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SUMMARY 

 

ffect of rumen-protected lysine in the form of Hydroxyl methyl lysine (HML) on average daily gain 

(ADG), dry matter intake (DMI), nutrient digestibility,  nitrogen balance blood metabolites, were 

evaluated in two experiments using growing Barki lambs. In first experiment, fifteen lambs were 

housed individually and assigned into three equal groups fed on basal diet (no lysine-control), free lysine 

(positive control, F-LYS) and protected lysine (P-LYS) equivalent to 3 g/d of lysine. The experiment lasted for 

10 week to evaluate feed intake, ADG and blood metabolites. No effect (P>0.05) of treatment on ADG, DMI 

and feed efficiency was observed. Whereas, treatment × time interaction tendency (P=0.07) as showed an 

increased in ADG as lysine supplemented as P-LYS compared to F-LYS (P=0.05) and control (P<0.05) at the 

last 2 weeks. No effect (P>0.05) of treatment was observed on serum total protein (TP), albumin (Alb), globulin 

(Glob), urea, glucose (G), cholesterol (CH) and triglycerides (TG) concentrations. However, treatment × time 

interaction (P=0.06) tendency existed as P-LYS increased (P<0.05) TP, Alb and Glob only at wk. 2 and reduced 

(P<0.05) serum urea only at the last 2 weeks. Further, no treatment effect (P>0.05) was found on rumen 

ammonia nitrogen (NH3-N), pH and protozoa numbers. In Exp.2, (digestibility trial), twelve lambs from Exp.1 

were kept in metabolic cages and received their respective treatments for 7 days as collection period. No 

response (P>0.05) to P-LYS supplementation was observed on nutrient digestibility of dry matter (DM), 

organic matter (OM), crude protein (CP), neutral detergent fibre (NDF) and acid detergent fibre (ADF) 

compared to F-LYS and control. A tendency (P=0.09) for treatment on nitrogen balance (NB) and retained 

nitrogen (RN, P=0.06) was found. P-LYS increased (P=0.05) NB to 7.1±0.14 vs. 4.8±0.3g/d and RN (P<0.05) 

from 37.9 vs. 25.59% in the control. However, P-LYS did not improve lambs performance under the basal diet 

fed that might have not been deficient enough in LYS amino acid, the improved ADG and decreased plasma 

urea at the last two weeks along with the slight improvement in NB and RN indicates the P-LYS has a potential 

under specific feeding regimes.  
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INTRODUCTION 

 

Providing ruminants with protein that contains ideal amino acids profile that match their requirement is 

very challenging due to fermentation of protein by rumen microbes results in changing the profile of 

intestinal amino acids (AA) that become readily available for intestinal absorption (Titgemeyer, 2003). 

Several studies have reported that methionine and lysine are most limiting AA for protein deposition in 

ruminant’s growth (Merchen and Titgemeyer, 1992). This is because methionine and lysine are the most 

limiting AA in microbial protein synthesis in growing sheep (Nimrick et al., 1970 and Richardson and 

Hatfield, 1978). Also, the typical diet for ruminants normally contains lower concentrations of lysine and 

methionine (Schwab, 1995). The type of the diet used to feed ruminants determines whether methionine or 

lysine is the first limiting AA (Rulquin and Verite, 1993 and Schwab et al., 1992).  
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Lysine was found to be the first limiting AA in corn-based diets, while methionine is the first limiting AA in 

legume-based diets (Schwab, 1995). He also reported that providing adequate lysine for growing ruminants 

is more challenging for several reasons: 1) decreased lysine concentrations in the rumen undegradable 

protein (RUP) after passing the rumen due to rumen fermentation, 2) the digestibility of lysine in the 

intestine is lower than other AA and 3) greater sensitivity of lysine to heat or chemical treatments. Intensive 

research trials were conducted on rumen-protected methionine and lesser research was reported on rumen-

protected lysine due to increased cost of production and instability (Swanepoel et al., 2010). Elwakeel et al. 

(2012) evaluated the bioavailability of lysine from rumen-protected hydroxyl methyl lysine (HML) by 

monitoring serum lysine concentration and estimated that lysine bioavailability reached 94% of that for the 

commercially available products by slope ratio analysis and concluded that rumen-protected HML might be 

effective for supplementing lysine to ruminants. Therefore, the objective of the current study was to assess 

the efficiency of the rumen-protected form of lysine (HML) in sheep growth, nutrient digestibility, nitrogen 

balance and some blood parameters in growing Barki sheep. 

 

MATERIALS AND METHODS 

 

The experiments were conducted at the Milk Production Project belonging to the Department of Animal 

and Fish Production, Faculty of Agriculture, Alexandria University. All samples were analysed at the 

laboratory of Animal Nutrition at the same department.   

Two experiments were conducted to study the effect of HML (protected lysine) on growth performance, 

blood parameters, nitrogen retention and apparent nutrient digestibility compared to free lysine (lysine-HCl) 

as positive control and no lysine as negative control.  

Growth trial: 

Animals and housing managements: 

Fifteen Barki lambs with mean initial body weight 29.8±0.76 kg were randomly assigned equally to three 

treatments. Treatment 1), diet supplemented with protected lysine (P-LYS) to provide 3g of total lysine; 

treatment 2), diet supplemented with free lysine (F-LYS) to provide 3g of total lysine (positive control) and 

treatment 3), basal diet (not supplemented, negative control (CTR)). Lambs were kept in cement crats for 14 

days prior to being subjected to treatments for dietary adaptation. After adaptation, lambs were individually 

weighed and returned to their crats where treatments were administered for 10 weeks. Lambs had free access 

to fresh drinking water. 

Diets and feeding managements: 

Lambs were offered 50:50 roughage to concentrate in equal portions twice a day (7.00 and 14.00) at 

about 3.5% of their body weight. The chemical composition of the basal diet is shown in Table 1. Hydroxy 

methyl lysine containing 10.4% nitrogen was manufactured in our laboratory as described by Elwakeel et al. 

(2012). Protected lysine and free lysine were weighed to provide 3g lysine/day and were mixed with the 

concentrate and offered to the lambs first to ensure the intake of all lysine then roughages were offered. The 

amount of feed offered and refused was weighed and recorded daily. 

Measurements and sampling procedures:  

Body weights of lambs were determined biweekly before feeding. Blood samples (10 mL) were collected 

by jugular venepuncture from all lambs biweekly into plain vacuum tubes (vacutainer®, Becton Dickinson, 

Rutherford, NJ, USA) before morning feeding with 20-gauge needles during manual restraint of the lambs.  

Blood samples were placed on ice directly after collection, transferred to the lab, then were centrifuged 

for 20 min at 3000 rpm and the harvested serum samples were then stored at -20
o
C for later analysis. Serum 

biochemical constituents including total protein, albumin, glucose, cholesterol, urea and triglycerides were 

determined using commercial colorimetric kits (Stanbio Diagnostic Company, Germany). Globulin content 

of each serum sample was obtained by subtracting albumin contents from the serum total protein 

concentration. Rumen liquor was collected from each animal biweekly 3 h after feeding by oesophageal tube 

and was filtered through 4 layers of cheese cloth and pH was measured in fresh samples then samples were 

frozen at -20
o
C for later analysis for ammonia concentrations and protozoal count. 
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Table (1): Ingredients and chemical composition of concentrate mixture and peanut hay. 

Item Concentrate mixture Peanut hay 

Ingredients composition (g/kg)  

  Yellow corn  415 ----- 

  Wheat barn 400 ----- 

  Soybean meal 150 ------ 

  limestone 20 ------ 

  Sodium chloride 10 ------ 

  Trace mineral* 5 ------ 

                                                                  Total                                                         1000 

Chemical composition (g/kg)    (determined) 

Dry matter  957 855 

Organic matter 889  813 

Crude protein 143   98.9 

Neutral detergent fibre 435   575 

Acid detergent fibre 218    419.8 

*Trace minerals (g/kg): 12.6 Manganese Sulphate, 9.3; Zinc Sulphate, 3.2; Copper Sulphate, 16.7; Ferrous Sulphate, 

0.1; Calcium Iodate, 0.4; Sodium Selenite,9.4; Magnesium Oxide, 0.2; Cobalt Sulphate added to Kg. (Dyno Vet 

Company, Alexandria, Egypt).  

 

Digestibility and nitrogen balance trial: 

Animals: During the last seven consecutive days, 12 lambs were selected from the growth trial and were 

continued to receive the same diet and treatment for more 7 days. The lambs were kept in metabolic cages 

and had a free access to fresh drinking water. The diet were offered twice daily as described in the first 

experiment and because animals were already adapted to the diet through the growth study, the experimental 

period was limited to seven days of which five consecutive days were for collecting feed, feces and urine 

samples. Feed offered and refused were weighed and recorded daily. 

The total amount of feces excreted was weighed daily for each animal and only 10% of total quantity was 

stored in refrigerator at 5
o
C throughout the collection period. After the completion of the experiment, feces 

samples were mixed thoroughly and 1000 gm of this mixture was dried at 60
o
C for 72 h. in a forced air oven, 

ground through 1 mm screen and stored for later analysis for DM and N content. Urine sample from each 

lamb was collected daily in plastic buckets containing 100ml of 10% sulphuric acid to prevent nitrogen loss 

as ammonia and a 10% of urine samples were frozen at -20
o
C for later determination of N content.  

Sample analysis: 

Duplicate samples of the composite feed and feces were used for DM, OM determination (A.O.A.C, 

2006). Duplicate samples of the urine, feces and the diet were used for Kjeldahl nitrogen analysis. NDF and 

ADF were determined by the method of Van Soest et al. (1991) with heat-stable amylase. Both NDF and 

ADF were assayed on DM basis and expressed without inclusion of ash. Hemicellulose content was 

measured by subtracting ADF from NDF. 

Statistical analysis: 

The statistical analysis of the growth data and blood metabolites was performed by repeated 

measurements using the mixed procedure (SAS, windows 9.0) with a model that contained effect of 

treatment, time (wk.), treatment × time. The repeated measurement was the time and the subject of repeated 

measurement was the animal.  The data for digestibility was analysed using mixed procedure (SAS, 

windows 9.0) with a model that contained animals as random effect and treatment as fixed effect. 

Differences between treatments were declared significant at P<0.05 and tendency at P<0.14. All treatments 

means are presented as least square means in the present study. 
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RESULTS AND DISCUSSION 

 

Growth performance, feed intake and feed conversion ratio: 

Effect of dietary rumen-protected lysine HML supplementation on ADG, DMI and FCR are presented in 

Table (2). Treatments had no effect on final body weight, ADG, DMI, or FCR. No interaction was detected 

between treatments and time on DMI or FCR. Whereas, a weak tendency interaction was detected between 

treatment and time on ADG (P=0.07). The reason for tendency of interaction is that P-LYS increased ADG 

(318 g/day) only in the last 2 wk. compared to control (191 g/d; P<0.05), however, P-LYS tended to increase 

ADG compared to F-LYS (222 g/d; P=0.05) in wk. 10 (Figure 1). In the present study, the predicted lysine 

content of the basal diet was 5.5 g/kg diet and the predicted metabolizable lysine for that basal diet, which is 

intestinally available for absorption, was 5.2g/kg diet. 

 

Table (2): Effects of free lysine (F-LYS) and protected lysine (P-LYS) supplementation on initial and 

final body weight, average daily gain (ADG), dry matter intake (DMI) and feed conversion 

ratio (FCR) in growing lambs. 

1 F-LYS and hydroxy methyl lysine (P-LYS) provide 3 g/day total lysine.  

P-SEM: Pooled standard error of the mean. 
*to get SEM for P-LYS multiply SEM by 1.12. 

 

 

 

Figure (1): Treatment × time (wk.) interaction of free lysine (F-LYS) and protected lysine (P-LYS) 

supplementation on average daily gain (ADG) in growing lambs. 

*P-LYS (P<0.05) increased ADG compared to F-LYS and control during the last 2 weeks 

 

The three grams of lysine in P-LYS that is assumed to be 80% available for absorption would increase 

intestinally available lysine to 7.6g in the P-LYS receiving group. The predicted rumen undegradable protein 

Item 
Treatments 

1
 

P-SEM* 
P-value  

Control F-LYS P-LYS Treatment Time Treatment×Time 

Body weight (kg)  

Initial 29.68 29.87 31.38 0.76 0.679 - - 

Final 41.76 42.17 44.76 0.84 0.342 - - 

ADG (g) 172.6 175.7 187.7 13
*
 0.776 0.003 0.067 

DMI (g/d) 1170  1222 1279 47.89
*
 0.343 <0.001 0.999 

FCR  6.8 7 6.8 0.92
*
 0.431 0.101 0.301 

* 

Weeks 
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D

G
, 
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(RUP) in the basal diet of the current study based on NRC (2001) calculation was 26%. The high-predicted 

rumen degradable protein (74%, RDP) was intended to maximize microbial crude protein (MCP) synthesis 

in order to ensure that no other AA was limiting for animal growth. However, MCP could be synthesized 

more than predicted and contributes for higher lysine concentration in the metabolizable protein (MP), 

therefore treatments failed to induce positive results in response to P-LYS supplementation.  

Elwakeel et al. (2012) reported that rumen-protected HML was highly protected when evaluated on ewes 

by measuring blood lysine concentration as an indicator of lysine bioavailability from HML and 

recommended the use of HML as a source of ruminally protected 

lysine for ruminants. The HML is the derivative of lysine by the reaction of lysine-HCL with 

formaldehyde in an aqueous solution of water containing calcium hydroxide (Bertram et al. 1978). 

Richardson (1976) reported that the combination of HML and HMM improved N retention, daily gain 

compared to control. However, when Kenna and Schwab (1981) evaluated the effect of supplementation of 

hydroxyl methyl methionine (HMM) and HML either alone or in combined on feed intake, milk production, 

and milk composition of dairy cattle fed corn-based ratio, they reported that there was no effect compared to 

control. The authors delineated that the lack of response could be due to the release of lysine from its 

protected form as a result of mixing HML with acidic diet (corn silage). In the current study, P-LYS was 

mixed with the concentrate diet that was not acidic to ensure that the product is not released. We predicted 

that P-LYS should improve lambs performance when supplemented to the diet that intended to be deficient 

in lysine. 

Although the overall effect of treatment on ADG was not significant, introducing P-LYS to growing 

lambs significantly increased their ADG in the last 2 wk. of the growth trial compared to control and F-LYS 

groups. The reason for not obtaining a positive response after P-LYS supplementation and the response 

appeared significantly only at the last 2 wk. is hard to explain, but it could be either due to the intestinal 

availability of lysine from P-LYS increased when the animals grow older as a result of increasing abomasal 

HCL production as animals grow up. Also, It is important to mention that lysine utilization for protein 

deposition is affected by the availability of other amino acids (Greenwood and Titgemeyer, 2000) where 

there is still possibility that other amino acids were limited in the basal diet of current study but the lamb’s 

requirement for these AA started to decline at the last 2 wk. of the experiment, making lysine is the only 

deficient AA. This could be another possible explanation for increased ADG in last 2 wk. only. 

Blood Parameters: 

Data for effect of treatment on serum total protein (TP), albumin (Alb), globulin (Glob), urea, 

triglycerides (TG), cholesterol (CH) and glucose (G) are shown in Table 3.  There were no effects of TRT on 

TP, Alb, Glob, urea, TG, CH and G. No interaction was detected between treatment and time for TG, CH 

and G. In the meantime, a tendency of interaction was detected between treatment and time for TP, Alb and 

Glob (P=0.06) and urea (P=0.07). P-LYS increased (P<0.05) TP, Alb and Glob in wk. 2 measurement 

compared to control and F-LYS groups (Figure 2). In addition, P-LYS reduced (P<0.05) urea on wk. 10 

compared to control and F-LYS (Figure 2).  

 

Table (3): Effects of free lysine (F-LYS) and protected lysine (P-LYS) supplementation on serum 

biochemical parameters in growing lambs.  

Item 
Treatment

1
 

P-SEM 
P-value 

Control F-LYS P-LYS Treatment Time Treatment×Time 

Total protein, g/dL 9.35 8.72 9.25 0.42 0.541 0.553 0.056 

Albumin, g/dL 3.88 3.62 3.84 0.17 0.543 0.579 0.055 

Globulin, g/dL 5.47 5.1 5.42 0.25 0.535 0.551 0.059 

Urea, mg/dL 91.79 94.69 89.6 2.46 0.371 0.001 0.074 

Triglycerides, mg/dL 76.8 85.35 90.46 6.74 0.358 0.001 0.935 

Cholesterol, mg/dL                64.17 69.13 66.32 3.23 0.567 0.742 0.298 

Glucose, g/dL 96.5 102.6 90.5 5.5 0.225 0.042 0.319 
 1 F-LYS and hydroxy methyl lysine (P-LYS) provide 3g/d total lysine.  

P-SEM: Pooled standard error of the mean. 
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Serum TP, Alb and Glob increased (P<0.05) in week two only for P-LYS compared to control and F-

LYS groups, with no clear explanation for the different effects at different times. However, the overall effect 

of treatments on TP, Alb and Glob were not significant (P>0.05). In agreement with the current results, 

supplementing diets with rumen protected lysine and methionine did not affect blood Alb and Glob 

concentration in female calves (Sai et al., 2014). Also, Singh et al. (2015) found no effect of protected 

methionine and lysine on TP, Alb and Glob. The increase in the ADG in the last two wks. with P-LYS 

supplementation in the growth study is sequential to lower serum urea in that period which indicating that 

lysine was used for protein deposition and hence reduced AA catabolism which appeared as reduction in 

serum urea (Hussein et al., 2016). These results agree with Hussein et al. (2016) who found that lysine 

infusion reduced serum urea. He also found no effect of abomasal infusion of lysine on blood glucose or 

insulin in growing steers. Same results of blood glucose were obtained by Sai et al. (2014) when they fed 

rumen protected lysine and methionine to calves.  

 

 

 

Figure (2): Treatment × time (wk.) interaction of free lysine (F-LYS) and protected lysine (P-LYS) 

supplementation on total protein (TP), albumin (Alb), globulin (Glob) and urea (U) in growing lambs. 

* P-LYS (P<0.05) increased TP, Alb and Glob compared to F-LYS and control in the first 2 weeks. 

* P-LYS (P<0.05) decreased urea compared to F-LYS and control in the last 2 weeks. 
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Rumen fermentation and apparent nutrients digestibility: 

The effect of P-LYS supplementation on rumen pH, ammonia-N and protozoa are shown in Table (4). 

There were no effect of treatments on rumen pH, ammonia-N and protozoa count. No interaction was 

detected between TRT and time for rumen pH, NH4 and protozoa count.  Apparent digestibility of DM, OM, 

CP, NDF, ADF, cellulose, hemicellulose and lignin, were not affected (P>0.05) by F-LYS and P-LYS 

supplementations compared to the control (Table 5).  

 

Table (4): Effects of free lysine (F-LYS) and protected lysine (P-LYS) supplementation on rumen 

fermentation parameters in growing lambs. 

Item 
Treatment

1
 

P-SEM 
P-value 

Control F-LYS P-LYS Treatment Time Treatment×Time 

pH 6.47 6.48 6.58 0.04 0.136 <0.001 0.940 

NH3-N, 

mg/dl
b
 

23.1 22.4 18.3 1.75 0.152 <0.001 0.794 

Protozoa, 

×10
5
/mL 

3.45 3.49 3.81 0.22 0.467 <0.001 0.545 

1 F-LYS and hydroxy methyl lysine (P-LYS) provide 3g/d total lysine.  
b Rumen ammonia (mg/100 ml rumen fluid). 

P-SEM: Pooled standard error of the mean. 

 

Table (5): Effects of free lysine (F-LYS) and protected lysine (P-LYS) supplementation on apparent 

nutrient digestibility (g/kg) in sheep. 

Item 
Treatment

 1
 

P-SEM
4
 P-value 

Control F-LYS P-LYS 

Dry matter 634 685 672 20.9 0.6263 

Organic matter 697 741 742 14.4 0.382 

Crude protein 624 670 663 18.8 0.6016 

NDF
2
 588 622 650 17.3 0.3739 

ADF
3
 572 593 638 16.7 0.2846 

Cellulose 835 860 861 34.6 0.3739 

hemicellulose 157 213 268 8.2 0.4633 
1 F-LYS and hydroxy methyl lysine (P-LYS) provide 3g/d total lysine.  
2NDF: neutral detergent fiber; 3ADF: acid detergent fiber. 
4P-SEM: Pooled standard error of the mean. 

 

Treatments with P-LYS or F-LYS did not affect rumen fermentation as evident in unaffected ruminal pH, 

ammonia concentration or protozoa number. Also, unchanged digestibility of DM, OM, CP, ADF, NDF, 

cellulose and hemicellulose (Table 6) in response to P-LYS supplementation indicated that P-LYS did not 

affect ruminal fermentation and nutrient digestibility in the concentration used in the current study. In 

accordance to these results, Hussein et al. (2016) reported no effect of infused lysine in OM and DM 

digestibility of diet-deficient in lysine when given to growing steers. Elwakeel et al. (2012) reported that 

high concentrations of P-LYS that were used in-vitro had negative effect on ruminal fermentation when used 

at concentrations of 25 and 50 mM. Certainly, these concentrations were much higher than that was used in 

the current study, but our results indicated that the P-LYS product is not affecting rumen fermentation or 

nutrients digestibility negatively. 

Nitrogen intake, feces and urine N, N balance and retained N: 

The effect of supplementing P-LYS on nitrogen intake, feces and urine nitrogen, nitrogen balance and 

retained nitrogen as percent of N intake are shown in Table 6. Lysine supplementation either in the protected 

(P-LYS) or free (F-LYS) form did not affect N intake, feces N (P= 0.57), and urine N (P=0.16). Although it 

is not significant, lambs that received F-LYS execrated slightly more nitrogen in the urine (8.43 g/d) 

compared to CTR (6.86 g/d) and P-LYS (5.74 g/d) lambs. There was a tendency effect of treatment on NB 
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(P=0.096) where treatment with HML increased NB from 4.8 and 5.01 g/d in CTR and F-LYS, respectively 

to 7.1 g/d in the P-LYS treatment.  Retained N as percentage of N intake tend to increase (P=0.06) in P-LYS 

group (37.9%) compared to control and F-LYS (25.59 vs. 25.01%, respectively).  

 

Table (6): Effects of free lysine (F-LYS) and protected lysine (P-LYS) supplementation on nitrogen 

intake, nitrogen in feces and urine and nitrogen balance in growing lambs. 

Item 
Treatment 

1
 

P-SEM P-value 
Control F-LYS P-LYS 

Nitrogen intake, g/d 18.81 19.88 18.82 0.44 0.569 

Feces nitrogen, g/d 7.17 6.44 6.25 0.35 0.576 

Urine nitrogen, g/d 6.86 8.43 5.47 0.63 0.158 

Nitrogen balance, g/d 4.78 5.01 7.1 0.49 0.096 

Retained N,% of NI 25.59 25.01 37.87 2.6 0.0597 
1 F-LYS and hydroxy methyl lysine (P-LYS) provide 3 g/d total lysine.  

P-SEM: standard error of the mean. 

 

The tendency of improvement in NB and retained N measurements as percentage of NI by P-LYS 

receiving lambs could be attributed to the numerically less nitrogen that was excreted in urine compared to 

control though the difference was not significant. Such improvement in NB in the P-LYS group may indicate 

that the basal diet of our study was slightly deficient in lysine. Therefore, lysine was used for protein 

deposition. Many studies have shown that lysine supplementation either in protected form or abomasally 

infused, increased NB and reduced urine N when added to diets that are deficient in lysine (Oke et al., 1986; 

Brookes et al., 1973; Nimrick et al., 1970 and Hussein et al., 2016). The tendency to improve RN as percent 

of NI (P=0.05) is emphasized in the improvement in ADG in the last 2 wk. of growth trial. 

 

CONCLUSION 

  

The lack of response of P-LYS supplementation on animal performance in the current study might be due 

to either the higher contribution of MCP (74% calculated based on NRC, 2001) in the MP which could 

provide adequate amount of lysine in MP or the deficiency of other AA in the basal diet that hinder protein 

deposition. Therefore, lysine AA was not limited for lambs grown under the diet used in this study. 

However, the improvement of ADG in the last 2 wk. of the growth trial with consequent reduction in serum 

urea in that period only, indicates that this product could be promising to improve animal performance under 

certain circumstances. More research is needed to study the efficiency of lysine utilization in growing lambs. 
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  الجديدة، اإلسكندريت، مصر.

 

حى إجشاء حجشبخٍٛ، حجشبت ًَٕ ٔحجشبت ْؼى، نًعشفت حأرٛش إػافت انحايغ األيُٛٙ نٛسٍٛ فٙ طٕسة يحًٛت يٍ حخًشاث انكشش عهٗ 

 انغزائٛت ٔكزنك بعغ يعاٚٛش انذو.كَٕاث الحضاٌ انُٛخشٔجُٛٙ ْٔؼى انًاًالٌ ٔأداء انح

% بشٔحٍٛ  14عهٙ ( ٚخغزٔا يُفشدٍٚ عهٗ عهٛقّ ححخٕ٘ 0.76±29.8حًم يخٕسط أٔصآَى ) 15انخجشبت األٔنٗ )حجشبت انًُٕ(: حى اسخخذاو  

ى ٕعت انزاَٛت حًفقط عهٗ انعهٛقت األساسٛت ٔانًج ٚجاألٔنٗ )كَٕخشٔل( غزيجايٛع يخسأٚت. انًجًٕعت  3أسابٛع. قسًج انحٕٛاَاث إنٗ  10نًذة 

. انهٛسٍٛ انًحًٙ فٙ طٕسة ْٛذسٔكسٙ /ٕٚو/حٕٛاٌجى نٛسٍٛ يح3ًٙ ى إػافتٔانًجًٕعت انزانزت ح /ٕٚو/حٕٛاٌجى نٛسٍٛ غٛش يحًٗ 3 اػافت

حقذٚش انًأكٕل ٕٚيٛا ٔأخز عُٛاث دو ٔعُٛاث يٍ سائم انكشش بانهٙ يٛزٛم نٛسٍٛ حى حظُٛعّ يعًهٛا. حى حقذٚش أٔصاٌ انحٕٛاَاث كم أسبٕعٍٛ ٔ

يعذل انًُٕ  عهٗ  (P>0.05)ًحًٙ نى حؤرشانساعاث. أٔػحج انُخائج أٌ إػافت انهٛسٍٛ انًحًٙ أٔ غٛش  3بـ انًعذ٘ كم أسبٕعٍٛ قبم انخغزٚت 

نهخذاخم بٍٛ انًعايهت ٔانٕقج عهٗ يعذل انًُٕ  (P=0.07)ٕٚجذ يٛم انخحٕٚم انغزائٙ. نكٍ كاٌ  كفاءةانٕٛيٙ ٔال عهٗ انًأكٕل انٕٛيٙ ٔال عهٗ 

 ٔانهٛسٍٛ  (P<0.05)انٕٛيٙ حٛذ أدث إػافت انهٛسٍٛ انًحًٙ إنٙ صٚادة يعذل انًُٕ انٕٛيٙ يعُٕٚاً فٙ آخش أسبٕعٍٛ فقط يقاسَت بانكَٕخشٔل

انبشٔحٍٛ انكهٙ ٔاالنبٕٛيٍٛ ٔانجهٕبٕٛنٍٛ ٔانٕٛسٚا  زمييقاٚٛس انذو بعغ  عهٗ  (P>0.05)نى حؤرش انًعايالث .(P=0.05)ًحًٙ انغٛش 

بٍٛ انًعايهت ٔانٕقج حٛذ أدٖ انهٛسٍٛ انًحًٙ إنٙ صٚادة  نهخذاخم   (P=0.06)ٔانكٕنسخشٔل ٔانجهٕكٕص ٔانذٌْٕ انزالرٛت. نكٍ كاٌ ٕٚجذ يٛم

(P<0.05)  ٍٛكًا أدٖ إنٗ خفغفٙ أٔل أسبٕعٍٛ فقط ٔ انجهٕبٕٛنٍٛٔانبشٔحٍٛ انكهٙ ٔاالنبٕٛي(P<0.05)   انٕٛسٚا بانسٛشو فٙ آخش  حشكٛض

عهٗ دسجت حًٕػت ٔحشكٛض األيَٕٛا بانكشش ٔال عهٗ  ثانًعايال (P>0.05)ًحًٙ. نى حؤرش ان ٔانهٛسٍٛ غٛشأسبٕعٍٛ فقط يقاسَت بانكَٕخشٔل 

 أعذاد انبشٔحٕصٔا.

ْى عشٕائٛا يٍ انخجشبت األٔنٙ بعذ اَخٓائٓا حٛذ حى ٔػعٓى فٙ أقفاص انٓؼى حًم حى اخخٛاس 12انخجشبت انزاَٛت )حجشبت انٓؼى(: حى اسخخذاو  

انًادة انجافت؛ انًادة انعؼٕٚت؛ انبشٔحٍٛ  كم يٍ أٚاو يٍ انخجشبت. نى حؤرش انًعايالث عهٗ ْؼى 5آخش  أٚاو رى جًع انبٕل ٔانشٔد فٙ 7نًذة 

جى/ٕٚو ٔكزنك انُٛخشٔجٍٛ  0.14± 7.1إنٗ  0.3±4.8حضاٌ انُٛخشٔجُٛٙ يٍ انًحًٙ نخحسٍ اال انهٛسٍٛ (P=0.09)األنٛاف بانشغى يٍ يٛم ٔ

% كُسبّ يٍ انُٛخشٔجٍٛ انًأكٕل يقاسَت بانكَٕخشٔل عهٗ انخشحٛب. َسخُخج أٌ إػافت انهٛسٍٛ انًحًٙ نى حؤرش 37.9إنٗ  25.59انًحخجض يٍ 

قذ ٚشجع رنك أٌ انعهٛقت نٛس بٓا َقض كافٙ يٍ انهٛسٍٛ. نكٍ ححسٍ إٚجابٛا عهٗ أداء انحًالٌ ححج ظشٔف انخغزٚت عهٗ انعهٛقت انًسخخذيت ٔ

اَخفاع حشكٛض انٕٛسٚا فٙ انذو فٙ ْزِ انفخشة يع ٔيعذالث ًَٕ حًالٌ يجًٕعت انهٛسٍٛ انًحًٙ فٙ أّخش أسبٕعٍٛ فقط يٍ حجشبت انًُٕ 

 .  أخشٖ حأرٛش إٚجابٙ ححج ظشٔف غزائٛتانخحسٍ انبسٛط فٙ انًٛضاٌ انُٛخشٔجُٛٙ ٚذل عهٗ أٌ انهٛسٍٛ انًحًٙ قذ ٚكٌٕ نّ 

 


