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Effect of processing parameters to the product
quality during manufacturing of fermented salting
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Abstract

Development of value added and novel products that are also ready-to-eat would help diversify snubnose pompano industry as
well as facilitate distribution and transportation of such products without spoilage or damage. This research shows the effect of
processing parameters on salting and fermentation processes of snubnose pompano products. The results have indicated that
the appropriate regime for wilting pompano samples was salting with a salt ratio of 10% to raw materials for 24 h at 40C. The
drying conditions for oven drying at 50°C with a wind speed of 2 m/s for 2 h were considered optimum. After drying, the fish fil-
lets were fermented using starter microbial strains. The fermentation using a mixture of two types of bacteria Lactobacillus plan-
tarum and Lactobacillus acidophilus in a 1:1 ratio for 7 days produced fermented snubnose pompano fillets with the highest
quality. The composition of final products shows that fermented snubnose pompano fillets meet the product quality standards
and are potential for development of new products.
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Introduction South Central region including Khanh Hoa. Among those fish

species, snubnose pompano has received more attention due

Vietnam has a long coastline and a tropical monsoon climate
that are supportive in the development of aquaculture and
marine life. In addition, commercial farming models for many
types of marine fish such as grouper, sea bass, and snubnose
pompano (Trachinotus blochii; van Dung et al., 2016; van
Ngo et al., 2023) have now been developed in areas such as
the Southwestern and Central coastal provinces, especially the

to its high market value and rapid growth characteristic (Tran
et al., 2021; Vu-Khac et al,, 2016). Annual global production of
commercial pompano is reported to be more than 110,000 tons,
with the largest suppliers being Vietnam, China and Indonesia.
Currently snubnose pompano has been studied and raised on
industrial scales in some coastal provinces such as Khanh Hoa,
Ninh Thuan, etc. (van Dung et al., 2016; Vu-Khac et al., 2016).
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Despite significant progress in developing sustainable pompano
farming in Vietnam, research in processing methods for the de-
velopment of new or novel pompano products is lacking. While
sale and consumption of snubnose pompano in fresh or chilled
form is still commonly practiced, the lack of alternative prod-
ucts limits the economic development potential of this industry.
In Vietnam, the production of salted and fermented fish and
fish products is common. Pickle salting is still a traditional
and industrial production option of fish products. Salted fish
products have a long shelf life due to low water activities (Bras
& Costa, 2010; Oliveira et al., 2012). This is because most bac-
teria, fungi and other pathogenic organisms cannot survive in
a highly salty environment (Sampels, 2015). Furthermore, salt
gain and water loss, together with some loss of other soluble
compounds and proteins (Bras & Costa, 2010), contributes to a
completely different flavour and texture of processed products.
Protein denaturation occurs during salting process is also im-
portant chemical changes to final products. According to Bed-
dows (1998), salted, fermented and sun dried fish is generally
known as “fermented fish” since the processing methods usually
involved salting, fermentation and drying. The combination of
salting with fermentation is very valuable in tropical regions,
including Vietnam because of the climate and the extreme per-
ishability of fresh fish (Thuy et al., 2024). The salting fermented
production was also found to be an important method for fish
preservation, distribution, and transportation. For this reason,
such fish processing technology offers an opportunity to devel-
op new products from valuable fish species such as snubnose
pompano.

To the best of our knowledge, there has been no investigation
on processing of snubnose pompano as food products. Therefore,
the development of new processing techniques that might enhance
the distribution and transportation of snubnose pompano products
is of value. This research aims to investigate effect of appropriate
parameters in processing new products from farmed snubnose
pompano in Nha Trang-Khanh Hoa. The drying/wilting methods
and fermentation conditions that are critical to fermented products
were studied. The quality of final products was indicated in the
results. This study also contributes to expand output for sustainable
development of pompano farming,

Materials and Methods

Raw materials
Snubnose pompano (7. blochii) were raised at aquaculture
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farms at the Institute of Aquaculture, Nha Trang University
(NTU), Vietnam. The fresh fish with an average weight from
800 to 1,200 g were iced in ratio of 1:2 and immediately trans-
ported to the NTU procesing laboratory. The physical, chem-
ical, and micorbiological characteristics of fish samples were
recorded. Fish samples were then washed, viscera removed, and
filleted. The fillet samples were stored at 4 + 1°C for futher stud-
ies.

Chemical, microbical, and sensory analysis

The moisture, ash, and protein content and total lipid were
determined by AOAC (1990) methods. Total bacterial counts
(TBC) were determined according to the procedure previously
described by Lu et al. (2010) with some modifications. TBC
tests were conducted in triplicates for fish randomly taken from the
same group. Each fish sample (15 g) was aseptically weighed and
then placed in a sterile bag containing 135 mL of 0.85% w/w saline
water. The samples were homogenized for 1 min, serially diluted,
and 0.1 mL plated onto plate count agar (PCA) Petri dishes. The
TBC was determined after incubating at 37°C for 48 h. Microbi-
ological counts were presented as log of colony forming units per
gram (clony-forming unit [CFU]/g) of samples.

The microbiological analysis of Coliformy; Escherichia coli;
Salmonella; Staphylococcus aureus; Clostridium perfringens;
and Vibrio parahaemolyticus was conducted according to stan-
dard methods of ISO 4832:2007, ISO 16649:3-2015, ISO 6579-
1:2017, ISO 6888: 1999, ISO 7937: 2004, and ISO 7218:2007,
respectively.

Sensory evaluation based on TCVN 3215-79 standard
was conducted by a trained panel as previously described (le
Chau et al., 2021). The sensory quality of the final product was
evaluated by TCVN 3215-79 standard (le Chau et al., 2021). A
sensory committee of 5 people was used to evaluate the samples
in term of color, appearance, aroma, and taste. The scoring scale
is based on a 20-point system with 6 levels from 0-5 points with
0 = very low, poor and 5 = very high. The average score of a in-
dicator is the average tested results for that sensory criterion by
a committee. The important factor represents the importance
of each sensory criterion. The weighted scores is defined that
the average score of each parameter multiply important factor.
The final total sensory score is the total weighted score of all the
sensory criteria.

Determination of drying methods
The experiments were conducted using 4 kg of snubnose pom-
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pano that was salted at 10% in 24 h at 40 C to prevent rot and
dehydrate. Fish samples were devided into sun drying and
oven drying at a temperature of 50°C with a wind speed of 2
m/s groups. After drying at 1, 1.5, and 2 h, samples were tested
for sensory evaluation and moisture content determination to
choose the appropriate drying method.

Determination of fermentation strains

Determination of fermentation strains was conducted ac-
cording to the Fig. 1. Fish samples were divided into 3
groups for evaluating the ability to ferment 8% sucrose
solution of lactic bacteria strains intended to be used as
starter strains for the fermentation of salted and fermented
pompano. Group 1 contained Lactic bacteria extracted from
Ninh Hoa fermented pork roll (20 mL of 0.9% physiological
saline solution to extract bacteria from 50 g of Ninh Hoa
fermented pork roll and collect 5 mL of bacterial solution
to use for the activation culture process). Group 2 included
mixture of 2 bacterial strains: Lactobacillus delbrueckii and
Lactobacillus acidophilus at a 1:1 ratio. Group 3 contained
mixture of 2 bacterial strains: Lactobacillus plantarum and L.
acidophilus at a 1:1 ratio. The bacterial cultures were subject-
ed to 8% sucrose solution for 12, 24, and 36 h as activation
time. Afterwards, the pH, sensory quality and lactic bacteri-
aldensity was quantified as a basis for selecting the bacterial
strain used to start the fermentation process.

Determination of fermentation conditions
The protocol for determination of fermentation is described

| Fermented pork roll |
v

‘ Extracted by saline water 0,9% ‘

Effect of processing parameters to quality of snubnose pompano products

in Fig. 2. The fermentation condition described as Group 1
was simply naturally fermented, whereas Group 2 fermenta-
tion condition included the selected starter bacterial strain
that were cultured according to the conditions determined
in the previous experiment. Afterwards, 10% sucrose, 10%
garlic powder, 10% ginger powder, 10% salt and 2% chili
powder were added and samples allowed to ferment for 5, 6,
7, and 8 days, and then subjected to sensory evaluation and
pH determination as a basis for choosing fermentation con-

dition and time.

Data analysis

Statistical analysis was performed with SPSS version 17 (SPSS,
Chicago, IL, USA), to evaluate the influence of the processing
parameters on the pH, and sensory attributes at the end of salt-
ing and fermentation. Analysis of variance (ANOVA) was used
to compare the significant differences. The statistical signifi-
cance was established at p < 0.05.

Results and discussion

Composition analysis of raw snubnose pompano
The ruults of chemical composition, heavy metal content, and
microbial contants of subnose pompano are presented in Table 1.
As shown, the amount of protein, total lipid, and soluble
ash (mineral) was 19.03%, 6.43%, and 2.21% respectively, sug-
gesting a rich nutritional value of subnose pompano fish. These
results are in agreement with previous studies of subnose pom-
pano fish raised in sea cages in Southeast Asia and China (He et

| Lactic actic bacteria |

v

|
v

v

‘ Lactobacillus delbrueckiiva L. acidophilus

| L. plantarumva L. acidophilus

| Collect 5 mL |
\

v

| Activated by 8% sucrose, room temprature ‘

12h 24h

36h

¥

| Determination of pH, sensory evaluationand lactic bacteria density |

v

| Selection of stater strains

Fig. 1. Experimental design for determination of fermentation strains.
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Fig. 2. Experimental design for determination of fermentation conditions.

Table 1. Chemical compositions

No. Compositions Results (%)
1 Moisture content 71.07 £0.87
2 Protein contents 19.03+1.25
3 Total lipid 6.43 £ 0.04
4 Total ash 249+0.12
5 Soluble ash 221+0.13

al., 2019; Prabu et al., 2020).

The results in Table 2 show that the flesh of subnose pom-
pano raised in sea cages in Nha Trang did not contain patho-
genic bacteria such as E. coli, S. aureus, C. perfrigens, Salmo-
nella, and V. parahaemolyticus. The value of total plate count

Table 2. Microbial characteristics of raw snubnose pompano
flesh

No. Microbial characteristics ~ Unit Subnose pompano flesh
1 TPC CFU/g 32x10°

2 Escherichia coli MPN/g ND

3 Staphylococcus aureus CFU/g ND

4 Costridium perfrigens MPN/g ND

5  Salmonella Determined/25g  ND

6  Vibrio parahaemolyticus ~ MPN/g ND

TPC, total plate count; CFU, clony-forming unit; MPN, most probable number; ND, non
detected.

https://doi.org/10.47853/FAS.2025.e6

([TPC] total aerobic bacteria) was 3.2 x 105 CFU/g, which is lower
than QCVN 8-3:2012/BYT (Thu et al., 2021) food standards.
These results demonstrate that subnose pompano has sig-
nificant nutritional value. In additiona, no pathogenic bacteria
were detected in any of the samples tested. Therefore, we can
conclude that the material from subnose pompano that was
raised in Nha Trang meets the national standards on QCVN
8-3:2012/BYT (Thu et al,, 2021) that can be safely used as raw
materials for further processing and product development.

Selection of drying method
The data showing changes in sensory quality and moisture con-
tent of subnose pompano flesh based on sun drying and freezed
drying methods are presented in the Figs. 3 and 4.

The results of sensory quality assessment presented in Fig.
3 show that the time and method of wilting raw materials have
a clear effect on the sensory quality of semi-finished products.
Specifically, the raw samples that were oven dried at a tempera-
ture of 50 C, and wind speed of 2 m/s for 2 h had the highest to-
tal average sensory score of 18.84 points. These results demon-
strate that the drying mode at a temperature of 50 C and a wind
speed of 2 m/s for 2 h helps create the semi-finished product
with the best sensory quality. Meanwhile, fish meat samples
after salting and drying in the sun for 1, 1.5, and 2 h had a total
sensory score of 14.61, 15.63, and 17.96 points respectively. This
result can be explained by the fact that during the sun drying
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Fig. 3. Effect of drying time on sensory quality of fermented salting fish flesh samples under different conditions.
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Fig. 4. Effect of drying time and methods on the moisture content.

process, the semi-finished product was exposed to direct sun-
light, causing discoloration (Adeyeye, 2019; Chen et al., 2022;
Nguyen et al., 2014). Cyprian et al. (2017) studied the effects of
drying methods on the sensory quality of dried fish and showed
that the nutritional quality of the sun-drying products is also
significantly poorer than other drying methods.

The results of moisture analysis of semi-finished products
presented in Fig. 4 show that the time and method of wilting

58 | https://www.e-fas.org

pompano fillet has a clear effect on the moisture content of
semi-finished products and samples withered by different
methods. In particular, salted fish samples were withered by
drying at a temperature of 50 C, wind speed of 2 m/s for 1, 1.5,
and 2 h with humidity of 67.44%, 66%, 66%, respectively. Mean-
while, salted fish samples that were withered by sun drying
for 1, 1.5, and 2 h had moisture levels of 69.07%, 68.22%, and
67.49%, respectively. Thus, wilting by oven drying at a tempera-
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ture of 50 C with a wind speed of 2 m/s is significantly better
than drying by sun for the same amount of time. This result can
be explained by the fact that when oven drying, the humidity
of the air in the drying room has been dehumidified, so the
driving force of the moisture removal process is better, thereby
significantly increasing the wilting effect (Campbell-Platt, 1994;
Najafian & Babji, 2012).

These results therefore demosntarte that the method of
wilting affects the sensory quality and moisture content of the
semi-finished product after wilting. Analytical results also show
that wilting fish flesh after 10% salting by oven drying at a tem-
perature of 50 ‘C with a wind speed of 2 m/s for 2 h provides the
semi-finished product having the best sensory quality.

Selection of fermentation strains and activation time
Selection of fermentation strains

The results of sensory quality assessment in Fig. 5 show that
the fermentation time of the bacterial populations used as a
starter culture has a significant effect on the sensory quality of
the resulting fermentation product. In particular, a mixture of
two bacterial strains L. plantarum and L. acidophilus in a 1:1
ratio had the best sensory quality after 24 h of fermentation and
reached 18.76 points. Meanwhile, a mixture of two bacterial
strains L. delbrueckii and L. acidophilus showed a lower score
in sensory quality after 24 h of fermentation, partically at 18.17
points. In contrast, the fermented samples using bacterial fluid

Fisheries and Aquatic Sciences FA S

collected from Ninh Hoa fermented pork roll sample had the
lowest sensory score after 24 h of fermentation.

On the other hand, the sensory score of the fermented
liquid at 12 and 36 h of activated fermentation was lower than
that at 24 h of activated fermentation. The sensory evaluation
in Fig. 3 also showed that a mixture of two bacterial strains L.
plantarum and L. acidophilus produced better sensory quality
than that of a mixture of the bacterial strains L. delbrueckii and L.
acidophilus as well as fermentation liquid using bacterial fluid
collected from Ninh Hoa spring rolls. In addition, the sensory
evaluation results showed that the commercial lactic acid bac-
teria strains had better sensory quality than the fermentation
solution using natural bacterial strains at all sampling times.
Thus, the results show that the fermentation samples using a
mixture of two bacterial strains L. plantarum and L. acidophilus
in a 1:1 ratio provide the best sensory quality.

The results of pH determination of the fermentation solu-
tion after 24 h are presented in Fig. 6. It shows that both the
activation time and the bacterial strain used have a significant
effect on the pH of the fermentation liquid. In all fermentation
samples, the fermentation solution with a mixture of two bacte-
rial strains L. plantarum and L. acidophilus showed a stronger
fermentation rate resulting in more lactic acid production,
thereby decreasing the pH of the fermentation solution rapidly.
Specifically, after 12, 24, and 36 h, the pH values of the fermen-
tation solutions using a mixture of L. plantarum and L. aci-

T Group 1

1507 O Group 2
5 1607 g Group 3
8 i
] )
g 1407
Z

12.0 1 I \w\s

10.0 +

8.0 +

6.0 } ' &\\\

24 36
Activation time (h)

Fig. 5. Effect of fermentation strains and activation time to sensory quality. Group 1 contains Lactic bacteria extracted from Ninh
Hoa fermented pork roll. Group 2 includes mixture of 2 bacterial strains Lactobacillus delbrueckii and Lactobacillus acidophilus at a 1:1
ratio. Group 3 contains mixture of 2 bacterial strains Lactobacillus plantarum and L. acidophilus at a 1:1 ratio.
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Fig. 6. Effect of fermentation strain and activation time to pH value.

dophilus were at 5.39, 4.15, and 3.17, respectively. In addition,
after 12, 24, and 36 h of fermentation by two bacterial strains
produced pH values of 5.54, 4.49, and 3.25, respectively. These
values were higher than those of the first group but lower than
the pH values measured from the samples using bacterial pop-
ulations obtained from Ninh Hoa spring rolls, Thus, the mixture of

'EI) 8.0

=]

S

= 7.0 1

2 601

’Lf:

2

= 5.0 1

5}

5]

£ 4.0

2

5

5 3.0 A1
2.0 +

Group 1

1.0 +
0.0

two bacterial strains L. plantarum and L. acidophilus has the ability
to create lactic acid better than other samples, so the pH of the fer-
mentation solution decreases faster than other solutions.

The results of analysis of lactic bacteria density of the fer-
mentation solution after 24 h are presented in Fig. 7. It showed
that the fermentation solution using a mixture of 2 lactic bac-

Group 3

Activated fermentation time (h)

Fig. 7. Lactic bacteria density of samples after 24 h of activated fermentation.
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teria strains L. plantarum and L. acidophilus in a 1:1 ratio had
a bacterial density of 7.210 CFU/g, the highest among the 3
tested samples. The bacterial strain extracted from Ninh Hoa
fermented pork roll only had a bacterial density of 0.0410 CFU/
g, the lowest among the research samples. Thus, the mixture of
two strains L. plantarum and L. acidophilus has good lactic acid
production ability among the tested strains. The fermentation
results of the bacterial suspension used as the starter culture
in this study are also consistent with the previous studies con-
ducted by Zeng et al. (2013). Zeng et al. (2013) also found that a
mixture of two bacterial strains L. plantarum and L. acidophilus
with a ratio of 1:1 was suitable for fermentation process of fish-
ery products (Xiong et al., 2016).

These results show that a mixture of two bacterial strains
L. plantarum and L. acidophilus with a ratio of 1:1 after 24 h of
fermentation in 8% sugar solution will create the highest bacte-
rial density and is suitable for fermentation compared to other
strains tested (Gandhi & Shah, 2014). Therefore, a mixture of
two bacterial strains L. plantarum and L. acidophilus with a
ratio of 1:1 was chosen as the starter culture for the processing
of fermented snubnose pompano fillet samples with activation
time of 24 h.

Selection of fermentation conditions

The results in Fig. 8 show that fermention methods and time
had significant effect on sensory quality of fermented snubnose
pompano products. Specifically, fermented pompano samples

HNatural fermentation

(point)

=

Sensory score

14.0 - =

10.0 1

8.0

6.0

Fisheries and Aquatic Sciences FA S

that were supplemented with a mixture of L. plantarum and L.
acidophilus in a 1:1 ratio and fermented for 5, 6, 7, and 8 days
had sensory score ranging at 17.09, 18.11, 19.11, and 18.44
respectively. Thus, the fermented products supplemented with
a mixture of L. plantarum and L. acidophilus with 7 days of fer-
mentation had the highest quality score, the fillets were bright
in color, as well as supple and elastic in muscle. Meanwhile, on
the 5th and 6th days of fermentation, the fish meat had not yet
reached biological maturity, so the sensory quality is still con-
troled. However, when the fermentation time was increased to 8
days, the pickled product had a harsh sour taste and a less desir-
able flavor, resulting in a decrease in sensory quality.

Our studies show thatthe traditional method without
the addition of starter cultures had significantly poorer sen-
sory quality than the sample supplemented with a mixture of
2 starter strains. Specifically, the sensory score of fermented
products were 14.03, 15.60, 17.19, and 18.12 corresponding to
the fermentation time of 5, 6, 7, and 8 days. Other studies on
dried fermented fish products by Zeng et al. (2013), Asiedu &
Sanni (2002) also had similar results. The addition of a starter
culture of lactic bacteria is considered to help reduce lag time,
makes the product sour more quickly and shortens fermenta-
tion time (Arashisar et al., 2004; Xiong et al,, 2016). Thus, the
fermentation process using a mixture of two types of bacteria L.
plantarum and L. acidophilus in a 1:1 ratio for 7 days produced
fermented snubnose pompano fillets with highest sensory quality.

The results in Fig. 9 show that fermentation method and

O Using starter strains

7

8
Fermentation time (days)

Fig. 8. Effect of fermentation time/methods on sensory quality of fermented snubnose pompano products.
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Fig. 9. Effect of fermentation time/methods on pH of fermented snubnose pompano products.

fermentation time had a strong influence on the pH of fer-
mented products. For example, fermented fish fillets supple-
mented with a mixture of two strains of L. plantarum and L.
acidophilus at a ratio of 1:1 had lower pH values than that of the
control samples. The pH values of samples were 5.42, 4.92, 4.38,
and 4.10 after 5, 6, 7, and 8 days of fermentation, respectively.
Meanwhile, the fermented fish fillet samples without the starter
strain had a slower pH decrease with values of 6.06, 5.94, 5.14,
and 4.66 for 5, 6, 7, and 8 days respectively. Thus, the addition of
Lactobacillus bacteria contributed to the fermentation process
leading to a faster decrease in the pH of the product (Arash-
isar et al., 2004). The results also indicated that the fermented
samples supplemented with a mixture of L. plantarum and L.
acidophilus after 7 days of fermentation had a pH value of 4.38.
This value is within the recommended level (pH 4, 5 + 4.2) that
was considered as the appropriate pH to complete the fermenta-
tion process of fermented fish products (de Pereira et al., 2020;
Hua et al., 2022).

Thus, the sensory score and pH results show that fermenta-
tion products of snubnose pompano fillets supplemented with
a mixture of L. plantarum and L. acidophilus for 7 days had the
highest sensory quality and pH values.

Composition analysis of final products

The fermented snubnose pompano products were produced
according to the selected conditions of fermentation. The com-
position of final products is presented in Tables 3, 4, and 5.
These data show that the fermented snubnose pompano fillets
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produced using the protocols used in this research satisfy all

Table 3. Nutritional composition analysis of final products

No. Composition Results (%)
1 Moisture content 60.01 +3.86
2 Protein 26.42 +0.95
3 Lipid 8.03+0.75
4 Mineral 487+0.31

Table 4. Quality composition analysis of final products

No.  Microbial characteristics Unit Results

1 Total nitrogen g/kg 281.01+17.84
2 Ratio of [Nl / [Nral % 11.03+1.25

3 NaCl amount % 3.12+0.19

4 Histamine amount g/kg ND

5 Nitro ammoniac amount g/kg ND

ND, non detected.

Table 5. Microbial characteristics of final products

No. Parameters Unit Results

1 TPC CFU/g 42x103
2 Coliforms MPN/g ND

3 Staphylococcus aureus CFU/g ND

4 Salmolnella Detect per/25 g ND

5 Clostridium perfringens ~ MPN/g ND

6 Vibrio parahaemonlyticu  CFU/g ND

7 Escherichia coli MPN/g ND

TPC, total plate count; CFU, clony-forming unit; MPN, most probable number; ND, non detected.

https://doi.org/10.47853/FAS.2025.e6
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Vietnamese standards for fish and fish products quality.

Conclusion

Processing parameters are very important aspect from a prod-
uct point of view. This work confirmed that drying methods,
wilting, selection of fermentation strains and fermentation time
significantly affect the quality during production of fermented
snubnose pompano. This study shows a fermentation process
with pre-wilting and using a mixture of two bacterial strains
L. plantarum and L. acidophilus in a 1:1 ratio activated in 8%
sucrose for 24 h produces fermented salting snubnose pompa-
no with consumer acceptable and desirable qualities that will
support the development of snubnose pompano products by
the fishery industry. Further studies on storage of final products
and changes in nutritional compositions during storage should
be conducted to promote the commercial development of this
new products.
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