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Gac (MomordicacochinchinensisSpreng) aril and turmeric (Curcuma longa) rhizome have numerous 
bioactive components beneficial to human health. Pangasiushypophthalmus is commonly processed to 
frozen fillet for export and domestic consumption. Fermented sausage is one kind of fast food 
convenient in industrial modern society due to its excellent metabolized nutrient like protein, mineral, 
vitamin B, acid folic. During processing of fermented sausage, nitrite has several technical supports. 
However, nitrite is risky to carcinogen. Consumers prefer to high quality fermented sausage with a long 
stability without artificial chemical additives, especially nitrite. This research evaluated the possibility of 
Gac or turmeric extract individually or dually supplemented to the fermented Pangasiussausage during 
storage. The treated samples were monthly verified the microbial, physicochemical and sensory 
characteristics. Among four group of treatments (control, 0.3 % Gac, 0.3 % turmeric, 0.15 % Gac + 0.15 
% turmeric), the synergistic effect of 0.15 % Gac + 0.15 % turmeric showed the best quality of the 
fermented Pangasius sausage. Gac and turmeric extract will be ideal alternative as natural antioxidants 
in processing of meat products. 
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INTRODUCTION 

Gac (MomordicacochinchinensisSpreng) aril 
is highly appreciated by its huge content of 
carotenoid, flavonoid, phenolic acid and 
hydroxycinnamic acid (Kubola et al., 2011; Kha et 
al., 2014). The lycopene content in Gac aril is 
higher than in other fruits (Lenucci et al., 2009; 
Cefola et al., 2012). Turmeric (Curcuma longa) is 
widely applied as spice, preservative and coloring 
agent (Gul and Bakht, 2015). Essential oil, 
curcumins, curcuminoids, turmeric oil, turmerol 
and veleric acid are responsible for the 
antimicrobial activity of turmeric (Basniwalet al., 

2011; Rakshitet al., 2012). Turmeric has been 
considered as an alternative of artificial 
antioxidants in meat processing (Sharma et al., 
2012). 

Pangasiushypophthalmus is an important fish 
in Vietnam. It is characterised by tender and white 
muscle, free from fishy odour, firm cooked texture, 
high nutritive value with excellent organoleptic 
property (Rao et al., 2013). Pangasiusis 
commonly exported as fillets, portions, steaks, 
and added value products (Noseda et al., 2012; 
Thi et al., 2013). The digestible proteins of 
Pangasius fillet is rich in essential amino acids 
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(Szlinder-Richert et al., 2011). Total lipids in 
Pangasius were characterised by low cholesterol 
levels, low amount of polyunsaturated fatty acids, 
high content of saturated fatty acids which are 
beneficial for health in preventing cardiovascular 
diseases (Kris-Etherton et al., 2002).  

Fermented sausages is one kind of meat 
foodstuff prepared from meat or fish, fat, salt, 
sugar, curing agents, spices and starter cultures 
(Minh et al. 2019b). This mixture is subjected to a 
fermentation and drying process (Minh et al. 
2019a). Fermented sausage is considered as an 
excellent source of protein, fat, vitamin, mineral 
(Seong et al. 2016). During ripening and drying 
process, the fermentation is facilitated by starter 
cultures significantly contributing to sensory 
properties in final product. Fermented sausage 
exhibits a stable shelf life without refrigeration. 
Due to, a high percentage of fat, fermented 
sausage is sensitive to lipolysis and lipid oxidation 
that negatively affect to odour, taste and texture 
(Visessanguan et al. 2006; Olivares et al. 2009; 
Zhao et al. 2011). Various literatures mentioned to 
the fermented Pangasiushypophthalmus sausage 
stability (Medeiros and Dudley, 1985; 
Raksakulthai et al. 2004; Oksuz et al.2008; Ren et 
al. 2011; Simmalee et al. 2013; Nursyam et al. 
2013; Thi et al. 2013; Sovann et al. 2013; Minh, 
2014). Nitrite is quite popular as a curing agent 
the fermented sausage manufacture since it 
results in a distintive pink color and flavor, inhibits 
growth and neurotoxin formation by Clostridium 
botulinum, and prevents oxidation rancidity 
(Cassens, 1997). However nitrite is harmful for 
human health because it can cause carcinogen. 
No residual nitrite in the fermented sausage is a 
must. Natural antioxidants can stabilize the color 
of limited-nitrite meat products (Bazan-Lugo et al., 
2012).Gac and turmeric extract will be a promising 
alternative to capture consumer requirement to 
healthy product.  Objective of our study examined 
the influence of Gac or turmeric extract 
individually or dually supplemented to the 
fermented Pangasiussausage during storage. The 
treated samples were monthly verified the 
microbial, physicochemical and sensory 
characteristics. 
 
MATERIALS AND METHODS 

2.1 Material 
Gac fruit and turmeric rhizomewere harvested 

from SocTrang province, Vietnam. After receiving, 
they should be quickly transfered to laboratory for 
experiments. Gac fruit is opened by sharp knife to 

collect its aril. Turmeric rhizome was cleaned 
thoroughly to remove foreign matter. Turmeric 
rhizome was manually peeled and finely ground. 
Gac aril was extracted in 70% ethanol at ratio 1:2. 
Turmeric extract also collected by solvent 
extraction with 70% ethanol at ratio 1:2. The 
extract was filtered through sieve to remove 
unsolid particles.Gac and turmeric filtrate were 
individually evaporated by vacuum rotary 
evaporator. Chemical reagents were all analytical 
grade. 

2.2 Researching method 
Gac and turmeric extract was supplemented 

into Pangasius sausage in different formulas 
(control, 0.3 % Gac, 0.3% turmeric, 0.15 % Gac + 
0.15 % turmeric). All sausage samples were kept 
in vacuum bag for 6 months. In one-month 
interval, samples were taken to verify total plat 
count (log cfu/g), Coliform (log cfu/g), yeast (log 
cfu/g), mold (log cfu/g), Water activity (aw), 
thiobarbituric acid (TBARS, mg 
malondialdehyde/kg), putrescine (mg/kg), Overall 
acceptance (sensory score).  

2.3 Microbial, physiochemical evaluation 
Total plate count (log cfu/g), Coliform (log 

cfu/g), yeast (log cfu/g), mold (log cfu/g) were 
determined by 3M-Petrifilm. Water activity (aw) 
was evaluated by benchtop water activity meter. 
The TBARS (mg malondialdehyde/kg) test was 
performed by 1,1,3,3-tetraethoxypropane using a 
spectrophotometer (Torres-Arreola et al. 2007). 
Putrescine (mg/kg) was determined based on 
reversephase HPLC. Overall acceptance (sensory 
score) was evaluated by a group of panelist using 
9-point Hedonic scale. 

2.4 Statistical analysis 
The experiments were run in triplicate with 

different groups of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI..  
 
RESULTSAND DISCUSSION 

Pangasius has a huge content of fat which is 
one of the key variables contributing to aroma, 
firmness, and organoleptic properties of the 
fermented sausage. Unfortunately, fat is quickly 
oxidized to release bad smell and degradable 
quality (Minh et al., 2019). Lactic acid bacteria 
(Carnobacteriummaltaromaticum and 
Carnobacteriumdivergens) and 
Brochothrixthermosphacta were dominant on 
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Pangasiusproducts (Noseda et al. 2012). These 
microbials involved in the lactic fermentation to 
create specific flavor for the fermented sausage.  

Effectiveness of Gac and turmeric extract 
supplementation on total plate count (log cfu/g), 
coliform (log cfu/g), yeast (log cfu/g), mold (log 
cfu/g) load of the fermented Pangasius sausage 
during 6 storage was presented in table 1-4 
respectively. Microbial proliferation tended to 
increase during storage with the highest 
accumulation noticed in control group (without 
treatment) and lowest accumulation revealed in 
the combination group (0.15 % Gac + 0.15 % 
turmeric). It’s obviously realized that combination 
of Gac and turmeric together will create 
synergistic effect superior to individual treatment. 
Turmeric extract seemed to be highly effective in 
retardation of yeast and mold (table 3-4). Turmeric 
extract enhanced the stability and quality of S. 
brevimanameat in cool storage (Arulkumar et al. 
2017). 1.5% of turmeric powder was 
appropriate to reduce total plate count (cfu/g) in 
bronze featherback (Notopterusnotopterus) 
fishcake for 12 days (Minh, 2020). 

Water activity (aw) of the fermentedPangasius 
sausage was not significant difference among 
treatments (table 5). Water activity tended to be 
increased slightly but not much during 6 months of 
storage. At aw= 0.3, shelf life of the 
fermentedPangasius sausage could be last for 6 
months. 

Fat oxidation causes undesirable rancidity in 
sausage. Rancidity in the fermented sausage 
involves the lipid oxidation of polyunsaturated fatty 
acids and cholesterol accelerated by metal ion or 
light(Hansen et al. 2004). Fat oxidation can be 

observed by analyzing thiobarbituric acid 
(TBARS).Fat oxidation can be limited by 
antioxidants from spices. Spices not only 
contribute flavor but also maintain various 
parameters effecting food quality (Gill et al. 2002; 
Tajkarmi et al. 2010; Abdollahzadeh et al. 2014).  
In table 6, it’s clearly noticed that the synergistic 
effect of 0.15 % Gac and 0. 15 % turmeric extract 
significantly retarded the lipid oxidation during 
storage of the fermented Pangasius sausage. In 
another research, Gacpowder extracts effectively 
retarded total plate count, TBARS value; 
enhanced the redness and yellowness of chicken 
sausage (Nachayut and Bung-Orn, 2019). 1.5% of 
turmeric powder was appropriate to control 
TBARS (mg MDA/kg) value in bronze featherback 
(Notopterusnotopterus) fishcake for 12 days 
(Minh, 2020). 

Fermented sausage has a great possibility of 
biogenic amines, especially putrescine (Giovanna 
and Fausto, 2003). Excessive amount of 
putrescine has a potential healthy concern 
because it’s not equilibrating in human organism 
originating numerous diseases like nervous, 
gastric and intestinal disorder, hypertension. 
Existing of high content of putrescine reflected to 
a down grade of fish freshness causing by 
microbial proliferation such as Pseudomonads, 
Enterobacteriaceae, Enterococci and Lactobacilli 
(Halasz et al. 1994; Silla, 1996; Minh et al. 2019). 
In table 7, it’s notably realized that the synergistic 
effect of 0.15 % Gac and 0. 15 % turmeric extract 
significantly retarded the biogenic amine formation 
during storage of the fermented Pangasius 
sausage. 

 
Table 1: Gac and turmeric extract supplementation on total plate count (log cfu/g) load of the 

fermented Pangasius sausage during storage 
 

Storage 
 (month) 

Control Gac extract 
0.3 % 

Turmeric 
extract 
0.3 % 

Gac + Turmeric  
extract 

(0.15 % + 0.15 %) 

0 2.27±0.02a 0.97±0.01b 0.73±0.02bc 0.41±0.02c 

1 3.98±0.03a 1.19±0.00b 0.81±0.01bc 0.52±0.03c 

2 5.15±0.00a 1.26±0.02b 0.92±0.03bc 0.67±0.02c 

3 6.87±0.01a 1.43±0.00b 1.01±0.02bc 0.73±0.01c 

4 8.63±0.02a 1.61±0.01b 1.08±0.00bc 0.81±0.03c 

5 9.79±0.00a 1.72±0.03b 1.15±0.01bc 0.94±0.00c 

6 10.35±0.03a 1.84±0.02b 1.23±0.03bc 1.02±0.02c 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 
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Table 2:Gac and turmeric extract supplementation on coliform (log cfu/g) load of the fermented 

Pangasius sausage during storage 

Storage 
 (month) 

Control 
Gac extract 

0.3 % 
Turmeric extract 

0.3 % 

Gac + Turmeric 
extract 

(0.15 % + 0.15 %) 

0 1.04±0.01a 0.71±0.00ab 0.60±0.03b 0.13±0.02c 

1 2.89±0.00a 0.79±0.03b 0.63±0.02c 0.14±0.01d 

2 3.27±0.03a 0.83±0.02b 0.67±0.01c 0.16±0.00d 

3 4.05±0.02a 0.90±0.01b 0.70±0.00c 0.20±0.03d 

4 4.96±0.00a 0.98±0.02b 0.71±0.03c 0.22±0.01d 

5 5.68±0.01a 1.06±0.00b 0.73±0.02c 0.25±0.03d 

6 6.55±0.02a 1.19±0.03b 0.76±0.01c 0.28±0.00d 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 

 
Table 3:Gac and turmeric extract supplementation on yeast (log cfu/g) appearance of the 

fermented Pangasius sausage during storage 

Storage 
 (month) 

Control 
Gac extract 

0.3 % 
Turmeric extract 

0.3 % 

Gac + Turmeric 
extract 

(0.15 % + 0.15 %) 

0 0a 0a 0a 0a 

1 0a 0a 0a 0a 

2 0a 0a 0a 0a 

3 0.16±0.03a 0b 0b 0b 

4 0.73±0.01a 0.09±0.03b 0c 0c 

5 1.48±0.02a 0.12±0.01b 0.01±0.00c 0d 

6 2.35±0.00a 0.14±0.02b 0.03±0.01c 0d 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 

 

Table 4: Gac and turmeric extract supplementation on mold (log cfu/g) appearance of the 
fermented Pangasius sausage during storage 

Storage 
 (month) 

Control 
Gac extract 

0.3 % 

Turmeric 
extract 
0.3 % 

Gac + Turmeric 
extract 

(0.15 % + 0.15 %) 

0 0a 0a 0a 0a 

1 0a 0a 0a 0a 

2 0a 0a 0a 0a 

3 0.22±0.02a 0b 0b 0b 

4 0.87±0.03a 0.13±0.01b 0c 0c 

5 1.63±0.00a 0.19±0.00b 0.07±0.03c 0d 

6 2.49±0.03a 0.24±0.02b 0.16±0.00c 0d 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 

Table 5:Gac and turmeric extract supplementation on water activity (aw) of the fermented 
Pangasius sausage during storage 

Storage 
 (month) 

Control 
Gac extract 

0.3 % 

Turmeric 
extract 
0.3 % 

Gac + Turmeric 
 extract 

(0.15 % + 0.15 %) 

0 0.32±0.01a 0.32±0.01a 0.31±0.02a 0.30±0.00a 

1 0.33±0.00a 0.33±0.02a 0.32±0.00a 0.31±0.01a 

2 0.35±0.03a 0.34±0.00a 0.34±0.01a 0.32±0.02a 

3 0.36±0.01a 0.35±0.03a 0.35±0.00a 0.34±0.01a 

4 0.38±0.00a 0.35±0.02a 0.35±0.00a 0.35±0.00a 

5 0.39±0.02a 0.37±0.00a 0.36±0.02a 0.35±0.00a 

6 0.41±0.00a 0.40±0.03a 0.38±0.01a 0.36±0.01a 
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Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 

 
Table 6:Gac and turmeric extract supplementation on TBARS (mg malondialdehyde/ kg)of the 

fermented Pangasius sausage during storage 
 

Storage 
 (month) 

Control Gac extract 
0.3 % 

Turmeric extract 
0.3 % 

Gac + Turmeric extract  
(0.15 % + 0.15 %) 

0 0.07±0.02a 0.04±0.03a 0.03±0.01a 0.02±0.01a 

1 0.18±0.01a 0.07±0.00ab 0.04±0.02bc 0.03±0.00c 

2 0.42±0.00a 0.13±0.01b 0.09±0.00bc 0.05±0.02c 

3 0.63±0.01a 0.19±0.03b 0.13±0.01bc 0.09±0.00c 

4 0.71±0.03a 0.24±0.00b 0.15±0.00bc 0.12±0.02c 

5 0.84±0.00a 0.32±0.02b 0.19±0.03bc 0.17±0.01c 

6 0.91±0.01a 0.38±0.00b 0.24±0.01bc 0.20±0.02c 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 

Table 7:Gac and turmeric extract supplementation on Putrescine (mg/kg)of the fermented 
Pangasius sausage during storage 

 
Storage 
 (month) 

Control Gac extract 
0.3 % 

Turmeric extract  
0.3 % 

Gac + Turmeric extract  
(0.15 % + 0.15 %) 

0 0.31±0.00a 0.30±0.00a 0.29±0.02ab 0.27±0.01b 

1 0.39±0.01a 0.34±0.01ab 0.32±0.01ab 0.28±0.00b 

2 0.46±0.00a 0.37±0.01ab 0.33±0.00ab 0.29±0.02b 

3 0.53±0.03a 0.41±0.02ab 0.35±0.01ab 0.31±0.00b 

4 0.64±0.01a 0.45±0.00b 0.37±0.00bc 0.32±0.02c 

5 0.71±0.0a 0.49±0.03b 0.42±0.02bc 0.36±0.01c 

6 0.83±0.00a 0.52±0.01b 0.46±0.03bc 0.37±0.00c 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%). 

 
Table 8 :Gac and turmeric extract supplementation on sensory scoreof the fermented Pangasius 

sausage during storage 

Storage (month) Control 
Gac extract 

0.3 % 
Turmeric extract 

0.3 % 
Gac + Turmeric extract 

(0.15 % + 0.15 %) 

0 5.30±0.02c 7.65±0.00b 8.06±0.02ab 8.75±0.01a 

1 4.62±0.03c 7.46±0.01b 8.01±0.01ab 8.72±0.00a 

2 4.39±0.00c 7.32±0.00b 7.84±0.03ab 8.69±0.02a 

3 4.30±0.01c 7.21±0.02b 7.53±0.00ab 8.66±0.01a 

4 4.21±0.02c 7.05±0.03b 7.49±0.02ab 8.59±0.00a 

5 4.11±0.00c 6.83±0.01b 7.43±0.00ab 8.52±0.02a 

6 4.02±0.03c 6.79±0.00b 7.38±0.03ab 8.49±0.01a 

Values are expressed as the mean of three repetitions; The values in a column followed by the same 
letter does not differ significantly (α = 5%) 

 
 
The highest overall acceptance of the 

fermented Pangasius sausage was noticed by a 
combination of 0.15 % Gac and 0.15 % turmeric 
extract. Although sensory score slightly 
decreased, this supplementation still maintained 
organoleptic attribute in 6 months of storage (table 
8). In another report, sausage prepared from a 
inclusion of 75 ppm NaNO2 and 1.0 % Gac aril 
powder had overall acceptance comparable to the 

control sample with 125 ppm NaNO2 
(Wimonthamand Rojanakorn, 2016). 1.5% of 
turmeric powder was appropriate to maintain 
organoleptic attributes in bronze featherback 
(Notopterusnotopterus) fishcake for 12 days 
(Minh, 2020). 

CONCLUSION 
Pangasiusis highly valued by its mild flavor, 

white flesh color, firm cooked texture, digestible 
protein beneficial for human. Gac and turmeric 
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extract are good sources of phytochemical 
constituents. This research successfully verified 
the synergistic effect of Gac and turmeric extract 
on the microbial, physicochemical and sensory 
characteristics of the fermented Pangasius 
sausage during storage. By applying natural 
spices like Gac and turmeric extract, food 
processor step by step stopped using artificial 
additives. 
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