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_________________________________________________________________________________ 

ABSTRACT— In this paper, we monitored to effect of xanthohumol added to diet on blood biochemistry in Japanese 

quails. Forty Japanese quails breeds lines Pharaoh were included in the experiment. The quails were randomly 

divided into two groups: one control and one experimental group with supplementation by xanthohumol in feed. In 

the evaluation of biochemical parameters, we focused on total protein, albumin, globulin, glucose, cholesterol and 

enzyme activity of AST (Aspartate aminotransferase), ALT (Alanine aminotransferase) and ɤ-GT (ɤ-

Glutamyltransferase). Statistical comparisons were made between group with supplementation by xanthohumol in 

feed and the control group. Total protein and albumin levels were significantly differed between groups (P <0.05). A 

significant decrease in AST activity (P <0.05) was observed in supplementation group relative to control group. 
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1. INTRODUCTION 

Hops have for a long time been used for various medical purposes [1]. Hops are also rich sources of flavone 

glycosides and condensed tannins. Prenylated flavonoids are one kind of bioactive substances contributing to its medical 

applications. The most abundant prenylated flavonoid in hops is xanthohumol (Xn; 3′-[3,3-dimethylallyl]-2′,4′,4-

trihydroxy-6′-methoxychalcone). The distribution of xanthohumol is limited to and ubiquitous within Humulus lupulus. 

In nature, xanthohumol exists ubiquitously within hops plant, with a content of 0.1% – 1% (dry weight) in the female 

inflorescences [2]. This polyphenol can be included in the diet through foods in which hops are used, such as beer or 

food supplements. Xanthohumol in particular, has attracted the attention of the scientists, thanks to is biological effects. 

Lab studies have shown positive results from xanthohumol as a dietary supplement [3, 4, 5]. The beneficial 

pharmacological properties of Xanthohumol were not appreciated until 1990s, including antioxidant, anti-inflammatory, 

antibacterial, antiviral, antifungal, and antiplasmodial activity [6].  

Quail farming is not a very popular branch of poultry farming, yet it comprises a worthy niche with respect to the 

diversity of retail products. The wide variety of breeds, lines and crosses of Japanese quails for fattening, often from 

different productive types, requires using various approaches in fattening technologies. In recent years, the addition of 

different organic dietary sources has become an inherent practice in poultry production. Not only as they represent a 

source of energy but also the beneficial content of improving the growth and quality of meat. The preference for the 

Japanese quail is justified by the fact that it is well adapted to laboratory conditions and possesses several advantages, 

such as rapid growth, early sexual maturity, high rate of egg production, easy handling of adult size, and a short 

generation interval [7].  

Japanese quail (Coturnix coturnix japonica) is a poultry species that is reared mainly for eggs and meat. Intensive 

production systems where birds are kept on litter in confined spaces contribute to the spread infections [8].  A wide range 

of the blood biochemistry and its relationship to poultry species performance has been reported in literature. For those 

species used as poultry, blood chemistry was established to some extent for quail [9], chicken [10, 11], duck [12], turkey 

[13] and ostrich [14].  
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Japanese quails are small and highly mobile birds; therefore, blood sampling is technically difficult and requires 

sacrifice [8]. The blood biochemical analysis is a valuable tool for evaluating the health of animal and helps both in 

diagnosis and clinical monitoring of disease. Its evaluation indicates the extent of damage in various vital organs and 

status of the disease. Serum biochemical profiling has been used in several species of domestic livestock to monitor herd 

health and to detect subclinical disease. Hematological and biochemical status is a reflection of many factors such as sex, 

age, breed, diet, management and stress level [15, 16]. 

In the present study was monitored the effect of xanthohumol added to diet on blood biochemistry of Japanese quail. 

 

2. MATERIAL AND METHODOLOGY 

 
2.1.  Experimental groups and supplementation 

Forty Japanese quails breeds lines Pharaoh (Farm Mala Ida s.r.o., Slovak Republic) were included in the experiment. 
The quails were randomly divided into two groups: one control and one experimental group. The formed groups of quails 

were housed in cage boxes (1.5x1.5 m) lined with 5 cm litter of sawdust and straw. All groups were fed with complete 

feed for quail MINI in the size of granules 1-3 mm (producer De Heus a.s., CZ). The access to water and feed was ad 

libitum. The experimental group diets were supplemented by xanthohumol. 

The feed dose consisted of wheat, maize, vegetable oil and fat (sunflower seed), soya extracted scrap, distillery dark 

draff, extracted scrap of shelled sunflower seed, calcium carbonate, wheat germ, fishmeal, monocalcium phosphate, 

sodium chloride. Additives added to feed intended for the feeding of Japanese quail are as follows: vitamin A, vitamin 

D3, vitamin E, copper sulphate, zinc sulphate, Zn, Fe, Se, I, manganese oxide, ferrous sulphate, sodium selenite, calcium 

iodate. The content of analytical constituents in feed is as follows: crude protein 23.6 %, oils and fats 3.4 %, fiber 3.5 %, 

ash 8 %, lysine 1.41 %, methionine 0.56 %, calcium 1.5 %, phosphorus 0.86 %, sodium 0.14 %.  

Feed supplementation by xanthohumol, has been administered for 52 days, from the 8th day of quail age. After 

completion of supplementation, quails aged 60 days were killed by decapitation [17]. 

2.2. The processing of hop extracts 

Hop extract containing 75 % xanthohumol has been used in monitoring. This extract has been processed at a higher 

temperature with KOLLIDON VA64 to improve its water solubility and bioavailability (EP171766458.4). The used 

extrudate contained 10 % xanthohumol extract. 

2.3. Blood analyses 

Blood samples were collected by rapid decapitation into tubes. The time between removing the birds from cages and 

blood sampling was 20 seconds. Blood samples were centrifuged at 2500 x g for 10 minutes.  

Biochemical analyses of glucose (GLU), cholesterol (CHOL), total protein (TP) and were tested by the use of 

automatic analyzer Unicel DxC 880i (Beckman Coulter, USA) using the commercial kits Labtest according to the 

methods described by Duncan et al. [18].  

Determination of aspartate aminotransferase (AST), alanine transaminase (ALT), and ɤ-Glutamyltransferase (ɤ-GT) 

was based on the absorbance measurement. The concentration of these enzymes was determined spectrophotometrically 

[19]. For all spectrophotometric methods, Cobas C111 biochemistry analyzer (Roche diagnostics Ltd., Basel, 

Switzerland) was used. 

2.4. Statistical analysis 

Statistical processing and evaluation of the results were performed in Microsoft Excel. The results of the statistical 

analyses are given in tables such as mean (M) and standard deviation (SD). The significance of the differences in the 

mean values between the supplemented and control group was tested by t-test on the significance level of 0.05. 

 

3. RESULTS AND DISCUSSION 

     Evaluation of the blood and serum biochemistry profile of quails provide useful information about their physical 

condition, making them useful tools in differentiating apparently healthy birds from abnormal or diseased ones [20]. The 

results of biochemical estimation are given in Table 1. When the results of this study were compared with reference 

values of Scholtz et al. [21], decreases in the AST, ALT and ɤ-GT values were observed, while the total proteins, 

globulin; albumin levels are similar to those obtained by Prakash [22]. There was evidence for sex-related differences in 

several biochemical parameters. The AST, ALT, glucose and bilirubin values were higher in males, whereas the female 

birds had higher values of albumin, total protein, γ-GT, total cholesterol, and [21]. Several sex-related differences may be 

explained by the physiological changes in metabolism in female birds due to egg laying: during the laying period, the 
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hepatic synthesis of triglycerides, phospholipids, and cholesterol is increased [23]. Laying hens therefore have 

extraordinarily high circulating concentrations of triglycerides and cholesterol in contrast to male birds [24]. 

Total protein and albumin levels differed significantly between groups (P < 0.05), but remained within the reference 

ranges. We determined increases in levels of total protein, albumin and globulin in the quail from the supplement group. 

Avian total protein consists mainly of albumin and α-, β-, and γ-globulin [25]; thus, elevated concentrations of total 

protein in egg-laying birds are accompanied by significant increases in levels of serum albumin and globulin [26]. Sokól 

et al. [8] reported that in all groups of quails the values of TP, albumin, cholesterol, and ALT activity were within the 

normal range, except AST activity which was lower in all examined birds. The serum cholesterol content increased in 

Japanese quails. In other studies on variation in egg performance and plasma constituents at different ages of female 

Japanese quails observed a gradual increase in cholesterol level with age and the highest value was observed at 30 weeks 

of age while the lowest value was observed at 8 weeks of age [27]. The serum contents of cholesterol, albumin, total 

protein, globulin, uric acid, and calcium of Japanese quail were increased with age [16, 23]. We determined decreases in 

level of glucose. The decrease in the serum glucose level may be due increased secretion of steroid hormones with age of 

the birds for the preparation of laying [16].  

 

Table 1: The selected serum biochemical parameters in blood of Japanese quails after supplementation to diet by 

xanthohumol 

Parameters  Unit  Xn-diet group 

 

Control group 

 

Reference values of 

Scholtz et al. [21] 

Total protein (TP) 

Albumin 

Globulin 

Glucose (GLU) 

Cholesterol (CHOL) 

Aspartate 

aminotransferase (AST) 

Alanine 

aminotransferase (ALT) 

Γ-Glutamyltransferase 

(γ-GT) 

g/l 

g/l 

g/l 

mmol/l 

mmol/l 

µkat/l 

 

µkat/l 

 

µkat/l 

 

 

34.5 ± 2.7a 

13.2 ± 1.1a 

21.3 ± 3.3 

15.81 ± 1.66 

4.68 ± 0.81 

3.94 ± 0.72a 

 

0.05 ± 0.01 

 

0.01 ± 0.01 

 

30.3 ± 2.3b 

11.2 ± 0.87b 

19.1 ± 3.5 

16.30 ± 1.92 

4.35 ± 0.72 

4.90 ± 0.76b 

 

0.06 ± 0.01 

 

0.02 ± 0.02 

29.7 - 43.3  

12.5 - 18.0  

-  

7.5 – 21.3  

4.1 – 9.9  

- 

 

- 

 

- 

Note: Xn – xanthohumol; Results are presented as mean ± SD; a,b – values above the columns sharing different letters are 

significantly different (P < 0.05). 

A significant decrease in AST activity (P < 0.05) was observed in supplementation group relative to control group. 

Aspartate aminotransferase is often associated with liver parenchymal cells but is also present in red blood cells and 

cardiac and skeletal muscle. Significant elevations in bird AST concentrations would be indicative of hepatocellular 

disease [28, 29].  Sex-related differences are also observed for ɤ-GT. High levels of serum γ-GT are commonly used as 

an index of liver disease, as well as damages in biliary ducts and renal epithelium [30], but it also increases in female 

birds, apparently reflecting increased liver metabolism due to egg laying [31]. Like γ-GT, AST enzymes are involved in 

the transamination of glycogenic amino acids to produce glucose [30]. Regarding ALT, significantly higher activities 

were found in female curls compared to with males [32].  

 

4. CONCLUSION 

We determined increase in levels of total protein (P<0.05), albumin (P<0.05), globulin and cholesterol in the quails 

from the supplement group. On the other hand, the addition of xantohumol decreased the values of AST, ALT and ɤ-GT. 

A significant decrease in aspartate aminotransferase (AST) activity (P<0.05) was observed in the supplemented group. 
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