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ABSTRACT: An experiment was conducted to evaluate the effect of using thyme 

(Thymus vulgaris L; TH) or citric acid;(CA) either alone or in combination (at level 0.2 

% of each) to improve the utilization of the low protein low energy broiler diets 

(LPLE), containing 4% lower protein and 200 Kcal /Kg lower energy than those of 

control diets at starter, grower and finisher periods. Control diets contained 21, 19 and 

18% CP and 2988, 3083 and 3176 kcal ME/kg diet at starter, grower and finisher 

periods, respectively. It was supplied with required nutrients to satisfy the 

recommended requirements of Cobb broilers.  

A total number of 180, seven days-old of unsexed Cobb broiler chicks were distributed 

into 6 treatments of 30 chicks each in three replicates.   

Main results obtained can be summarized as follows: 

-There were significant differences between values of weight gain in different growth 

periods while there were insignificant differences between values of feed conversion 

ratio except for total growth period (7-42d.). 

-All over growth period, the LPLE diet decreased weight gain and degraded feed 

conversion ratio by 23.24 and 19.47% compared to control diet. In general, it seemed 

that addition of TH or CA either alone or in combination to the LPLE diet improved 

weight gain compared to LPLE diet and recorded the better feed conversion ratio 

compared to low protein (LP) or LPLE diet. The combination of such feed additives 

improved weight gain and feed conversion ratio by 10.46 and 10.13%, respectively 

compared to LPLE diet. 

-There were insignificant differences between treatments for carcass characteristics and 

values of ash and nitrogen retention percentage. The LPLE diet decreased daily nitrogen 

excretion by 25.92% compared to control diet.   

- The LPLE diet increased plasma globulin level by 32.75 % compared to control diet.  

In conclusion, the addition of TH or CA either alone or in combination to LPLE broiler 

diet improved weight gain and feed conversion ratio, decreased plasma globulin and 

increased total plasma antioxidants capacity compared to LPLE broiler diet. 
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INTRODUCTION 

High levels of production and efficient 

feed conversion are the need of the 

modern poultry industry, which to a 

certain extent could be achieved by the 

use of specific feed additives. Antibiotic 

feed additives as growth promoters have 

long been supplemented to poultry feed to 

stabilize the intestinal microbial flora, 

improve the general performances and 

prevent some specific intestinal pathology 

(Hassan et al. 2010). However, increased 

pressure on livestock industry to phase 

out the use of prophylactic dosages of 

antibacterial growth promoters (AGP) in 

the European Union and other parts of 

world due to microbial resistance in 

animals has stimulated increased interest 

in alternative natural growth promoters 

(Fature and Matanmi, 2008).Several 

alternatives to antibiotic growth 

promoters have been proposed such as 

phytogenic feed additives (Galik and 

Rolinec, 2011),organic acids (Kral et al., 

2011), probiotics (Corcionivoschi et al., 

2010), products of bees (Petruska   et al., 

2012) and enzymes (Benţea et al., 2010). 

Thyme (Thymus vulgaris L.) is a popular 

medicinal plant belonged to Lamiaceae 

sp. and mostly grown in Mediterranean 

regions (Chevallier, 1996). This herb has 

been paid more attention due to its 

antioxidant (Bolukbasi and Erhan, 2007), 

antibacterial (Dorman and Deans, 2000) 

anticoccidial (Jamroz et al., 2003), and 

antifungal properties (Hertrampf, 2001). 

Volatile oils from thyme were assessed as 

inhibitors of microbial growth (Toghyani 

et al., 2010). The major derived 

components of thyme plant are thymol 

and carvacrol, the phenolic compounds 

which have shown antioxidant and 

antibacterial activities (Demir et al., 

2008). These compounds exhibit 

beneficial effects in poultry health and 

production (Mitsch et al.,  2004).  

Organic acids have growth-promoting 

properties and can be used as alternatives 

to antibiotics (Fascina et al., 2012). 

Dietary supplementation of organic acids 

in the diet of broilers enhanced nutrient 

utilization, growth, and feed efficiency 

(Denil  et al., 2003). Recently, Hashemi 

et al. (2014) added an acidifier mixture 

(formic, phosphoric, lactic, tartaric, citric 

and malic acids) in the broiler diet at the 

rate of 0.15%. An increase in body 

weight gain was observed in the organic 

acid group compared to the control group 

at the end of 42 day of experiment. 

The use of citric acid creates an acidic 

environment (pH 3.5 to 4.0) in the gut 

that favors the development of 

lactobacilli and inhibits the replication of 

Escherichia coli, Salmonella, and other 

gram-negative bacteria (Chowdhury et 

al.,  2009).Several studies support the 

statement that the addition of citric acid 

to broiler rations improved weight gain 

(Afsharmanesh and Pourreza 2005), 

increased feed consumption (Moghadam 

et al., 2006) and improved feed efficiency 

(Abdel-Fattah et al. 2008). It also 

decreased pH of cecal digesta, crop and 

gizzard (Andrys et al., 2003) and intestine 

(Denil  et al., 2003). Furthermore, 

Chowdhury et al. (2009) showed that 

dietary supplementation of citric acid at 

the level of 5 g/kg had positive effects on 

growth, feed intake, feed efficiency, 

carcass yield, bone ash, and immune 

status of broiler chickens. Shabaan (2012) 

found that chicks fed the low energy diets 

(200 Kcal /Kg diet lower energy than 

those of control diets) supplemented with 

a mixture of 0.15% thyme and 0.15% 

cumin gave an equal growth performance 

and higher economical efficiency as 
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compared to the control group and 

suggested that the positive effects of these 

additives may be attributed to the 

biological function or pharmacological 

activities of these extract components like 

thymol, carvacrol….etc. 

Feeding low protein diets has been 

reported to affect growth performance 

and carcass yield of broiler chickens 

(Bregendahl et al., 2002). However, there 

is negative correlation between body 

weight and immune responsiveness 

(Siegel and Gross, 1980), which is of 

concern to both breeders and health 

specialists. Selection for increased growth 

has resulted in conflict with maturation of 

the immune system and the magnitude of 

the immune response (Maatman et al., 

1993). This may be because of the limited 

resources available for birds to 

accommodate all the physiological 

demands imposed upon them (Siegel et 

al., 1982; Dunnington, 1990). 

Others, however, observed a reduced 

growth and enhanced fat deposition when 

animals were fed a reduced energy feed; 

these effects were even more pronounced 

when protein levels were reduced 

(Lippens et al., 2002).  

Schutte et al. (1993) reported that for 

each percentage of nitrogen decrease in 

the feed, nitrogen excretion is reduced by 

10%. In response, dietary means to 

decrease nitrogen excretion by feeding 

low Crude Protein (CP) diets to poultry 

has been reported (Parsons, 1995; Aletor 

et al., 2000). Grune et al. (1997) showed 

that the degradation of proteins is an 

essential part of the overall antioxidant 

defenses against free radical attack. Abd 

El-Hakim et al. (2009) have been used 

Curcuma longa plus thyme as natural 

antioxidants in broiler diet to decrease the 

damage of protein by free radical and 

decrease the lost of protein in feces. They 

obtained significantly increasing in 

nitrogen retention by 13.25% compared 

to control diet and indicated that natural 

antioxidants may decrease the damage of 

protein by free radical. They also found 

that addition of thyme alone or in 

combination with Curcuma longa 

increased the apparent metabolizable 

energy  by 3.89 and 3.56%, respectively 

compared to basal diet. 

Spais et al. (2002) found that a 

commercial feed additive containing herb 

extracts and organic acids exerts a growth 

promoting effect comparable to that of 

flavomycin. Lippens et al. (2005) showed 

that organic acids and plant extracts work 

differently while, the combination of both 

groups of products could give an additive 

effect. Moreover, Phytogenic additives 

and organic acids improve nutrient 

metabolizability in broilers at the initial 

growth stages. The use of organic acids, 

alone or associated with phytogenic 

additives in broiler diets, is an alternative, 

given the ban on antibiotic growth 

promoters (Fascina et al., 2012).Recently, 

Naela et al. (2016) concluded that using 

of thyme or formic acid in broiler feeds 

have significant positive effect on 

performance and immunity parameters. 

Also, addition of thyme plus formic acid 

is more effective than thyme or formic 

acid alone.  

The present study was conducted to 

investigate the effect of supplementing 

thyme (Thymus vulgaris L; TH) or citric 

acid (CA) either alone or in combination 

(at level 0.2 % of each) to improve the 

utilization of the low protein low energy 

broiler diet. 

MATERIALS AND METHODS 

The experimental work was carried out at 

El-Takamoly Poultry Project, Research 
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Unit, Fayoum, Egypt .The laboratory 

work was done at Poultry Nutrition 

Department, Animal Production Research 

Institute, Agricultural Research Center, 

Ministry of Agriculture, Egypt. One 

hundred and eighty, one day-old, unsexed 

Cobb commercial broiler chicks were 

used in this experiment. Chicks were fed 

the control diet (Table 1) for the first 

week of age and then they were wing-

banded, individually weighed and  

distributed into 6 groups each in three 

replicates of 10 chicks each in caged 

battery brooders. Experimental diets and 

water were offered ad-libitum over the 

experimental period. Chicks in all 

treatments were kept under similar 

conditions of management. Artificial 

lighting was provided 24 h daily during 

the whole experimental period. Thyme 

was purchased from local market, Cairo, 

Egypt. The control diets were supplied 

with required nutrients to satisfy the 

recommended requirement of Cobb 

broilers (Table 1). Chicks were allotted 

on the following dietary treatments: 

1- Control diet. 

2- Low protein diet (LP diet) contained 

4% lower protein than control diet. 

3- Low protein and energy diet ( LPLE  

diet) contained 4% lower protein and     

    200 Kcal /Kg lower energy than 

control diet. 

4- Low protein and energy diet + 0.2 % 

thyme 

5- Low protein and energy diet + 0.2 % 

citric acid 

6- Low protein and energy diet + 0.2 % 

thyme + 0.2 % citric acid  

The LP and LPLE diets were provided by 

level of lysine and methionine to achieve 

their corresponding levels of the control 

diet.  The body weight (BW) and feed 

intake (FI) were weekly recorded while 

feed conversion ratio (FCR) and body 

weight gain (BWG) values were 

calculated. At the end of experimental 

period (42 days), three birds were taken 

randomly from each treatment and 

slaughtered and the edible organs 

included heart, empty gizzard and liver 

were weighed. Carcass and organs 

weights percentage were calculated on 

the basis of live body weight. Individual 

blood samples were taken from 3 birds 

within each treatment, and collected into 

dry clean centrifuge tubes containing 

drops of heparin and centrifuged for 20 

minutes on  (3000 rpm) for obtaining 

plasma . Antioxidant capacity in plasma 

was determined using commercial kit 

produced by Biodiagnostic Company. 

Plasma cholesterol, total protein, 

albumin, uric acid and zinc were 

determined by suitable commercial kits. 

Globulin concentration of each assayed 

sample was calculated by subtracting the 

albumin value from its total protein 

concentration. The ash nitrogen retention, 

nitrogen intake g/day and nitrogen 

excreted g/day of the tested diets were 

determined at the end of experiment (42 

days) using 3 birds from each treatment 

throughout digestion trials for 3 days. 

Feed and the finely ground excreta were 

analyzed for moisture, ash and nitrogen 

content (N) according to official methods 

(A.O.A.C., 1990). Nitrogen retention (NR 

%) was calculated from the following 

formula. NR= (N content of dry feed-N 

content of dried excreta) X 100/ N 

content of dry feed. The obtained data 

were statistically analyzed using one –

way analysis of variance procedure (SAS, 

2000) computer program using the 

following fixed model: Yi=μ + Ti + ei  

Where: Yi = The observation; μ = Overall 

mean; Ti = Effect of treatments (i = 1, 2, 

3, 4, 5 and 6); ei= Random error 

component assumed to be normally 
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distributed. Differences among treatment 

means were tested using Duncan’s 

Multiple Range Test (Duncan, 1955).All 

data are presented as least square means. 

RESULTS AND DISCUSSION 

Growth performance: 

The effect of dietary treatments on body 

weight gain (BWG) and feed conversion 

ratio (FCR) is shown in Table (2). There 

were significant differences between 

values of weight gain in different growth 

periods while there were insignificant 

differences between values of feed 

conversion ratio except for total growth 

period. In starter period, LP or LPLE diet 

degraded feed conversion. Feed additives 

used in this study improved feed 

conversion while  LPLE diet recorded the 

worst value (1.9). All over growth period, 

the LPLE diet decreased weight gain and 

degraded feed conversion ratio by 23.24 

and 19.47% compared to control diet. 

These results agree with those obtained 

by Aletor et al. (2000) who found that the 

increased feed consumption in the low-

protein diets led to a corresponding 

inferior feed conversion efficiency.  

In general, it seemed that addition of TH 

or CA either alone or in combination to 

the LPLE diet improved weight gain 

compared to LPLE diet and recorded the 

better feed conversion ratio compared to 

low protein (LP) or LPLE diet. The 

combination of such feed additives 

improved weight gain and feed 

conversion ratio by 10.46 and 10.13%, 

respectively compared to LPLE diet. 

These results agree with those obtained 

by Ali et al. (2011) who found that in 

starter period, addition of cumin plus 

citric acid to LPLE improved feed 

conversion not only comparable to LPLE 

but also compared to control diet. 

Recently, Naela et al. (2016) concluded 

that using of thyme or formic acid in 

broiler feeds have significant positive 

effect on performance and immunity 

parameters. Also, addition of thyme plus 

formic acid is more effective than thyme 

or formic acid alone.  

The beneficial effect of thyme can be 

explained on the basis that stimulatory 

effect of herbal products on growth and 

digestion is the main reason for these 

results, so essential oils and related 

components derived from thyme have 

been widely used for the appetizing and 

stimulating effect on digestion. Such 

materials have traditionally been used to 

stimulate the production of endogenous 

secretions in the small intestine mucosa, 

pancreas and liver, and thus aid digestion 

(Cross et al., 2007). Langhout (2000), as 

well as Williams and Losa (2001) 

discovered that essential oils of thyme 

have a stimulating effect on the animal 

digestive system, due to the increase of 

digestive enzymes and improve nutrients 

utilization through the enhanced liver 

function (Safa and Al-Beitawi, 2009). 

Volatile oils from thyme were assessed as 

inhibitors of microbial growth (Toghyani 

et al., 2010). Moreover, thymol has been 

shown to reduce the number of coliforms 

within the digsta of chickens (Cross et al., 

2004). Herb derivatives may have an 

effect through an increase in production 

of lactic acid bacteria, thus increasing the 

population of beneficial bacteria and 

reducing the presence of gram negative 

bacteria (Savage et al., 1996).  

Herbs like thyme (Thymus vulgaris) that 

are rich in active compounds such as 

flavonoids extend the activity of vitamin 

C, act as antioxidants and may therefore 

enhance the immune function (Cook and 

Samman, 1996 ; Manach et al., 1996). In 

this respect, Abd El-Hakim et al. (2009) 
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used Curcuma longa plus thyme as 

natural antioxidants and obtained 

significantly increasing in nitrogen 

retention by 13.25% compared to control 

diet. Using herbs as natural antioxidants 

saving protein by decreasing free radical 

production which degrade the protein (Ali 

et al., 2011). 

Recently,(Fardos and Ashraf, 2017) 

found that  supplementation of thyme 

down regulated the pro-inflammatory 

mediators and increased the expression of 

mucin2 mRNA in the jejunum of 

chickens and concluded that thyme 

supplementation in the diet of broilers at 

5 g/kg has the potential to favorably 

influence productive performance via an 

improvement in the immune status of the 

broiler. 

In different growth periods we can 

observed, addition CA to the LPLE diet 

improved feed conversion ratio compared 

to LP or LPLE diet. However, chicks fed 

LPLE diets supplemented with citric acid 

improved feed conversion ratio by 21.05, 

11.01and 5.19 %, at starter, grower and 

finisher period,  respectively compared to 

LPLE diet. 

The beneficial effect of citric acid can be 

explained on the basis that, dietary 

supplementation of organic acids 

increased the body weight and improved 

feed conversion ratio (FCR) in broiler 

chicken. Adil et al. (2010, 2011b) found 

that the highest weight gains were 

achieved in the birds fed 3% fumaric acid 

as compared to the group fed diet 

supplemented with 3% lactic acid. Chicks 

fed the diet supplemented with organic 

acids showed a significant (P < .05) 

improvement in the FCR as against the 

chicks fed the control diet. The 

improvement in the FCR could be 

possibly due to better utilization of 

nutrients resulting in increased body 

weight gain in the birds fed organic acids 

in the diet. 

The above workers also conducted 

another trial, in which broilers were given 

basal diet supplemented with 2–3% each 

of butyric acid, fumaric acid and lactic 

acid (Adil et al. 2011a). The improvement 

in FCR in this study, could be possibly 

due to lower amount of  feed intake as a 

result of better utilization of nutrients in 

the birds fed organic acids in the diet.  

In allover growth period (7-42 d), there 

were significant differences between 

values of BWG and FCR. However, 

chicks fed LPLE diets supplemented with 

citric acid increased weight gain and 

improved feed conversion ratio by 7.68 

and 8.81%, respectively compared to 

LPLE diet. 

Recently, Hashemi et al. (2014) added an 

acidifier mixture (formic, phosphoric, 

lactic, tartaric, citric and malic acids) in 

the broiler diet at the rate of 0.15%. An 

increase in body weight gain was 

observed in the organic acid group (2402 

g) compared to the control group (2276 g) 

at the end of 42 day of experiment. In 

present study, we use citric acid alone and 

further studies are needed in the future 

with mixed organic acid. Such a positive 

impact of dietary acidifiers on growth 

performance might be attributed to a 

reduction of pH values in the feed and 

digestive tract, serving as a barrier against 

pathogenic organisms which are sensitive 

to low pH; the direct antimicrobial effect; 

the reduction in buffering capacity in 

conjunction with improving nutrient 

digestibility (Ghazala et al., 2011). 

Some studies also showed no 

performance difference, in comparison 

with the negative control and/or the birds 

fed antibiotics (Gunal et al. 2006; Abdel-

Fattah et al. 2008; Vieira et al.2008; 

Kopecky et al. 2012). There are 
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conflicting results regarding the use of 

acidifiers in poultry and, according to 

Hernandez et al. (2006), these effects 

depend on the chemical form of the acid, 

pKa values, bacterial species, animal 

species and the site of action of acids. 

Moreover, most of the studies that used 

organic acids as additives in broilers diets 

were conducted in low health challenge 

environments which could explain the 

inconsistent results, because the growth-

enhancing effects of antimicrobial 

additives become apparent when chickens 

are subjected to suboptimal conditions, 

such as a less digestible diet or a less 

clean environment. This inconsistency 

would be related to the source, the 

amount of organic acids used and the 

composition of the diets. 

The addition of TH or CA both alone or 

in combination to LPLE improved body 

weight gain and feed conversion ratio 

compared to LP or LPLE diet. At the end 

of grower period, the addition of TH + 

CA improved weight gain and feed 

conversion ratio by 10.58 and 11.86%, 

respectively compared to LPLE. 

Regarding to the finisher period, the 

addition of TH + CA to the LPLE diet 

increased weight gain and improved feed 

conversion ratio by 11.38 and 6.92%, 

respectively compared to LPLE diet. The 

increase in BWG and improved in FCR 

with TH + CA may be due to a 

synergistic effect (Ali et al., 2008). This 

may be explained based on the use of 

citric acid creates an acidic environment 

(pH 3.5 to 4.0) in the gut that favors the 

development of lactobacilli and inhibits 

the replication of Escherichia coli, 

Salmonella, and other gram-negative 

bacteria (Chowdhury et al.,  2009). At a 

low pH the essential oils (Eos) increase 

the hydrophobicity, enabling them to 

more easily dissolve in the lipids of the 

cell membrane of target bacteria (Juven et 

al., 1994). 

The beneficial effect of thyme plus citric 

acid in this study are agree with those 

obtained by Spais et al. (2002) who found 

that a commercial feed additive 

containing herb extracts and organic acids 

exerts a growth promoting effect 

comparable to that of flavomycin. Also, 

Lippens et al. (2005) showed that organic 

acids and plant extracts work differently 

while, the combination of both groups of 

products could give an additive effect. 

Putting in mind, that in this study we use 

the combination of two additives in low 

protein low energy diet and the response 

of this combination may be different in 

case of only low protein or low energy 

diet. Further studies are needed with this 

combination with different level of 

protein or metabolizable energy.  

Carcass characteristics:  
The effect of dietary treatments on 

carcass, liver, heart, gizzard, total edible 

parts and abdominal fat percentage are 

shown in Table (3). No significant 

differences were found between chicks 

fed the control diet and all treatments in 

all carcass characteristics. However, the 

numerically increase of abdominal fat 

percentage observed in groups fed LP or 

LPLE can be explained on the basis that 

low protein diet promote lipid synthesis. 

Donaldson (1985) showed that low-

protein diets promote higher rates of de 

novo hepatic lipid synthesis in chickens 

than high protein diets. The addition of  

TH or CA either alone or in combination 

to the LPLE diet  numerically decreased 

the abdominal fat percentage compared to 

LPLE diet indicating that these additives 

may save the protein and consequently 

decrease fat deposition. 
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These results agreed with those obtained 

by Abd El-Hakim et al. (2009) who 

reported that no differences were noticed 

for carcass, liver, gizzard, abdominal fat, 

total edible parts and giblets in broilers 

fed a 18% crude protein diet 

supplemented with Thymus vulgaris, 

Curcuma longa, citric acid or their 

combinations. Moreover, Hernandez et al. 

(2004) reported that no effects of plant 

extracts on organ weights in broilers. 

These results agree with those obtained 

by Denli et al. (2003) who reported that 

organic acid (mixture of propionic and 

formic acid) had no effect (P > .05) on 

the carcass yield, abdominal fat pad, 

abdominal fat percentage and liver weight 

compared with control. Similar results 

were obtained by Skinner et al. (1991), 

who compared the effects of dietary 

fumaric acid supplementation at 0.125%, 

0.25% and 0.50% on broiler performance 

from 0 to 49 days. Similarly, Garcia et al. 

(2007) reported that the carcass, right 

breast and right thigh yields of broilers at 

49 days of age were unaffected by 

supplementation of formic acid (0.5% or 

1.0%). 

Islam et al. (2008) noted that carcass 

characteristics were not affected by 

supplementation of organic acids. Also, 

Kopecky et al, (2012) concluded that 

were no statistically significant 

differences (P>0.05) between groups on 

carcass yield of broiler chickens. 

Differences in breasts and thighs of 

chicken from control and experimental 

groups with addition of organic acids 

were not statistically significant (P>0.05). 

Recently, Brzoska et al. (2013) reported 

that organic acid (0.3–0.9%) had no 

significant influence on carcass yield or 

proportion of individual carcass parts. 

 On the other hand, several studies noted 

that carcass characteristics were affected 

by supplementation of herbal feed 

additives, herbal plant extracts or organic 

acids (Lee et al.,2004; AL-Kassie, 2009). 

For example, Shabaan (2012) showed that 

carcass percentage and total edible parts 

percentage were significantly by 

supplementing mixture of 0.15% thyme 

plus 0.15% cumin to low energy broiler 

diet compared to low energy diet or 

control group. This may be due to the two 

herbs have synergetic effect. Moreover, 

Tollba et al. (2010) found that in 

comparison to control diet, significant 

increases (P<0.05) in dressing, breast, 

giblets and edible relative weights were 

observed due to the addition of aromatic 

herbal extract. This may be explained 

based on herbal plants that have 

stimulatory effects on pancreatic 

secretions such as digestive enzymes 

which help to digest and absorb more 

amino acids from the digestive tract and 

thereby improve carcass traits as reported 

by Mansoub (2011) and Fascina et al. 

(2012) who reported that the use of an 

organic acids mixture (comprising 30.0% 

lactic acid, 25.5% benzoic acid, 7% 

formic acid, 8% citric acid and 6.5% 

acetic acid) in broiler diets provided 

better carcass characteristics. Also, these 

feed additives may decrease the protein 

degradation by free radical and save the 

protein for growth (Ali et al., 2011). 

Ash and nitrogen retention: 

 The data in Table (4) showed that there 

were insignificant differences between 

values of ash and nitrogen retention 

percentage recorded by different 

treatments. The LPLE diet decreased 

daily nitrogen excretion by 25.92% 

compared to control diet. 

These results disagree with those 

obtained by Abd El-Hakim et al. (2009) 

who found that significantly increasing in 

nitrogen retention by 13.25% compared 
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to control diet and indicated that natural 

antioxidants may decrease the damage of 

protein by free radical and decrease the 

lost of protein in feces. 

In this study, the addition of TH 

decreased nitrogen excreted (g/day) by 

22.5% compared to LPLE diet. These 

results agree with those obtained by 

Schiavone et al.(2008) who reported that 

inclusion of chestnut wood extract in 

broiler diets reduced total nitrogen in the 

litter. The decrease in fecal nitrogen  in 

TH may be due to the effect of thyme on 

microbes which improved feed 

conversion and reduced nitrogen content 

in feces thereby increasing nitrogen 

retention. Bacteria compete with host for 

uptake of amino acids, thereby reducing 

nitrogen utilization (March et al., 1978; 

Furuse and Yokota, 1985). In addition, 

thyme have antioxidant properties that 

may decrease the reactive oxygen species 

and consequently decrease the protein 

damage thereby increasing nitrogen lost 

in feces. 

The acidic anion has been shown to 

complex with Ca, P, magnesium and zinc, 

which results in an improved digestibility 

of these minerals (Edwards and Baker 

1999). The results of this study disagree 

with those obtained by Smulikowska et 

al. (2009) who reported that fat-coated 

organic acid preparations increased 

nitrogen  retention in comparison with the 

un-supplemented control diet. The 

increase in nitrogen  retention can be 

connected with greater epithelial cell 

proliferation in the gastrointestinal tract.  

Non-protected organic acids added into 

poultry feed are readily digested 

(Sugiharto, 2014), while the fat-coated 

preparation prevented dissociation of 

organic acids in the stomach and helped 

to address their bioactivity towards distal 

parts of the intestine and effectively 

modulate the intestinal microflora and 

mucosal morphology in chickens (Hu and 

Guo 2007). In this study we used citric 

acid without coating and further studies 

are needed with coated organic acid.   

Blood plasma parameters: 
The data in Table (5) showed that there 

were insignificant differences between 

plasma cholesterol values recorded by 

different dietary treatments. In the same 

way, Vasileios  et al. (2017) reported  that 

increasing phytogenic feed additive level 

linearly did not affect triglycerides, and 

cholesterol concentration in the plasma of 

42-d-old broiler chickens. However, some 

studies showed reduces in the plasma 

total cholesterol by dietary 

supplementation of 0.25% thyme plant in 

laying hen (Ali et al., 2007), in broiler 

chickens by dietary levels of 0.5, 1.0, 1.5 

and 2.0% crushed thyme (El- Ghousein 

and Al-Beitawi, 2009). Also, Rahim et al. 

(2011) who conclude that thyme extract 

supplementation in drinking water 

decreases the plasma total cholesterol and 

triglyceride in broiler chickens.  

Nevertheless, higher plasma levels of 

triglyceride, HDL-cholesterol and LDL-

cholesterol were reported in broilers by 

dietary supplementation of 100 and 200 

ppm thyme essential oil (Bolukbasi et al., 

2006). 

There were significant differences among 

treatments in values of plasma total 

protein and globulin while, there were 

insignificant differences between albumin 

values. It was surprise that LPLE diet 

recorded the highest value of plasma total 

protein (3.02 g/dl) and globulin 

(2.31g/dl). However, there is negative 

correlation between body weight and 

immune responsiveness (Siegel and 

Gross, 1980), which is of concern to both 
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breeders and health specialists. Selection 

for increased growth has resulted in 

conflict with maturation of the immune 

system and the magnitude of the immune 

response (Maatman et al., 1993). This 

may be because of the limited resources 

available for birds to accommodate all the 

physiological demands imposed upon 

them (Siegel et al., 1982 ; Dunnington, 

1990). 

The addition of TH plus CA significantly 

decreased plasma globulin by 74.8 % 

compared to LPLE diet. The reduction in 

plasma globulin in birds fed LPLE plus 

CA have been observed before by Ali et 

al. (2008)  who found with rabbit that  the 

addition of CA plus Turmeric decreased 

both the harmful microorganisms in the 

caecum and values of plasma globulin. 

Richards et al. (2005) showed that 

microflora–specific immunoglobulin A 

and immunoglobulin G secretion alone 

can cost the animal several hundred 

grams of protein over a lifetime that is not 

directed towards growth. Le Floc’h et al. 

(2004) showed that stimulation of the 

immune system disturbs normal body 

processes and in turn is able to induce 

specific amino acid requirements. The 

difference between LP and LPLE diet in 

globulin values can be explained on the 

basis that LP diet contained soy bean oil 

which plays a role in protection of the 

feed passage in digestive tract from 

bacteria attack since fatty acids have been 

identified as bactericidal factors (Canas-

Roderiquez and Smith, 1966). Recently, 

Naela et al. (2016) concluded that using 

of thyme or formic acid in broiler feeds 

have significant positive effect on 

immunity parameters. Also, addition of 

thyme plus formic acid is more effective 

than thyme or formic acid alone. Based 

on results observed in this study, we can 

indicate that these feed additives may 

save the protein by protecting the protein 

from free radical and/or decrease protein 

consumed in immune globulin synthesis 

(immune cost). These results disagree 

with those obtained with Tollba  et al. 

(2010) who suggested that the addition of 

aromatic herbal extract to the diets 

increased (P<0.05) total protein as well as 

albumin and globulin compared to un-

supplemented control group under cold 

environmental temperature. 

There were significant differences among 

plasma uric acid levels due to different 

dietary treatments. The birds fed LPLE 

diet recorded value lowered plasma uric 

acid by 34.45% compared to control diet 

while, the birds fed LPLE diet + TH + 

CA recorded the highest value (2.25 

mg/dl) Table (5). The reduction in plasma 

uric acid of birds fed LPLE agree  with 

those of  Corzo et al. (2005) who found 

that control diet (22% CP ) significantly 

increased  uric acid concentration 

compared to  low  protein diet (18% CP) 

and suggested that this increase means 

that an excess of nitrogen compounds are  

needed to eliminate. The of addition of 

TH or CA either alone or in combination 

to the LPLE diet increase plasma uric 

acid and these results indicated that these 

birds have an excess of nitrogen 

compounds. We have shown previously 

that, the addition of TH or CA either 

alone or in combination to the LPLE diet 

may act synergy to inhibit bacteria 

population and consequently decrease 

immune cost and save the protein and/or 

protect protein from free radical attack 

and this saving in protein occur also in 

daily nitrogen excretion. However, Naela 

et al. (2016) found that no significant 

effect on serum uric acid when using of 

thyme or formic acid alone or thyme plus 

formic acid in broiler feeds.  
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The analysis of variance indicated that 

there were insignificant differences 

between plasma zinc values. LPLE diet 

recorded the lowest value (674.1μg/dl) of 

plasma zinc. The addition of CA to LPLE 

diet numerically increased plasma zinc 

value by 5.05% compared to LPLE diet. 

In this respect, Boling et al. (2001) 

reported in chickens that the Zn 

utilization increased by the addition of 

CA to diet. Also, Sugiura et al. (1998) 

observed an increase in the apparent 

availability of calcium, phosphorus, 

magnesium, manganese, and iron in 

rainbow trout fed fish meal based diets 

supplemented with CA. 

There were significant differences 

between plasma antioxidants capacity 

values. LP diet recorded significantly 

higher value than control diet. LP diets 

contain much oil compared to others 

which may increase the availability of 

antioxidants compounds soluble in lipid 

and consequently increased plasma 

antioxidants capacity. The addition of TH 

or CA either alone or their combination to 

LPLE diet increased numerically total 

plasma antioxidants capacity compared to 

LPLE diet or control diet. The addition of 

TH plus CA to LPLE diet increased 

plasma antioxidants capacity by 12.12% 

compared to LPLE diet. These results are 

in good agreement with other studies in 

which the supplementation phytogenic 

feed additive resulted in improvements on 

the antioxidant status of broilers (Demir 

et al., 2008; Hoffman-Pennesi and Wu,  

 

 

 

 

 

 

 

2010; Polat et al. 2011; Shabaan 2012). 

The improvement of plasma antioxidant 

capacity by dietary phytogenics could be 

due to the active components and their 

phenolic group constituents which exhibit 

a strong antioxidant effect (Polat et al., 

2011). Antioxidant status improvements 

may also result from the induction of 

antioxidant enzyme activities (Ciftci et 

al., 2010). However, Ali et al. (2011) 

found that addition of cumin either alone 

or with CA to LPLE diet increased total 

plasma antioxidants capacity compared to 

LPLE diet. In present study, improvement 

in plasma antioxidants capacity when the 

addition of TH plus CA to LPLE may be 

due to synergy effect.  

CONCLUSION 

Using LPLE diet decreased broiler weight 

gain and impaired feed conversion by 

23.24 and 19.47%, respectively compared 

to control diet. Also, LPLE diet decreased 

daily nitrogen excretion by 25.92% while,  

increased plasma globulin by 32.75 % 

compared to control diet. Addition of TH 

or CA either alone or in combination to 

LPLE diet improved weight gain and feed 

conversion ratio. Addition of TH 

numerically decreased nitrogen 

percentage in feces by 22.5% compared 

with the LPLE diet. Further studies are 

needed to explain the role of plant 

extracts, organic acids and their 

combination under suboptimal 

commercial conditions. 
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Table (1): Composition and calculated analysis of the experimental diets. 
 Control Low protein (LP) Low protein and energy (LPLE) 

Item 
Starter 

7-14d% 

Grower 

15-28d% 

Finisher 

29-42d% 

Starter 

7-14d% 

Grower 

15-28d% 

Finisher 

29-42d% 

Starter 

7-14 d% 

Grower 

15-28d% 

Finisher 

29-42d% 

Yellow corn 

Soybean meal (44%) 

Corn gluten meal (60%) 

Soy oil 

Lime stone 

Mono calcium phosphate 

Salt (NaCl) 

Vitamin & Min. Mix.*  

DL- Methionine 

L- Lysine HCl  

Sodium bicarbonate 

Wheat bran 

58.19 

30.12 

5.00 

2.05 

1.71 

1.70 

0.35 

0.30 

0.15 

0.16 

0.27 

- 

61.96 

27.00 

3.40 

3.20 

1.65 

1.64 

0.35 

0.30 

0.18 

0.17 

0.15 

-   

64.00 

23.85 

3.68 

4.19 

1.55 

1.54 

0.35 

0.30 

0.18 

0.21 

0.15 

- 

65.70 

25.60 

- 

2.05 

1.74 

1.75 

0.35 

0.30 

0.32 

0.36 

0.27 

1.56 

73.09 

20.09 

- 

1.90 

1.67 

1.69 

0.35 

0.30 

0.33 

0.43 

0.15 

- 

73.57 

17.25 

- 

3.40 

1.58 

1.59 

0.35 

0.30 

0.34 

0.47 

0.15 

1.00 

63.82 

23.70 

- 

- 

1.75 

1.68 

0.35 

0.30 

0.32 

0.39 

0.27 

7.42 

70.64 

18.45 

- 

- 

1.69 

1.65 

0.35 

0.30 

0.32 

0.45 

0.15 

6.00 

76.10 

16.00 

- 

- 

1.58 

1.57 

0.35 

0.30 

0.33 

0.49 

0.15 

3.13 

Total  100 100 100 100 100 100 100 100 100 

Calculated analysis** 

CP, %                                

ME ( Kcal /kg) 

Crude fiber,  %                  

Crude fat, %                         

Calcium,  %                         

Available phosphorus, %    

Lysine, %                           

Methionine, %                    

Methionine + Cystine, %     

Sodium, %                           

 

21.06 

2988 

3.63 

4.82 

1.00 

0.50 

1.20 

0.54 

0.89 

0.22 

 

19.02 

3083 

3.46 

6.03 

0.96 

0.48 

1.11 

0.53 

0.84 

0.19 

 

18.00 

3176 

3.28 

7.05 

0.90 

0.45 

1.05 

0.52 

0.82 

0.19 

 

17.07 

2988 

3.55 

4.99 

1.01 

0.506 

1.204 

0.613 

0.894 

0.22 

 

15.06 

3083 

3.14 

4.97 

0.96 

0.48 

1.10 

0.59 

0.84 

0.19 

 

14.04 

3176 

3.06 

6.49 

0.90 

0.45 

1.05 

0.59 

0.82 

0.19 

 

17.00 

2788 

4.01 

3.07 

1.00 

0.50 

1.20 

0.612 

0.899 

0.22 

 

15.06 

2883 

3.63 

3.20 

0.96 

0.48 

1.10 

0.58 

0.84 

0.19 

 

14.01 

2976 

3.26 

3.25 

0.90 

0.45 

1.05 

0.58 

0.82 

0.19 
* Premix contain per 3 kg Vit. A 12 000 000, Vit. D3 4000 000 IU, Vit. E 40 000mg, Vit. K3 7000mg , Vit. B1 5500mg, Vit. B2 7700 mg, Vit. B6 6600 mg, Vit. B12  30 mg, 

Pantothenic acid 18000 mg, Niacin 80000 mg, Biotin 250 mg, Folic acid 1800 mg, Choline 600 g, Selenium 350 mg, Copper 15000 mg, Iron 110000 mg, Manganese 100000 mg, 

Zinc 80000 mg, Iodine 1500 mg, Cobalt 250 mg and CaCO3 up to 3000g   **Analysis of ingredients calculated according to NRC (1994) 
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Table (2): Effect of dietary treatment on growth performance.                 

Total Feed 

Conversion    

(g feed/g 

gain) 

7-42d 

Total 

gain (g) 

7-42d 

Finisher 

feed 

conversion        

(g feed/g 

gain)     29-

42d 

Finisher 

gain(g) 

29-42d 

Grower Feed 

conversion         

(g feed/g gain) 

15-28d 

Grower 

gain(g) 

15-28d 

Starter feed 

conversion        

(g feed/g 

gain) 

7-14d 

Starter 

gain (g) 

7-14d  

Treatments 

1.90c 2022.3a 2.04 1109.0a 1.83 667.0a 1.48 246.3a Control 

2.21ab 1720.4 b  2.41 906.8bc 2.09 586.3b 1.72 227.3ab LP 

2.27a 1552.3c 2.31 851.8c 2.36 485.6c 1.90 214.9b LPLE 

2.09abc 1663.9bc 2.20 939.2bc 2.14 501.4c 1.51 218.9b LPLE+ TH  

2.07abc 1671.6bc 2.19 904.2bc 2.10 533.8bc 1.50 226.1ab LPLE+ CA 

2.04bc 1714.7b 2.15 948.8b 2.08 537.0bc 1.49 228.9ab LPLE+TH+CA 

  ±0.036   ±22.1   ±0.04   ±13.6   ±0.056   ±9.06   ±0.053   ±3.15 Pooled MSE 

0.0202 0.0001 0.0978 0.0001 0.1814 0.0001 0.0802 0.0438 P value 
a, b,..etc.: Means in the same column with different letters, differ significantly (P<0.05).  LP= Low protein, LPLE= Low protein and energy, TH= Thyme and CA=Citric acid.  
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Table (3): Effect of dietary treatment on carcass characteristics. 

Abdominal 

fat% 

Total edible 

part% 

Heart % Gizzard% Liver% Carcass%  

Treatments 

1.75 76.55 0.62 1.58 2.19 72.14 Control 

3.17 74.03 0.62 1.47 2.38 69.55 LP   

2.45 76.75 0.48 1.71 2.83 71.72 LPLE 

1.89 75.61 0.63 1.56 2.32 71.08 LPLE+ TH  

2.00 76.66 0.53 1.73 2.14 72.25 LPLE+ CA 

1.74 75.57 0.55 1.70 2.35 71.03 LPLE +TH+CA 

  ±0.184   ±0.323   ±0.021   ±0.049   ±0.077   ±0.321 Pooled MSE 

0.1667 0.0926 0.0698 0.6653 0.1028 0.1290 P value 
            LP= Low protein, LPLE= Low protein and energy, TH= Thyme and CA=Citric acid.  

Table (4): Effect of dietary treatment on ash and nitrogen retention at 42 days. 

Nitrogen 

retention 

% 

Nitrogen 

excreted 

g/day 

Nitrogen 

intake 

g/day 

Ash retention 

%  

Treatments 

 

64.70 1.08 3.20 41.27 Control 

60.69 1.005 2.57 43.49 LP 

66.01 0.80 2.32 57.39 LPLE 

65.48 0.62 1.79 45.87 LPLE+ TH  

63.01 0.86 2.32 38.43 LPLE+ CA 

63.53 0.83 2.40 46.92 LPLE +TH+CA 

  ±1.31   ±0.067   ±0.202   ±2.03 Pooled MSE 

0.9380 0.5007 0.5354 0.0633 P value 
LP= Low protein, LPLE= Low protein and energy, TH= Thyme and CA=Citric acid. 
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Table (5): Effect of dietary treatments on some plasma parameters. 

Antioxidants 

capacity 

mmol/L 

Zinc 

μg/dl 

Uric acid 

mg/dl 

Globulin 

g/dl 

Albumin 

g/dl 

Total 

protein 

g/dl 

Total 

cholesterol 

mg/dl 

 

Treatments 

0.56b 703.2 1.19bc 1.74a 1.03 2.77a 95.85 Control 

0.94a 705.2 0.97bc 0.67b 0.96 1.63b 108.08 LP 

0.66b 674.1 0.78c 2.31a 0.71 3.02a 108.08 LPLE 

0.72b 683.9 1.85ab 1.75a 0.80 2.55a 111.24 LPLE+ TH  

0.68b 708.2 1.39abc 0.62b 0.81 1.43b 102.16 LPLE+ CA 

0.74b 689.8 2.25a 0.58b 0.91 1.49b 105.45 LPLE +TH+CA 

  ±0.038   ±5.49 ±0.153   ±0.201 ±0.063 ±0.183   ±3.53 Pooled MSE 

0.0091 0.4427 0.0187 0.0026 0.5464 0.0031 0.8922 P value 

a, b,..etc.: Means in the same column with different letters, differ significantly (P<0.05). 

            LP= Low protein, LPLE= Low protein and energy, TH= Thyme and CA=Citric acid.  

 



Thyme, citric acid, low protein and  energy and broiler. 

942 

 

REFERENCES 

Abd El-Hakim, A. S.; G. Cherian, G. 

and Ali, M. N., 2009. Use of organic 

acid, herbs and their combination to 

improve the utilization of commercial 

low protein broiler diets. Int. J. Poult. 

Sci., 8: 14-20. 

Abdel-Fattah, S. A.; EI-Sanhoury, M. 

H.; EI-Mednay, N. M. and Abdul-

Azeem, F., 2008. Thyroid activity of 

broiler chicks fed supplemental 

organic acids, International Journal of 

Poultry Science, 7: 215-222. 

Adil, S.; Banday, M. T.; Bhat, G. A.; 

Qureshi, S. D. and Wani, S. A., 

2011a. Effect of supplemental organic 

acids on growth performance and gut 

microbial population of broiler 

chicken. Livestock Res Rural Dev. 

23(1).Availablefrom:file:///F:/AD%20

Hqrs/Research/Research%20Materials

/organic%20acid/Broilers/2011broiler

%20performance.htm 

Adil, S.; Banday, T.; Bhat, G. H.; 

Salahuddin, M.; RaquIb, M. amd 

Shanaz, S., 2011b. Response of 

broiler chicken to dietary 

supplementation of organic acids. J 

Central Eur Agric. 12(3):498–508. 

Adil, S.; Tufail, B.; Gulam, A. B.; 

Masood, S. and Manzoor, R., 2010. 
Effect of dietary supplementation of 

organic acids on performance, 

intestinal histomorphology, and serum 

biochemistry of broiler chicken. Vet 

Med Int. :1–7.  Article ID 479485. 

Afsharmanesh, M. and Pourreza, J., 

2005. Effect of calcium, citric acid, 

ascorbic acid, vitamin D3 on the 

efficacy of microbial phytase in broiler 

starters fed wheat-based diets on 

performance, bone mineralization and 

ileal digestibility, International Journal 

of Poultry Science, 4: 418-424. 

Aletor, V. A.; Hamid, I. I.; Nie, B. E. 

and Pfeffer, E., 2000. Lowprotein 

amino acid-supplemented diets in 

broiler chickens: Effects on 

performance, carcass characteristics, 

whole-body composition and 

efficiencies of nutrient utilisation. J. 

Sci. Food Agric.80: 547-554. 

Ali , M. N.; Kout El-Kloub, M. El. 

Moustafa; Shabaan, M.; Radwan, 

A.M. and   Sayed,  M. A., 2011. 
Effect of Using Cuminum cyminum L, 

Citric Acid and Sodium Sulphate for 

Improving the Utilization of Low 

Protein Low Energy Broiler Diets. 

International Journal of Poultry 

Science, 10 (7): 514-522. 

Ali, M. N.; Hassan, M. S. and Abd El-

Ghani, F. A., 2007. Effect of strain, 

type of natural antioxidant and 

sulphate ion on productive, 

physiological and hatching 

performance of native laying hens. Int. 

J. Poultry Sci., 6:539-554. 

Ali, M. N.; Mahrous, A. A. and Fatma, 

G. Ahmed, 2008. Evaluation of some 

natural additives as growth enhancers 

in rabbits diets. Egyptian J. Rabbit 

Sci., 18: 67-82. 

AL-Kassie, G. A. M., 2009. Influence of 

two plant extracts derived from thyme 

and cinnamon on broiler performance. 

Pakistan Vet. J.,  29 (4): 169-173. 

Andrys, R.; Klecker, D.; Zeman, L. 

and Marecek, E., 2003. The effect of 

changed pH values of feed in 

isophosphoric diets on chicken broiler 

performance, Czech Journal of Animal 

Science, 48: 197-206. 

file:///F:/AD%20Hqrs/Research/Research%20Materials/organic%20acid/
file:///F:/AD%20Hqrs/Research/Research%20Materials/organic%20acid/
file:///F:/AD%20Hqrs/Research/Research%20Materials/organic%20acid/


Thyme, citric acid, low protein and  energy and broiler. 

943 

 

Association of Official Analytical 

Chemists A.O.A.C., 1990. Official 

methods of Analysis 15th ED., 

Published by theA.O.A.C.Washington, 

D.C. 

Benţea, M.; Şara, A.; Panta, L. and 

Clapa, L., 2010. The effects of 

enzymatic complex allzyme SSF and 

organic selenium on some growth and 

consumption indices of broiler turkey, 

Scientific Papers Animal Science and 

Biotechnologies, 43: 9-14. 

Boling, S. D.; Snow, J. L.; Parsons, C. 

M. and Baker, D. H., 2001. The 

effect of citric acid on the calcium and 

phosphorus requirements of chicks fed 

corn–soybean meal diets. Poultry 

Science, 80: 783–788. 

Bolukbasi, S. C. and Erhan, M. K., 

2007. Effect of dietary thyme (Thymus 

Vulgaris) on laying hens performance 

and Escherichia coli (E.coli) 

concentration in feces. International 

Journal of Natural and Engineering 

Sciences, 1: 55-58. 

Bolukbasi, S. C.; Erhan, M. K. and 

Ozkan, A., 2006. Effect of dietary 

thyme oil and vitamin E on growth, 

lipid oxidation, meat fatty acid 

composition and serum lipoproteins of 

broilers. S. Afr. J. Anim. Sci., 36:189-

196. 

Bregendahl, K. J. L.; Sell, J. L. and 

Zimmerman, D. R., 2002. Effect of 

low-protein diets on growth 

performance and body composition of 

broiler chicks. Poult. Sci., 81: 1156-

1167. 

Brzoska, F.; Sliwinski, B. and 

Michalik-Rutkowska,O.,2013. Effect 

of dietary acidifier on growth, 

mortality, post-slaughter parameters 

and meat composition of broiler 

chickens.Ann Animal Sci.13(1):85–96. 

Canas-Roderiqeuz, A. and Smith, H. 

W., 1966. The identification of the 

antimicrobial factors of the stomach 

contents of sucking rabbits. Biochem. 

J. 100:79–82. 

Chevallier, A., 1996. The Encyclopedia 

of Medicinal Plants. DK Publishing. 

Michigan. 336 Pages 

Chowdhury, R.; Islam, K. M.; Khan, 

M. J.; Karim, M. R.; Haque, M. N.; 

Khatun, M. and Pesti, G. M., 2009. 
Effect of citric acid, avilamycin and 

their combination on the performance, 

tibia ash and immune status of 

broilers. Poultry Science, 88: 1616-

1622. 

Ciftci, M; Simsek, U. G.; Yuce, A.; 

Yilmaz, O. and Dalkilic, B., 2010. 

Effects of dietary antibiotic and 

cinnamon oil supplementation on 

antioxidant enzyme activities, 

cholesterol levels and fatty acid 

compositions of serum and meat in 

broiler chickens. Acta. Vet. Brno., 

79(1):33- 40. 

Cook, N. C. and Samman, S., 1996. 
Flavonoids chemistry, metabolism, 

cardio protective effects and dietary 

sources. Journal of Nutrition and 

Biotecnology, 7: 66-76. 

Corcionivoschi, N.; Drinceanu, D.; 

Pop, I. M.; Stack, D.; Stef, L.; Calin, 

J. and Bourke, B., 2010. The effect of 

probiotics on animal health, Scientific 

Papers Animal Science and 

biotechnologies, 43: 35- 41. 

Corzo, A.; Fritts, C. A.; Kidd, M. T. 

and Kerr, B. J., 2005. Response of 

broiler chicks to essential and non-

essential amino acid supplementation 



M. Shabaan 

944 

 

M
. S

h
a
b

a
a
n

 

 

 

of low crude protein diets. Animal 

Feed Science and Technology, 118: 

319–327. 

Cross, D. E.; Hillman, K.; Fenlon, D.; 

Deans, S. G.; McDevitt, R. M. and 

Acamovic, T., 2004. Antibacterial 

properties of phytochemicals in 

aromatic plants in poultry diets. In: 

Acamovic T, Stewart C & Pennycott 

TW. (Eds). Poisonous Plants and 

Related Toxins. CAB International. 

Wallingford. Oxon. Pages, 175-180. 

Cross,  D. E.; McDevitt, R. M.; Hilman, 

K. and Acamovic, T.,  2007. The 

effect of herbs and their associated 

essential oils on performance, dietary 

digestibility and gut microflora in 

young chicks from 7 to 28 days of age. 

British Poultry Science, 48:496-504. 

Demir, E.; Kilinc, K.; Yildirim, Y.; 

Fatma, Dincer and Eseceli, H., 

2008.Comparative effects of mint, 

sage, thyme and flavomycin in wheat-

based broiler diets. Archiva 

Zootechnica, 11, 3: 54-63. 

Denil, M.; Okan, F. and Celik, K., 

2003. Effect of dietary probiotic, 

organic acid and antibiotic 

supplementation to diets on broiler 

performance and carcass yield, 

Pakistan Journal of Nutrition, 2: 89-91. 

Donaldson, E. E., 1985. Lipogenesis and 

body fat in chicken. Protein: calorie 

ratio and dietary fat. Poultry Science, 

64:1199–1204. 

Dorman, H. J. D. and Deans S. G., 

2000. Antimicrobial agents from 

plants: Antibacterial activity of plant 

volatile oils. Journal of Application 

Microscopy, 88: 308-316. 

Duncan, D. B., 1955. Multiple range and 

F. test. Biometric, 11: 1-42. 

Dunnington, E. A., 1990. Selection and 

homeostasis. Fourth World Congress 

on Genetics Applied to Livestock 

Production, XVI, Edinburgh, Scotland, 

5-12. 

Edwards, H. M. and Baker, D. D. H., 

1999. Effect of dietary citric acid on 

zinc bioavailability from soy products 

using an egg white diet with zinc 

sulfate heptahydrate as the standard. 

Poultry Sci., 78(Suppl. 1):576–580 

(Abstract). 

El-Ghousein, S. S.,  and Al-Beitawi, N. 

A., 2009. The effect of feeding of 

crushed Thyme (Thymus vulgaris) on 

growth, blood constituents, 

gastrointestinal tract and carcass 

characterestrics of broiler chickens. J. 

Poultry Sci., 46:100-104. 

Fardos, A. M. Hassan and Ashraf, A., 

2017. Impact of thyme powder 

(Thymus vulgaris L.) supplementation 

on gene expression profiles of 

cytokines and economic efficiency of 

broiler diets. Environ Sci Pollut 

Res.,24:15816–15826. 

Fascina, V. B.; Sartori, J. R.; Gonzales, 

E.; Barros, De Carvalho F.; Pereira, 

De Souza I. M. G.; Polycarpo, G. V.; 

Stradiotti, A. C. and Pelicia, V. C., 

2012. Phytogenic additives and 

organic acids in broiler chicken diets. 

Revista Brasileira de Zootecnia. 

41(10):2189–2197. 

Fature, A. A. and Matanmi, I. O., 2008. 
The effect of probiotics 

supplementation on the growth 

performance of two strains of 

cockerels, Journal of Central European 

Agriculture, 9: 405-410. 

Furuse, M. and Yokota, H., 1985. 
Effect of the gut microflora on chick 

growth and utilization of protein and 



Thyme, citric acid, low protein and  energy and broiler. 

945 

 

energy at different concentrations of 

dietary protein. Br. Poult. Sci., 26: 97-

104. 

Galik, B. and  Rolinec, M., 2011. The 

effect of phytogenic feed additives on 

the performance of non-ruminants, 

Proc. International Ph.D. workshop on 

welfare, biotechnology and quality of 

animal production, Nitra, Slovak 

University of Agriculture, 19. 

Garcia, V.; Catala-Gregori, P.; 

HernaNdez, F.; Megias, M. D. and  

Madrid, J., 2007. Effect of formic 

acid and plant extracts on growth, 

nutrient digestibility, intestine mucosa 

morphology, and meat yield of 

broilers. J Appl Poultry Res.16:555–

562. 

Ghazala, A. A.; Atta, A. M.; Elkloub, 

K. Mustafa M. EL. and  Shata, R. F. 

H., 2011. Effect of dietary 

supplementation of organic acids on 

performance, nutrients digestibility 

and health of broiler chicks. Int J 

Poultry Sci. 10(3):176–184. 

Gunal, M.; Yayli, G.; Kaya, O.; 

Karahan, N. and  Sulak, O., 2006. 
The effects of antibiotic growth 

promoter, probiotic or organic acids 

supplementation on performance, 

intestinal microflora and tissue of 

broilers. Int J Poultry Sci., 5(2):149–

155. 

Grune, T.; Reinheckel, T. and Davies, 

K. J. A., 1997. Degradation of 

oxidized proteins in mammalian cells. 

FASEBJ. 11: 526-534. 

Hashemi, S. R.; Zulkifli, I.; Davoodi, 

H.; Bejo, M. H. and Loh, T. C., 

2014. Intestinal histomorphology 

changes and serum biochemistry 

responses of broiler chickens fed 

herbal plant (Euphorbiahirta) and mix 

of acidifier. Iran J Appl Animal Sci. 

4(1):95–103. 

Hassan, H. M. A.; Mohamed, M. A.; 

Youssef, A. W. and Hassan, E. R., 

2010. Effect of using organic acids to 

substitute antibiotic growth promoters 

on performance and intestinal 

microflora of broilers. Asian-Aus J 

Animal Sci. 23(10):1348–1353. 

Hernandez, F.; Garcia, V. and Madrid, 

J., 2006. Effect of formic acid on 

performance, digestibility, intestinal 

histomorphology and plasma 

metabolite levels of broiler chickens. 

British Poultry Science,47:50-56. 

Hernanedez, F.; Madrid,  J.; Garcia, 

V.; Orengo, J. and Megias, M. D., 

2004. Influence of two plant extracts 

on broiler performance, digestibility 

and digestive organ size. Poult. Sci., 

83: 169-174. 

Hertrampf, J. W., 2001. Alternative 

antibacterial performance promoters. 

Poultry International, 40: 50-52. 

Hoffman-Pennesi, D. and Wu, C., 2010. 
The effect of thymol and thyme oil 

feed supplementation on growth 

performance, serum antioxidant levels, 

and cecal Salmonella population in 

broilers. J Appl Poult Res.,19(4):432- 

43. 

Hu, Z. and Guo, Y., 2007. Effects of 

dietary sodium butyrate 

supplementation on the intestinal 

morphological structure, absorptive 

function and gut flora in chickens. 

Animal Feed Sci. Technol., 132:240–

249. 

Islam, M. Z.; Khandaker, Z. H.; 

Chowdhury, S. D. and Islam, K. M. 

S., 2008. Effect of citric acid and 



M. Shabaan 

946 

 

M
. S

h
a
b

a
a
n

 

 

 

acetic acid on the performance of 

broilers, Jornal of the Bangladesh 

Agricultural University, 6: 315-320. 

Jamroz, D.; Orda, J.; Kamel, C.; 

Wiliczkiewicz, A.; Wertelecki, T. 

and Skorupinska, J., 2003. The 

influence of phytogenic extracts on 

performance, nutrient digestibility, 

carcass characteristics, and maicrobial 

status in broiler chickens. Journal of 

Animal and Feed Sciences, 12: 583-

596. 

Juven, B. J.; Kanner, J.; Schved, F. 

and Weisslowicz, H., 1994. Factors 

that Interact with the antibacterial 

action of thyme essential oil and its 

active constituents. J. Appl. Bacteriol. 

76:626–631. 

Kopecky, J.; Cyril, H. and Jan, W., 

2012. Effect of Organic Acids 

Supplement on Performance of Broiler 

Chickens. Animal Sciences and 

Biotechnologies, 45 (1):51-54. 

Kral, M.; Angelovicova, M.; Mrazova, 

L.; Tkacova, J. and Kliment, M., 

2011. Probiotic and acetic acid of 

broiler chickens performance, 

Scientific Papers Animal Science and 

Biotechnologies, 44:149-152. 

Langhout,  P., 2000. New additives for 

broiler chickens. World Poultry, 16: 

22-27. 

Le Floc’h, N.; Melchior, D. and Obled, 

C., 2004. Modifications of protein and 

amino acid metabolism during 

inflammation and immune system 

activation. Livestock Prod. Sci., 87:37-

45. 

Lee, K.W.; Everts, H. and Beynen, A. 

C., 2004. Essential oils in 

broilernutrition. Int. J. Poult. Sci., 3: 

738-752. 

Leeson, S.; Namkung, H.; 

Antongiovanni,  M. and Lee, E. H., 

2005. Effect of butyric acid on the 

performance and carcass yield of 

broiler chickens. Poultry 

Science.84:1418–1422. 

Lippens, M.; De Groote, G.; De 

Branbander, D.; Govaerts, T.; 

Decuypere, E.; Van, Buggenhout S.; 

Aerts, J. M. and Berckmans, D., 

2002: Het modelgebaseerd sturen van 

het groeitraject en de 

productiekwaliteit van vleeskuikens. 

Brochure Ministerie van Middenstand 

en Landbouw, Dienst 

Landbouwkundig Onderzoek, CLO, 

Melle, pp. 134. 

Lippens, M.; Huyghebaert G. and 

Cerchiari, E., 2005. Effect of the use 

of coated plant extracts and organic 

acids as alternatives for antimicrobial 

growth promoters on the performance 

of broiler chickens. Arch.Geflugelk, 

69:261-266. 

Maatman, R.; Gross, W. B.; 

Dunnington, E. A.; Larsen, A. S. 

and Siegel, P. B., 1993. Growth, 

immune response and behavior of 

broiler and leghorn cockerels fed 

different methionine levels. Archive 

Geflugelk, 57: 249- 256. 

Manach, F.; Regerat, F. and Texier, O., 

1996. Bioavailability, metabolism and 

physiological impact of 4-oxo-

flavonoids. Nutrition Resserch, 16: 

517-544. 

Mansoub, N. H., 2011. Comparison of 

effects of using Nettle (Urtica dioica) 

and probiotic on performance and 

serum composition of broiler chickens. 

Global Veterinaria, 6(3): 247-250. 

March, B. E.; Soong, R. and 

Macmillan, C., 1978. Growth rate, 



Thyme, citric acid, low protein and  energy and broiler. 

947 

 

feed conversion and dietary 

metabolisable energy in response to 

virginiamycin supplementation of 

different diets. Poult. Sci., 57:1346-

1350. 

Mitsch, P.; Zitterl-Eglseer, K.; Kohler, 

B.; Gabler, C.; Losa, R. and 

Zimpernik, I., 2004. The effect of two 

different blends of essential oil 

components on the proliferation of 

Clostridium perfringens in the 

intestine of broiler chickens. Poult. 

Sci., 83:669–675. 

Moghadam, A. N.; Pourreza, J. and 

Samie, A. H., 2006. Effect of different 

levels of citric acid on calcium and 

phosphorus efficiencies in broiler 

chicks, Pakistan Journal of Biological 

Sciences, 9:1250-1256. 

Naela, M. Ragaa; Reda, M. S. Korany 

and Mohamed, F. F. 2016. Effect of 

thyme and /or formic acid dietary 

supplementation on broiler 

performance and immunity. 

Agriculture and Agricultural Science 

Procedia. 10: 270- 279. 

N.R.C., 1994. National Research 

Council. Nutrient Requirements of 

Poultry. 9th Ed. National Academy of 

Sciences. Washington, D.C., USA. 

Parsons, C. M., 1995. Nutrient 

utilization and methods of assessment-

an environmental perspective. 

In:Deagussa Technical Symposium, 

pp: 1-5. 

Petruska, P.; Tusimova, E.; Kalafova, 

A.; Hascik, P.; Kacaniova, M.; 

Kolesarova,  A. andCapcarova, M., 

2012. Effect of propolis in chicken diet 

on selected parameters of mineral 

profile, Journal of Microbiology, 

Biotechnology and Food Sciences, 

1:1090-1097. 

Polat, U.; Yesilbag, D. and Eren, M., 

2011. Serum biochemical profile of 

broiler chickens fed dietscontaining 

rosemary and rosemary volatile oil. J 

Biol Environ Sci, 5(13): 23-30. 

Rahim, A.; Mohsen, D. and Alimirza, 

A., 2011. Thyme (Thymus vulgaris) 

extract consumption darkens liver, 

lowers blood cholesterol, proportional 

liver and abdominal fat weights in 

broiler chickens. Italian Journal of 

Animal Science, 10:101-105.  

Richards, J. D.; Gong J. and de Lange, 

C. F. M., 2005. The gastrointestinal 

microbiota and its role in monogastric 

nutrition and   health with an emphasis 

on pigs: Current understanding, 

possible modulations, and new 

technologies for ecological studies. 

Can. J. Anim. Sci., 85:421-435. 

Safa, S. E.G. and AL-Beitawi, N. A., 

2009. The effect of feeding of crushed 

thyme (Thymus valgaris) on growth, 

blood constituents, gastrointestinal 

tract and carcass characteristics of 

broiler chickens. Journal of Poultry 

Science, 4: 100-104. 

SAS Institute, Inc, 2000. SAS-User’s 

Guide: Statistics. SAS Institute Inc., 

Cary, NC., USA. 

Savage, T. F.; Cotter, P. F. and 

Zakrzewska, E. I., 1996. The effect of 

feeding mannan oligosaccharide on 

immunoglobulins, plasma IgG and bile 

IgA of Wrolstad MW male turkeys. 

Poultry Science, 75: 143-149. 

Schiavone, A.; Guo, K.; Tassone, S.; 

Gasco, L.; Hernandez, E.; Denti, R. 

and Zoccarato, I., 2008. Effects of a 

natural extract of chestnut wood on 



M. Shabaan 

948 

 

M
. S

h
a
b

a
a
n

 

 

 

digestibility, performance traits and 

nitrogen balance of broiler chicks. 

Poult. Sci., 87: 521-527. 

Schutte, J. B.; de Jong J. and van 

Kempen, J. M., 1993. Dietary protein 

in relation to requirement and 

pollution in pigs during the body 

weight range of 20-40 Kg. In: 

Versetegen, M.W.A., L.A. den Hartog, 

G.J.M. van Kempen and J.H.M. Mertz 

(Eds.), Nitrogen Flow in Pig 

Production and Environmental 

Consequences. Pudoc. Scientific 

Publishers, Wegeningen, The 

Netherlands, pp:259-263. 

Shabaan, M., 2012. Effect of using 

thyme (Thymus vulgaris L) and cumin 

(Cuminum cyminum L) seeds for 

improving the utilization of low 

energy broiler diet. Egypt. Poult. Sci. 

Vol (32) (III): 579-591. 

Siegel, P. B. and Gross, W. B., 1980. 
Production and persistency of 

antibodies in chickens to sheep 

erythrocytes. 1. Directional selection. 

Poultry Science, 59: 1-5. 

Siegel, P. B., Gross, W. B. and Cherry, 

J. A., 1982. Correlated response of 

chickens to selection for production of 

antibody to sheep erythrocytes. 

Animal Blood Groups Biochemical 

Genetics, 13: 291-297. 

Skinner, J. T.; Izat, A. L. and 

Waldroup, P. W., 1991. Fumaric acid 

enhances performance of broiler 

chickens. Poultry Sci., 70:1444–1447. 

Smulikowska, S.; Czerwinski, J.; 

Mieczkowska, A. and Jankowiak, J., 

2009. The effect of fat-coated organic 

acid salts and a feed enzyme on 

growth performance, nutrient 

utilization, microflora activity, and 

morphology of the small intestine in 

broiler chickens. J Animal Feed Sci., 

18:478–489. 

Spais, A. B.; Giannenas, L. A.;  

Fluorou-Paneri, P.; Christaki, E. 

and Botsoglou, N. A., 2002. Effect of 

Genex, a feed additive containing 

organic acids and  herb extracts, on the 

performance of broiler chickens. J. 

Hellenic Vet., 53:247- 256. 

Sugiharto, S., 2014. Role of 

nutraceuticals in gut health and growth 

performance of poultry. J Saudi Soc 

Agric Sci. Available from: 

http://dx.doi.org/10.1016/j.jssas.2014.

06.001 

Sugiura, S. H.; Dong, F. M. and Hardy, 

R. W., 1998. Effects of dietary 

supplements on the availability of 

minerals in fish meal; preliminary 

observations. Aquaculture, 160: 283– 

303. 

Toghyani, M.; Tohidi, M.; Gheisari. A. 

B. and Tabeidian, S. A., 2010. 
Performance, immunity, serum 

biochemical and hematological 

parameters in broiler chicks fed dietary 

thyme as alternative for an antibiotic 

growth promoter. African Journal of 

Biology, 9: 6819-6825. 

Tollba, A. A. H.; Shabaan, S. A. M.  

and Abdel-Mageed, M. A. A., 2010. 

Effects of using aromatic herbal 

extract and blended with organic acids 

on productive and physiological 

performance of poultry,2 – The growth 

during cold winter stress. Egypt. Poult. 

Sci., 30 (I): 229-248. 

 Vasileios,  P.; Konstantinos, F.; Irida, 

P.; Christine, H.; Konstantinos, C. 

M., 2017. Growth performance, 

nutrient digestibility, antioxidant 

capacity,blood biochemical 

biomarkers and cytokines expression 

http://dx.doi.org/10.1016/j.jssas.2014.06.001
http://dx.doi.org/10.1016/j.jssas.2014.06.001


Thyme, citric acid, low protein and  energy and broiler. 

949 

 

in broiler chickens fed different 

phytogenic levels. Animal Nutrition. 

3:114 -120. 

Vieira, S. L.; Oyarzabal, O. A.; Freitas, 

D. M.; Berres, J.; Pena, J. E. M.; 

Torres, C. A. and Coneglian, J. L. B. 

2008. Performance of broilers fed diets 

supplemented with sanguinarinelike 

alkaloids and organic acids. J Appl 

Poultry Res. 17:128–133. 

Williams, P. and Losa, R., 2001. The 

use of essential oils and their 

compounds in poultry nutrition. World 

Poultry, 17: 14-15. 

 



 

950 

 

M
. S

h
a
b

a
a
n

 

 

 

 الملخص العربى

ستفادة من عليقة دجاج التسمين المنخفضة تأثير استخدام الزعتر وحمض الستريك لتحسين الإ

 والطاقة الممثلة  الخام في البروتين

  حسن د. محمد شعبان
 مصر - الجيزة –الدقى  –مركز البحوث الزراعية  -معهد بحوث الإنتاج الحيوانى 

 2,0  معاا  ببنسابةحمض الستريك كل منهما على حده أو مشتركين استخدام الزعترأو الدراسة إلى دراسة تأثير  هذه تهدف

 تحتاواحيا   والطاقاة الممللاة  الخاام على تحسين الاستفادة مان عليةاة بادارل التسامين المنخفىاة باى الباروتينلكل منهما( %

ئقاا الباادا والناامى والنااهى علاى الترتيا  ( لعلا%71، 71،  71العليةة المنخفىة بى البروتين الخام على نسبة بروتين خام ب

العليةة المنخفىة بى نسابة الباروتين الخاام والطاقاة الممللاة  تحتوبينما ا   ة بك (حتياجات السلالتبعا لإ ةالطاقة الممللكانت و

كجال  ك ك طاقاة ممللاة ك 0222باروتين خاام ،  %71ك ك طاقاة ممللاةك كجال عليةاة و 0122بروتين خاام ،  %71ب  معا  على

  وبالنسابة علاى التاوالى لعلائقا الباادا والناامى والنااهى (ك ك طاقة ممللة ك كجل عليةة  0712بروتين خام ،   %71عليةة  و 

باروتين خاام  %07 ب علاى تحتاواب كا  ( حيا   سالالة حتياجات الغذائقية لادجاج التسامينتغطى الإ كانت نهاإب ةلعليةة المةارن

 2712بروتين خام ،  %72ك ك طاقة ممللة ك كجل عليةة و  2222بروتين خام  %77يةة و ك ك طاقة ممللة ك كجل عل 0722

كتكاوت ييار مجان   722تال اساتخدام عادد  بى مراحل البادا والنامى والنااهى علاى الترتيا   (ك ك طاقة ممللة ك كجل عليةة

كتاكيات  72مكررات وبكال مكارر    2عة مجاميع بكل مجمو 2لى إالكتاكيت هذه تل تةسيل  حي  عمر يوم واحد من سلالة ك 

تاال اسااتخدامهل لةيااا  قاادرة الزعتاارأو حمااض السااتريك أحاادهما أو كلاهمااا علااى  كتاكياات ( 72× مكااررات  2× مجاااميع   2ب

كيلاو كاالور ك  022قال أ، طاقاة ممللاة  %1قال أبباروتين خاام  البروتين الخام و الطاقة الممللة معاا  منخفىة التحسين العلائقا 

  (  مةارنة بعليةة الكنترول ليةةكجل ع

   -يلى:كما وكانت أهل النتائقج المتحصل عليها 

اختلابااات معنويااة بااين المعاااملات بااى معاادل الزيااادة بااى النمااو للكتاكياات خاالال بتاارات النمااو المختلفااة بينمااا لاال  كاناات هناااك -

خلال بترات النمو بيما عادا الفتارة الكلياة للتجرباة تظهراختلابات معنوية بين المعاملات بالنسبة إلى معاملات التحويل الغذائقى 

 يوم(  10-1بمن 

تةليل معامل التحويل الغذائقى النمو و  معدل انخفاض بىلى إ معا  الممللة  والطاقةالخام  البروتينمنخفىة ل استخدام العليةة أد -

ولكان بوجاع عاام بةاد   الفتارة الكلياة للتجرباةوذلك خالال  بالمةارنة بالعليةة الكنترول على الترتي  % 77,11،  02,01بمةدار 

 ( أدل إلى زياادة باىلكل منهما % 2,0بنسبة ب معا  لوحظ أن إضابة الزعترأو حمض الستريك كل منهما على حده أو مشتركين 

أيىاا  إلااى بالمةارناة بالعليةاة المنخفىاة باى نسابة البااروتين الخاام والطاقاة الممللاة معاا   كماا أدت الإضاابة  نموالكتاكيات معادل

تحسااين بااى معاماال التحوياال الغااذائقى وذلااك بالمةارنااة بالعليةااة المنخفىااة بااى نساابة البااروتين الخااام بةاا  أو بالمةارنااة بالعليةااة 

 % 2,0وحماض الساتريك معاا  ببنسابة  ويمكن الةول أن إضابة الزعترالمنخفىة بى نسبة البروتين الخام والطاقة الممللة معا   

 علااى الترتياا  % 72,72،  72,12نموالكتاكياات وتحسااين بااى الكفااائة الغذائقيااة بمةاادار معاادل يااادة بااى لكاال منهمااا( أدل إلااى ز

     بالمةارنة بالعليةة المنخفىة بى نسبة البروتين الخام والطاقة الممللة معا  وذلك خلال الفترة الكلية للتجربة   

والنسابة المووياة  والنسابة المووياة للرمااد المحتجاز ات الذبيحاةكانت هناك اختلابات يير  معنوية بين المعاملات بالنسبة لصف -

لاى تةليال المنخفىاة باى نسابة الباروتين الخاام والطاقاة الممللاة معاا   أدت إاستخدام العليةاة للنيتروجين المحتجز  كما لوحظ أن 

 بالمةارنة بالعليةة الكنترول   %01,70من الطيور بمةدار  النيتروجين المفرز يوميا  

ما لوحظ أن الطيور التى تغذت على العليةة المنخفىة بى نسبة البروتين الخام والطاقاة الممللاة معاا   ساجلت أعلاى مساتول ك -

بالمةارناة بالعليةاة  % 20,11الجلوبياولين بمةادار  حيا  زاد مساتول لكل مان البروتيناات الكلياة والجلوبياولين باى بلازماا الادم

  الكنترول

إضابة الزعترأو حمض الستريك كل منهما على حاده أو مشاتركين معاا   بإن تحت ظروف هذه التجربةوعليع يمكن الةول أنع  -

زياادة  باى إلاى  أدت إلى عليةة دجاج التسمين المنخفىاة باى نسابة الباروتين الخاام والطاقاة الممللاة لكل منهما( % 2,0ببنسبة 

    ول مجموع المواد المىادة للأكسدة بى بلازما الدم مست زيادة  بى معدل النمو وتحسين بى معامل التحويل الغذائقى و

والأحمااض العىاوية والمساتويات المللاى منهاا  اتها دور النباتات الطبية ومستخلصااير سلتف اتوصي بمزيد من الدراسيكما  -

 ية  لتحسين العلائقا التحت قياس مستويات مختلفة من البروتين الخام والطاقة الممللة  مع كمواد منشطة للنمو

 

 


