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This research presents a case study of applying soybean oil to emulsion sausage and supplementing it 
with ginger. In Experiment 1 Pangasius bocourti sausage, made by using of an appropriate amount of 
soybean oil, was studied. Five samples of sausage that contained different amounts of pork back fat and 
soybean oil were compared. Sample 1 (the control) contained only pork back fat. The pork back fat was 
replaced by soybean oil in the amounts of 25%, 50%, 75%, and 100% by weight in Samples 2, 3, 4, and 
5, respectively. Sausages were evaluated by chemical, textural, sensory, and microbial analysis. In 
Experiment 2, the food composition of Pangasius bocourti sausage with use of ginger was investigated. 
The sample was selected from an appropriate amount of soybean oil in Experiment 1. Five samples of 
sausage that contained ginger in the amounts of 0%, 2%, 4%, 6%, and 8% by weight were used. The 
sausages were evaluated for chemical, textural, sensory, and microbial analysis. In Experiment 1, it was 
shown that a 100% replacement of soybean oil for pork back fat could produce a low-cholesterol 
sausage that would be appropriate at this level since the lowest level of cholesterol had been found in 
Sample 5. In Experiment 2, the chemical properties indicated the following: 1) the fiber and fat contents 
had not been found to be significantly different (P>0.05); 2) the cholesterol levels, as well as the protein 
and carbohydrate content, had been significantly different (P<0.05); and 3) the moisture and ash 
contents, as well as the energy values, had been significantly different (P<0.01). The textural properties 
indicated the following: 1) the qualities of hardness, springiness, and gumminess had not been not 
significantly different (P>0.05); 2) the adhesiveness had not been significantly different (P<0.05); and 3) 
the cohesiveness had been significantly different (P<0.01). Sensory evaluation, carried out by the taste 
panels, had not been found to be significantly different (P>0.05). Almost all of the members of the taste 
panels had preferred Sample 3. Microbial analysis showed that a total plate count of Coliform bacteria, 
Escherichia coli, Staphylococcus aureus, Bacillus cereus, Clostridium perfringens, Vibrio 
parahaemolyticus, and Salmonella spp. had been detected when tests were performed on standard fish 
sausage. From this research, it was concluded that soybean oil at 100% could be used to replace the 
pork back fat and supplementation with ginger at 4% could be used to produce low-cholesterol sausage 
that would be at an appropriate level 
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INTRODUCTION 

Emulsion sausages, such as frankfurters, 
bologna, and wieners, are widely consumed in 

both Western and Asian countries. The products 
are typically made of beef, pork, or chicken and 
contain 20-30% fat. Although meat is an important 
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source of protein, vitamins, and minerals; meat 
products can also contain high amounts of fat, 
saturated fatty acids, and salt, as well as 
cholesterol (Jimenez-Colmenero et al., 2001). At 
present, consumers are becoming more mentally 
aware of the health-impairing effects of these 
components, since fat and cholesterol are 
associated with obesity and an increased risk for 
cardiovascular diseases. With increasing health 
concerns, the consumption of red meat is 
diminishing, while fish is becoming more popular. 
Fish is a good source of protein (15–20%), 
vitamins, minerals, carbohydrates, and water-
soluble components (Londahl, 1981).  Due to a 
lack of variability in food products, produced from 
fish and from partaking fresh fish, the 
consumption of fish is less than that of meat. 
Therefore, the development of fish products 
needs to be explored. Several studies have been 
undertaken regarding the production of new food 
products from various fish species.  Pla-Mong 
(Pangasius bocourti) is one of the important 
species used for cage culture in the countries of 
the Mekong Basin, especially in Vietnam and 
Thailand. Annually, the total production of this fish 
is about 27,000 tons. In recent years, the 
commercial aquaculture production of Pangasius 
in Southeast Asia has been rapidly increasing. 
Pangasius bocourti is a leading aquaculture 
commodity in Thailand. In early 1990s, imports 
into the U.S. of these species grew steadily until 
Anti-dumping laws began to be enforced in 2003 
and imports were cut by half (Roberts and 
Vidthayanon, 1991). Pangasius bocourti is a rich 
source of n-3 polyunsaturated fatty acids (PUFA). 
The biological importance of n-3 PUFA, 
particularly eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), on brain and retinal 
development has been realized (Simopoulos, 
1997). The terms, functional foods and 
nutraceuticals, are used interchangeably and are 
usually defined as any substance that may be 
considered a food or part of a food which provides 
medical or health benefits including the prevention 
and treatment of disease (DeFelice, 1992). Ginger 
(Zingiber officinale Roscoe, Zingiberaceae) is a 
medicinal plant that has been widely used in 
China and around the world as a spice in food. 
Recently, ginger has received increasing attention 
because of its pronounced anti-oxidant (El-
Ghorab et al., 2010), anti-inflammatory (Minghetti 
et al., 2007), anti-diabetic (Afshari et al., 2007), 
and anti-cancer activities (Shukla and Singh, 
2007). In order to increase Pangasius bocourti 
consumption, alternative food products, 

formulated with Pangasius bocourti, need to be 
developed. However, the development and 
research to be carried out in order to fully utilize 
Pangasius bocourti and to publish data on value-
added products of Pangasius bocourti are limited. 
For that reason, this experiment was undertaken 
with the aim of determining the results that could 
be achieved by replacing pork back fat with 
soybean oil (in the appropriate amounts) and 
supplementing the products with ginger (in the 
appropriate amounts) in order to enhance the 
quality of fish sausage. 
 
MATERIALS AND METHODS 

These experiments comply with Ethical 
Principles and Guidelines for the Use of Animals. 
The researchers have been licensed No. U1-
04381-2559 of the Institute of Animals for 
Scientific Purpose Development (IAD), National 
Research Council of Thailand (NRCT). 

Preparation of the Fish for Analysis 
Pla-Mong (Pangasius bocourti) was headed, 

gutted, and its visceral mass was removed. The 
gutted fish were filleted with knives, frozen, and 
then the fillets were then stored at -20o C. Then, 
samples of the fish were analyzed for moisture, 
fat, crude protein, ash, crude fiber, NFE, and 
gross energy by using the AOAC method (AOAC, 
1990). All cooking ingredients (pork back fat, 
soybean oil, salt, corn starch, sugar, cayenne 
pepper, mace powder, nutmeg powder, garlic 
powder, and monosodium glutamate) were bought 
from Macro (Thailand). NaNO2 C6H8O6 and 
Na5P3O10 were purchased from Food EQ CO., 
LTD. (Thailand). 
Experiment 1 involved studying the Pangasius 
bocourti sausage by using an appropriate level of 
soybean oil. Five samples of sausage that 
contained different levels of pork back fat and 
soybean oil were compared. Sample 1 (the 
control) contained only pork back fat. Pork back 
fat was replaced with soybean oil in the amounts 
of 25%, 50%, 75%, and 100% by weight in 
Samples 2, 3, 4, and 5, respectively (3 batches 
per sample), and is shown in Table 1. 
Experiment 2 involved a study of the food 
composition of Pangasius bocourti sausage by 
using ginger as a means of making it more 
acceptable for consumers. Samples were 
selected from the appropriate levels of soybean oil 
in Experiment 1.  
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Table 1. Formulation of the Emulsion Fish Sausage 

Ingredients 

(g) 

Pork Back Fat Replacement with Soybean Oil (%) 

Sample 1 
0 

Sample 2 
25 

Sample 3 
50 

Sample 4 
75 

Sample 5 
100 

Fish flesh 111010 111011 111011 111011 111011 

Pork back fat  / Soybean 

oil 
20/0 15/5 10/10 5/15 0/21 

Ice 30.00 30.00 30.00 30.00 30.00 

Salt 2010 2011 2011 2010 2010 

Corn starch 50.5 50.5 50.5 50.5 50.5 

Sugar 2.50 2.50 2.50 2.50 2.50 

Cayenne pepper 1. 00 1. 00 1. 00 1. 00 1. 00 

Mace powder 1. 07 1. 07 1. 07 1. 07 1. 07 

Nutmeg powder 1010 1010 1010 1010 1010 

Garlic powder 1021 1021 1021 1021 1021 

Monosodium glutamate 1021 1021 1021 1021 1021 

NaNO2 1. 01 1. 01 1. 01 1. 01 1. 01 

C6H8O6 1. 04 1. 04 1. 04 1. 04 1. 04 

Na5P3O10 0.50 0.50 0.50 0.50 0.50 

 
Table 2. Formulation of Ginger Emulsion Fish Sausage 

Ingredients (g) 
Differing Amounts of Ginger in Fish Sausage (%) 

Sample 1 
0 

Sample 2 
2 

Sample 3 
4 

Sample 4 
6 

Sample 5 
8 

Fish flesh 111010 111011 111011 111011 111011 
Pork back fat  / Soybean oil* 0/21 0/21 0/21 0/21 0/21 

Ice 30.00 30.00 30.00 30.00 30.00 

Salt 2010 2011 2011 2010 2010 

Corn starch 50.5 50.5 50.5 50.5 50.5 

Sugar 2.50 2.50 2.50 2.50 2.50 

Cayenne pepper 1. 00 1. 00 1. 00 1. 00 1. 00 

Mace powder 1. 07 1. 07 1. 07 1. 07 1. 07 

Nutmeg powder 1010 1010 1010 1010 1010 

Garlic powder 1021 1021 1021 1021 1021 

Monosodium glutamate 1021 1021 1021 1021 1021 

NaNO2 1. 01 1. 01 1. 01 1. 01 1. 01 

C6H8O6 1. 04 1. 04 1. 04 1. 04 1. 04 

Na5P3O10 0.50 0.50 0.50 0.50 0.50 

Ginger 0 2 4 6 8 

*Pork back fat/soybean oil samples were selected from appropriate levels of soybean oil from Experiment 
1. 
 
Five samples of sausage containing different 
amounts of ginger at 0%, 2%, 4%, 6%, and 8% by 
the weight of the fish in Samples 1, 2, 3, 4, and 5, 
respectively (3 batches/sample) were selected, 
and the results are shown in Table 2. 

Sausage Processing 
The formulations, used in the production of 

the sausages, are shown in Table 1. All 

formulations were mixed with the minced fish 
fillets and made into a homogenous batter. The 
minced fish was inserted into the sausage casings 
using a hand-held sausage-filling machine. The 
fish sausages were smoked with coconut fronds 
for 30 min and were then boiled at 70oC for 15 
min. The sausages were evaluated by sensory, 
chemical, textural, and microbial analysis. 
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Chemical Analysis 
Approximate composition in terms of 

moisture, fat, crude protein, ash, crude fiber, and 
carbohydrate contents were evaluated according 
to AOAC [10]. The gross energy was analyzed by 
using an adiabatic bomb calorimeter, and the 
cholesterol content was analyzed by using gas 
chromatography (Kovacs et al., 1979).  

Sensory Evaluation 
Fifty trained sensory panelists from Khon 

Kaen University participated in the sensory 
evaluation. The sausage samples were tested for 
appearance, color, odor, texture, taste, juiciness, 
and preference. Testing and evaluation was 
based on a nine point hedonic scale with ‘one’ 
being undesirable and ‘nine’ being desirable 
(Abdullah et al., 2008). 

Texture-Profile Analysis (TPA) 
TPA, as described by Bourne (1978) was 

carried out using a TA.XT2i Stable Micro Systems 
Texture Analyzer (Stable Micro Systems Ltd., 
Surrey, England). The attributes were calculated 
as follows: 1) hardness = the peak force (N) 
required for first compression; 2) cohesiveness = 
the ratio of active work done under the second 
compression curve to that done under the first 
compression curve (dimensionless); 3) 
springiness = the distance (mm) the sample 
recovers after the first compression; 4) 
adhesiveness = the negative area; and 5) 
gumminess = hardness × cohesiveness. Frozen 
sausages were taken out of the freezer and 
thawed at room temperature for 30 min. Large-
deformation single-compression testing was 
employed by loading the sausages onto the plate 
of a TA.XT2i Stable Micro Systems Texture 
Analyzer (Stable Micro Systems Ltd., Surrey, 
England).  

Microbiological Analysis 
This study was designed to compare a value-

added product, a sausage using ginger, and to 
investigate the effects of ginger on the 
characteristics of the sausages in terms of 
microbial effects. Sausages were analyzed for 
total plate count, Coliform bacteria, Escherichia 
coli, Clostridium perfringens, Vibrio 
parahaemolyticus, Staphylococcus aureus, 
Bacillus cereus, and Salmonella spp. by the BAM 
method. 

Statistical Analysis 
The data was analyzed by one-way analysis 

of variance using the Statistical Analysis System 
(SAS Institute Inc., Cary, NC, USA) and the 
means were compared by using Duncan’s 
multiple range test (Cary, 2001). 
 
RESULTS AND DISCUSSION 

Chemical Analysis 
The chemical composition of the fish 

consisted of moisture (80.6%), fat (12.1%), 
cholesterol (36.8 mg 100g-1), crude protein 
(15.4%), ash (5.0%), crude fiber (0%), NFE 
(2.4%), and gross energy (5.54 Kcal g-1). In 
Experiment 1, the appropriate level was selected 
from the 5th sample, which contained 100% 
soybean oil to totally replace the pork back fat.  
The chemical properties from the 5th sample of the 
Pangasius bocourti emulsion sausage had 
indicated the presence of moisture (65.7%), fat 
(12.9%), cholesterol (34.5 mg 100g-1), crude 
protein (10.1%), ash (9.7%), crude fiber (0%), 
NFE (18.7%), and gross energy (5.7 Kcal g-1) as 
shown in Table 3. Results from the emulsion 
sausages, made from African catfish, were 
reported by Abdullah et al. (2008) as follows: 
moisture content (74%), protein (20.71%), and fat 
(10.98%). In Experiment 2, the chemical 
properties of the Pangasius bocourti ginger 
emulsion sausage showed that the fiber and fat 
content had not been significantly different 
(P>0.05). The cholesterol, protein, and 
carbohydrate contents had been significantly 
different (P<0.05), and the moisture and ash 
contents, as well as the energy values, had also 
been significantly different (P<0.01) as shown in 
Table 4. The fiber content of the samples had not 
been significantly different because most of the 
ingredients were from fish which had been 
supplemented with ginger at only 0%, 2%, 4%, 
6%, and 8% by weight in Samples 1, 2, 3, 4, and 
5, respectively. Similar trends in fiber content 
have been observed by Siripavee and Rusamee 
(2004). The sample fat content was not found to 
be significantly different because the formulation 
of the sample had been selected from an 
appropriate amount of soybean oil in Experiment 
1 which had contained soybean oil (100%) by 
weight in all samples. In Experiment 2, the lowest 
amount of cholesterol was found in Sample 4.  
Yet, this data indicated a significant difference 
(P<0.05). However, the difference had only 
consisted of about 1-2 mg 100 g-1. One of the 
limiting factors for introducing cholesterol 
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derivatives into foodstuffs had been the fish (Park 
et al., 1989). The effects on the quality of dry 
fermented sausages, derived from partially 
substituting pork back fat with an emulsion which 
contained deodorized fish oil, have been reported 
by Valencia et al. (2006). The control batch had 
been manufactured using 75% lean pork meat 
and 25% pork back fat. In the modified batch, 
25% of pork back fat was substituted with pre-
emulsified deodorized fish oil which had been 
obtained from a mixture of different kinds of fish 
(LYSI, Reykjavik, Iceland) and which accounted 
for 33 g of fish oil kg-1 of the raw mixture. The fish 
oil exhibited a cholesterol content that was found 
to be relatively high, reaching 542 mg 100 g-1 of 
product.  Furthermore, this was much higher than 
the amount shown by pork back fat and fits within 
the normal cholesterol values found in the fish fat 
(Moreiras, 2006). The differences in the types of 
fat used in the formulations have given rise to 
products with significant differences in the lipid 
composition and, as a consequence, in nutritional 
value. Regardless of oil loss during ripening of 
modified sausages, the total fat content of the 
traditional and functional products had been 
similar at 27.3% and 27.7%, respectively. The 

high amount of cholesterol in the fish oil had given 
rise to a significantly higher cholesterol content in 
the products made with fish oil than in the 
traditional ones (134 mg and 102 mg 100 g-1 
product, respectively). This difference could be 
considered as a “negative aspect” for the modified 
products. However, at present, the intake of 
cholesterol is currently considered to be of lesser 
significance in regard to cardiovascular diseases 
than the intake of fats consisting of an adequate 
fatty acid profile (Zyriax and Windler, 2000). The 
effects of various amounts of soybean oil in the 
product formulation of the low cholesterol Nile 
tilapia emulsion sausage have been reported by 
Siripavee and Rusamee (2004). The sausages 
were compared for the different levels of pork 
back fat and soybean oil that they contained. 
Sample 1 (the control) contained only pork back 
fat. Pork back fat was replaced by soybean oil in 
the amounts of 25%, 50%, 75%, and 100% by 
weight in Samples 2, 3, 4, and 5, respectively. 
The results of the cholesterol content were 117.0, 
87.8, 58.5, 29.3, and 0.0 mg 100 g-1 product, 
respectively. The quantities of pork back fat and 
soybean oil are shown in Table 1.  

 
Table 3. Composition of Pla-Mong (Pangasius bocourti) Emulsion Sausage 

Chemical Composition Pork Back Fat Replacement with Soybean Oil (%) F-test 

Sample 1 
0 

Sample 2 
25 

Sample 3 
50 

Sample 4 
75 

Sample 5 
100 

Moisture (%) 67.4a 67.0a 64.6c 64.4c 65.7b ** 

Fat (%) 1100c 11.1c 12.5b 13.0a 12.9ab ** 

Cholesterol (mg 100g-1) 42.0a 41.0ab 40.3ab 39.5b 34.5c ** 

Crude protein (%) 10.4ab 10.7a 10.8a 10.5ab 10.1b * 

Ash (%) 9.7b 10.1a 9.9ab 9.8ab 9.7b * 

Crude fiber (%) 0.2a 0.3a 0.2a 0.0a 0.0a ns 

Carbohydrate (%) 19.5ab 17.3b 19.0ab 20.0a 18.7ab * 

Gross energy (Kcal g-1) 5.6b 5.6b 5.6ab 5.7ab 5.7a * 
Values within a row with means with different superscripts are significantly different; *, ** = significant at P<0.05 and 
P<0.01, respectively. 

Table 4. Composition of Pla-Mong (Pangasius bocourti) Ginger Emulsion Sausage 

Chemical Composition Different Amounts of Ginger in Fish Sausage (%) F-test 

Sample 1 
0 

Sample 2 
2 

Sample 3 
4 

Sample 4 
6 

Sample 5 
8 

Moisture (%) 65.7b 67.3a 68.2a 67.1a 67.6a ** 

Fat (%) 12.9a 13.2a 12.6a 12.7a 12.8a ns 

Cholesterol (mg 100g-1) 34.5ab 35.0a 33.3ab 32.9b 34.8ab * 

Crude protein (%) 10.1b 11.2ab 10.7b 11.5a 10.8ab * 

Ash (%) 9.7a 6.0bc 5.8c 5.6d 6.1b ** 

Crude fiber (%) 0.0a 0.3a 0.3a 0.0a 0.0a ns 

Carbohydrate (%) 18.7a 14.4b 17.5a 18.3a 18.4a * 

Gross energy (Kcal g-1) 5.7b 6.3a 6.3a 6.3a 6.3a ** 
Values within a row with means with different superscripts are significantly different; *, ** = significant at P<0.05 and P<0.01, 
respectively
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The pork back fat content was reduced from 

42 to 34.5 mg 100 g-1. Thus, in Experiment 2, the 
appropriate amount was selected on the basis of 
the lowest cholesterol level. In the final products, 
the cholesterol levels, as well as the protein and 
carbohydrate contents, were found to be 
significantly different (P<0.05) for all samples, and 
the values were found to range between 32.9 - 
35.0 g 100 g-1, 10.1% - 11.5%, and 14.4% - 
18.4%, respectively. The moisture and ash 
contents, as well as the energy values, were 
found to be significantly different (P<0.01) with 
values that ranged between 65.7% - 68.2%, 5.8% 
- 9.7%, and 5.7% - 6.3%, respectively. There was 
an improvement in the nutritional properties of 
Chorizo de Pamplona when pork back fat was 
replaced of with soybean oil as reported by 
Muguerza et al. (2003). The quantities of pork 
back fat, soybean oil, isolated soy protein, and 
water that were added per gram of meat mixture 
varied in each of the samples (0%, 15%, 20%, 
and 25%). The pork back fat content had reduced 
the cholesterol from 92.9 to 87.7 mg 100 g-1. 

Textural Profile Analysis 
The textural properties indicated that the 

hardness, springiness, and gumminess had not 
been significantly different (P>0.05).  Yet, the 
adhesiveness had not been found to be 

significantly different (P<0.05), nor had the 
cohesiveness (P<0.01) (Table 5). Because the 
values for springiness were quite similar in all 
samples, springiness had not been found to be 
significantly different (P>0.05). Similar results 
have been obtained by Siripavee and Rusamee 
(2004). Neither hardness nor gumminess had 
been found to be significantly different (P>0.05). 
Hardness results differ from those of Mittal and 
Barbut (1994), who observed that a decrease in 
fat had produced an increase in the hardness of 
cooked sausages, and the differences had 
resulted from the composition of the sausages 
studied. In this study, the fat was replaced with 
soybean oil (Table 1) resulting in a different 
relationship between the components of the 
emulsion. These changes are related to the pre-
emulsion prepared for the incorporation of the 
soybean oil. However, they can increase the 
consistency and, as a consequence, the hardness 
of the product (Holt and Roginski, 2001). The 
results are similarly to those of Muguerza et al. 
(2001) who manufactured fermented sausages 
with pre-emulsified olive oil. The healthy oil 
combination was stabilized in a konjac matrix as a 
pork fat replacement in low-fat, PUFA-enriched, 
dry fermented sausages as reported by Jiménez-
Colmenero et al. (2013).  

Table 5. Textural Profile Analysis of Pla-Mong (Pangasius bocourti) Ginger Emulsion Sausage 

Textural Properties 

Differing Amounts of Ginger in Fish Sausage (%) F-test 

Sample 1 
0 

Sample 2 
2 

Sample 3 
4 

Sample 4 
6 

Sample 5 
8 

 

Hardness (N) 1739.7a 1732.0a 1775.4a 1735.1a 1811.3a ns 

Cohesiveness (ratio) 0.9a 0.8b 0.9a 0.8b 0.9a ** 

Springiness (mm) 1.0a 1.0a 1.0a 1.0a 1.0a ns 

Adhesiveness (Ns) -22.4ab -9.4a -21.9ab -14.8a -42.8b * 

Gumminess (N) 1478.8a 1460.5a 1539.5a 1470.8a 1562.6a ns 
Values within a row with means with different superscripts are significantly different; *, ** = significant at P<0.05 and 
P<0.01, respectively. 
 

Table 6. Sensory Evaluation of Pla-Mong (Pangasius bocourti) Ginger Emulsion Sausage 

Sensory 
properties 

Different Amounts of Ginger in Fish sausage (%) F-test 

Sample 1 
0 

Sample 2 
2 

Sample 3 
4 

Sample 4 
6 

Sample 5 
8 

 

Color 3.6a 3.6a 3.6a 3.6a 3.3a ns 

Odor 5.8a 5.8a 6.4a 6.0a 6.3a ns 

Texture 6.6a 6.4a 6.5a 6.5a 6.6a ns 

Taste 6.7a 6.4a 6.7a 6.2a 6.6a ns 

Juiciness 6.2a 6.2a 6.5a 6.3a 6.5a ns 

Preference 6.7a 6.7a 6.8a 6.8a 6.8a ns 

Values within a row with means with different superscripts are significantly different; *, ** = a significance at P<0.05 
and P<0.01, respectively. 
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Table 7. A Comparative Microbial Analysis between Sausage Types and Standard Fish Sausage 

Microbial 
Detection Standard 

Emulsion Sausage Ginger Emulsion Sausage  

Total plate count (cfu g-1) 062×0.6 066×2.6 < 106×6 

Coliform bacteria (MPN g-1) 6.3 36 < 500 

E. coli (MPN g-1) <3.0 <3.0 <3 

S. aureus (g). <066 <066 <100 

B. cereus (g). <066 <066 <100 

C. perfringens (g) Not detected Not detected Not detected 

V. parahaemolyticus (g) Not detected Not detected Not detected 

Salmonella spp. (g) Not detected Not detected Not detected 

 
 
The TPA parameters were affected (P<0.05) 

by formulation. Reducing fat by the partial 
replacement of animal fat with konjac gel 
decreased the hardness (P<0.05), increased 
cohesiveness (P<0.05), and showed no effect 
(P>0.05) on the springiness and chewiness. In 
contrast to these results, as the fat content is 
decreased in dry fermented sausages, it has been 
reported that the formation of harder structures 
occurs (Liaros et al., 2009; Muguerza et al., 
2002). It has also been reported that the fat 
content decreases (and konjac gel levels 
increase) producing increases in the degrees of 
hardness and chewiness, whereas the 
cohesiveness is reduced (Ruiz-Capillas et al., 
2012). This apparent discrepancy may be 
attributed to the different characteristics of the 
obtained products and may be the result of the 
different criteria which had been used to establish 
the completion of the ripening process in both of 
the experiments. In this experiment, the end of the 
ripening process was defined by the level of 
weight loss (not by ripening time). As a result, the 
moisture levels in the low-fat dry fermented 
sausages were higher than those reported by 
Ruiz-Capillas et al. (2012). The consequence of 
these conditions would have created products 
with a higher moisture per protein ratio which 
would explain their lower degree of hardness.  
 
Sensory Evaluation 

The sensory evaluation results, determined by 
the taste panels, were not significantly different 
(P>0.05) (Table 6). Most of them preferred 
Sample 3. However, the most important 
parameters which could be considered to be 
mainly responsible for the general acceptability of 
the products had been “Taste” and “Preference”. 
Thus, the greatest sensorial limitation, induced by 
reformulation, was recognized in Sample 3.  

Microbial Analysis 
Microbial analysis was based on the detection 

of total plate counts of Coliform bacteria, 
Escherichia coli, Staphylococcus aureus, Bacillus 
cereus, Clostridium perfringens, Vibrio 
parahaemolyticus, and Salmonella spp. which 
was performed on the standard fish sausage. Pla-
Mong (Pangasius bocourti) emulsion sausage 
was selected from Sample 5.  Pla-Mong 
(Pangasius bocourti) ginger emulsion sausage 
was selected from Sample 3 (Table 7). 

CONCLUSION 
This study indicated that the use of soybean 

oil to replace pork back fat at 100% can decrease 
the cholesterol content. Supplementation with 
ginger at 4% can produce a lower cholesterol 
level in the sausage which may be considered to 
be a medical or health benefit for the food which 
includes the prevention and treatment of disease. 
Thus, Pla-Mong (Pangasius bocourti) ginger 
emulsion sausage could be become a healthy 
alternative food and could decrease the risk of 
cardiovascular diseases. Moreover, it was shown 
that it is possible to produce a sensory-acceptable 
ginger emulsion sausage by combining multiple 
health-promoting factors that can lower 
cholesterol intake through both fish and ginger 
nutrients. The result is a healthy low-fat fish 
sausage containing polyunsaturated fatty acids 
(PUFA). 
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