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ABSTRACT 

The purpose of present research was to investigate effects of a probiotic, a prebiotic and two synbiotics consumption on total 

antioxidant (TAO) capacity, malondialdehyde (MDA) level, percentages of heterophils, lymphocytes, heterophils /lymphocytes (H/L) 

ratio as a stress indicator, and albumin, globulin and albumin/globulin (A/G) ratio as a oncotic pressure indicator of blood in 

Japanese quails. The experimental diets consisted of a basal diet without additive (control), protexin® as a probiotic, fermacto® as a 

prebiotic, mixed of protexin® and fermacto® as a synbiotic, and Biomin-IMBO® as a other synbiotic, were added to the basal diet 

and with water were available ad libitum from 1 to 42 days of age of quails. The consumption of these additives had not significant 

effect on TAO capacity in females and on MDA in both genders, but consumption of prebiotic caused enhancement of TAO capacity 

of males (P<0.05). The H/L ratio of females fed by additives especially Biomin-IMBO® were lower comparison to control group 

(P<0.05). The blood albumin was enhanced in males fed by additives especially mixed of protexin® and fermacto® as synbiotic 

(P<0.05). The A/G ratio was increased by consumption of additives especially with each two synbiotics (P<0.05). The results show 

that the combination of probiotic and prebiotic as synbiotic is benefit additive for quails feeding. The synergetic effects of synbiotics 

in improving of live benefit microbial, absorption of necessary nutrients and providing of suitable environment in the 

gastrointestinal tract are important for health of blood indicators in Japanese quails. 
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INTRODUCTION 

 

The free radicals and intermediate products of peroxidation are capable of damaging the integrity and altering 

the function of biomembranes, which can lead to the development of many pathological processes (Faix et al. 

2003). Oxygen radicals and other reactive oxygen species (ROS) that widely produced by cell metabolism can 

react with double bonds of polyunsaturated fatty acids to yield lipid hydro-peroxides (Bulbul et al. 2008). 

Protective systems existing in the cells and blood avoid the excessive increment of undesirable oxidizers. 

The oxidant-antioxidant status can vary between mammalian and birds because the birds have higher 

levels of blood uric acid than mammalian (Vahdatpour et al. 2011b). It is clear that uric acid lead to increasing of 

the total antioxidant (TAO) activity in birds. One of the major secondary oxidation products of per-oxidized 

polyunsaturated fatty acids is the malondialdehyde (MDA) that has been widely applied as the most common 

approach for the assessment of free radical damage and lipid per-oxidation in biological science (Bulbul et al. 

2008). Japanese quail had gained attention in poultry industry, as good producer of organic egg and meat for 

human healthy nutrition and they are being used as a beneficial animal model in researches (Huss et al. 2008, 

Bishop 2009). In the poultry industry the application of antibiotics as growth promoters and prevention of the 

poultry diseases by competing with the pathogens are gradually being lost. Three types of safe alternative 

functional additives including probiotics, prebiotics and synbiotic are applied (Roberfroid 2000, Chen et al. 

2009). A probiotic was defined as a live microbial feed additive that beneficially affects the host animal by 

improving its intestinal micro-floral balance (Vahdatpour et al. 2011a). A prebiotic was defined as non-

digestible food ingredient that beneficially affects the host, selectively stimulating the growth or activity or both 

of one or a limited number of bacteria in the colon (Roberfroid 2000). This approach seems to be the best 

efficacy of use in these products is combination of both probiotics and prebiotics as synbiotic that may be 
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defined as a mixture of probiotics and prebiotics which synergistically affects the host by improving the survival 

and implantation of live microbial dietary additives and their necessary nutrients and suitable environment in the 

gastrointestinal tract (Awad et al. 2009, Attia et al. 2011). These feed additives promote gut health by several 

possible mechanisms including altering gut pH, maintaining protective gut mucus, selecting beneficial intestinal 

organisms acting against pathogens, enhancing fermentation acids, enhancing nutrient uptake and increasing the 

humoral immune response (Cakir et al. 2008). Finally, these metabolic changes in bird's physiology results in 

enhanced growth and performance of the host. Little information is available regarding the effects of functional 

additives on physiological stress responses based on H/L ratio, colloid osmotic pressure of blood based on A/G 

ratio, TAO and MDA for oxidant-antioxidant status of Japanese quails. Therefore, the present study was 

conducted to investigate the effects of a probiotic, a prebiotic and two synbiotics on TAO capacity, MDA, 

percentage of Heterophils and Lymphocytes, H/L ratio, Albumin, Globulin levels and A/G ratio of blood in male 

and female Japanese quails.   

 

MATERIALS AND METHODS  

 

Experimental design and Housing 

The 240 newly-hatched and healthy Japanese quail chicks from the Damavand Quail Company (body weight 

average, 7.69±0.23 gram) were provided and allocated in a specially designed room in the Tabriz, Iran. The 

experimental design was Completely Randomized Design (CRD). On the first day after hatching, chicks 

randomly placed in 5 treatment groups with 4 replicates and 12 chicks (48 birds/treatment) per wiry cages (0.2 

m2) that were established with distance another in controlled standard temperature, humidity, ventilation for 

quails housing and 24 h of light (2.5 watt/m2) kept until 42 days of age. 

 

Dietary treatments and Additives 

The basal diet (conventional mash) was formulated to meet and exceed the nutrient requirements of grower 

Japanese quails (NRC, 1994). Each feed additives in high level of manufactory recommendation was added to 

the basal diet and were available ad libitum from 1 to 42 days of age. The four treatment groups were as follow: 

 

Basal diet without additive (control group) 

Basal diet + 200 mg/kg Protexin® (as a probiotic) 

Basal diet + 1600 mg/kg Fermacto® (as a prebiotic) 

Basal diet + 100 mg/kg Protexin® + 800 g/ton Fermacto® (as a synbiotic 1) 

Basal diet + 1000 mg/kg Biomin-IMBO® (as a synbiotic 2)    

 

Protexin® is one of the novel probiotic used in poultry feed that is a multi-strain probiotic containing 

live microorganisms to establish, enhanced or reestablish essential micro-flora in the gut. Protexin® is a highly 

concentrated pre-mix containing seven strains of bacteria and two yeasts including: Lactobacillus plantarum 

1.89×1010 cfu/kg, Lactobacillus delbrueckii subsp. Bulgaricus 3.09×1010 cfu/kg, Lactobacillus acidophilus 

3.09×1010 cfu/kg, Lactobacillus rhamnosus 3.09×1010 cfu/kg, Bifidobacterium bifidum 3.00×1010 cfu/kg, 

Streptococcus salivarius subsp. Thermophilus 6.15×1010 cfu/kg, Enterococcus faecium 9.85×1010 cfu/kg, 

Aspergillus oryzae 7.98×1010 cfu/kg, Candida pintoloppesii 7.98×1010 cfu/kg. All the microorganisms in the 

protexin® are naturally occurring and have been isolated from a wide range of feed, plant, animal, bird and 

human sources. Protexin® probiotics in list of Generally Regarded as Safe (GRAS) are recorded (FDA). 

Fermacto® is comprised of Aspergillus meal that derived from an active fermentation of a primary aspergillus 

sp. It is the mycelium contained in this totally killed fungi that allows the monogastric an expansion of its 

digestive capacity. The mycelium of the aspergillus sp. is to support the healthy bacteria and allows it to 

multiply, producing high levels of short chain organic acids which may actually reduce the number of pathogenic 

bacteria. The mycelia cell wall of the aspergillus sp. is composed of a high concentration of beta-glucans which 

demonstrate a very strong prebiotic stimulatory effect (Fermacto). Biomin-IMBO® is a novel combination of the 
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probiotic strain Enterococcus faecium (DSM 3530), prebiotic of fructo-oligosaccharides (derived from chicory), 

and immune modulating substances that derived from sea algae (Biomin-IMBO®).  

Blood sampling and Measurements 

At 42 days of age in fasting state (feed was removed 12 h before sampling) one male and one female bird from 

each cage (8 birds/treatment) were randomly selected and blood samples were taken from wing vein. The 

separated sera were analyzed using ParsAzmun kits for TAO, albumin and globulin in auto analyzer (ALCYON 

300) by international federation of clinical chemistry methods (IFCC 2011). One droplet blood was obtained via 

wing vein. Blood smears prepared and air dried the stained in concentrated May-Grunwald stain for 6 min, 1:1 

May-Grunwald stained stilled water for 1.5 min and 1:9 Geimsa stain for 15 min (Robertson and Maxwell 1990). 

In order to counting of heterophils and lymphocytes, 100 cells per film were examined by light microscopy. The 

results are presented as the percentage of each cell occurring in each film. Finally, the H/L and A/G ratio were 

calculated. For MDA assay, one  ml   of  each  supernatant was  added  to  a  mixture  containing  three  ml  of  

phosphorous acid (1%) and 1 ml of thiobarbituric acid (TBA, 0.67%) in  an aqueous  solution.  

The reaction mixture was heated for 60 min up to 90°C, and then was cooled in a room temperature.  

Then,  3  ml  of N-butanol  was  added  to  each  tube,  and  the  tubes  were shaken  and  then  centrifuged.  The  

absorbance  of  N-butanol phase was measured spectrophotometrically at 532 nm and the amount of 

thiobarbituric acid reactant substances  (TBARS)  was  calculated  from  a calibration  curve and  reported  as  

nmol  MDA/mg.  

 

Table 1. Ingredient and calculated analysis of basal diet. 

Ingredients                                                        Ration (%) 

Yellow Corn                                                      53.00 

Soybean Meal, 44%CP                                      37.00 

Fish Meal, 60%CP                                              5.50 

Vegetable Oil                                                       1.00 

Oyster Shell                                                         1.00 

Mono Calcium Phosphate                                   1.50 

DL-Methionine                                                    0.15 

Sodium Chloride                                                 0.15 

Mineral-Vitamin Premix*                                   0.50 

Vitamin A                                                           0.10 

Vitamin E                                                            0.10 

Calculated Analysis      

ME (Kcal/Kg)                                               2900.00 

CP (%)                                                               24.00 

Calcium (%)                                                        1.20 

Available Phosphorus (%)                                   0.55 

Methionine (%)                                                    0.57 

Lysine (%)                                                           1.47 

 

*Supplemented for kg of the diets: Vit. A, 12000 IU; D3, 2000 IU; E, 20 mg; 

K3, 3 mg; B2, 7 mg; B3, 12 mg; B5, 3 mg; B12, 0.03 mg; Biotin, 0.1 mg; 

Choline chloride, 300 mg; Mn, 130 mg; Fe, 70 mg; Zn, 60 mg; Cu,12 mg; 

I, 1 mg; Se, 0.2 mg, and adequate antioxidant. 

 

Statistical Analysis 

Statistical Analysis performed using of SAS software base on Completely Randomized Design (CRD) with the 

GLM procedure, Bartlett's test for homogeneity of data variance and standard deviation were calculated. 

Duncan's new multiple range tests was used to compare the means treatments and P value of lesser than 0.05 was 

considered statistically significant (SAS Institute 1994).   
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RESULTS AND DISSCUSSION 

 

Total antioxidant (TAO) and Malondialdehyde (MDA)  

The effects of four different types of feed additives on TAO and MDA are presented in table 2. Consumption of 

prebiotic caused to enhancement of TAO in males (P<0.05); where probiotic and compounded additives 

(synbiotic 1 and 2) had no effect on TAO. Consumption of these additives not has been significant changes on 

MDA in both genders and also TAO in females.  

Probiotic research was first originally from Metchnikoff's research on the relationship between life 

prolongation and eating yogurt (Zhang 2010). Antioxidant effect of probiotics may be an important mechanism 

involved in its function such as inflammatory response because both local and systemic inflammatory responses 

are associated with the production of ROS (Zhang et al. 2010). Mikelsaar and Zilmer (2009) showed that 

lactobacillus fermentum ME-3 has been not only demonstrated to possess high total antioxidant activity of intact 

cells in vitro, but also it can increase the anti-oxidative activity of sera and improved the composition of low-

density lipoproteins (LDL) in vivo. Functional food played the bioavailability of antioxidants, which is 

considered as an important key-factor in the biological activity of substances in the gastrointestinal tract and 

their absorption through the intestinal walls into the blood circulation system (Nikpiran et al. 2013). Prebiotics 

have the ability to scavenge the free radicals of the body as well as minimize the lipid peroxidation and 

overcome the mutagenic and carcinogenic effects of MDA. Therefore the determination of lipid peroxidation is a 

first step toward assessing the oxidative damage in most tissue. Functional foods are beneficial dietary 

supplement for improving antioxidant activities, decreasing lipid peroxidation levels which are important in 

evaluating the efficiency of commercial poultry production system that is influenced primarily by the quality of 

feed and feed intake (Heba et al. 2014). In present study, prebiotic consumption caused to TAO elevation and 

MDA depression. This may be due to the antioxidant effect of beta-glucans structure on bacteria and producing 

of high levels of short chain fatty acids. These suggested that prebiotic consumption comparison to the other 

additives could be better protecting quails from oxidative stress. 

 

Table 2. Effects of functional additives on total antioxidant (TAO) and malondialdehyde (MDA) of quails.  

                                              Male                                                                          Female                                        

Parameters       Con       Pro      Pre     Syn1     Syn2    P-value           Con        Pro      Pre      Syn1     Syn2     P-value 

TAO (mmol/l)  0.73b    0.89ab   1.18a   0.86ab   0.79b       0.05              0.65       0.70     0.60     0.64      0.75        0.80           

MDA (µmol/l) 23.98   22.24   18.10   18.38    28.06      0.81            23.75     28.61   26.74   33.00    33.21        0.22 

Means (n=8) within each rows with different superscript have significantly difference at its rows P-value. 

Con: Control, Pro: Probiotic of protexin, Pre: Prebiotic of fermacto, Syn1: Synbiotic of protexin+fermacto, Syn2: Synbiotic of Biomin-

IMBO.  

 

Heterophils, Lymphocytes and H/L ratio 

The effects of feed additives intake on heterophils (H), lymphocytes (L) and H/L ratio of Japanese quails are 

presented in table 3. Consumption of these feed additives had not significant effect on heterophils, lymphocytes 

and H/L ratio in males. In females, Heterophils and Lymphocytes counts were not be affected by additives but it 

showed that H/L ratio of females was significantly declined by additives specially synbiotic 2 comparison to 

control group (P<0.05). In poultry H/L ratio is better and stable index for assess of stress level (Vahdatpour et al. 

2009). Karoglu and Drudag (2005) found that adding of probiotic to broilers diet could be inhibited the 

nutritional stress or any stress which causes an increase in H/L ratio. Ghareeb et al. (2008) reported that 

Lymphocytes counts increased (P<0.05) for both probiotic and prebiotic treated group compared with the 

control. Moreover, the H/L ratio decreased significantly in additives fed groups compared to control group. 

Because the stress could cause an increase in the stimulation of adrenal gland to produce of stress hormones 

which have a direct effect to lymphatic nodes and causes an H/L ratio elevation. Therefore, these results indicate 

that help to overcome stress due to transportation with lesser physiological response. 
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Table 3. Effects of functional additives on Heterophils (H), Lymphocytes (L) and H/L ratio of quails. 

                                                  Male                                                                               Female                                        

Parameters   Con       Pro      Pre     Syn1     Syn2       P-value         Con       Pro      Pre     Syn1     Syn2     P-value 

H (%)         19.00   23.00   24.00   19.00    18.00         0.25             24.00    19.00   17.33   17.00    14.67        0.29 

L (%)         75.67   72.33   71.33    76.67    77.33         0.32             67.67   73.00    77.00   76.00    77.33       0.24 

H/L             0.25     0.31      0.32     0.25      0.24          0.30               0.36a    0.26b    0.23b    0.24b     0.19c      0.04             

Means (n=8) within each rows with different superscript have significantly difference at its rows P-value.  

Con: Control, Pro: Probiotic of protexin, Pre: Prebiotic of fermacto, Syn1: Synbiotic of protexin+fermacto, Syn2: Synbiotic of Biomin-

IMBO. 

 

Albumin, Globulin and A/G ratio  

The effects of feed additives intake on Albumin (A), Globulin (G) and A/G ratio of Japanese quails are presented 

in table 4. In male quails which fed by additives especially synbiotic 1, Albumin level was improved. Globulin 

was reduced by using synbiotic 1 and 2. Therefore, A/G ratio as a oncotic indicator was elevated by adding of 

additives specially synbiotics.  In females by adding synbiotic 1 and 2, Albumin level is elevated and 

consumption of synbiotic 1 cause to significantly elevation of A/G ratio and Globulin level wasn’t affected by 

adding of these types of functional additives. Khosravi et al. (2008) reported that consumption of some additives 

such as protexin had not significant effects on total protein, albumin, globulin and A/G ratio in broilers.  

Therefore, these functional foods especially synbiotics affect on A/G ratio as well as during periodic 

decrease in immune response and enhancement of oncotic pressure. Immunity plays a key role in maintaining 

animal health, and thereby achieves an adequate, required level of performance. Immunity can be stimulated by 

various methods and preparations. Although, in an indirect way can be determining the effectiveness of the 

immunological system of quails. 

 

Table 4. Effects of functional additives on Albumin, Globulin and A/G ratio of quails. 

                                                  Male                                                                                     Female                                        

Parameters   Con       Pro      Pre     Syn1     Syn2    P-value        Con       Pro      Pre     Syn1     Syn2     P-value 

A (g dL-1)    1.58c    1.70b   1.90ab   2.08a    1.83ab       0.00              2.10b    1.93b   2.25ab   2.43a     2.53a        0.00 

G (g dL-1)    1.62a    1.20b   1.20b     0.80c    0.83c        0.00             1.72     1.93    1.48      1.32      1.74          0.06 

A/G             0.98c    1.42b   1.59b     2.66a    2.23a        0.00              1.23bc  1.00c   1.53ab    1.83a     1.46b        0.00 

Means (n=8) within each rows with different superscript have significantly difference at its rows P-value. 

Con: Control, Pro: Probiotic of protexin, Pre: Prebiotic of fermacto, Syn1: Synbiotic of protexin+fermacto, Syn2: Synbiotic of Biomin-

IMBO.  

 

CONCLUSION 

 

Based on results, the consumption of prebiotic of fermacto improved total antioxidant capacity of male quails. 

Heterophil/Lymphocyte ratio as a main and stable stress indicator was declined in additive group's intake 

specially by adding synbiotic of Biomin-IMBO to basal diet. Also consumption of synbiotic of 

protexin+fermacto enhanced albumin and each synbiotics increased Albumin/Globulin ratio. Therefore, 

consumption of additives specially synbiotics and prebiotic may aid in overcome any deficiency and enhance of 

blood indicators that show tolerance to stress concomitantly and resistance for metabolic disorders case to 

oncotic pressure indicator enhancement in quails flock. 
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