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Background
The PSE (pale, soft and exudative) condition is associated with lower processing yields, increased cooking losses and reduced juiciness 
(Hedrick et al., 1994), which has caused economic and processing losses to the meat industry. The possibility and feasibility of using PSE 
pork in processed meat products was proposed. Redden & Chen (1995) used PSE pork for the manufacture of Chinese meatballs and dried 
meat floss (shred meat), and found that PSE pork was not suitable for meatballs production, even with the inclusion of potato or com starch 
as a binding agent. However, the pale color of PSE pork used for manufacturing dried meat floss was highly favored by the taste panel- 
Huang et al. (1997) studied the effect of carrageenan on the quality of restmctured PSE hams and found that carrageenan would increase the 
texture and overall acceptability scores in PSE hams. Motzer et al. (1998) studied restructured hams made with PSE pork and binders, and 
reported that modified food starch could enhance the water retention of PSE pork in a restmctured ham. Li & Wick (2001) indicated the 
addition of mechanically deboned turkey meat to processed meat made with PSE pork has the potential to enhance the economic value to 
both of these low value raw materials.
Objectives
The objectives of this study were to evaluate the semi-dried Chinese sausages made with different levels of PSE pork loins for lipid oxidation, 
pH value and lactic acid bacteria during storage at 4°C.
Methods
Percent moisture, fat and protein were determined according to AO AC (1995) procedure. The pH value and 2-thiobarbituric acid (TBA) 
values of meat samples were determined according to Ockerman (1989). TBA values were expressed as mg malonaldehyde/Kg. Appropriate 
serial dilutions were made in sterile peptone water and 0.1 ml of each dilution were spread onto Lactobacilli MRS agar (Difco Laboratories, 
Detroit, MI). Plates were incubated at 37°C for 48 hr, and the lactic acid bacterial colonies were counted and reported as CFU/g meat. This 
experiment was replicated three times with duplicate samples in each replication.
Results and discussion
Lipid oxidation, expressed as the TBA value, is shown in Table 1. At zero time, the 100 % Normal treatment showed higher (p<0.05) TBA 
values than the 100 % PSE and 50 % Normal + 50 % PSE treatments due to its higher lipid content. Lipid content of the 100 % PSE 
treatment (20.8) was the lowest, compared to the 100 % Normal (22.1) and 50 % Normal + 50 % PSE (21.4) treatments, thus, its TBA value 
was lower than the other two treatments. On days 15, 30 and 45, the 100 % Normal treatment consistently had the highest TBA values among 
these treatments, followed by the 50 % Normal + 50 % PSE and 100 % PSE treatments.
Mean TBA values of all meat products increased as the storage time increased, indicating that lipid oxidation had occurred in vacuum-packe 
Chinese sausages. TBA values of all products throughout storage time were in the range of 0.09-0.32, which were well below the threshhol 
value (1.0 mg malonaldehyde/Kg) for detection of warmed-over flavor (Boles & Parrish, 1990). Gary & Pearson (1987) indicated that ranci 
flavor was initially detected between TBA 0.5 and 2.0. From this result, it suggested that vacuum-packed Chinese sausages had no serious 
rancid problem during storage for up to 45 days at 4°C. The relatively low extent of lipid oxidation could be attributed to the vacuum 
packaging and low storage temperature. Kuo et al. (1986) studied the quality of Chinese sausages and found that the use of vacuum 
packaging could be a means of reducing lipid oxidation in meat products.
During storage, the increase rate of TBA values for each treatment was different due to its different lipid oxidation rate. On day 15, TB 
values of the 100 % Normal, 50 % Normal + 50 % PSE, and 100 % PSE treatments were 29, 54 and 67 % higher than those at zero time- 
respectively (Table 1). After 45 days of storage, the trend in TBA changes among these treatments was similar. TBA values of the 100 0 
Normal, 50 % Normal + 50 PSE blend, and 100 % PSE treatments were 1.88, 2.15 and 2.56 times higher than those at zero time, respective J- 
These results demonstrated that the lipid oxidation rate was faster in the Chinese sausages made from 100 % PSE meat, even their inm 
TBA values were very low. The higher proportions of PSE pork used for manufacturing sausages, the higher lipid oxidation rate of the me 
products. The rate of oxidative reaction was probably due to the pH effect. Yasosky et al. (1984) reported that TBA values of ground P°r 
decreased as the pH values increased. Inhibition of oxidation occurred at higher pH. ,
The pH values of Chinese sausages made from different levels of PSE meat were different at day 0 (Table 2). As expected, sausages ma 
from PSE pork (the 100 % PSE and 50 % Normal + 50 % PSE treatments) had lower (p<0.05) pH values (6.08 and 6.16, respectively) 
the 100 % Normal treatment (6.21). This was due to the lower pH value of the raw PSE muscle (5.60), compared to the normal muscle (5"  ̂
The pH value of the 100 % PSE treatment was lower than that of the 50 % Normal + 50 % PSE treatment; however, the differences were no 
significant. Motzer et al. (1998) manufactured hams with PSE pork and also found the 100% PSE meat treatment had lower pH values t a 
the 50 % Normal + 50 % PSE blend and 100 % Normal treatments. Petrovic et al. (1995) studied the properties of normal and PSE coo e 
hams and found the pH value of PSE hams was lower than that of normal muscle. At each storage time (15, 30 or 45 days), the 100 % “ 
treatment consistently had the highest pH value, followed by the 50 % Normal + 50 % PSE and 100 % Normal treatments.
The pH value of all sausage samples decreased as the storage time increased. This was probably due to the accumulation of lactic ac 
produced by the growth of lactic acid bacteria in vacuum-packed sausages. The Chinese sausages were added with 10 % of sugar, wn 
could be used by the lactic acid bacteria during storage. ts
No differences (p>0.05) in lactic acid bacteria were found between treatments at any given storage time, but during the storage period, c°u 
increased logarithmically (Table 3). The lactic acid bacteria of all treatments increased to 5.2-5.4, 6.2-6.4 and 7.3-7.4 log CFU/g at l ‘>  ̂
and 45 days of storage, respectively. Gill (1982) reported that the flora of vacuum packaged meat is usually dominated by sPecie*|1(,r 
L a ctobac illu s . The normal spoilage of cured meat products is one of a souring nature due to the growth of L ac to b a c illia ce , but °  
organisms may also be found. During storage, the growth of lactic acid bacteria caused the accumulation of lactic acid and decrease o F 
value in all Chinese sausages (Table 2).
Conclusions
As the storage time increased, pH values of Chinese sausages decreased, TBA values and lactic acid bacteria increased. TBA values were
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below 0.4 throughout storage time, suggesting that the vacuum-packed Chinese sausages could be stored for '  45 days at 4°C without any
serious lipid oxidation.
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I Jgble 1, TBA value of Chinese sausages made from normal and/or PSE pork as affected by storage time
-_ Days

Meat type
100 % Normal 50 % Normal + 50 % PSE 100% PSE

0 0.17 a’w 0.13 a' w 0.09 a' w
( 10 0) ( 100) ( 10 0)

15 0 .2 2  a'"-x 0 .2 0  a’w’x 0.15 a' w' x
(129)* (154) (167)

30 0.27 *’x,y 0.23 a’x’y 0 .2 0  a’x,y
(159) (177) (2 2 2 )

45 0.32 a,y 0.28 a' b’y 0.23 b’y
'a~'ï-- .-- (188) (215) (256)

Means in the same raw with different letters are significantly different (P < 0.05).
, ' Means in the same column with different letters are significantly different (P< 0.05).
'alue in brackets is the % of initial TBA value within each meat type.

'liable 2. pH value of Chinese sausages made from normal and/or PSE pork as affected by storage time
Meat type

__ Days 100 % Normal 50 % Normal + 50 % PSE 100% PSE
0 6 .2  T" 6.16ab” 6.08b’"
15 5.81a,x 5.71b'x 5.55c,x
30 5.61 a'y 5.54a,y 5.32b,y

...... 45 5.45a'z 5.36b,z 5.13“
^Means in the same raw with different letters are significantly different (P<0.05). 

Means in the same column with different letters are significantly different (P<0.05).

^ jb le 3 pactjc acjd bacteria (log CFU/g) of Chinese sausages made from normal and/or PSE pork as affected by storage time
Meat type

Days 100 % Normal 50 % Normal + 50 % PSE 100% PSE
0 4.3 a' w 4.3 a-w 4.2 a-w
15 5.5 a' x 5.4 a' x 5.2 a' x
30 6.4 a' y 6.3 a‘y 6 .2  a' y
45 7.4 a' z 7.4 a' z 7.3 a' z

| Means in the same column with different letters are significantly different (P<0.05).
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