
  INTRODUCTION 
  Modern chicken broilers exhibit higher growth rates 

and better feed efficiencies with improved breeding 
and animal nutritional technology. The rapid growth 
characteristics meet consumer quantity demands and 
benefit farmers. However, the flavor of broiler meat is 
being gradually decreased (Wilson et al., 1990). Meat 
quality can be defined as the totality of all meat fea-
tures and characteristics that are relevant to its palat-
ability, nutrient value, human health, and processing 

(Hofmann, 1993). In recent years, the palatability of 
meat is getting more and more attention. The taste 
active components in chicken meat extract include free 
glutamic acid, 5′-inosinic acid (IMP), and potassium 
ion. Among these, IMP is called an umami taste and 
is a favorite among consumers (Suzuki et al., 1991; Fu-
jimura et al., 1995; Fujimoto et al., 1996). When IMP 
is used in conjunction with monosodium glutamate, a 
product’s flavor can be improved greatly (Yamaguchi, 
1967; Kawai et al., 2002). Among pork, chicken, and 
beef meats, chicken has the highest level of IMP, fol-
lowed by beef and then pork (Terasaki et al., 1965; 
Dannert and Pearson, 1967). Broilers of Chinese indig-
enous breeds have higher IMP levels than Arbor Acres 
broilers, which translates into better tasting products 
(Guan et al., 2013). The IMP levels vary in different 
tissue types (Shiau et al., 1996; Tang et al., 2009). Con-
tent of IMP in breast tissue is higher than in thigh 
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  ABSTRACT   To explore regulation of inosinic acid con-
tent in chicken meat as a result of feed additives, 576 
one-day-old male Arbor Acres broilers were randomly 
allotted into 8 dietary treatments including control, pu-
rine nucleotide (P), betaine (B), soybean isoflavone (S), 
purine nucleotide + betaine (PB), purine nucleotide + 
soybean isoflavone (PS), betaine +soybean isoflavone 
(BS), and purine nucleotide + betaine + soybean iso-
flavone (PBS) by a 2 × 2 × 2 factorial arrangement. 
At d 42 of age, broilers were slaughtered, and growth 
performance, carcass characteristics, inosinic acid con-
tent, and activities of enzyme closely related to ino-
sinic acid metabolism of broilers were measured. The 
results revealed that these feed additives did not affect 
ADG and ADFI of the broilers (P > 0.05). However, 
supplementing purine nucleotides lowered feed/gain of 
broilers in PS and PBS groups (P < 0.05). There was a 
significant interaction on feed/gain of broilers between 
purine nucleotides and soybean isoflavone (P < 0.05). 
The abdominal fat percentages in groups B, S, BS, and 
PBS were lower than the control group, respectively 
(P < 0.05). The thigh muscle percentages of groups P 
and B were higher than that of group PB (P < 0.05). 

There were certain interactions on the percentage of 
thigh muscle (P = 0.05) and abdominal fat (P < 0.05) 
between P, B, and S groups. Compared with the control 
group, inosinic acid content in broiler breast meat was 
improved by using feed additives (P < 0.05). Supple-
menting purine nucleotides, betaine, soybean isofla-
vone, and their combinations increased alkaline phos-
phatase activity in breast meat of broilers (P < 0.05). 
Purine nucleotides improved the activity of adenosine 
deaminase, but decreased the activity of 5′-nucleotid-
ase. Soybean isoflavone lowered the activity of alkaline 
phosphatase. There were no significant interactions on 
activities of creatine kinase, adenosine deaminase, al-
kaline phosphatase, and 5′-nucleotidase between these 
additives (P > 0.05). The umami rating of broiler 
breast meat increased in conjunction with supplement-
ing these additives. In conclusion, supplementing stan-
dard feed with the additives investigated in this study 
could improve inosinic acid content in chicken meat by 
increasing synthase activity or inhibiting degradation 
enzyme activity without inferior growth performance 
and carcass quality. 
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tissue due to different aerobic metabolic enzyme ac-
tivity in the 2 tissue types (Chen et al., 2005). It has 
also been determined that IMP levels are low in muscle 
tissue of live animals (Bendall and Davey, 1957). The 
IMP in meat mainly comes from the degradation of 
adenosine triphosphate during slaughter and the post-
mortem aging period (Lee and Newbold, 1963; Chow 
and Jacobson, 1968). The stability of IMP is affected 
in part by temperature (Thomas et al., 2000), pH, and 
enzyme activity (Vani et al., 2006).

There is little information on poultry meat quality as 
it relates to taste components. Previous research into 
IMP has concentrated primarily on comparison of IMP 
levels between animal species (Tang et al., 2009; Guan 
et al., 2013), processing technology (Maga, 1994), and 
storage length (Terasaki et al., 1965). Data related to 
regulation of IMP content in broiler chickens are very 
limited.

It was reported that these 3 kinds of additives of pu-
rine nucleotides, betaine, and soybean isoflavone could 
effectively improve growth performance and meat qual-
ity (Matthews et al., 2001; Jiang et al., 2007, 2014). 
of those, metabolites of purine nucleotides and betaine 
are the most important substrates in de novo synthesis 
pathway of purine nucleotide, and soybean isoflavone 
plays various roles in meat quality of chicken. Thus, the 
objective of this research project was to evaluate the 
effects of the feed additives of purine nucleotides, beta-
ine, and soybean isoflavone and their combinations on 

growth performance, carcass characteristics, IMP con-
tent, and muscle biochemical indices for Arbor Acres 
broilers.

MATERIALS AND METHODS

Birds and Management
A total of 576 1-d-old male Arbor Acres broilers from 

a commercial hatchery (Beijing Huadu Poultry Breed-
ing Co. Ltd., Beijing, China) were randomly assigned 
to 8 dietary treatments with 6 replicates and 12 chicks 
per replicate by a 2 × 2 × 2 factorial arrangement. 
There was no difference in initial BW (45.23 ± 0.25 g) 
across the treatment groups.

Broilers were raised in cages, stacked 3 stories high, 
with ad libitum access to feed and water, continuous 
lighting, and controlled ventilation. Temperature was 
maintained at about 35°C from d 1 to 3 and then grad-
ually decreased to a constant temperature of 25°C ac-
cording to normal management practices. Broilers were 
vaccinated for Newcastle disease and infectious bron-
chitis disease at hatching, d 7, and d 21. All experi-
mental procedures were approved by the Animal Eth-
ics Committee of the Chinese Academy of Agricultural 
Sciences and performed according to the guidelines for 
animal experiments set by the National Institute of 
Animal Health.

Diets
Corn and soybean meal type diets were formulated 

based on the nutrient requirements for broilers recom-
mended by Ministry of Agriculture of the People’s Re-
public of China (2004). The experimental diets were 
supplemented with 0.3% purine nucleotide (P), 0.1% 
betaine (B), 23 mg/kg of soybean isoflavone (S), 0.3% 
purine nucleotide + 0.1% betaine (PB), 0.3% purine 
nucleotide + 23 mg/kg of soybean isoflavone (PS), 
0.1% betaine + 23 mg/kg of soybean isoflavone (BS), 
or 0.3% purine nucleotide + 0.1% betaine + 23 mg/kg 
of soybean isoflavone (PBS). Purine nucleotide (half 
IMP + half guanosine monophosphate), betaine (purity 
of 90%), and soybean isoflavone (purity of 40%) were 
obtained from Beijing Yising Hongyu Trade Co. Ltd., 
Beijing Challenge Group, and Beijing Huikangyuan Bi-
ological Technology Co. Ltd., respectively. Ingredients 
and nutrient contents of basal diets for broilers at d 1 to 
21 and d 22 to 42 growing phases are shown in Table 1.

Sampling
At d 42, following 10 h of fasting, all broilers were 

weighed, and feed intake was calculated per cage at the 
end of the experiment. Performance traits of broiler 
chickens were evaluated in terms of ADG, ADFI, and 
feed/gain (F/G).

Four healthy broilers of average BW and from each 
replicate cage were chosen and weighed individually. 

Table 1. Ingredients and chemical composition of basal diets 
for male broilers during d 1 to 21 and d 22 to 42 growing phases 

Item

Growing phase

d 1 to 21 d 22 to 42

Ingredient, %   
 Corn 52.59 58.19
 Soybean meal 36.18 32.41
 Soybean oil 3.76 5.01
 Corn gluten meal 3.00 0.00
 Dicalcium phosphate 1.72 1.85
 Limestone 1.17 1.14
 Premix1 1.00 1.00
 Salt 0.35 0.34
 l-Lysine 0.15 0.01
 dl-Methionine 0.08 0.05
 Total 100.00 100.00
Chemical composition   
 ME,2 MJ/kg 12.55 12.97
 CP,3 % 21.68 19.37
 Calcium,3 % 0.93 0.91
 Total P,3 % 0.71 0.63
 Lysine,3 % 1.06 0.98
 Methionine,3 % 0.48 0.40
 Threonine,3 % 0.86 0.73
 Tryptophan,3 % 0.24 0.22

1Provided the following per kilogram of diet: vitamin A, 12,000 IU; 
cholecalciferol, 2,000 IU; vitamin E (dl-α-tocopheryl acetate), 20 IU; 
vitamin K3, 2.15 mg; riboflavin, 8.00 mg; pyridoxine, 4.5 mg; vitamin 
B12, 0.02 mg; calcium pantothenate, 26 mg; nicotinic acid, 68 mg; folic 
acid,1 mg; biotin, 0.20 mg; Fe, 110 mg; Cu, 8 mg; Zn, 78 mg; Mn, 105 
mg; I, 0.34 mg; Se, 0.15 mg; choline chloride, 1,500 mg.

2Calculated value.
3Analyzed values.
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of those, both broilers from each replicate cage were 
slaughtered by bleeding the left jugular vein. one bird 
from each replicate was selected for determining carcass 
characteristics. Breast and thigh meat were skinned 
and deboned, and abdominal fat was collected. one 
was dissected immediately to analyze IMP content and 
muscle biochemical indices. Two samples from both 
sides of the breast were packed individually in alumi-
num foil, frozen immediately in liquid nitrogen, and 
stored at −70°C for analysis of enzymatic activity. An-
other 2 broilers from each replicate were slaughtered by 
bleeding the left jugular vein. Then breast meat was 
taken immediately for taste test material within 2 h to 
complete the pretreatment of all samples.

Measurements
Carcass Characteristics. Carcass weight and 

weights of eviscerated, breast meat, deboned thigh, and 
abdominal fat were recorded. of those, carcass weight 
was calculated by subtracting blood and feather weight 
from live weight, and eviscerated weight was carcass 
without viscera. To compensate for the differences in 
carcass weight, these values were expressed as a per-
centage of carcass weight.

IMP. one gram of meat was weighed (accurately to 
0.0001 g) and transferred into a 10-cm centrifuge tube. 
Perchloric acid (10 mL, 5%) was added to the tube. 
The mixture was homogenized in an ice bath at 30,000 
rpm using an IKA T 10 basic homogenizer for 2 min, 
with two 30-s intervals to avoid heat production. The 
homogenate was centrifuged at 1,864 × g for 10 min 
at 4°C (GL-20B, Anke, Shanghai, China), and then fil-
tered through 0.45-μm filter membrane into a 25-mL 
beaker. After adding an additional 3 mL of perchloride 
acid (5%) to the precipitate and homogenizing for 1 
min, the mixture was centrifuged and filtered as de-
scribed above. The filtrate was pooled with the first fil-
trate in a beaker. The pH of the filtrate was adjusted to 
6.5 with NaoH, then transferred to a 25-mL volumetric 
flask, and diluted to 25-mL calibration tails with dou-
ble-distilled water. The solution was filtered through a 
0.45-μm membrane filter before being analyzed using 
an HPLC (Agilent 1200 Series Systems, with UV detec-
tor). The analytic method of IMP was based on Zhang 
et al. (2008).

Enzyme Activities. Enzyme activities of adenosine 
triphosphatase (ATPase), creatine kinase (CK), ad-
enosine deaminase (ADA), 5′-nucleotidase (5′-NT), 
and alkaline phosphatase (ALP) were measured. A 0.5-
g sample of meat was weighed into a 10-mL precooled 
centrifuge tube, and 4.5 mL of saline was added. The 
mixture was homogenized in an ice bath at 10,000 to 
15,000 rpm using an IKA T10 homogenizer. The ho-
mogenate was centrifuged at 609 × g, at 4°C for 10 to 
15 min. The homogenate used for determining ATPase 
was centrifuged at 152 × g for 5 min at 4°C. The super-
natant was stored at −80°C. The Coomassie brilliant 
blue method was used for the determination of total 

protein of the tissue homogenate content. The enzyme 
activities and total protein quantification were mea-
sured with commercially available assay kits (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China). 
All these 6 assay kits of total protein quantification, 
ATPase, CK, ADA, 5′NT, and ALP had higher sensi-
tivity, accuracy, and precision: 1.6, 2.2, 3.0, 3.8, 2.8, and 
1.2 for CV; 0.05 mg/mL, 0.05 μg/mL for CV, 0.35 μg/
mL, 0.4 μg/mL, 0.1 μg/mL, and 0.05 King Armstrong 
units/100 mL for lowest detectable limit, respectively.

Umami Rating. Meat umami was assessed by a 
4-point scoring system. Breast meat was cut into 2-cm 
cubes and boiled in boiling water for 10 min. Then the 
meat was cooled to room temperature for taster scor-
ing. A total of 10 consumers, aged 18 to 45 yr, who had 
undergone training of taste scoring, were selected for 
umami rating. They had normal taste and certain cog-
nitive abilities of chicken sensory quality. All samples 
were randomly numbered. The tasters were unaware of 
the experimental conditions. The tasters gargled with 
water before assessing each sample.

Statistical Analyses

The experiment followed a 2 × 2 × 2 factorial ar-
rangement of treatments, with purine nucleotide, beta-
ine, and soybean isoflavone being the main factors. The 
data were analyzed using the GLM procedure of SPSS 
16.0 software package for Windows (2007, SPSS Inc., 
Chicago, IL). Significant differences between treatment 
means were separated using the Duncan’s multiple 
range test. Differences were considered significant at 
P < 0.05.

RESULTS AND DISCUSSION

Performance

Supplementing purine nucleotides, betaine, soybean 
isoflavone, and their combinations did not affect ADG, 
ADFI, and final BW of the broilers (Table 2). The F/G 
of broilers in PS and PBS groups was lowered by sup-
plementing purine nucleotides (P < 0.05). There was 
a significant interaction on F/G of broilers between P 
and S groups (P < 0.05).

No significant effect of these feed additives on ADG 
and ADFI, which might be the results of their low dose 
added, and more focus on meat quality rather than 
production in the current study. This was in agreement 
with results reported in pigs (Virtanen and Campbell, 
1994) and poultry (Saunderson and Mackinlay, 1990). 
Prior studies, however, have shown betaine feed supple-
ment to improve performance of broilers, especially in 
summer when heat stress is an issue for animals (Huang 
et al., 2004). In this study, the trial was conducted in 
a room controlling environmental temperature so that 
birds were hardly affected by stress factors, heat, or 
cold.
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Carcass Characteristics

There were no significant differences in most exam-
ined parameters of carcass characteristics between the 
control and experimental groups (P > 0.05, Table 3). 
However, the abdominal fat percentages in groups B, 
S, BS, and PBS were lower than the control group, 
respectively (P < 0.05). The thigh muscle percentages 
of groups P and B were higher than that of group PB 
(P < 0.05). Also, there were certain interactions on the 
percentage of thigh muscle (P = 0.05) and abdominal 
fat (P < 0.05) between groups P, B, and S.

Betaine could significantly reduce abdominal adipose 
tissue and increase thigh muscle weight, which is in ac-
cordance with the results of Saunderson and Mackinlay 
(1990) and Su et al. (2009). It was reported that be-
taine treatment significantly increased cholinesterase, 
high-density lipoprotein cholesterol, lactate dehydroge-
nase, and alanine transaminase levels (P < 0.05) and 
decreased macrovesicular steatosis and increased mi-
crovesicular steatosis (Su et al., 2009). Betaine could in-
hibit fat synthesis through reducing lipogenic enzymes 
activities and promote fat degradation by increasing 
hormone-sensitive lipase activity, with a resultant de-

Table 2. Effects of different feed additives on performance of male broilers 

Item
ADFI 

(g/d per bird)
ADG 

(g/d per bird)
F/G1 
(g/g)

Final BW 
(kg/bird)

Group2

 Control 107.652 57.433 1.871b 2.409
 P 108.987 59.470 1.834ab 2.461
 B 108.550 60.281 1.799ab 2.542
 S 107.684 58.875 1.832ab 2.438
 PB 110.526 61.549 1.796ab 2.542
 PS 105.803 61.194 1.733a 2.548
 BS 110.569 59.067 1.850ab 2.534
 PBS 108.773 61.723 1.756a 2.501
SEM 1.588 1.325 0.047 0.084
P-value
 P 0.946 0.054 0.005 0.845
 B 0.102 0.136 0.326 0.796
 S 0.557 0.579 0.066 0.684
 P × B 0.884 0.899 0.514 0.940
 P × S 0.164 0.649 0.031 0.388
 B × S 0.488 0.274 0.051 0.991
 P × B × S 0.910 0.758 0.719 0.294

a,bMeans within a column lacking a common superscript differ (P < 0.05).
1F/G = feed/gain.
2P, B, S, PB, PS, BS, and PBS, respectively, stand for purine nucleotide, betaine, soybean isoflavone, purine 

nucleotide + betaine, purine nucleotide + soybean isoflavone, betaine + soybean isoflavone, purine nucleotide + 
betaine + soybean isoflavone.

Table 3. Effects of different feed additives on carcass characteristics in male broilers 

Item
Percentage of  

eviscerated yield
Percentage of  
breast muscle

Percentage of  
thigh muscle

Percentage of  
abdominal fat

Group1

 Control 72.22 13.04 10.68ab 2.16b

 P 74.04 13.57 11.36b 1.71ab

 B 73.59 12.94 11.64b 1.62a

 S 73.61 13.40 10.81ab 1.61a

 PB 73.17 14.21 10.04a 1.98ab

 PS 72.11 12.86 10.62ab 1.95ab

 BS 71.93 13.10 10.84ab 1.68a

 PBS 71.88 13.44 10.74ab 1.63a

 SEM 0.779 0.558 0.415 0.199
P-value
 P 0.955 0.269 0.311 0.687
 B 0.510 0.601 0.838 0.259
 S 0.129 0.534 0.483 0.189
 P × B 0.682 0.382 0.076 0.344
 P × S 0.183 0.217 0.679 0.388
 B × S 0.257 0.877 0.615 0.952
 P × B × S 0.145 0.891 0.050 0.012

a,bMeans within the same column with different superscripts are significantly different (P < 0.05).
1P, B, S, PB, PS, BS, and PBS, respectively, stand for purine nucleotide, betaine, soybean isoflavone, purine 

nucleotide + betaine, purine nucleotide + soybean isoflavone, betaine + soybean isoflavone, purine nucleotide + 
betaine + soybean isoflavone.
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crease in adipose tissue mass and improvement in car-
cass characteristics (Huang et al., 2006). The 2 possible 
reasons that soybean isoflavone reduced abdominal fat 
are, first, that dietary soybean isoflavones exert anti-
oxidant activity and regulate lipid metabolism in vivo 
(Kawakami et al., 2004, 2005), and second, that soy-
bean isoflavone can directly regulate gene expression 
related to fat metabolism (Tovar-Palacio et al., 1998).

Concentration of IMP
The breast muscle of all test groups had greater con-

centration of IMP than the control group (Figure 1, 
P < 0.05). of those, P, PB, and PBS groups had over 
40% increments of IMP. The inosine monophosphate is 
an aromatic heterocyclic compound. The esterification 
between the 6-hydroxyl group of the purine ring and the 
5′-phosphate group of the ribose is essential to produce 
the improved flavor (Wagner et al., 1963). In our study, 
IMP content in broiler meat had significant improve-
ment when birds were given the feeds supplemented 
with purine nucleotide. The reason could be due to the 
effect of purine nucleotide on IMP synthesis. Dietary 
purine nucleotides are enzymatically hydrolyzed into 
pentose, phosphoric acid, and purine, and transported 
to the small intestine, liver, kidney, and muscle tissue 
through the circulation system, at last partly change 
into the primary building block in the de novo syn-
thesis of inosinic acid (Zhang et al., 2008). Therefore, 
it is possible to increase IMP levels and affect related 
enzymatic activity with the addition of substrate. Com-
pared with the control group, IMP levels in the beta-
ine groups were increased by more than 30%. This is 
because demethylated betaine can be transferred into 
glycine, which is the important substrate in de novo 
synthesis pathway of purine nucleotide (Rudolph et al., 
1990). Soybean isoflavone could protect cell membrane 
and maintain the structure of cell by the function of 
antioxidation (Jiang et al., 2007). This could prevent 
the loss of flavor substances within cells, thereby main-
taining IMP levels.

Enzyme Activities
Supplementing purine nucleotides, betaine, soybean 

isoflavone, and their combinations increased CK ac-
tivities in breast meat of broilers (Table 4, P < 0.05). 
Moreover, purine nucleotides improved the activity of 
ADA and decreased the activity of 5′-NT. Soybean iso-
flavone lowered the activity of ALP. There were inter-
actions on activities of CK, ADA, and 5′-NT between 
P, B, and S, ALP activity between P and B, and ADA 
activity between P and S, or B and S (P > 0.05). The 
ATPase activity of the B group was higher than the 
control group (P < 0.05). The CK activities in the PB, 
PS, BS, and PBS groups were higher than the control 
group (P < 0.05). The ADA activity in the S, PB, 
and PS groups was higher than the control group (P 
< 0.05). A reduction in ALP activity was observed in 

the B and S groups. The 5′-NT activity of group P was 
lower than the control group (P < 0.05).

Regardless of effect of strain, sex, and body part, 
enzymatic activities associated with IMP metabolism 
could be taken for a key factor affecting IMP levels 
in broiler muscle tissue because IMP is an intermedi-
ate product in adenosine triphosphate metabolism. 
Here we examined the enzymes closely related to IMP 
metabolism including ATPase, CK, ADA, 5′-NT, and 
ALP. Among these, the activities of ATPase, CK, and 
ADA increased with feed supplements, whereas 5′-NT 
and ALP decreased with the same supplementation 
(Tsai et al., 1972).

Based on this study’s finding, purine nucleotide 
supplement in the diet could inhibit the activity of 5′-
NT significantly, which acts in the degradation of IMP 
(Zimmermann, 1992). Consequently, the concentration 
of IMP rose significantly with the addition of purine 
nucleotide. The increase in IMP levels associated with 
the addition of betaine is due to an increase in ATPase 
activity and inhibition of ALP. Soybean isoflavone im-
proved the activity of ADA and inhibited ALP activity. 
Adenosine deaminase is a key enzyme in IMP synthesis, 
which catalyzes the conversion of AMP to IMP (Aliani 
et al., 2013). Thus, soybean isoflavone supplemented 
in diets resulted in increased levels of IMP in muscle 
tissue. All additive combinations enhanced CK activ-
ity and improved the content of IMP. Creatine kinase 
is a key enzyme in skeletal muscle energy metabolism 
(Bessman and Carpenter, 1985), which influences the 
ratio of adenosine triphosphate/adenosine diphosphate 
(Kay et al., 2000). Furthermore, the PB or PS supple-
ments enhanced the activity of ADA. The PBS supple-
ment improved ATPase activity significantly. However, 
we note that ATPase activity in the PB and BS supple-
mentation groups was lower than it was in the P or B 
groups, and ALP activity was higher in the PS and BS 
groups than in the P, B, or S groups. The reason needs 
to be explored by further trials.

Figure 1. Effects of different feed additives on concentration of 
inosinic acid in breast meat of male broilers. P, B, S, PB, PS, BS, PBS, 
and IMP, respectively, stand for purine nucleotide, betaine, soybean 
isoflavone, purine nucleotide + betaine, purine nucleotide + soybean 
isoflavone, betaine + soybean isoflavone, purine nucleotide + betaine 
+ soybean isoflavone, and 5′-inosinic acid. Means within the same col-
umn with different letters (a,b) are significantly different (P < 0.05). 
Error bars indicate SD.
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Umami Ratings
There was a significant improvement in the umami 

ratings of the test groups compared with the control 
group (Figure 2, P < 0.05). No difference was noted 
among test groups (P > 0.05). The results were associ-
ated with the higher IMP levels in the breast meat.

In summary, this project demonstrated that IMP 
levels, in broilers were drastically improved with feed 
supplements of purine nucleotide, betaine, soybean iso-
flavone, and their combinations. In addition, there were 
no adverse effects on growth performance or carcass 
characteristics. These feed additives regulated IMP 
levels by influencing enzymatic activities. The umami 
ratings for broiler breast meat were improved in cor-
relation to higher IMP levels in the meat. This project 

supports the rationale that supplementing feed addi-
tives may be an effective way of improving umami taste 
quality in chicken.
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 BS 0.16a 9.72d 1.50abc 3.04cd 0.63b

 PBS 0.41cd 8.25c 1.02ab 2.37ab 0.51ab

 SEM 0.076 0.535 0.395 0.202 0.063
P-value
 P 0.787 0.004 0.002 0.281 0.006
 B 0.419 <0.001 0.109 0.529 0.700
 S 0.705 <0.001 0.624 0.044 0.052
 P × B 0.209 0.494 0.066 0.019 0.120
 P × S 0.066 0.445 <0.001 0.202 0.582
 B × S 0.485 0.180 <0.001 0.132 0.375
 P × B × S 0.070 <0.001 0.003 <0.001 0.079

a–dMeans within the same column with different superscripts are significantly different (P < 0.05).
1ATPase = adenosine triphosphatase; CK = creatine kinase; ADA = adenosine deaminase; ALP = alkaline phosphatase; 5′-NT = 5′-nucleotidase.
2P, B, S, PB, PS, BS, and PBS, respectively, stand for purine nucleotide, betaine, soybean isoflavone, purine nucleotide + betaine, purine nucleotide 

+ soybean isoflavone, betaine + soybean isoflavone, purine nucleotide + betaine + soybean isoflavone.

Figure 2. Results of different feed additives on umami ratings in 
breast meat of male broilers. P, B, S, PB, PS, BS, and PBS, respec-
tively, stand for purine nucleotide, betaine, soybean isoflavone, purine 
nucleotide + betaine, purine nucleotide + soybean isoflavone, betaine 
+ soybean isoflavone, purine nucleotide + betaine + soybean isofla-
vone. Means within the same column with different letters (a,b) are 
significantly different (P < 0.05). Error bars indicate SD.
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