورا يجييية فيي  اللييون حجلفضيية فيي  طلليية ال  ذييية عليي  الع يييل الحط اييية حلليياة ا

 الحعلحم  ا عل  الجلجب الآلر ار فع حطيام ج راجين الورا ين الطقيقي   ا الج يراجين الليلزيج 
  .0.5.غير الللزيج  ا ج راجين الشرش  عجد حس ا  حعجاية ا الج راجين 

%  ل وقلر الح ذا  عل  العليقية الحط ايية علي  4لجلفضت  للفة ال ذاء للم لجم لون حعدم الدهن   -
لاة العل  الحرلز الحعلحم ا غير الحعلحم وللحقلرجة وحثي  هل الح ذا  عل  العليقة الحط اية عل  حل

الحط اية عل  حللاة العل  الحرلز غير الحعلحم ححل أد  حللاة العل  الحرلز الحعلحم ا العليقة 
ذليك للي  طيدالإ  طسين فيي  اللفيلء  ااق ييلدية في  العليقية الحط اييية علي  حللياة العلي  الحرلييز 

 الحعلحم ا غير الحعلحم.
ا عل  ضاء حل سول ذلره حن ج ليج  اي  هذه الدراسة ولس لدام لوري يلت الزجيك لةريقية 

العل  الحرلز حن ال لسر ف  اللرش ف  ع ييل ا وقيلر الط وية الح يذا  علي  لطحلية ورا ين حللاة 
دريس الورسيم لعليقة أسلسية للية العليقة الحط اية عل  حللاة حن العل  الحرلز الحعلحم ا غيير 

         الحعلحم لحل له حن حرداد ليجلو  عل  يفلت ا لج لح اللون ا اللفلء  ا ق يلدية.  
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