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Introduction
Traditional Chinese chicken soup (chicken soup in pottery 

pot) is made of Chinese native chicken with ginger, green onion, 
black pepper and rice wine and stewed for several hours, which is 
famous for its delicate processing and flavor [1]. However, due to 
economical motivations, many restaurants in Asian countries claim 
their chicken soups are made in traditional cuisine, actually they 
use the low cost canned pressure chicken soups instead.

In anticipation of this growing fraud problem, many analytical 
methods have been established to detect of the soup/broth and 
meat adulteration [2,3]. However, all these methods require 
superior instruments, and a specific component between the 
adulteration and non-adulteration samples.

No research has been done with the traditional Chinese chicken 
soup, and the mechanisms of the taste components formation 
related to the cooking conditions and how to detect the adulteration 
chicken soup is still unknown to us. The objectives of this research 
were to study the effect of cooking conditions on water-soluble 
flavor, precursors and sensory properties of chicken soup in 
pottery pot (traditional Chinese chicken soup) and to find the  

 
optimized levels of cooking conditions. Additionally, the sensory 
and physicochemical properties in chicken soup in pottery pot 
(non-adulteration samples) were compared with canned pressure 
chicken soup (adulteration samples).

Material and Methods
Preparation of soup

Sanhuang broiler, a commercial broiler; Chai-hen, a Chinese 
native chicken favored by the customers for the juicy texture 
and flavor were purchased and slaughtered immediately by 
exsanguinations, defeathered, manually gutted and washed with 
flowing tap water. The chicken meats were transported to the 
laboratory in insulated containers containing crushed ice and were 
kept at 4 °C in a refrigerator before processing.

Chicken soup in pottery pot (traditional chinese chicken 
soup/non-adulteration samples): Chicken thigh meat (200g) 
was cut into cubes 2-3cm thick, blanching in boiled water for 2 
minutes. After this operation, the meat was filling into a pottery pot 
with tap water (500ml). The pottery pot was heated on a silicon 
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Abstract

Traditional Chinese chicken soups, even have a history more than thousands of years, the mechanisms of taste formation are still unknown for 
us. Additionally, due to economical motivations, many restaurants use low-cost canned pressure chicken soup food adulterating as traditional Chinese 
chicken soups. In this study, effect of cooking conditions on water-soluble flavor, precursors and sensory properties of the traditional Chinese chicken 
soups was evaluated, and the qualities of traditional Chinese chicken soups (non-adulteration samples S1) and canned pressure chicken soups 
(adulteration samples S2) were also compared. The results indicated that prolonged heating time and lower osmotic pressure were favor to total free 
amino acids formation, however, overheat brought negative effect on flavor 5’-nucleotides and total carbohydrate stabilities, while the higher amount 
of flavor 5’-nucleotides can be easily achieved in the higher osmotic pressure conditions, and the amount of protein was more sensitive to the NaCl 
concentration. With cluster analysis, the two types of chicken soup (non-adulteration S1 and adulteration samples S2) can be divided into different 
clusters based on those routine physicochemical indices. 
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control stove (900w for 15min). When the water in the pottery pot 
was boiling(100 °C), white pepper (0.4g), green onion juice (2ml), 
ginger juice (5ml) and salt (4g) was added into the water (450w for 
110min) [4].

Canned pressure chicken soup (adulteration samples): 
Chicken thigh meat sample (70g) was cut into cubes 2-3cm thick, 
tap water (140ml), white pepper (0.14g), green onion juice (0.7ml), 
ginger juice (1.75ml) and salt (1.4g) were filling into a tin-plated 
can (65mm×80mm) and maintained a headspace of 5mm. The cans 
were sealed with seamer and then placed in an autoclave (San-shen 
Medical Instrument, China) and then pressurized-cooked at 121 
°C of the different duration (15, 20, 25, 30min). After pressurized 
cooking, the cans were cooled immediately [1].

Experimental design

Optimization of processing and formulation parameters of 
Chicken Soup in Pottery Pot was carried out using RSM [5]. The 
design variables were heating time in the low power (X1, min), 
water/chicken meat (X2, g/g), meat composition: Shanhuang 
broiler to Chai-hen (X3, g/g) and NaCl (X4, %, g/g, NaCl/chicken 
meat) while response variable was the amount of total free amino 
acids, flavor 5’-nucleotide, total carbohydrate, protein and sensory 
score of overall quality [6].

Chemical analysis 

Total free amino acids were determined by ninhydrin 
colorimetric method [7]. Flavor 5’-nucleotides was analyzed by 
using the spectrophotometer method modified from Sasaki et al. 
[8]. Total carbohydrate was determined by phenol-sulfuric method. 
Protein was estimated by the method of Bradford dye-binding 
Nielsen [9].

Sensory evaluation

Sensory evaluation was conducted by 6 trained panelists. The 

tests were performed in individual booth slighted by a fluorescent 
white lamp. The soup samples were presented monadically for each 
panelist. Approximately 50ml of soup at a temperature of about 45 
celsius degree was placed into plastic cups coded with random 
3-digit numbers for identification. For each sample, panelists 
scored the taste, aroma, color and overall acceptance of the product. 
Panelists were asked to evaluate test sample at random. Tap water 
was used between samples to cleanse the palate [10].

Statistical analysis

The response surface regression procedure of statistical 
analysis system (SAS software Version 8.0.) and Design-Expert 
(Version 8.0.3) software were used to analyze the response 
surface experimental data [5]. ANOVA and cluster analysis were all 
performed with SAS software Version 8.0.
Results and Discussion
The effect of cooking conditions on the chicken soup in 
pottery pot

Total free amino acids analysis: Figure 1a indicated that 
the prolonged heating time and increasing SH broiler/C-henratio 
raised the total free amino acid (P<0.01). Similar results were found 
by Sasaki et al. [8] in the cooking juice of porcine longissimus and 
biceps femoris muscles. Chinese native chicken has the largest 
fiber density among the commercial broiler chicken and crossbred 
chicken’s muscle, and fiber density is significantly negatively 
correlated with Shear force (r=-0.85, P<0.001) [11]. Furthermore, 
Sasaki et al. [8] has already validated that the total free amino 
acid only leached from the muscles into cooking juice during wet-
heating cooking. Therefore, the increase in amount of total free 
amino acid at a higher ratio of SH broiler/C-hen might be due to a 
larger fiber density in C-hen muscle that facilitated a narrow space 
for proteinases to contact the binding site of protein hydrolyzation 
[12].

Figure 1: Response surface for the effect of the heating time and SH broiler/C-hen (a) Heating time and NaCl (b) On the content 
of total free amino acids.
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Figure 1b indicated that the lower osmotic pressure of solvent 
increased (P< 0.01) the total free amino acid. Similar results was 
found by Sasaki et al. [8], who found that wet-heat cooking of pork 
muscles containing 1.0% NaCl had a lower amount of total free 
amino acid than those without NaCl supplementation.

Flavor 5’-nucleotides analysis: Flavor 5’-nucleotides 
consisted with inosine 5’-monophosphate (IMP) and guanosine 
5’-monophosphate (GMP) [13]. Figure 2a indicated that the 
concentration of flavor 5’-nucleotides was increasing with the 
prolonging in heating time to 98 min and thereafter decreased with 
the further heating. Similar results were found by Kuehiba et al. [14], 

who reported that  IMP and GMP were gradually degraded after 
long-time at elevated temperature. This observation was due to the 
rupture of phosphor-ester and glycosidic bonds of nucleotides [15]. 
The negative effect of water/chicken on the flavor 5’-nucleotides 
was showed in Figure 2b. The decrease in flavor 5’-nucleotides 
at a higher ratio of chicken/water could be due to dilution effect 
of solvent in the matrix. NaCl addition caused an increase in the 
amount of flavor 5’-nucleotides. These data indicated a high 
concentration of NaCl could prevent flavor 5’-nucleotides from 
thermal degradation. Kuchiba et al. [16] has also found the same 
effect of NaCl on IMP and GMP solution.

Figure 2: Response surface for the effect of the heating time and water/chicken (a) Water/Chicken and NaCl (b) On the content 
of flavor 5’-Nucleotide.

Figure 3: Response surface for the effect of the heating time and water/chicken (a) SH broiler/C-hen and NaCl (b) on the content 
of total carbohydrate.

Total carbohydrate analysis: Figure 3a showed that the 
amount of total carbohydrate decreased with the prolonged heating. 
Kuroda & Harada [17] also observed the decrease in the levels of 
reducing sugar during the heating of beef soup stock. Figure 3b 

illustrated the effect of different combinations of SH broiler/C-hen 
and NaCl % on the amount of total carbohydrate. It was apparent 
that simultaneous application of a lower SH broiler/C-hen and a 
higher NaCl achieves a high amount of total carbohydrate.
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Protein Analysis: Protein was a flavor precursor, which could  
generate a pool of peptides and free amino acids by hydrolysis [18]. 
The amount of protein was dependent on NaCl rather than the 
heating time as observed in Figure 4a. Increasing NaCl lead to the 

simultaneous  increase in the amount of protein [19]. The quadratic 
effect of SH broiler/C-hen was as seen in Figure 4b, which showed 
that the amount of protein increased with SH broiler/C-hen levers 
to a peak and then tended to decrease as further increased.

Figure 5: Response surface for the effect of the heating time and NaCl (a) Water/Chicken and SH broiler/C-hen (b) On the 
sensory score of overall acceptability.

Figure 4: Response surface for the effect of the heating time and NaCl (a) SH broiler/C-hen and NaCl (b) on the content of protein

Sensory evaluation: Figure 5a shows the overall acceptability 
increased with the prolonging in heating time to 101.49 min and 
NaCl to 2.02% and thereafter decreased with the further raise. 
Joseph et al. [20] also found that increasing of the end-point internal 
cooking temperature would bring negative effect on the flavor 
of the poultry meats. Figure 5b showed the overall acceptability 
improved with the increase in water/chicken meat to 2.56 and 
SH broiler/C-hen to 0.99 and thereafter declined with the further 

raise. A relative high amount of total carbohydrate (4.99mg/ml) 
was predicted at this peak, which was consistent with [21] claim: 
a stronger sweet taste can enhance the overall preference in the 
soup. Ridge analysis (Table 1) indicated that maximum sensory 
quality score (6.36) could be obtained. Verification experiments 
were performed, and taste indices demonstrated that experimental 
values were reasonably close to the predicted values confirming the 
validity and adequacy of the predicted models.
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Table 1: The results of ridge analysis.

Response Eigen Values Stationary 
Point

Experimental Factors

Maximum Minimum
Heating Time 

(Min)
Water/

Chicken (g/g)
SH Broiler/C-

Hen (g/g) Nacl (%, g/g)

Free amino acids (mg/
ml)

0.157, 0.139, 
-0.060, -0.174 Saddle

103.89

102.61

2.85

2.7

1.19

0.84

1.78

2.41
1.17 0.79

Flavor 5’-nucleotide 
(mg/ml)

0.094, 0.078, 
-0.110, -0.204 Saddle

98.9

91.58

2.08

2.77

0.84

1.05

2.21

2
1.23 0.65

Total carbohydrate 
(mg/ml)

0.077, -0.048, 
-0.467, -0.667 Saddle

91.64

91.58

2.44

2.77

0.74

1.05

2.05

2
6.05 3.89

Protein (mg/ml) 1.295, 0.085, 
-1.385, -2.262 Saddle

102.71

102.77

2.33

2.84

0.75

0.74

2.37

1.78
9.62 4.56

Overall 
acceptability(score) -1.106 Maximum 101.71 2.63 1.03 2 6.36 —

Comparison of sensory and physicochemical properties 
in non-adulteration and adulteration samples

Canned pressure chicken soups were acted as adulteration 
chicken soup samples, while chicken soups in pottery pot were 
used as non-adulteration ones.

Sensory evaluation: The sensory quality assessments of 
the chicken soup in pottery pot under optimum conditions (non-

adulteration) and four different canned pressure chicken soups 
(adulteration) were presented in Figure 6. There were significant 
differences between non-adulteration and adulteration samples 
in the taste, aroma and overall acceptability (P<0.05), whileas the 
difference in color was not significant. The pressurized cooking 
time decreased (P=0.0159) the sensory quality of canned pressure 
chicken soup in overall acceptability. Similar trends were found in 
the sensory quality of taste, aroma and color. 

Figure 6: Comparison of sensory properties in the non-adulteration and adulteration samples.

Physicochemical properties: The physicochemical properties 
of the non-adulteration and adulteration chicken soups were 
presented in Figure 7. The non-adulteration samples exhibited 
a remarkably significant differences to the adulteration samples 
in the flavor 5’-nucleotides, total carbohydrate and protein but 
total free amino acids. The most remarkable difference was in the 
content of total carbohydrate, which was due to the sensitivity of 
total carbohydrate under heating [22]. Due to the unsupervised 

nature, cluster analysis is frequently used to group samples [23]. 
Figure 8 shows the dendrogram acquired by using the complete 
method and the squared Euclidian distance. The samples clustered 
into two groups: ones on the left side consisting of canned pressure 
chicken soups (adulteration samples); on the right side, including 
the chicken soups in pottery pot (non-adulteration samples). 
Therefore, by this method, the discrepancy of the non-adulteration 
and adulteration samples were discovered [24,25].
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Figure 7: Comparison of physicochemical properties in the non-adulteration and adulteration samples.

(S1: non-adulteration samples; S2: adulteration samples).
Figure 8: Dendrogram of cluster analysis. 

Conclusion
The mechanism of the taste components formation related 

to the cooking conditions of the chicken soup in pottery pot was 
explored. Moreover, employing cluster analysis, adulteration and 
non-adulteration samples were clear divided into different two 
clusters based on those routine physicochemical indices instead of 
sensory evaluation. Therefore, the results obtained would provide 
useful information for the development of traditional Chinese 
chicken soup.
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