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1. Introduction 
 
Traditional foods are those that are inherited over successive generations and carry substantial cultural, 
social, and historical significance (Ramli et al., 2019). Traditional foods' sensory attributes, preparation 
techniques, and nutritional profiles are distinctive to specific communities or geographic regions. Fermented 

ABSTRACT 

This study aimed to identify the best formulation of Dusun traditional fermented fish 
(Bosou) using sensory evaluation, specifically a 9-point hedonic test. Etlingera 
coccinea, at concentrations ranging from 0% to 8%, was incorporated into fermented 
fish samples. Results showed that the 2% Etlingera coccinea formulation (F1) 
consistently outperformed others, maintaining the traditional appearance while 
enhancing aroma, taste, and overall acceptability. F1's superiority was confirmed by 
a Friedman test ranking, exhibiting the lowest mean rank among alternatives (p < 
0.05). It struck a delicate balance between enhanced sensory attributes and traditional 
expectations, making it the best Bosou formulation. Proximate analysis of F1 and 
control Bosou formulations revealed significant increases in ash, crude fat, and crude 
protein content for F1, indicating improved nutritional profiles. Shelf-life analysis 
demonstrated a significant reduction in the total viable count and total yeast and 
mould counts during later storage periods. Cooking effectively decreased microbial 
counts, ensuring levels were at safe for consumption (4 log10 CFU/g for total yeast 
and mould, 6 log10 CFU/g for total viable count). A notable decrease in pH of raw and 
cooked samples over one month highlighted the recommendation to cook Dusun 
traditional fermented fish before consumption for safety. In conclusion, Etlingera 
coccinea showed promising sensory characteristics, nutritional content, and microbial 
quality, offering valuable insights for developing high-quality Bosou formulations.  



International Journal of Food, September 2024, Volume 1, Issue 2: 110 - 121 

Mantihal et al 
 

 
 

 
111 

foods have held a vital role in human sustenance for centuries, as the fermentation process produces 
organic acids, enzymes, and other compounds that enhance the flavour, texture, and nutritional value of  
 
the food. This natural process entails the conversion of sugars and carbohydrates into organic acids, gases, 
and alcohol by bacteria, yeasts, and moulds (Tamang et al., 2016). 

Fermented fish has been a dietary staple across diverse cultures all over the world for centuries. The 
fermentation process involves the conversion of sugars and carbohydrates in the fish into organic acids, 
alcohol, and gases by microbial agents such as bacteria and yeast. This fermentation process typically 
entails the deliberate inoculation of fresh fish with specific strains of bacteria or yeasts, leading to the 
generation of lactic acid and other organic acids that preserve the fish and impart its characteristic tangy 
flavour profile (Wan-Mohtar et al., 2022). Fermentation improves the flavour, texture, and nutritional value 
of fish. Fermented fish is an important source of protein and minerals, and it has cultural and culinary 
importance as it is passed down through generations. 

Bosou, also referred to as jeruk ikan in the Malay language, is a fermented fish preparation that is 
widely consumed across Southeast Asia, particularly in Indonesia and Malaysia. In Sabah, Malaysia, this 
traditional dish originated from the Kadazan-Dusun ethnic group located in Sabah, a state situated in the 
northern region of East Malaysia (Yau et al., 2024). This traditional dish is prepared by fermenting small 
freshwater fish through the addition of rice bran and salt and allowing the mixture to ferment for several 
days or weeks. Once the fermentation is complete, the fish is rinsed and typically served as a condiment 
or side dish, often accompanied by salt, cold cooked rice, and pangi fruits. The dish can be consumed either 
raw or cooked, depending on individual preference (Lajius, 2014).  

Etlingera coccinea, a tropical plant indigenous to Southeast Asia, is commonly referred to as "Tuhau" 
by the Kadazan-Dusun ethnic group in Sabah. This plant is utilized in traditional recipes for fermented fish 
preparations by the Dusun community, as its inclusion helps to preserve the fish during the fermentation 
process (Jems et al., 2021). The plant is typically chopped and added to the fish, where its antimicrobial 
properties help inhibit the growth of spoilage microbes and maintain the fish's quality (Sharma, 2020). 
Etlingera coccinea has been found to possess functional food qualities and traditional medicinal applications. 
The plant is known to contain bioactive compounds exhibiting antimicrobial, antioxidant, and anti-
inflammatory characteristics (Nur Najmi Mohamad Anuar et al., 2018). 

Therefore, this study focused on the influence of Etlingera coccinea on the sensory acceptability and 
microbial safety of Dusun fermented fish. Specifically, we investigated the impact of incorporating varying 
concentrations of Etlingera coccinea into the traditional Dusun fermented fish preparation, and evaluated 
its effects on the product's flavour, texture, and shelf-life. The study aimed to provide insights into the use 
of this traditional plant ingredient and its potential to enhance the sensory qualities and microbial safety of 
this culturally significant fermented food. 

 
 

2. Materials and Methods 
 
2.1 Formulation of Dusun Traditional Fermented Fish 
 
The formulation of Dusun traditional fermented fish was developed through a process of modification and 
adaptation. This was informed by interview of local experts in Kota Belud, Sabah, who possess extensive 
experience in preparing this traditional dish. In the development of Dusun traditional fermented fish, the 
concentrations of Etlingera coccinea were selected based on insights from preliminary experiments and 
traditional knowledge gathered through community interviews. The preliminary tests indicated significant 
effects on fermentation between 2% and 6% Etlingera coccinea, while the community interviews revealed 
a traditional use of concentrations ranging from 4% to 8%. The formulations, as detailed in Table 1, 
maintained constant quantities of fresh river fish, salt, Pangium edule, and fragrant rice across 1 kg batches 
for each formulation, including the control sample. The addition of of Etlingera coccinea were added as 
compliment to the formulation of Bosou. Therefore, the percentage of total formulation presented in Table 
1 were exceeding 100%. The sample was stored in a room temperature in a storage cabinet.  
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Table 1. Formulation of Dusun traditional fermented fish with different concentrations of 

Etlingera coccinea 
 

Formulation Percentage of 
fresh river 
fish (%) 

Percentage 
of salt (%) 

Percentage 
of Pangium 
seed (%) 

Percentage 
of fragrant 
rice (%) 

Percentage of 
Etlingera 

coccinea (%) 
Control 50 5 8 37 0 

F1 50 5 8 37 2 
F2 50 5 8 37 4 
F3 50 5 8 37 6 
F4 50 5 8 37 8 

 
 
2.2 Sensory evaluation 
 
A total of five Dusun traditional fermented fish samples were evaluated by each panellist in this study, 
which employed a Completely Randomized Design. The panel consisted of 50 semi-trained assessors, 
comprising students and staff members from the Faculty of Food Science and Nutrition at Universiti Malaysia 
Sabah. According to Stone et al. (2012), the recommended number of panellists for laboratory-type 
acceptance evaluations is typically between 25 and 50, with a maximum of 75 participants. Each fermented 
fish sample was prepared by sautéing it with some oil for 6 to 10 minutes at a temperature of 100˚C in a 
frying pan and then portioned into 10-gram servings. The samples were presented in plastic containers, 
coded with three-digit numbers, and the order of presentation was randomized from left to right for each 
panellist. The sensory evaluation utilized a 9-point hedonic scale to assess the panellists' degree of liking 
for the various attributes, including colour, taste, aroma, texture, and overall acceptability of the fermented 
fish samples (Koh, 2022). The panellists then conducted a ranking test; they assigned ranks from 1 to 5 
for all the samples to determine the most preferred formulation. 
 
2.3 Microbiological Analysis 
 
Approximately 10 g of the traditional fermented fish and 90 mL of peptone water were mixed at 1:10 ratio 
to create homogenized samples. The mixture was then transferred into a stomacher bag and homogenized 
in the stomacher bag for approximately 5 minutes. This resulted in a dilution factor of 10-1. Next, 1 mL of 
the 10-1 diluted sample was aseptically transferred into another tube containing 9 mL of sterile saline water 
to achieve a 10-2 dilution (Akhigbemidu et al., 2015). These steps were repeated until a 10-3 dilution was 
obtained. Trial rounds were conducted to determine the dilution factors that yielded countable colonies. All 
these steps were performed using aseptic techniques to ensure samples were free from contamination. 
 
2.4. Total Yeast and Mould Count 
 
The total yeast and mould count was evaluated using the pour plate method on plate count agar medium 
within a laminar flow cabinet. A 1 mL aliquot of the sample with the highest dilution was pipetted into an 
empty petri dish, followed by successively lower dilutions. Approximately 12 – 15 mL of sterile PCA medium 
were aseptically added to cover the bottom of the petri dish. The plate was rotated in a figure-eight pattern 
to homogenize the sample and agar. The agar plates were allowed to solidify and then incubated inverted 
at 37°C for 24 – 36 hours. This process was repeated for dilutions of 10-1 and 10-2, with triplicate plates 
used for each dilution (Febriyanti et al., 2023). 
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2.5. Total Viable Count 
 
The total yeast and mould count was performed in a laminar airflow using the spread plate method on PDA 
agar. Approximately 12 – 15 mL of PDA agar medium were aseptically poured onto an empty petri dish  
 
until the bottom surface was fully covered. The agar plates were left to solidify before being cooled in the 
laminar airflow. Next, 0.1 mL of the sample was pipetted onto the solidified PDA agar, starting with the 
highest dilution factor of 10-7. An L-shaped glass rod was used to evenly spread the sample across the agar 
surface. Once again, the agar plates were dried and cooled under the laminar airflow. After that, the petri 
dishes were incubated inverted at 37°C for 5 to 7 days before the colony counting method. The same 
process was followed for lower dilutions, and triplicate petri dishes were used for each dilution (Febriyanti 
et al., 2023). 
 
2.5 Statistical analysis 
 
Statistical analyses were conducted using IBM SPSS Version 29.0. Analytical data were presented as mean 
± standard deviation, with statistical significance set at p<0.05. For the sensory evaluation, one-way 
ANOVA was used to assess differences among samples in the 9-point hedonic test, followed by Tukey's 
HSD test for post-hoc comparisons if significant differences were found. For the ranking test, a non-
parametric Friedman test was used, and pairwise post-hoc comparisons were conducted using the Wilcoxon 
signed-rank test if significant differences were detected. For the shelf-life analyses, one-way ANOVA was 
employed, with Tukey's HSD test for post-hoc analysis. Two-way ANOVA was used to analyse the shelf-life 
data. 

 
 

3. Results and Discussion 
 
3.1. Sensory evaluation 
This analysis was conducted to obtain the optimal formulation for Dusun traditional fermented fish through 
a preliminary sensory evaluation of fermented fish across various concentrations of Etlingera coccinea (0%, 
2%, 4%, 6%, 8%) as shown in Figure 1. To achieve this, a 9-point hedonic test and a ranking test for 
sensory evaluation was employed. These methods were used to provide insights into the sensory 
characteristics and identify the most preferred formulation. The visual appearance of the fermented fish 
samples from the control to formulation F4 was comparable, as illustrated in Figure 1. This suggests that 
the incorporation of Etlingera coccinea (tuhau) did not significantly alter the appearance and colour of the 
treated fermented fish samples. 

The 9-point hedonic scale is a commonly utilized and effective test method for assessing consumer 
acceptance and liking of food products (Lawless and Heymann, 2010). The sensory evaluation was carried 
out in the sensory laboratory of the Faculty of Food Science and Nutrition at Universiti Malaysia Sabah. The 
results of this assessment are presented in Table 2. 

The colour profiles of the different Dusun traditional fermented fish formulations, as shown in Table 
2, demonstrates a consistent trend, with mean scores indicating a sensory preference ranging from 'like 
slightly' to 'like moderately' (6.46±2.26 for F4 to 6.90±1.77 for F1). The consistent colour profiles across 
different formulations suggests that varying concentrations of Etlingera coccinea have minimal impact on 
the colour. This can be attributed to the persistent use of Pangium edule seed, which contributed to the 
intensity of the colour. According to Anggadhania et al. (2023), the fermentation process makes these 
seeds edible by eliminating cyanide content and enhances their nutritional value and flavour, leading to a 
transformation in their colour from milky white to brown or black, as well as softening their texture. 

The aroma was notably prominent in F1 (Table 2), with a significantly higher mean score of 
7.13±1.61, indicative of a preference level of 'like moderately' (p<0.05). The data indicates that a 2% 
concentration of Etlingera coccinea appeared to positively impact the aroma profile of the traditional Bosou 
fermented fish, potentially contributing a distinct and appealing olfactory quality to the product. However,  
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declining scores in F2 (6.23±2.28), F3 (5.58±2.35), and F4 (5.04±1.78) suggest that higher concentrations 
may not have as positive an impact on the aroma, highlighting the importance of carefully determining the 
optimal concentration to achieve the desired olfactory profile (Karagul-Yceer et al., 2006). Consistent 
texture scores (5.98±2.33 to 6.87±2.06) across Etlingera coccinea-enriched formulations suggest minimal  
 
impact on Bosou's perceived texture. Bosou, a traditional fermented fish product, is often consumed as a 
stir-fried paste paired with rice. This pairing with rice enhances the acceptability of Bosou, as its favourable 
texture attributes are well-suited for this traditional consumption method (Sharif et al., 2017). To further 
validate the consumer preference patterns, a ranking test was conducted.  
 

 
Figure 1. Comparison of samples with different concentrations of Etlingera coccinea (a) Samples during 

fermentation (b) raw samples after fermentation [14 days] (c) cooked samples 
 
 

Table 2. Sample means scores for colour, aroma, taste, texture, and overall acceptance  
 
Attributes1 Control F1 F2 F3 F4 

Colour 6.75±2.06a 6.90±1.77a 6.67±2.02a 6.48±2.08a 6.46±2.26a 
Aroma 6.42±2.31a 7.13±1.61b 6.23±2.28a 5.58±2.35a 5.04±1.78a 
Taste 6.48±2.31a 6.92±1.28b 6.69±2.03a 5.79±2.29a 4.77±2.14a 

Texture 6.87±2.06a 6.75±1.52a 6.60±2.18a 5.98±2.33a 6.06±2.13a 
Overall 

Acceptance 
5.79±2.20a 6.98±1.44b 5.71±2.24a 5.46±2.31a 4.36±2.00a 

1Values are shown in the form of mean ± standard deviation. 
a, b Different superscripts in the same row indicate a significant difference (p < 0.05). 

 
 

 

Samples Control F1 F2 F3 F4 

(a) Samples during 
fermentation in glass 
jar  

  

   

(b) Raw samples 
after fermentation 

     

(c) Cooked samples   
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3.1.1. Ranking test 
 
The sensory ranking test, as shown in Table 3, evaluated the different Bosou formulations with varying 
concentrations of Etlingera coccinea. The Friedman test results indicate that the formulation with 2% 
Etlingera coccinea, designated as F1, was ranked the highest, with a mean rank of 2.54. This shows that 
incorporation of this ingredient effectively enhanced the taste and aroma profiles, resulting in greater 
consumer satisfaction (Meilgaard et al., 2016). 

 
Table 3. Mean rank scores for formulation of Dusun traditional fermented 

fish in different concentration of Etlingera coccinea 
 

Formulations1 Mean rank scores 

Control 2.88 
F1 2.54 
F2 2.92 

F3 3.17 

F4 3.48 
1Different concentrations of Etlingera coccinea were used for formulation of 
Bosou which were Control at 0%; F1 at 2%; F2 at 4%; F3 at 6%; F4 at 8%. 
 
 

 

 
 

Figure 2. Ranking test of Dusun traditional fermented fish 
 
 

The findings indicate that the formulation with a 2% concentration of Etlingera coccinea, denoted as 
F1, was identified as the most preferred by the panellists (Figure 2). This is evident from the consistently 
higher mean scores across various sensory attributes, suggesting this formulation exhibited superior overall  
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sensory characteristics compared to the other formulations. Conversely, the formulation with an 8% 
Etlingera coccinea concentration, F4, received the lowest mean rank of 3.48, indicating diminished 
consumer satisfaction and making it the least preferred formulation. These tests complement methods such 
as hedonic rating and intensity scaling and are often utilized to screen products or gain insights from specific 
consumer populations due to their straightforward and informative nature (Lawless and Heymann, 2010).  
 
3.2. Selection of the best formulation 

A comprehensive sensory evaluation approach was employed, incorporating both the 9-point hedonic scale 
test and subsequent ranking tests (Sharif et al., 2017) to identify the optimal formulation for the Dusun 
traditional fermented fish. The 9-point hedonic scale test consistently indicated a preference for the F1 
formulation, which was enriched with 2% Etlingera coccinea. This formulation exhibited the highest mean 
scores across sensory attributes including colour, aroma, taste, texture, and overall acceptance. F1 was 
particularly notable for its superior aroma, taste, and overall acceptability, suggesting it was distinctive and 
widely preferred among the panellists. The subsequent Friedman ranking test further corroborated the 
superiority of F1, assigning it the lowest mean rank of 2.54. The statistical significance (p < 0.05) of these 
ranking differences supports the conclusion that F1 stands out as the best formulation. The F1 formulation, 
which incorporates a 2% concentration of Etlingera coccinea, represents the optimal formulation for the 
Bosou fermented fish product. The comprehensive approach, involving both hedonic testing and ranking 
test, provides a holistic understanding of the sensory profile without redundancy, further supporting the 
selection of F1 as the preferred formulation. 

3.2. Shelf-life analysis of Dusun traditional fermented fish 
 
The shelf-life of Bosou was assessed by conducting a total viable count analysis on raw Bosou samples 
over the course of storage (Day 0, Day 7, Day 14, Day 21, and Day 28). The results of the total viable 
count for the control sample and the F1 Dusun traditional fermented fish sample are presented in Table 4. 
 

Table 4. Colony count for total viable count for control and the most preferred Bosou sample in 
different duration of storage 

 
Total Viable Count (log10 CFU/g) 

Formulation1 Storage Day 
0 

Storage Day 
7 

Storage Day 
14 

Storage Day 
21 

Storage Day 
28 

Control 4.48±0.19aA 6.38±1.07bA 7.66±1.55cA 7.53±0.27bA 10.55±1.50cB 
F1 3.11±1.92aA 7.22±0.52bA 7.30±2.02bA 7.25±0.72bA 7.47±0.82bA 

' Mean±SD; Control, control formulation with 0% of Etlingera coccinea; F1, Formulation with 2% of 
Etlingera coccinea 
a, b Different lowercase superscripts in the same (colomn) denote significant difference (p<0.05).   
A,B Different uppercase superscripts in the same (column) denote significant difference (p<0.05).  

In the control formulation, characterized by the absence of Etlingera coccinea, the TVC exhibits a 
notable increase from 4.48±0.19 CFU/g on Day 0 to a significantly higher value of 10.55±1.50 CFU/g on 
Day 28. The observed significant differences (p<0.05) indicate a significant microbial proliferation 
throughout the storage period. This escalation suggests a potential challenge regarding the microbial 
quality and safety of Bosou as the storage duration extends. Conversely, the F1 formulation, enriched with 
2% Etlingera coccinea, demonstrates a more controlled trend in TVC. Starting at 3.11±1.92 CFU/g on Day 
0, the TVC reaches 7.47±0.82 CFU/g on Day 28. The inclusion of Etlingera coccinea in the formulation 
appears to have a beneficial effect in mitigating the microbial proliferation typically observed during the 
storage of Bosou, potentially contributing to improved microbial quality and safety (Sikder et al., 2020). As  
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antioxidants are known for their ability to inhibit oxidative processes, they may have exhibited antimicrobial 
effects (Nur Najmi et al., 2018). These findings emphasize the significance of assessing microbial quality 
and exploring strategies to extend the shelf-life of the traditional Bosou fermented fish product. 
 
3.3.1 Comparison between raw and cooked sample 
 
Analyses of the total viable count data in Table 4 shows that raw Bosou samples display elevated microbial 
loads, underscoring the potential need for cooking Bosou prior to consumption. To further assess the shelf-
life of Bosou, a total viable count analysis was performed on both raw and cooked samples at storage day 
0 and day 14. The results detailing the total viable count in the raw and cooked Dusun traditional fermented 
fish samples are presented in Table 5 and Table 6. 

 
Based on Table 5 (control), the Total Viable Count (TVC) for untreated control Bosou on storage day 

0 registers at 4.48±0.19 log10 CFU/g, increasing significantly to 7.66±1.55 log10 CFU/g by storage day 14. 
Conversely, the TVC for cooked control Bosou measures 3.21±0.72 log10 CFU/g on storage day 0 and 
becomes 'Not detected' (ND) by storage day 14 (Bolarinwa et al., 2016). In Table 6 (F1), the TVC for raw 
F1 Bosou on storage day 0 was 3.11±1.92 log10 CFU/g, and increased to 7.30±2.02 log10 CFU/g by storage 
day 14. Conversely, for cooked F1 Bosou, microbial counts were 'Not detected' on storage day 0 and 
increased to 2.18±0.32 log10 CFU/g by storage day 14. The 'Not detected' status suggests that cooking 
effectively has a slight increase in detectable microbial counts in the F1 Bosou by storage day 14 but 
significantly lower than that of raw sample. According to FAO/WHO expert review of microbiological 
requirements (CAC/RCP 15, 1976), numbers at or above 6 log10 CFU/g are undesirable while values up to 
4.7 log10 CFU/g of mesophilic aerobic bacteria are safe for human consumption (Ali et al., 2008). Therefore, 
it can be assumed that to guarantee the highest level of safety quality, the Dusun traditional fermented 
fish should be only stored for within 14 days at room temperature before being reheated and consumed, 
or at the least cook with high heat to kills microbes before consumption (Keenleyside, 2019). 
 
 
 
 

Table 5. Colony count for total viable count for raw and cooked control Bosou sample in different 
duration of storage 

 
Sample1 Total Viable Count (log10 CFU/g) 

Storage Day 0 Storage Day 14 
Control (raw) 4.48±0.19b 7.66±1.55 

Control (cooked) 3.21±0.72a Not detected 
1Mean±SD; Control (raw), Control (cooked), control formulation with 0% of Etlingera coccinea. 
a, b Different superscripts in the same column denote significant difference (p<0.05).  

Table 6. Colony count for total viable count for raw and cooked F1 Bosou  sample in different 
duration of storage 

 
Sample1 Total Viable Count (log10 CFU/g) 

Storage Day 0 Storage Day 14 
F1 (raw) 3.11±1.92 7.30±2.02b 

F1 (cooked) Not detected 2.18±0.32a 
1Mean±SD; F1 (raw), F1 (cooked), control formulation with 2% of Etlingera coccinea. 
a, b Different superscripts in the same column denote significant difference (p < 0.05).  
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3.4 Total Yeast and Mould Counts 

In the analysis of the raw sample, total yeast and mould counts were systematically conducted on storage 
Day 0, Day 7, Day 14, Day 21 and Day 28 for the raw Bosou samples. The obtained results, encompassing 
the total yeast and mould counts in the examined raw control and F1 Dusun traditional fermented fish 
samples, are presented in Table 7. 

 

 
 

Table 7 shows the colony counts for total yeast and mould in both the control and F1 Bosou samples 
across various storage durations. The data is expressed in log10 CFU/g. In the control formulation, 
characterized by the absence of Etlingera coccinea, there is a noticeable rise in total yeast and mould count 
from 4.53±0.05 CFU/g on Day 0 to a significantly higher value of 10.46±0.54 CFU/g on Day 28. The notable 
increase in yeast and mould count over the storage duration suggests a significant proliferation of these 
microorganisms, which may pose potential challenges to the microbial quality and safety of the Bosou 
fermented fish product during prolonged storage (Belleggia and Osimani, 2023). 

Conversely, in the F1 formulation enriched with 2% Etlingera coccinea, there is a more controlled 
trend in the total yeast and mould count. Starting at 3.46±0.15 CFU/g on Day 0, the count rises to 
10.80±2.41 CFU/g on Day 28. The surge in microbial activity may be attributed to the breakdown of the 
fish product over time. The inhibitory effect on natural flora, facilitated by the elevated salt content and 
the inherent antibacterial properties of Etlingera coccinea, are believed to play a role in this phenomenon 
(Sim et al., 2015). The incorporation of Etlingera coccinea has an impact on the microbial status of Bosou, 
providing valuable insights into potential avenues for managing yeast and mould proliferation in fermented 
fish products (Anihouvi et al., 2007). 

3.4.1 Comparison of Total Yeast and Mould Count of Raw and Cooked Bosou Sample 

Analysis of the total yeast and mould counts shown in Table 7 reveals substantial levels in raw Bosou 
samples. This emphasizes the critical importance of cooking Bosou before consumption as a necessary 
step. The results shown in Table 8 provide insights into the total yeast and mould counts observed in raw 
and cooked control samples of the Dusun traditional fermented fish. Notably, the raw Bosou samples 
exhibited substantially higher total yeast and mould counts compared to the cooked samples, a trend that 
was consistent across both the control and F1 formulations. 

 

 

Table 7. Colony count for total yeast and mould count for control and the most preferred Bosou 
sample in different duration of storage 

 
Formulation1 Total Yeast and Mould Count (log10 CFU/g) 

Storage Day 
0 

Storage Day 
7 

Storage Day 
14 

Storage Day 
21 

Storage Day 
28 

Control 4.53±0.05aB 6.92±0.53bA 7.48±0.83bA 8.19±0.69bA 10.46±0.54cA 

F1 3.46±0.15aA 6.10±0.61aA 7.62±0.25bA 8.67±1.08cA 10.80±2.41cA 

'Mean±SD; Control, control formulation with 0% of Etlingera Coccinea; F1, Formulation with 2% of 
Etlingera Coccinea 
a, b Different lowercase superscripts in the same (colomn) denote significant difference (p<0.05).   
A,B Different uppercase superscripts in the same (column) denote significant difference (p<0.05). 



Mantihal et al 

International Journal of Food, September 2024, Volume 1, Issue 2: 110 - 121 119 

    

 

 

 

 

 

 

 

 

In the raw control sample, the total yeast and mould count was 4.53±0.05 log10 CFU/g on Day 0 and 
significantly increased to 7.48±0.83 log10 CFU/g on Day 14. In contrast, the cooked control sample exhibits 
a substantial reduction in total yeast and mould count; it was 1.04±0.25 log10 CFU/g on Day 0 and became 
'Not detected' on Day 14. The 'Not detected' result suggests that the cooking process effectively eliminated 
detectable levels of yeast and mould in the control Bosou by Day 14 of the storage period (Bolarinwa et 
al., 2016). These results emphasize the crucial significance of cooking in diminishing yeast and mould 
counts, thereby enhancing the microbial quality and safety of Bosou. The marked differences observed 
between raw and cooked samples indicate that cooking represents an indispensable step in ensuring safe 
consumption and prolonging the shelf-life of this traditional fermented fish product.  

 

Conclusion 
 
This study successfully identified the optimal Dusun traditional fermented fish formulation by carefully 
varying the concentrations of Etlingera coccinea, a key ingredient. The 2% Etlingera coccinea formulation, 
designated as F1, consistently outperformed the other tested formulations in a 9-point hedonic evaluation. 
This F1 formulation achieved a harmonious balance between heightened sensory attributes, such as aroma, 
taste, and texture, and traditional expectations for the Bosou product. The statistical validation through a 
Friedman test further confirmed the superior ranking of the F1 formulation among the samples evaluated. 
Investigating the shelf-life dynamics of the F1 formulation revealed a positive impact on its microbial quality. 
Compared to the control sample, the F1 formulation exhibited substantial reductions in total viable count, 
total yeast, and mould counts during the later storage period. These findings emphasize the F1 
formulation's contributions to enhancing the safety and extending the shelf-life of the traditional Bosou 
product. The recommendation to cook Bosou before consumption aligns with the study's overarching 
commitment to delivering a superior-quality, safe product to consumers. In essence, this comprehensive 
study has identified the F1 formulation as the optimal choice, excelling in sensory excellence, statistical 
validation, and enhanced microbial quality, making it the preferred selection for consumers. 
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Table 8. Colony count for total yeast and mould count for raw and cooked control 
Bosou sample in 14 days duration of storage 

 
Sample1 Total Yeast and Mould Count (log10 cfu/g) 

Storage Day 0 Storage Day 14 
Control (raw) 4.53±0.05b 7.48±0.83 

Control (cooked) 1.04±0.25a Not detected 
1Mean±SD; Control (raw), Control (cooked), control formulation with 0% of Etlingera 
coccinea. 
a, b Different superscripts in the same column denote significant difference (p < 0.05). 
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