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Abstract. This study was conducted to determine the effect of different levels of diet total volatile nitro-

gen (TVN) on performance, carcass characteristics and meat TVN in broiler chickens. A total of 400 one-day-old

Ross 308 broiler chicks was used in this study. On the first day, male and female chicks were separated by feather

sexing. In the first week, all chicks were reared together and fed with a basal diet without urea. At the begin-

ning of the second week, the male and female chicks were weighed so that the average body weight of chicks

was approximately equal in each cage. Then the male and female chicks were allocated to 25 floor pens in a

completely randomized design with five treatments, five replicates and 16 chicks in each replicate (eight males

and eight females) throughout the experimental period, which lasted for 42 days. Dietary treatments consisted

of zero (control), 0.5, 1, 1.5 and 2 % of urea in the diets. Before starting the experiment, the TVN levels in all

diets were measured after adding different levels of urea, and TVN levels were 13.30, 14.95, 17.26, 23.26 and

27.47 mg 100 g−1 and 16.66, 15.02, 17.81, 24.66 and 26.25 mg 100 g−1 in starter and grower diets, respectively.

Feed intake (FI), body weight gain (BWG) and the feed conversion ratio (FCR) were measured. Carcass char-

acteristics as well as TVN in breast meat, thigh meat and the whole carcass and in left tibia and toe ash were

measured. The results showed that FI levels were significantly different between the groups at different weeks

except for the second week (P < 0.05). The BWG significantly differed among treatments (P < 0.05). In the sec-

ond and sixth weeks, FCR was affected by increasing TVN in the diet (P < 0.05). Increasing TVN in broiler diets

had a significant effect on the carcass characteristics (P < 0.05). Increasing TVN to more than 15 mg 100 g−1 lin-

early reduced left tibia and toe ash (P < 0.05). In addition, increasing TVN in the broiler diets affected the TVN

of breast meat, thigh meat and the whole carcass of broilers (P < 0.05). These results suggest that increasing diet

TVN to more than 15 mg 100 g−1 reduces performance traits, carcass characteristics, and left tibia and toe ash

and increases the TVN amount of breast meat, thigh meat and the whole carcass.

1 Introduction

In recent years, a lot of studies in poultry nutrition have fo-

cused on diet quality. One of the parameters for survey is

total volatile nitrogen (TVN) (Ruiter, 1995). The most es-

sential principle in the poultry industry is offering a suitable

and balanced diet. As far as plant or animal proteins are con-

cerned, attention has been paid to the fact that they have a

significant effect on poultry performance. Feed and feed in-

gredients containing nutrients and energy resources neces-

sary for growth, production and poultry health should be the

standard for any species. One of the most important raw ma-

terials used in the preparation of poultry feed is fish meal,

meat meal, poultry by-product meal (PBPM) and non-protein

nitrogen (NPN) such as urea. Enzymatic and bacteriologic

activity in these can rapidly decrease their content and qual-

ity, which causes products to be stale; some trimethylamine,

dimethylamine and volatile bases are produced, which to-

gether are called TVN. Trimethylamine, dimethylamine and

volatile bases are immediately spoiled, and using them in
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poultry causes toxicity. The determination of the correct

amount of TVN in a diet of fish meal, as an animal pro-

tein supplement used for livestock and poultry, is of utmost

importance because fish meal as a protein supplement has

high digestibility and biological value (Kazemi and Balloun,

1973; Hall, 1992). In fact, TVN functions as an indicator

that shows the amount of compounds containing volatile

nitrogen in feed ingredients; it is thus a suitable criterion

to determine the quality of the products, especially protein

components, since a large part of TVN containing NPN can

also be used as an indicator to determine the true quality of

the protein (Ariyawansa, 2000). The nature of TVN chemi-

cals depends on various feed ingredient sources; therefore,

dimethylamine and ammonia are important parts of TVN

(Ariyawansa, 2000). The TVN in meat contains ammonia

along with a small amount of trimethylamine (Burks et al.,

1959).

Rukchon et al. (2011) suggested that the chemical evalu-

ation of chicken thigh meat depends on several indices like

TVN, which is one of the most widely used measurements of

any meat quality. Protein, as the main composition in poultry

meat, is continuously broken down by microorganisms and

finally produces a variety of amines including non-volatile

amines, such as biogenic amines, and volatile amines, such

as dimethylamine and trimethylamine and total volatile ba-

sic nitrogen (TVB-N). Consequently, these compounds can

be employed as quality indicators of fresh chicken during

storage. According to the Iranian Veterinary Organization’s

instructions regarding the control and supervision of raw

meat, the maximum desirable amount of TVN in frozen

chicken, turkey and ostrich meat is 20 mg 100 g−1 of meat,

but high levels of TVN (27 mg 100 g−1) have been deter-

mined in frozen meat, which is thus inedible for humans

(Welch, 2000).

Egan et al. (1981) suggested that TVN was related to pro-

tein breakdown and the observed increases have been at-

tributed to the formation of ammonia or other basic com-

pounds due to microbial activity (Banwart, 1981). The re-

placement of NPN in the diet may reduce the cost of live-

stock and poultry diets, but it is clear that the use of non-

protein nitrogen sources has undesirable effects on poultry

health (Pervaz, 1993). In recent years, the use of urea and

other nitrogen compounds in poultry has been a topic of dis-

cussion. Some researchers have shown that non-ruminants

can consume urea, and urea has no nutritional value for poul-

try (Jones and Combs, 1953; Chavez et al., 1966; Moran

et al., 1967; Davis and Martindale, 1973; Kazemi and Bal-

loun, 1973; Trakulchang and Balloun, 1975; Kobayashi et

al., 1981). Some other researchers have suggested that urea

be replaced by other nonessential amino acids fed to non-

ruminants such as poultry (March et al., 1971; Lee and

Blaire, 1972; Bruckental and Nitsan, 1981; Okumura and

Kino, 1984; Suciu et al., 1990).

Kagan and Balloun (1976) reported that urea as an alter-

native to protein cannot increase the conventional diet value

of broiler chickens. Pervaz et al. (1996) observed that the use

(in broiler chicken diets) of low levels of urea significantly

increased the body weight gain of broiler chickens. By as-

sessing the nutritional value of urea for broiler chickens, Pri-

eto et al. (1978) showed that the addition of 1.39 % urea to

the finisher diet of broilers for the last 31 days did not have

a significant effect on performance. Today, in some parts of

the world, fish meal, meat meal, PBPM and NPN sources,

such as urea, reduce the cost of the feed used. However, as

there is little information and a lack of adequate resources at

an appropriate level, this experiment was carried out to study

the effects of different levels of diet TVN on performance,

carcass characteristics and meat TVN in broiler chickens in

order to discover what TVN levels are tolerable in a broiler

diet and how to optimize these.

2 Materials and methods

2.1 Animals, breeding and nutrition

This study was conducted to determine the effects of dif-

ferent levels of diet TVN on performance, carcass charac-

teristics and meat TVN in broiler chickens. A total of 400

one-day-old Ross 308 broiler chicks was used in this study.

On the first day, male and female chicks were separated by

feather sexing. In the first week, all chicks were reared to-

gether and fed a basal diet without urea. At the beginning of

the second week, the male and female chicks were weighed

so that the average body weight of chicks was approximately

equal in each cage. Then the male and female chicks were

allocated to 25 floor pens in a completely randomized de-

sign with five treatments, five replicates and 16 chicks in

each replicate (eight males and eight females) throughout

the experimental period, which lasted for 42 days. In order

to create different levels of TVN in the diet, different levels

of urea were used. Therefore, dietary treatments consisted

of zero, 0.5, 1, 1.5 and 2 % urea in the diet. After the addi-

tion of urea to the diet, TVN content in the diet was mea-

sured. The amounts of TVN in the starter diets were 13.30,

14.95, 17.26, 23.26 and 24.47, and in the grower diets, they

were 14.66, 15.02, 17.81, 24.66 and 26.25 mg 100 g−1 (Ta-

bles 1 and 2). The duration of the experimental period was

42 days. Feed and water were available ad libitum to broiler

chickens. Broiler chickens were bred in floor pens, and the

dimensions of each pen were 1 m× 2 m. All the chicks were

kept under similar management conditions according to the

Ross 308 strain catalogue. Animal handling and experimen-

tal procedures were performed according to the Guide for

the Care and Use of Laboratory animals by the National In-

stitutes of Health (USA) and the current laws of the Iranian

government for animal care.

Nutrients for broilers were prepared based on nutritional

requirements proposed by the National Research Coun-

cil (1994). The basal diets were corn and soybean meal, so

different percentages of urea were added to the basal diets.

Urea available on the market as nitrogenous fertilizer with
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Table 1. Composition and calculated nutrient content of broilers in the starter period (7–21 days).

Ingredients (%) Treatments

Control 0.5 % 1 % 1.5 % 2 %

urea urea urea urea

Corn 54.66 58.12 62.68 66.32 70.13

Soybean meal (44 % CP) 38.00 33.54 28.78 24.30 19.73

Soybean oil 3.47 3.39 2.55 2.35 2.05

Urea 0.00 0.50 1.00 1.50 2.00

Dicalcium phosphate (DCP) 1.50 1.61 1.66 1.75 1.87

CaCO3 1.35 1.34 1.35 1.34 1.25

Common salt 0.30 0.30 0.30 0.30 0.30

Vitamin premixa 0.25 0.25 0.25 0.25 0.25

Mineral premixb 0.25 0.25 0.25 0.25 0.25

DL-methionine 0.12 0.17 0.20 0.23 0.25

L-lysine monohydrochloride 0.11 0.25 0.43 0.59 0.78

L-threonine 0.00 0.08 0.17 0.24 0.32

K2SO4 0.00 0.20 0.38 0.58 0.82

Calculated analysis

Metabolizable energy (Kcal kg−1) 3000 3000 3000 3000 3000

Crude protein (%) 21.56 21.56 21.56 21.56 21.56

Calcium (%) 0.97 0.97 0.97 0.97 0.97

Available phosphorus (%) 0.44 0.44 0.44 0.44 0.44

Sodium (%) 0.14 0.14 0.14 0.14 0.14

Potassium (%) 0.93 0.93 0.93 0.93 0.93

Chlorine (%) 0.22 0.22 0.22 0.22 0.22

Lysine (%) 1.35 1.35 1.35 1.35 1.35

Methionine (%) 0.48 0.48 0.48 0.48 0.48

Met+Cys (%) 0.84 0.84 0.82 0.80 0.77

Threonine (%) 0.89 0.89 0.89 0.89 0.89

Tryptophan (%) 0.31 0.28 0.25 0.22 0.19

TVN (mg 100 g−1) 13.3 14.95 17.26 23.26 24.47

Cation–anion balance (meq kg−1) 237.35 237.35 237.35 237.35 237.35

a Provided the following per kilogram of diet: vitamin A, 9000 IU; vitamin D3, 2000 IU; vitamin E, 18 IU; vitamin

K3, 2 mg; riboflavin, 6.6 mg; pantothenic acid, 9.8 mg; niacin, 29.7 mg; vitamin B12, 0.015 mg; biotin, 0.1 mg;

folic acid, 1 mg; pyridoxine, 2.94 mg; thiamin, 1.75 mg; choline chloride, 250 mg; antioxidant, 1 mg.
b Provided the following per kilogram of diet: Mn, 99.2 mg; Fe, 50 mg; Zn, 84.7 mg; Cu, 10 mg; I, 0.99 mg; Se,

0.2 mg; choline chloride, 250 mg.

46 % nitrogen was used in this study. The experimental diets

are shown in Tables 1 and 2.

2.2 Diet total volatile nitrogen

Before beginning the experiment and after adding urea to di-

ets, the TVN level was measured (AOAC, 1992). The diet

was examined by the Kjeldahl method and by methods for

measurement of TVN in the diet. Ten grams of each sample

was obtained and placed in the Kjeldahl distillation system;

then volatile nitrogen was collected in a glass balloon (con-

taining boric acid (2 %), methyl red and bromocresol green)

and titrated with sulfuric acid (0.1 N) for the measurement of

TVN (mg 100 g−1 of diet; AOAC, 1992).

2.3 Performance traits

At the end of each week, feed intake (FI), body weight

gain (BWG) and the feed conversion ratio (FCR) were mea-

sured. The European Production Index (EPI) for the whole

period (7 to 42 days) of breeding was calculated using the

following equation.

EPI= (daily weight gain [g]× livability [%]/

(feed conversion ratio [g/g])× 100 (1)

At 42 days, four chicks (two male and two female) from

each group were selected, slaughtered and dissected manu-

ally. Then relative weights, including live body weight and

the weight of the eviscerated carcass, liver, heart, spleen,

pancreas, intestine, bursa of Fabricius, lungs, gizzard and ab-

dominal fat, were recorded and expressed as a percentage of
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Table 2. Composition and calculated nutrient content of broilers in the grower period (22–42 days).

Ingredients (%) Treatments

Control 0.5 % 1 % 1.5 % 2 %

urea urea urea urea

Corn 59.42 63.5 67.58 71.78 75.65

Soybean meal (44 % CP) 32.60 28 23.42 18.76 14.23

Soybean oil 4.41 3.90 3.40 2.83 2.49

Urea 0.00 0.50 1.00 1.50 2.00

Dicalcium phosphate (DCP) 1.23 1.29 1.34 1.40 1.41

CaCO3 1.29 1.29 1.30 1.30 1.29

Common salt 0.30 0.30 0.30 0.30 0.30

Vitamin premixa 0.25 0.25 0.25 0.25 0.25

Mineral premixb 0.25 0.25 0.25 0.25 0.25

DL-methionine 0.10 0.12 0.14 0.17 0.20

L-lysine monohydrochloride 0.13 0.30 0.47 0.64 0.81

L-threonine 0.00 0.08 0.15 0.23 0.31

K2SO4 0.00 0.20 0.38 0.57 0.79

Salinomycin 0.02 0.02 0.02 0.02 0.02

Calculated analysis

Metabolizable energy (Kcal kg−1) 3120 3120 3120 3120 3120

Crude protein (%) 19.61 19.61 19.61 19.61 19.61

Calcium (%) 0.87 0.87 0.87 0.87 0.87

Available phosphorus (%) 0.37 0.37 0.37 0.37 0.37

Sodium (%) 0.14 0.14 0.14 0.14 0.14

Potassium (%) 0.83 0.83 0.83 0.83 0.83

Chlorine (%) 0.22 0.22 0.22 0.22 0.22

Lysine (%) 1.22 1.22 1.22 1.22 1.22

Methionine (%) 0.42 0.42 0.42 0.42 0.42

Met+Cys (%) 0.77 0.74 0.71 0.69 0.66

Threonine (%) 0.79 0.79 0.79 0.79 0.79

Tryptophan (%) 0.25 0.23 0.21 0.18 0.15

TVN (mg 100 g−1) 14.66 15.02 17.81 24.66 26.25

Cation–anion balance (meq kg−1) 211.71 211.71 211.71 211.71 211.71

a Provided the following per kilogram of diet: vitamin A, 9000 IU; vitamin D3, 2000 IU; vitamin E, 18 IU; vitamin

K3, 2 mg; riboflavin, 6.6 mg; pantothenic acid, 9.8 mg; niacin, 29.7 mg; vitamin B12, 0.015 mg; biotin, 0.1 mg;

folic acid, 1 mg; pyridoxine, 2.94 mg; thiamin, 1.75 mg; choline chloride, 250 mg; antioxidant, 1 mg.
b Provided the following per kilogram of diet: Mn, 99.2 mg; Fe, 50 mg; Zn, 84.7 mg; Cu, 10 mg; I, 0.99 mg; Se,

0.2 mg; choline chloride, 250 mg.

body weight. The chickens from each replicate (two male

and two female chicks) were slaughtered separately. Sam-

ples of 20 g of the whole carcass, breast and thigh meat were

collected, and TVN was measured using the Silva and Glo-

ria (2002) method. Left tibia and toe samples were com-

pletely cleaned of soft tissue and meat. Then, left tibia and

toe ash were determined based on the AOAC (1992) method.

2.4 Statistical analysis

Significant differences between mean values were separated

by the general linear model (GLM) procedure of the SAS

software (2003), and significant differences between treat-

ments were identified using a Tukey range test at P < 0.05.

3 Results and discussion

The effects of different levels of TVN in the diet on BWG,

FI, FCR and EPI in all weeks in broiler chicken are shown in

Table 3.

The results showed that through increasing the levels of

TVN by adding urea to the diet, BWG decreased linearly in

different weeks (P < 0.05). So, as TVN in the diet increased

to more than 17.81 mg 100 g−1 (1 % urea), broiler BWG de-

creased significantly (P < 0.05). The effect of FI on broiler

chickens in the experimental groups was significant at dif-

ferent rearing weeks (P < 0.05), except in the first weeks (7–

14 days). In addition, in other weeks, with the increase in

the levels of TVN in the diet to more than 15.2 mg 100 g−1

(0.5 % urea), FI decreased significantly (P < 0.05). The effect
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Table 3. The effects of diet TVN on performance of broiler chickens (7–42 days). SEM: standard error of the mean.

Ingredient (%) Period Urea level (TVN for starter and grower period in mg 100 g−1)

Control 0.5 % urea 1 % urea 1.5 % urea 2 % urea SEM P value

(13.30, 14.66) (14.95, 15.02) (17.26, 17.81) (23.26, 24.66) (24.47, 26.25)

Body weight gain (g)

7–14 days 184.99a 165.31ab 164.21ab 141.45ab 119.06b 8.51 0.0007

14–21 days 314.06a 292.03ab 268.45ab 229.84b 146.62c 11.49 0.0001

21–28 days 346.40a 342.97a 301.95ab 272.51ab 220.96b 19.11 0.0016

28–35 days 488.90a 418.30a 440.28a 351.40ab 252.70b 26.62 0.0002

35–42 days 471.71ab 526.71a 260.02c 386.02bc 217.53d 18.78 0.0001

7–42 days 1940.62a 1809.32a 1647.75b 1501.70b 1060.84c 35.68 0.0001

Feed intake (g)

7–14 days 295.46 278.43 306.64 381.78 374.21 12.30 0.3500

14–21 days 470.10a 447.82a 395.78b 364.99c 315.11d 5.16 0.0001

21–28 days 735.21a 698.77a 696.00a 578.41b 483.18c 14.59 0.0001

28–35 days 1041.40a 970.76a 983.23a 842.81b 697.15c 20.03 0.0001

35–42 days 1067.41ab 1088.20a 853.26c 924.06bc 658.89d 25.92 0.0001

7–42 days 3544.07a 3526.86a 3219.40b 3018.46b 2420.99c 62.22 0.0001

Feed conversion ratio

7–14 days 1.59b 1.69b 1.85ab 2.00ab 2.35ab 0.11 0.0020

14–21 days 1.49 1.53 1.47 1.58 2.37 0.23 0.0700

21–28 days 2.12 2.07 2.34 2.11 2.19 0.12 0.6000

28–35 days 2.13 2.32 2.31 2.39 2.76 0.13 0.0400

35–42 days 2.26b 2.07b 2.38b 2.38b 3.03a 0.08 0.0001

7–42 days 1.82b 1.94b 1.96b 2.00ab 2.28a 0.05 0.0010

European Production Index

7–42 days 204.48a 210.86a 170.80b 151.25b 85.63c 7.14 0.0001

a, b, c: means in columns with same superscript do not differ significantly (P < 0.05).

of the experimental groups was significant regarding FCR in

broilers (P < 0.05): with an increase in the levels of TVN in

the diet to more than 24.66 mg 100 g−1 (1.5 % urea), FCR

was worse at 7–14, 35–42 and 7–42 days compared with

other treatments. The EPI of broiler chickens in the experi-

mental groups decreased linearly (P < 0.05) with an increase

in the TVN in the diet to more than 15.2 mg 100 g−1 (0.5 %

urea).

By examining the results obtained, it can be concluded

that the increase in TVN in broiler chickens’ diet to more

than 15 mg 100 g−1 caused a reduction in the performance

of broiler chickens. It has been reported that the use of

high levels of urea in the diet decreased the performance of

broiler chickens (Javed et al., 1995; Pervaz, 1993; Pervaz et

al., 1994; Javed et al., 2002). However, Pervaz et al. (1994)

showed that low levels of urea (less than 1 %) in the diet sig-

nificantly increased the BWG of broiler chickens. March et

al. (1971) reported that using 1 or 2 % of urea in the diet

decreased the BWG and increased FCR. In another experi-

ment, Isikwenu (2012) stated that the use of urea in the diet

decreased the performance of broiler chickens, and this may

be due to reduced FI. Javed et al. (2002) reported that the use

of 4 % of urea in the diet does not affect FI, BWG and carcass

weight significantly in the first 3 weeks compared to the con-

trol group. In addition, Shahzad et al. (2012) reported that the

use of 1 % of urea in the diet has no harmful effects on the

performance of chickens. Trakulchang and Balloun (1975)

observed that 0.43 % urea in the diet did not significantly af-

fect BWG or FI in chickens.

Sahraei et al. (2012) showed that the use of PBPM

in poultry diets containing TVN at a concentration of

209 mg 100 g−1 reduces FI, BWG and FCR. In another study,

Sahraei et al. (2012) stated that the use of different levels

of meat meal in broiler chicken diets decreased performance

parameters. Botta et al. (1984) reported that the addition of

high-level PBPM to poultry diets containing 209 mg 100 g−1

TVN had a negative effect on broiler chickens; as a result,

increasing losses and negative performance were observed.

The negative effects of high levels of TVN in the diet on

performance can be related to increased uric acid and toxic

effects of uric acid in the broiler chickens (Javed et al., 1995).

Guo (1983) reported that the birds exposed to high levels

of urea in their diet exhibited clinical signs of toxicity simi-

lar to those reported in large animals. In ruminants, clinical

signs of toxicity were attributed to an increased blood urea

level since these animals have the urease enzyme (ammonia-

generating enzyme), which converts urea to ammonia (Bartik

and Piskac, 1981).

Also, Chandra et al. (1984) stated that increased nitrogen

intake, as is the case in urea toxicity, may result in toxic de-
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Table 4. The effects of diet TVN on carcass characteristics of broiler chickens at 42 days of age (as percentage of live body weight). SEM:

standard error of the mean.

Urea level Gender Carcass yield Liver Abdominal fat Gizzard Heart Intestine Bursa of Spleen Pancreas Lungs

(TVN as mg 100 g−1) (%) (%) (%) (%) (%) (%) Fabricius (%) (%) (%) (%)

Control (14.66) 68.96a 3.02a 1.54b 2.10a 0.52b 3.60ab 0.06ab 0.10 0.17b 0.54

0.5 % (15.02) 66.59b 2.78b 1.53b 2.07a 0.54b 3.71a 0.04b 0.10 0.18b 0.50

1 % (17.81) 62.24c 2.84b 1.61b 2.11a 0.53b 3.34bc 0.06a 0.10 0.17b 0.56

1.5 % (24.66) 53.86d 2.94b 1.72b 2.23a 0.61ab 3.42abc 0.07a 0.12 0.22ab 0.53

2 % (26.25) 48.38e 2.69b 2.02a 1.62b 0.70a 3.21c 0.07a 0.12 0.25a 0.55

SEM 0.36 0.16 0.06 0.08 0.03 0.09 0.003 0.006 0.01 0.03

Female 60.00 3.05 1.63 1.94b 0.59 3.36b 0.060a 0.10 0.19 0.53

Male 59.63 3.05 1.73 2.11a 0.57 3.54a 0.068b 0.11 0.20 0.54

SEM 0.22 0.10 0.03 0.05 0.02 0.05 0.002 0.004 0.008 0.02

Control (14.66) Female 69.03 2.97 1.48 1.96 0.58 3.46 0.06abc 0.10 0.17 0.53

Control (14.66) Male 66.79 2.93 1.51 2.03 0.57 3.68 0.04d 0.10 0.18 0.53

0.5 % (15.02) Female 62.42 3.09 1.48 1.97 0.57 3.19 0.05bcd 0.10 0.16 0.58

0.5 % (15.02) Male 54.30 2.86 1.65 2.16 0.60 3.30 0.06bc 0.11 0.21 0.51

1 % (17.81) Female 47.46 3.39 2.04 1.61 0.65 3.20 0.06bc 0.12 0.24 0.51

1 % (17.81) Male 68.89 3.06 1.60 2.25 0.36 3.73 0.05cd 0.11 0.17 0.55

1.5 % (24.66) Female 66.40 2.63 1.55 2.11 0.51 3.74 0.05cd 0.10 0.18 0.46

1.5 % (24.66) Male 62.02 2.58 1.74 2.26 0.49 3.49 0.07ab 0.11 0.19 0.54

2 % (26.25) Female 53.48 3.02 1.79 2.29 0.62 3.54 0.08a 0.13 0.22 0.54

2 % (26.25) Male 47.31 3.98 2.00 1.63 0.76 3.22 0.08a 0.12 0.26 0.59

SEM 0.16 0.07 0.027 0.036 0.016 0.04 0.001 0.002 0.005 0.015

P value

Urea level 0.0001 0.0016 0.0001 0.0001 0.0021 0.0014 0.0001 0.0745 0.0002 0.7353

Gender 0.2542 0.9667 0.0640 0.0276 0.4300 0.0316 0.0144 0.2511 0.2268 0.8584

Urea level× gender 0.9622 0.1729 0.5010 0.6817 0.1918 0.7271 0.0383 0.6673 0.9793 0.5610

a, b, c: means in columns with same superscript do not differ significantly (P < 0.05).

generative changes to various tissues. Moreover, ammonia

increased in the caecum due to the action of caecal urease in

urea; this ammonia may be absorbed and carried to the liver,

which is thus subjected to the damaging effect of ammonia.

The different studies showed that high uric acid levels have

toxic effects on broilers chickens (Shahzad et al., 2012). In a

similar study, Javed et al. (1995) reported that a higher level

of urea in the diet increased blood uric acid and urea lev-

els in broilers. Therefore, high uric acid intensified liver and

kidney damage. Kagan and Balloun (1976) reported that in

birds, the intestinal ureolytic activity is also very low and

urea is completely absorbed without a concomitant increase

in blood ammonia, so that the high level of urea in the blood

increased urea intoxication in chickens. Also, Nagalakashmi

et al. (1999) reported that the urea concentrations were in-

creased in the blood when the concentration of urea was in-

creased in the diet.

The histological findings were described with reference to

uric acid granulation and calcinosis. Abdou et al. (2006) re-

ported that the high urea level in broiler chickens’ diet in-

creased uric acid (hyperuricaemia), which was probably the

result of increased biosynthesis or decreased renal excretion

of uric acid from the kidney.

The toxicity of urea occurs due to local and generalized

effects of ammonia released in sufficient amounts. Urea-

ammoniated diets may be responsible for reduced growth,

feed intake and efficiency of nutrient utilization. The use of

a high level of urea in the diet is one of the important nu-

tritional factors leading to nephritis. Therefore, nephritis in

poultry is caused either by nutritional imbalances or infec-

tious agents. Different renal and biochemical changes were

observed in chicks fed a urea-containing diet, including in-

creased levels of glutamate oxaloacetate transaminase, glu-

tamate pyruvate transaminase, uric acid and NPN in serum.

Increases in blood urea and hypoglycemia and a decrease

in hepatic glucose-6-phosphatase were also observed. These

changes were directly correlated with the severity of nephri-

tis and degenerative changes in various organs.

For example, histopathological changes in renal tissue

may be related to increases in blood urea and uric acid lev-

els through an increase in urea in the diet. In the presence

of an increased blood urea level, abnormal catabolic activi-

ties may exist and hyperuricaemia may be increased through

the catabolism of endogenous protein. Moreover, in dehy-

drated birds and in birds with diarrhea, it was found that

the highly efficient renal tubular reabsorption resulted in in-

creased blood urea and uric acid (Abdou et al., 2006). The

results of the performance traits obtained from this experi-

ment corresponded with the results of Abdou et al. (2006).
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Table 5. The effects of diet TVN on bone ash and the TVN value of breast, thigh and carcass of broiler chickens at 42 day of age. SEM:

standard error of the mean.

Urea level Gender Tibia ash Toe ash TVN TVN TVN

(TVN as mg 100 g−1) (%) (%) breast meat thigh meat carcass

(mg 100 g−1) (mg 100 g−1) (mg 100 g−1)

Control (14.66) 46.88a 13.61a 45.01c 46.41c 72.80d

0.5 % (15.02) 45.43ab 12.98ab 67.41b 61.99b 81.85c

1 % (17.81) 42.21bc 12.21bc 66.63b 68.07a 94.50b

1.5 % (24.66) 41.02c 11.55dc 65.18b 65.62ab 97.12b

2 % (26.25) 39.31c 10.92d 86.02a 69.24a 111.78a

SEM 0.90 0.21 1.59 1.43 1.12

Female 42.77 12.24 66.43 62.85 91.54

Male 43.16 12.26 65.68 61.69 91.68

SEM 0.57 0.13 1.008 0.3726 0.71

Control (14.66) Female 45.60 13.44 44.45 46.55 72.01f

Control (14.66) Male 46.46 13.25 65.22 61.86 73.58f

0.5 % (15.02) Female 41.98 12.22 67.70 67.55 85.48de

0.5 % (15.02) Male 41.32 11.71 65.80 66.32 78.22ef

1 % (17.81) Female 38.52 11.59 84.17 71.96 95.37cd

1 % (17.81) Male 48.16 13.77 45.58 46.28 93.62cd

1.5 % (24.66) Female 44.41 12.71 64.83 62.12 98.35bc

1.5 % (24.66) Male 42.44 12.19 65.53 68.60 95.90cd

2 % (26.25) Female 40.71 11.38 64.57 64.92 107.18ab

2 % (26.25) Male 40.10 11.26 87.87 66.53 116.37a

SEM 0.40 0.09 0.71 0.64 1.59

P value

Urea level 0.0001 0.0001 0.0001 0.0001 0.0001

Gender 0.9047 0.9047 0.6017 0.3726 0.8890

Urea level× gender 0.2764 0.2764 0.3586 0.5397 0.0001

a, b, c: means in columns with same superscript do not differ significantly (P < 0.05).

The effects of different levels of TVN in the diet on carcass

characteristics of broiler chickens are shown in Table 4.

Results showed that increased levels of TVN in the diet

linearly reduced the percentage of carcass yield as compared

with the control group (P < 0.05). In addition, the result of

this experiment showed that the use of 2 % urea in the diet

(TVN at a concentration of 26.25 mg 100 g−1 of diet) in-

creased the relative weight of abdominal fat, heart and pan-

creas compared to other treatments, while the level of TVN in

the diet decreased the relative weight of the liver, gizzard and

intestine in broiler chickens (P < 0.05). Adding 0.5 % urea

to the diet (TVN at a concentration of 15.02 mg 100 g−1 of

diet) reduced the relative weight of the bursa of Fabricius

compared to other treatments (P < 0.05). The use of differ-

ent levels of TVN in the diet had no significant effect on the

relative weight of the spleen and lungs (P < 0.05).

In this experiment, it seems that the reduction in carcass

yield in relation to the loss of body weight is due to the de-

creased FI as a result of the toxic effects of uric acid. Shahzad

et al. (2012) reported that the use of 1 % urea in the diet did

not have a significant effect on carcass yield, liver, kidney,

heart, spleen, lungs, gizzard, intestine, pancreas and bursa

of Fabricius in broiler chickens. The use of high levels of

urea (4 %) in diets reduced carcass yield and lowered intes-

tine weight (Shahzad et al. 2012).

Javed et al. (2002) stated that the relative weight of car-

cass yield, gizzard, liver, kidney and bursa of Fabricius de-

creased with the addition of 4 % of urea in the diet compared

to the control group. Javed et al. (1995) reported that live

body weight, carcass yield and relative weight of the intestine

was decreased through the use of high levels of urea. Isik-

wenu (2012) indicated that the use of high levels of urea re-

duced the relative weight of carcass yield, heart, spleen, liver

and gizzard in broiler chickens. In this experiment, the rela-

tive weight of the liver reduced significantly with increased

levels of urea. This relative loss of liver weight can be caused

by uric acid toxicity and destructive changes in the liver. Ab-

dou et al. (2006) and Shahzad et al. (2012) stated that de-

structive changes were observed in liver tissue due to high

levels of urea in broiler chickens.

In this experiment, the pancreas weight increased with the

addition of 2 % of urea to the diet. In different cases, Wight

www.arch-anim-breed.net/59/191/2016/ Arch. Anim. Breed., 59, 191–199, 2016



198 F. Fallah et al.: Diet total volatile nitrogen in broiler chickens

et al. (1986) reported that the use of urea in the diet does

not have any effects on the weight of the pancreas. It seems

that an increase in the percentage of abdominal fat might be

due to probable amino acid imbalances in diets containing

high levels of increased nitrogen. In a similar case, Sahraei

et al. (2012) reported that the abdominal fat percentage of the

chicks at 46 days increased as the level of TVN increased in

the experimental diet, but in contrast to this finding, Bruck-

ental and Nitsan (1981) indicated an abdominal fat decrease

with an increase of urea in the diet of broiler chickens.

The effects of diet TVN on bone ash and the TVN value

of breast, thigh and the carcass of broiler chickens at 42 days

of age is shown in Table 5.

Results showed increased levels of TVN in the diet, higher

than 15 mg 100 g−1, and a linear decrease in left tibia and toe

ash (P < 0.05). A reduction in left tibia and toe ash can be

due to several factors, including the following:

a. a decrease in FI with a diet containing urea as a result

of a decrease in the minerals needed for bone formation

and obtained via the diet.

b. consumption of urea in the diet, effecting increased in-

testinal pH and thus reducing the absorption of minerals

in bone formation.

c. an acid–base imbalance in the body and increased renal

excretion of minerals needed for bone formation due to

kidney damage and due to the increase in uric acid in

the blood.

d. a disorder affecting the formation of the active form of

vitamin D in the kidneys due to kidney tissue damage

and a reduction in the absorption of calcium and phos-

phorus from the intestine.

Lierz (2003) and Al-Ankari (2006) concluded that the use

of urea in a diet caused kidney damage, also causing changes

in the metabolism of calcium and phosphorus in the body

and thereby decreasing bone ash. Guo (1983) reported that

the use of 1.5–2 % of urea in the diet caused leg weakness in

laying hens.

Additional levels of urea in broiler diets increased TVN in

the meat of breast, thigh and the whole carcass compared to

the control group (P < 0.05). However, minimum and maxi-

mum TVN content in the meat of breast, thigh and the whole

carcass was 45.1 and 86.02, 46.41 and 69.24, 72.80 and

111.80 mg 100 g−1 of meat, respectively. In this experiment,

as the level of urea in the diet increased, TVN content in the

breast meat, the thigh meat and the whole carcass linearly

increased (P < 0.05).

This increase in TVN may be due to the decomposition of

urea and the conversion of ammonia by intestinal microor-

ganisms and absorption from the intestinal wall, which leads

to increased levels of TVN in the meat.

Banwart et al. (1981) reported that an increase in TVN

content in the meat may increase the production of ammonia

and/or other nitrogenous compounds due to microbial activ-

ity in the gut. Egan et al. (1981) reported that an increase in

TVN percentage in meat is related to protein breakdown.

4 Summary

It can be concluded from this study that the increase in

diet TVN to more than 15 mg 100 g−1 decreases performance

traits, carcass characteristics, and left tibia and toe ash and in-

creases the amount of the meat of breast, thigh and the whole

carcass.
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