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INTRODUCTION 
 
Cooked duck products are popular in China for their 

delicate flavour and nutritional value. About thirty million 
ducks are consumed annually just in Nanjing city (Liu et al., 
2007). Nanjing water-cooked salted duck, one of the low 
temperature meat products in China, is famous for its 
delicate flavor, tenderness and texture. 

Meat quality is determined by using microbiological, 
chemical and sensory analyses (Dainty et al., 1996). Studies 
have revealed that meat spoilage at low temperatures 
conditions, is mainly the result of growth of Gram-negative, 
psychrotrophic, aerobic rods dominated by Pseudomonas 
spp.. Other organisms, including Brochothrix thermosphacta, 
lactic acid bacteria (LAB) and cold tolerant 
Enterobacteriaceae can also grow but they usually account 
for a small proportion of the total flora (Dainty and Mackey, 
1992; Garcia-lopez et al., 1998). 

Studies on cooked duck products have been concerned 
largely on the flavour and odour (Liu et al., 2007; Xu et al., 

2008; Wang et al., 2009). Little literature, however, is 
focused on the microflora development during storage in 
Nanjing water-cooked salted duck. The present study 
sought to determine the microflora in different storage stage 
in traditional Chinese Nanjing water-cooked salted duck. 
The changes of pH, total volatile basic nitrogen (TVB-N, 
mg N/100 g) and sensory characteristics of duck meat 
during storage were also determined. 

 
MATERIALS AND METHODS 

 
Production and sample preparation 

Water-cooked salted ducks were prepared by a local 
meat factory (Nanjing Sweet-scented Osmanthus Duck 
Ltd.) using the conventional method.  

Cherry Valley ducks from a commercial feedlot were 
slaughtered humanly, each of which was about 1.5 kg. After 
chilling for 2 h, ducks were processed by dry-cured, brining, 
roasting and boiling. Each duck was dry-cured using 100 g 
stir-fried salt with Illicium verum Hook.f (Beijing Meiquan) 
for 2 h. The brining process was 4 h, roasting process was 1 
h at 90°C for drying the carcass and decreasing the 
subcutaneous lipid. Low boiling temperature from 85-90°C 
was used for 40min for tender taste (Liu et al., 2006). 

After being tray-packaged with polyethylene membrane 
(120 μm thickness), 21 ducks were randomly selected and 
transported to the laboratory in ice boxes within 2 h, and 
were stored under refrigeration (4±1°C). Three ducks were 
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selected as sample at every sampling day. Samples were 
analyzed at predetermined time intervals, namely at 0, 2, 4, 
6, 8, 9 and 10 days of storage. 

 
Physicochemical analysis 

The pH value was recorded using a Hanna HI9025C pH 
meter (Italy). Ten grams of duck sample were homogenized 
in 20 ml distilled water and the homogenate was used for 
pH determination. TVB-N (total volatile basic nitrogen) 
was determined according to the method proposed by GB/T 
5009.44-1996 (Ministry of Health of the P.R China, 1996). 
TVB-N content was expressed as mg/100 g duck sample.  

 
Sensory evaluation 

Each sampling day, duck samples were evaluated for 
appearance of the muscle and skin, odour and taste by a 
panel of five judges, who were well trained according to 
standard ISO 8586-1 (1993). Acceptability as a composite 
of taste, appearance and odour was estimated using a scale 
ranging from 1 to 9. The scale points were: excellent, 9; 
very good, 8; good, 7; acceptable, 6; poor (first off-odour, 
off-taste development) <6; a score of 6 was taken as the low 
limit of acceptability. The product was defined as 
unacceptable after development of first off-odour or off-
taste.  

 
Microbiological analysis 

Using aseptic techniques, 25 g sample was 
homogenized in 225 ml sterile peptone saline (0.1% 
peptone and 0.85% NaCl). After shaking at 230 rpm for 10 
min in a stomacher, serial decimal dilutions were prepared 
and 1 or 0.1 ml samples of appropriate dilutions were 
poured or spread on agar plates. 

One milliliter dilutions were inoculated onto plate count 
agar (PCA, LuQiao, Beijing, China) to obtain the total 
viable count, and onto de Man Rogosa Sharpe agar (MRS 
Agar, LuQiao, Beijing, China) to count lactic acid bacteria 
(LAB). Plates were then incubated for 48 h at 37°C and 
30°C, respectively. For members of the family 
Enterobacteriaceae, 0.1 ml sample was inoculated into the 
molten (45°C) violet red bile dextrose agar (VRBDA, 
LuQiao, Beijing, China). After setting, a 10 ml overlay of 
molten medium was added and incubated at 37°C for 72 h. 
Pseudomonads numbers were determined on pseudomonas 
isolation agar (LuQiao, Beijing, China) after incubation at 
25°C for 3 days. Brochothrix thermosphacta was 
determined on streptomycin sulphate-thallous acetate-
cycloheximide (actidione) agar, prepared from basic 
ingredients in the laboratory after incubation at 25°C for 2 
days. Yeasts and moulds were enumerated using potato 
dextrose agar (PDA, LuQiao, Beijing, China) after 
incubation at 25°C for 5 days. Micrococci were enumerated 
on mannitol salt agar (MSA, LuQiao, Beijing, China) after 

incubation at 37°C for 48 h. All plates were examined 
visually for typical colony types and morphological 
characteristics associated with each growth medium. In 
addition, the selectivity of each medium was checked 
routinely by Gram staining and microscopic examination of 
smears prepared from randomly selected colonies from all 
of the media (BAM, 1998).  

 
Statistical analysis 

Experiments were three replicated on different 
occasions with different duck samples. Using software 
SAS9.0 (2002, USA), physicochemical and microbiological 
data were statistically analysed, means and standard 
deviations were calculated, and, when F-values were 
significant at the p<0.05 level, mean differences were 
separated by the least significant difference (LSD) 
procedure. Microbiological counts were converted to log 
cfu/g and were subjected to analysis of variance (ANOVA). 

 
RESULTS AND DISCUSSION 

 
Physicochemical changes 

Many physical and chemical methods have been 
suggested as indices of deterioration of meat quality during 
storage. Chemical tests usually measure the amounts of 
breakdown products derived from enzymatic, bacterial or 
oxidative activities. The assay of some of these substances 
usually provides useful data for the evaluation of meat 
freshness or quality. In the present work, the potential 
chemical quality indicators assessed to determine the 
chemical changes in water-cooked salted duck during 
refrigeration (4±1°C) were pH and TVB-N. Figure 1 shows 
the average values for pH and TVB-N analyzed on each 
sampling day.  

The pH varied between 6.47 and 6.68 without any 
significant differences (p>0.05). As dissolved CO2 is acidic, 
lower pH values in salted duck samples would be expected 
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Figure 1. Changes in pH and TVB-N value of water-cooked salted
duck during storage at 4±1°C. 
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with the growth of lactic acid bacteria and the formation of 
lactic acid. It has been suggested by Gill (1988) that the 
solubility of CO2 in meat should increase with increasing 
pH, therefore, since changes in pH during storage were not 
statistically significant, the CO2 solubility in water-cooked 
salted duck is likely to be variable. 

TVB-N is the traditional chemical means most widely 
used for evaluation of the degree of spoilage in meat. The 
initial TVB-N was 9.12 mg/100 g duck and showed 
significant differences (p<0.05) between days 0 and 4. From 
day 6 onwards, no significant differences (p>0.05) were 
recorded. During storage, slight decrease in the TVB-N 
value was first noticed, then significantly increased 
(p<0.05) by the day 4. The slight decrease in TVB-N during 
the first stage of storage may be initiated by autolytic 
degradation of nucleotides and free amino acids while the 
subsequent changes in TVB-N during the later stage of 
storage is most likely caused by a combination of 
microbiological and autolytic activities.  

Sensory analysis 
Table 1 shows the average scores given by the panelists 

to each of the attributes examined on each sampling day. All 
sensory parameters were correlated with time significantly. 
The initial quality characteristics of the water-cooked salted 
duck were very bright muscle and skin appearance, fresh 
odours and delicate taste. The acceptable shelf life was 
found to be 10 days for water-cooked salted duck (odour 
and taste score less than 6). According to the scale used, 
muscle appearance, odour and taste shown significant 
differences (p<0.05) among each sampling day. The scale of 
skin appearance became bigger from day 8 to 9 and then 
decreased sharply.  

 
Microbiological changes 

Microbial profiles in water-cooked salted duck during 
storage at 4±1°C are shown in Figure 2. The initial (day 0) 
total viable count (2.86 log cfu/g) indicates that the water-
cooked salted duck was of a good quality. Then the count 

Table 1. Sensory evaluation of water-cooked salted duck during storage at 4±1°C 
Days of storage 0 2 4 6 8 9 10 
Muscle appearance 9.00±0.00a 8.52±0.08b 7.96±0.12c 7.32±0.08d 7.05±0.15e 6.42±0.10f 5.93±0.15g 
Skin appearance 9.00±0.00a 8.54±0.15b 7.97±0.10c 7.30±0.05d 7.02±0.08e 7.03±0.15e 6.23±0.15f 
Odour  9.00±0.00a 8.56±0.08b 8.00±0.15c 7.35±0.05d 6.93±0.06e 6.42±0.19f 5.80±0.10g 
Taste 9.00±0.00a 8.59±0.13b 7.92±0.25c 7.30±0.10d 7.03±0.06e 6.33±0.21f 5.95±0.10g 
Means±standard deviation. 
Data within the same row with different letters are significantly (p<0.05) different. 
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Figure 2. Microbial profile of water-cooked salted duck stored at 4±1°C for 10 days. 
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increased up to day 9 and then slightly decreased (Figure 2). 
The maximum level of bacteria during refrigerated storage 
of meat is 107-109 cfu/cm2, and of meat products about 107-
108 cfu/g (Elisabeth Borch et al., 1996). In our study, this 
count was not reached until day 9 (for total aerobic count 
and Brochothrix thermosphacta) and 10 (for LAB). 

The count of B. thermosphacta, which was the 
predominant spoilage bacteria during last stage, increased 
sharply from day 0 to 8, and increased slightly to day 9 and 
10. Available information indicates that B. thermosphacta, 
which is common to the meat habitat, originates in soil and 
faeces and is introduced into slaughterhouses from these 
sources. Its ability to grow at low temperatures and at low 
water activity favours the subsequent proliferation 
(Skovgaard, 1985).  

It is well established that strains of LAB is the major 
group of spoilage bacteria developing on various types of 
meat and meat products (Gill and Newton, 1978; 
Schillinger and Lücke, 1987; Yang and Ray, 1994; 
Bjorkroth and Korkeala, 1996; Samelis et al., 2000). The 
present study indicated that LAB was also the predominant 
spoilage bacteria of water-cooked salted duck during 4±1°C 
storage, which reached to 7.21 log cfu/g at day 10.  

Count of Enterobacteriaceae was increasing from day 0 
to 9 and then decreased to 5.45 log cfu/g at day 10. 
Pseudormmas spp. are the most common spoilage 
organisms, particularly in aerobically stored foods with a 
high water content and natural pH, e.g., red meat (Dainty 
and Mackey, 1992; Dainty, 1996; Jos et al., 1996) and 
poultry (Lahellec and Colin, 1979; Gallo et al., 1988; Regez 
et al., 1988). Pseudormmas spp., like most of the other 
Grarn-negative rod shaped bacteria; usually comprise only a 
small proportion of the initial microflora of fresh foods. 
They are, however, widely distributed in the environment 
and may contaminate foods from many sources and are able 
to utilize a wide range of materials as substrates for growth. 
In our present study, Pseudormmas, which was not the 
predominant spoilage bacterial, increased from the very 
beginning to the last sampling day (Figure 2). 

Micrococcus spp. are able to grow in the presence of 
salt and may be responsible for the spoilage of meat 
products, such as bacon producing slime, souring or 
pigment formation. Many strains are thermoduric and may 
survive pasteurization causing subsequent spoilage, 
particularly if the other spoilage organisms are eliminated 
by heat treatment (Jos and Huis in’t Veld, 1996). In our 
study, Micrococcus increased slightly from day 0 (2.23 log 
cfu/g) to 10 (4.97 log cfu/g) (Figure 2). 

Yeasts and moulds increased from day 0 (<2 log cfu/g) 
to 9 (4.53 log cfu/g) and then decreased to day 10 (4.46 log 
cfu/g) (Figure 2). According to previous research, yeasts 
and moulds can be found in a wide variety of environments, 
such as in plants, animal products, soil, water and insects 

(Jos et al., 1996). This broad occurrence can be explained 
by the fact that yeasts and moulds can utilize a variety of 
substrates such as carbohydrates, organic acids, proteins 
and lipids. Moreover, yeasts and moulds are relatively 
tolerant to low pH, low water activity and low temperature. 

 
CONCLUSIONS 

 
The shelf-life of water-cooked salted duck was 10 day. 

pH value and total volatile basic nitrogen (TVB-N, 
mg N/100 g) varied from 6.47±0.16 to 6.69±0.10 and from 
5.90±0.93 to 13.42±2.46, respectively. The predominant 
spoilage bacteria were found to be B. thermosphacta and 
lactic acid bacteria at the end of the shelf-life. 

To our knowledge, this is the first study reporting 
physicochemical and microbiological changes of water-
cooked salted duck during the shelf-time. Further studies 
are needed with regard to preservation of water-cooked 
salted duck, which will maximize shelf-time, while at the 
same time maintaining good sensorial characteristics. 
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