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Abstract

Using tilapia trim meat (TTM), a by-product from industrial-scale tilapia fillet manufacturing, for
production of fermented fish sausage (FFS) may increase the benefit to the tilapia filleting industry
by selling this new product to consumers. Six ratios of TTM:tilapia fillet meat (100:0, 80:20, 60:40,
40:60, 20:80 and 0:100) were used for sausage production. FFS samples prepared with each ratio
were collected on days 0, 2, 4 and 6, and analyzed for quality parameters including lactic acid bacteria
(LAB), total plate count (TPC), yeast and mold (YM), texture profile analysis (TPA), CIE color values
(L*, a* and b*), pH, titratable acidity and sensory acceptability. The ratio of TTM to tilapia fillet
meat had no effect on YM, b*, pH and titratable acidity. The 0:100 ratio produced lower LAB, TPC
and L* values compared to 100:0, 80:20 and 60:40. The ratio also yielded a higher a* than 100:0 and
80:20. The 0:100 ratio generated the best TPA, followed by 20:80. However, these two ratios were not
significantly different concerning sensory acceptability. The 20:80 ratio, giving similar sensory quality
to 0:100, is recommended for the production of FFS. The results also reveal that FFS ripened on day
2 and ratios of TTM:tilapia fillet meat did not affect the ripeness of the product. The best quality of

FFS was found on day 4.
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1 Introduction

Fermented sausages are highly popular in several
countries around the world, especially in Thai-
land. Fermented sausage, known in the Thai
language as Nham (Suteebut et al., ). Tt
is a mixture of ground/minced meat (pork, beef
or fish), cooked rice, garlic and salt. Fermented
fish sausage (FFS), known in the Thai language
as Nham Pla, is mostly produced from freshwa-
ter fish such as great white sheatfish (Wallago
attu Block), Pangas catfish (Pangasius panga-
stus Hamilton), whisker sheatfish (Kryptopterus
bleekeri Giinther), featherback (Notopterus chi-
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tala Hamilton, N. blanci, N. borneensis, and N.
chitala Buchanan), silver carp (Puntius sp.), gi-
ant snake-head fish (Ophicephalus micropeltes),
barb (Cyclocheilichthys sp.) and rohu (Labeo ro-
hita) (Srisawad & Gawborisut, ).

To produce FFS, minced fish meat, cooked rice,
minced garlic and salt at a ratio by weight of
60:10:3:3 are mixed and hand-kneaded or me-
chanically massaged at low temperature until be-
coming a gel-like sticky paste with elastic texture
(Krusong, ; Srisawad & Gawborisut, ).
The paste is then shaped into patties, wrapped
tightly with banana leaves or plastic sheets, or
stuffed into plastic casing. After that, it is left to
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ferment in the shade at ambient temperature for
3-5 days. The ripened FFS has a firm texture
and sour taste with a desirable unique fermented
flavor. FFS is usually deep-fried or steamed and
consumed with rice and fresh vegetables as a
main dish or snack.
Tilapia trim meat (TTM), an underutilized by-
product from industrial-scale tilapia fillet manu-
facturing, is small pieces of meat trimmed from
the belly flaps and the edges of tilapia fillets
(Srisawad & Gawborisut, ). The trimming
process gives the fillets a desirable appearance
and eliminates the fatty tissue at the edges of
the fillets causing rancid off-flavor when oxi-
dized with atmospheric oxygen. TTM collected
from the trimming process is washed, drained,
packed in plastic bags (1 kg/bag) and kept
frozen. Homhong ( ) found that TTM con-
tains 17.41% protein and 22.12% fat. TTM is
considered a low-price meat, costing around 70
Baht (2 USD/kg) compared to tilapia fillet cost-
ing around 150 Baht (4 USD/kg).
The amount of TTM produced from tilapia pro-
cessing plants in Thailand can be estimated from
the percentage of TTM and that of fillet, which
account for 1.45% and 31.48% of the whole fish
weight, respectively (Srisawad & Gawborisut,
). In 2016, Thailand produced at least
1191 tonnes of tilapia fillet for export, which
came from 3873 tonnes of whole fish weight of
3783 tonnes and left 54.85 tonnes of TTM. Sri-
sawad and Gawborisut ( ) pioneered the use
of TTM in the production of FFS. However,
the sensory texture scores of the product barely
passed the cut-off score of 5 out of 9 points. The
low texture score was caused by the soft texture.
It was concluded that using solely TTM could
not yield a good quality FFS. TTM should be
used in combination with tilapia fillet meat. This
study aims to investigate the use of TTM in com-
bination with tilapia fillet meat for the prepara-
tion of FFS. It also aims to investigate quality
changes occurring in FFS produced from TTM
and tilapia fillet meat during fermentation.
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2 Materials and Methods

2.1 TTM and Tilapia Fillet Meat

TTM (Figure 1) was purchased from Grobest
Frozen Co. Ltd. (Nakhon Phanom, Thailand).
Ten bags of frozen TTM (1 kg/bag) were deliv-
ered by a frozen food delivery van to the Fish
Processing Laboratory, Khon Kaen University,
Thailand. Upon arrival, they were kept in a
freezer at -20 °C and used within 3 weeks. Prior
to use, frozen TTM was thawed overnight in a
refrigerator at 4 °C, hand-mixed homogenously
and subjected to microbial analyses, and used
for the experiment immediately. TTM contained
LAB, TPC and YM of 4.34x102, 7.32x10% and
< 1.50x10? CFU/g, respectively.

Tilapia fillets were purchased from a local
market (Bang Lamphu Market, Khon Kaen,
Thailand). The fillets were placed in plastic
bags, iced and delivered to the laboratory. Upon
arrival, the skin was removed. The skinless
fillets were then washed twice in iced water and
ground for 3 minutes. The ground tilapia fillet
meat was stored in plastic bags, iced, subjected
to microbial analyses and used within 2 h. This
ground tilapia fillet meat contained LAB, TPC,
and YM of 1.81x10%, 6.16x10% and < 1.50x10?
CFU/g, respectively.

Trim meat cut from the edge of tilapia fillet close to the fin

e
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* Trimmed belly flap having the skin attached

Figure 1: Tilapia trim meat
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2.2 Ratios of TTM to Tilapia
Fillet Meat

Fish meat used in the production of FFS was
composed of different ratios of TTM to tilapia fil-
let meat. Six different TTM:tilapia fillet meat ra-
tios (100:0, 80:20, 60:40, 40:60, 20:80 and 0:100)
were prepared. Three kilograms of fish meat for
each ratio was prepared and used immediately.

2.3 Production of FFS

FFS was produced according to the method of
Srisawad and Gawborisut ( ). It was com-
posed of fish meat, cooked non-glutinous white
rice, peeled garlic, salt and sugar at the ratio by
weight of 5:1:1:0.15:0.15. This composition was
equivalent to 3000 g of fish meat, 600 g of cooked
rice, 600 g of chopped garlic, 90 g of salt and 90
g of sugar. To produce FFS, firstly, cooked rice
and peeled garlic were combined and blended in a
food processor (MCM 640660, Bosch, Bratislava,
Slovakia). Fish meat was then minced for 10 min
in a bowl cutter machine (Cuttex M11, NMH,
Hohentengen, Germany). Salt was gradually
added into the meat during mincing. After that,
the mixture of cooked rice and garlic was added
into the meat and briefly mixed. Sugar was then
combined and mixed for another 5 min. Finally,
FFS paste was stuffed into 35 x 180 mm (diam-
eter x length) polyethylene plastic casings. The
casing ends were tied with cotton strings. The
FFS stuffed in plastic casings was split into four
portions. Four fermentation periods (0, 2, 4 and
6 days) were randomly assigned to these four por-
tions. The portions were then kept separately in
an incubator at 28 + 1 °C. When FFS reached
the end of each fermentation period, an assigned
portion was removed from the incubator. FFS
samples were collected, the casings were asepti-
cally removed from the samples, and their mi-
crobial contents, texture profile analysis (TPA),
pH, titratable acidity and International Commis-
sion on Illumination (CIE) color values were an-
alyzed. Raw and baked FFS were also evalu-
ated for sensory acceptability. The experiments
were done in triplicate using three different lots
of TTM.

2.4 Microbial Contents

Lactic acid bacteria (LAB), total plate count
(TPC) and yeast and mold (YM) were de-
termined. Twenty-five grams of sample were
weighed into 225 ml of 0.1% peptone water and
mixed thoroughly for 60 s using a 3500 Jumbo
Stomacher (Seward Laboratory Systems, Inc.,
Bohemia, NY, USA). Serial 10-fold dilutions
were then performed and 1 ml aliquots of appro-
priate dilutions (1072-10~%) were pipetted into
sterile petri dishes. Fifteen milliliters of molten
sterilized de Man, Rogosa and Sharpe (MRS)
agar (BBL, Sparks, MD, USA) was poured into
the dishes. After that, the dishes were swirled
20 times, allowed to cool, and incubated at 30 +
0.1 °C for 72 h (Palavecino Prpich et al., ).
TPC was determined by pour plate techniques
using standard plate count agar (BBL, Spark,
MD, USA) (Qiu et al., ). Appropriate di-
lutions (1072-10~%) were transferred to steril-
ized dishes. Molten agar was combined with the
aliquot as previously described. The dishes were
incubated at 30 4+ 0.1 °C for 48 h. YM was deter-
mined using appropriate dilutions (1071-107%)
spread onto acidified potato agar with a pH of 3.5
+ 0.1 (Ozpolat & Patir, ). The agar plates
were incubated at 23 + 1 °C for 5 days. Mi-
crobiological examinations were performed two
times/treatment. The enumerated LAB, TPC
and YM colonies were counted and expressed
as the logarithm of colony-forming units (log

CFU/g).

2.5 Texture Profile Analysis

TPA of FFS was determined using a procedure
modified from Suteebut et al. ( ), which em-
ployed a texture analyzer (TA-XT2i, Stable Mi-
cro Systems LTD., Vienna, Austria). A dissected
FFS sample with a height of 30 mm was pressed
with two compression cycles using a cylindrical
probe with diameter of 50 mm. Testing condi-
tions were a crosshead speed of 5.0 mm/s, 50%
strain, surface sensing force of 99.0 g, threshold
of 30.0 g and time interval between first and sec-
ond strokes of 1 s. TPA was expressed as the
values of hardness, adhesiveness, springiness, co-
hesiveness, chewiness and resilience.
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2.6 pH

The pH was determined by mixing FFS with re-
cently boiled deionized water in a 1:10 ratio ac-
cording to Chiou and Huang ( ). Ten grams
of FFS were homogenized with 100 ml of recently
boiled deionized water. The pH of the homoge-
nized sample was measured by a desktop Sar-
torius PP150 pH meter (Sartorius Corp., Edge-
wood, NY, USA) equipped with a rounded glass
probe. pH monitoring was performed on days 0,
2, 4 and 6.

2.7 Titratable Acidity

Titratable acidity expressed as the percentage of
lactic acid was determined by using the indica-
tor method (942.15) of the Association of Offi-
cial Analytical Chemists ( ). Three grams of
FFS was combined with 50 ml of recently boiled
deionized water, homogenized, and stirred gen-
tly for 1 h using a magnetic stirrer. After that,
0.5 ml of 1% phenolphthalein solution was added
into the sample, and it was titrated with 0.1 N
sodium hydroxide until the pink endpoint per-
sisting for 30 s. Titratable acidity was calculated
using equation 1.

Titratable acidity (%) = (V' xNx90x100)/gx1000

(1)
where V is the volume (ml) of 0.1 N sodium hy-
droxide, N is the normality of sodium hydroxide
and g is the weight of sample.

2.8 CIE Color Values

CIE color values (L*, a* and b*) expressing the
surface color of FF'S were measured using a Kon-
ica Minolta CM2600d spectrophotometer (Kon-
ica Minolta, Inc., Japan). The sample was il-
luminated by a D65 artificial daylight bulb and
observed at 10° standard angle. The L* value
(0-100) indicates lightness, while a* and b* are
the red/green and yellow/blue coordinates, re-
spectively.

2.9 Sensory Evaluation

Sensory acceptability of raw and cooked FF'S was
evaluated using a 9-point hedonic scale (1 = dis-
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like extremely, 5 = neither like nor dislike, 9
= like extremely) according to Meilgaard et al.
( ). The attributes evaluated of raw sam-
ples were meat homogeneity, color, odor, hand-
feel texture and overall acceptability. Those of
cooked samples evaluated were meat homogene-
ity, color, odor, mouth-feel texture, flavor and
overall acceptability. Prior to sensory evalua-
tion of cooked FFS, the sausage was baked in
an oven at 200 °C for 15 min until the inter-
nal temperature reached 70 °C according to the
method 976.16 (35.1.04) of the Association of Of-
ficial Analytical Chemists ( ). Sensory at-
tributes of raw and cooked samples were scored
separately by two different groups of untrained
panelists. Raw samples were scored by 45 pan-
elists, 23 females and 22 males aged 19-45 years.
Cooked samples were determined by 45 panelists,
24 females and 21 males aged 19-47 years. All
panelists were acquainted with FFS and not al-
lergic to it. Prior to each evaluation, the samples
were randomly assigned a three-digit number.
Then, they were randomly presented to the pan-
elists. All sensory evaluations were conducted in
sensory booths located inside an air-conditioned
room at 25 °C. The booths had the illuminance
levels of 503-512 Ix on the sensory tables. A score
of 5 was considered the cut-off limit of acceptabil-
ity for all sensory attributes.

2.10 Statistical Analysis

The experimental design was a 6 x 4 split plot
arrangement in a randomized complete block de-
sign (RCBD). The main plot was the six ratios
of TTM:tilapia fillet meat (100:0, 80:20, 60:40,
40:60, 20:80 and 0:100). The sub plot was the
four fermentation periods (0, 2, 4 and 6 days).
Three different lots of TTM used for the prepa-
ration of FFS were considered the blocks of this
experiment. The quality parameter and sen-
sory acceptability data of FFS were evaluated
using analysis of variance (ANOVA) as described
by Montgomery ( ). Statistical analysis was
conducted using the IBM SPSS Statistics 21 pro-
gram (IBM, Armonk, NY, USA) at a 95% con-
fidence level. Mean values were compared using
the least significant difference (LSD) test.
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3 Results and Discussion

Statistical analysis showed that interactions be-
tween TTM:tilapia fillet meat ratio and fermen-
tation period were not significant for all quality
parameters (p > 0.05). Therefore, the effect of
TTM:tilapia fillet meat ratio and that of fermen-
tation period are reported separately.

3.1 Microbial Contents

FFS with a high ratio of TTM tended to have
high LAB loads (Figure 2a). Samples made with
ratios of 100:0, 80:20, 60:40 and 40:60 had sig-
nificantly higher LAB counts compared to those
with a ratio of 0:100 (p < 0.05). The micro-
bial analyses show that TTM contain more LAB
(4.34 4+ 0.13x102? CFU/g) compared to ground
tilapia fillet meat (1.81 + 0.21x10? CFU/g).
LAB in fermented sausage originate from raw
materials added into the sausage and/or envi-
ronment in contact with the sausage (Belleggia et
al., ; Sallan et al., ). Multiple steps used
during the trimming process at the factory may
allow LAB to contaminate or proliferate in TTM
thus containing more LAB than tilapia fillets ex-
posed to the short meat extraction and grinding
processes. Therefore, using TTM (100:0, 80:20,
60:40 and 40:60) produced higher LAB in FFS
than using no TTM (0:100).
The LAB count in FFS was affected by the fer-
mentation period (Table 1). LAB on day 0 was
equivalent to 3.71 £ 0.55 log CFU/g. This level
was close to that reported by Kongkiattikajorn
( ) who found LAB of around 4 log CFU/g
in FFS, but the bacteria can propagate rapidly
during fermentation. The results reveal that, on
day 2, LAB rapidly increased to the maximum
level of 8.65 + 0.38 log CFU/g. Based on the
level of LAB, ripening of FF'S may occur on day
2. Maximum LAB counts in the ranges of 7-9
were found in Thai FFS on days 1-3 (Kongkiat-
tikajorn, ; Nooniam, ; Suteebut et al.,
). However, in Chinese FFS, LAB reached
11 log CFU/g on day 2 (Nie et al., ). Af-
ter day 2, LAB counts in FFS tended to decline
slowly. Although LAB population showed a de-
clining trend, LAB on day 4 at the level of 8.47
=+ 0.38 log CFU/g was not significantly different

from day 2 (p > 0.05) (Table 1). Notable reduc-
tion of LAB was found on day 6 in which the
count of 8.36 + 0.27 log CFU /g was significantly
lower than day 2 (p < 0.05) (Table 1). However,
the results show that LAB counts on days 4 and
6 were not significantly different (p > 0.05) (Ta-
ble 1). The decrease in experimental LAB after
day 2 may be caused by a pH reduction progress-
ing during FFS fermentation (Table 2). pH levels
of lower than 4.5 found on days 2-6 may not be
suitable for LAB species in FFS. de De Macedo
et al. ( ) stated that acidity is considered the
most important deleterious factor that affects the
viability and growth of LAB, since its growth is
greatly inhibited at pH lower than 4.5.

TPC was affected by the TTM:tilapia fillet meat
ratio (Figure 2b). The ratios of 100:0, 80:20,
60:40, 40:60 and 20:80 were not significantly dif-
ferent in terms of TPC (p > 0.05). However, 0
:100 samples contained a significantly lower TPC
compared to those with other ratios (p < 0.05).
TTM contained a higher load of TPC (7.32 +
0.02x10* CFU/g) compared to ground tilapia fil-
let meat (6.16 £ 0.06 x10% CFU/g) as previously
described. TPC levels in FFS were affected by
the fermentation period (Table 1). A dramatic
increase in TPC to the level of 8.91 £ 0.34 log
CFU/g was found on day 2 (p < 0.05). This
number is higher than the TPC of 6 log CFU/g
found in FFS on day 2 reported by Suteebut et
al. ( ). After day 2, TPC in FFS decreased
significantly (p < 0.05). Reduction of TPC was
also reported by Kongkiattikajorn ( ). The
researcher found that TPC in FFS increased to
the maximum level of around 8 log CFU/g on day
3. After that, the bacteria decreased gradually
to the level of 7 log CFU on day 5. The reduction
of experimental TPC after day 2 may be caused
by pH reduction as previously described.

YM was unaffected by the TTM:tilapia fillet
meat ratio (p > 0.05) (Figure 2c¢). However,
it was affected by the fermentation period (p <
0.05) (Table 1). YM increased as the fermen-
tation period increased and reached the level of
8.28 £ 0.46 log CFU/g on day 6. Nie et al. ( )
reported that YM in Chinese FFS increases dur-
ing fermentation. YM may favor the low pH con-
dition occurring in FFS on days 2-6 (Table 2),
thus proliferating in the product. YM in Thai
fermented fish products are usually acid-tolerant
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Table 1: Lactic acid bacteria, total plate count and yeast and mold in fermented fish sausage as affected
by fermentation period.

Microbial content Fermentation period (days)

(log CFU/g) 0 2 4 6

Lactic acid bacteria 3.71 £ 0.55a 8.65 £ 0.38¢  8.47 + 0.38ab  8.36 £+ 0.27b
5.03 + 0.44a 8.91 + 0.34c 859 +£0.26 b  8.46 &+ 0.35b
Yeast and mold 3.02 £ 0.47a 6.32 £ 0.47b 7.83 £ 0.52¢ 8.28 £ 0.46d

Results are mean + standard deviation (n = 18). Different letters in the same row within
each parameter indicate significant differences at a confidence level of 95%.

Total plate count

Table 2: Texture profile analysis, CIE color values, pH and titratable acidity of fermented fish sausage
as affected by fermentation period.

Fermentation period (days)

Parameters

0 2 4 6

Hardness (g) 377.84 £ 59.22d 1758.32 £ 81.96a 1417.87 £ 95.45b  1242.38 4 47.76¢
Texture Adhesiveness (g.s) -4.12 £ 1.49d -10.43 + 1.93c -21.46 + 2.28a -15.72 + 1.99b
profile Springiness 0.23 £+ 0.03c 0.53 £ 0.02a 0.52 £ 0.01ab 0.50 £ 0.06b
analysis Cohesiveness 0.21 £+ 0.03c 0.35 = 0.01a 0.30 £ 0.02b 0.29 £+ 0.07b

Chewiness (g) 19.41 £ 2.65d 413.45 £ 32.60a 325.79 + 26.32b 269.86 + 26.69¢

Resilience 0.06 £ 0.01c 0.10 £ 0.02a 0.08 £+ 0.01b 0.07 = 0.02b
pH 6.36 £+ 0.06a 4.39 £ 0.13b 4.18 £+ 0.05¢ 4.01 + 0.12d
Titratable acidity (%) 1.23 £ 0.32d 2.87 £ 0.8c 4.33 =+ 0.53b 5.32 £ 0.31a
CIE L* 70.2 £ 2.9a 73.83 + 2.34b 74.08 £+ 2.1b 74.62 + 1.55b
color a* -1.09 £+ 0.18d -0.49 £ 0.13c 0.12 £+ 0.13b 0.61 £ 0.15a
value b* 12.95 £+ 1.11c 13.04 £ 0.83bc 14.01 £ 1.73ab 14.36 + 1.73a

Results are mean =+ standard deviation (n = 18). Different letters in the same row within each
parameter indicate significant differences at a confidence level of 95%.

and therefore proliferate in acidic condition. Nu-
trients such as vitamins and amino acids gener-
ated by microorganisms during fermentation pro-
cesses may also assist the proliferation of YM.

3.2 Texture Profile Analysis

Hardness, springiness, cohesiveness, chewiness
and resilience decreased as the ratio of TTM in-
creased (p < 0.05) (Figure 3a, ¢, d, e and f).
However, adhesiveness increased as the ratio of
TTM increased (p < 0.05) (Figure 3b). Strydom
et al. ( ) stated that texture forming is one
of functional properties of muscle protein. The
more TTM used, the poorer were the TPA val-
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ues observed. TTM may have poor meat func-
tional properties. These poor properties may
be caused by the action of muscular proteases
breaking down the muscle during filleting and
trimming processes at the factory. In addition
to that, TTM exposed to multiple washing steps
may absorb some water. This water may increase
gradually as the ratio of TTM in FFS increased.
The increasing amount of water may cause softer
texture in FFS when TTM was used at the high
ratios. Hardness is a key indicator reflecting the
maturation and textural quality of FFS (Noo-
niam, ). The results indicate that the com-
bination of TTM and tilapia fillet meat should be
limited to 20:80, which gives hardness not signif-
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Figure 2: Lactic acid bacteria (a), total plate count (b) and yeast and mold (c¢) in fermented fish sausage
as affected by the ratio of tilapia trim meat to tilapia fillet meat.

Different letters above the line within each parameter indicate values that are significantly different at
a confidence level of 95% (n = 12).

icantly different from that of 0:100 (p > 0.05)
(Figure 2a).

TPA attributes were affected by the fermenta-
tion period (p < 0.05). The results in Table
2 show that hardness, springiness, cohesiveness,
chewiness and resilience increased significantly
on day 2 (p < 0.05). After that, the values de-
clined on days 4—6. Adhesiveness decreased sig-
nificantly on days 2-4 (p < 0.05) (Table 2) with
the lowest point reached on day 4 and increased
significantly thereafter to the level of -15.72 +
1.99 g.s. Organic acids produced by LAB, lead-
ing to a pH reduction on day 2 (Table 2), may

cause protein denaturation in FFS. This denat-
uration may reduce the water holding capacity
of fish muscle and consequently cause loss of wa-
ter from the muscle. The water lost from the
muscle can form an exudate commonly found in
ripened FFS. This loss may further increase in-
ternal bonding in the gel network of muscle pro-
tein, thus producing a firmer and denser texture
on day 2. Afifah et al. ( ) found that the
hardness of matured fermented mackerel sausage
increased on day 2. Nooniam ( ) found that
acids produced by LAB during fermentation of
FFS may induce the gradual aggregation of pro-
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Figure 3: Hardness (a), adhesiveness (b), springiness (c), cohesiveness (d), chewiness (e) and resilience
(f) of fermented fish sausage as affected by the ratio of tilapia trim meat to tilapia fillet meat.

Different letters above the line within each parameter indicate values that are significantly different at
a confidence level of 95% (n = 12).
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teins, leading to the formation of a protein ma-
trix which increases hardness in the sausage.
Decreasing trends in hardness, springiness, co-
hesiveness, chewiness and resilience in FFS were
found after day 2 (Table 2). However, an increas-
ing trend in adhesiveness was found after day 4
(Table 2). The decline in texture attributes may
be caused by the action of proteases indigenous in
fish meat and those produced by LAB. Lougovois
and Kyrana ( ) stated that cathepsin D pri-
marily responsible for hydrolysis of fish meat can
work effectively at a pH of around 4. The reduc-
tion in pH progressing during FFS fermentation
to the level of 4.01 £ 0.12 on day 6 may assist the
work of cathepsin D, thus rapidly breaking down
meat structures and consequently reducing TPA
values after day 2.

3.3 pH

The pH of FFS samples (4.68-4.80) was not af-
fected by the TTM:tilapia fillet meat ratio (p >
0.05) (Figure 4a). However, it was affected by
the fermentation period (p < 0.05). The results
show that pH of FFS decreased as the fermenta-
tion period increased (Table 2). Nooniam ( )
and Belleggia et al. ( ) explained that LAB
converting the starch in rice into organic acids is
responsible for the pH reduction in FFS during
fermentation. The initial pH of FFS was equiv-
alent to 6.36 £+ 0.06. This pH was in the normal
range of 6.0-6.5 found in fresh fish as reported
by Adrah and Tahergorabi ( ). On day 2, the
pH of FFS decreased to the level of 4.39 + 0.13.
The reduction of pH after fermentation agrees
with Nie et al. ( ) who found that the pH of
FFS decreased to around 4.6 within 2 days of fer-
mentation. The Ministry of Industry, Ministry of
Industry ( ) requires the pH of FFS to be 4.6
or lower. The results reveal that a 2-day fermen-
tation is sufficient to make FFS which meets the
standard.

3.4 Titratable Acidity

Titratable acidity is a volumetric method using
a standard solution of sodium hydroxide to re-
act with organic acids present in food samples
(Nielsen, ). The titratable acidity of FFS

was not affected by the TTM:tilapia fillet meat
ratio (p > 0.05) (Figure 4b). However, it was
affected by the fermentation period (p < 0.05)
(Table 2). Titratable acidity increased as the fer-
mentation period increased. Organic acids con-
verted from sugar and the starch in rice by LAB
may increase the titratable acidity of FFS dur-
ing fermentation. An increase in titratable acid-
ity during fermentation of FFS was reported by
Nooniam ( ). Riebroy et al. ( ) reported
that the acid content is a very important factor
determining the acceptability of FFS. The most
acceptable FFS contains 2.2-2.5% lactic acid.
The experimental result shows that the titrat-
able acidity of FFS of 2.87 + 0.8% found on day
2 was close to this range. It is concluded that 2-
day fermentation may be sufficient to ripen the
sausage and may produce an acceptable FFS.

3.5 CIE Color Values

L* wvalues of FFS were affected by the
TTM:tilapia fillet meat ratio (p < 0.05) (Fig-
ure 5a). A darker color (low L*values) was de-
tected in samples containing a higher ratio of
TTM. TTM may contain a high amount of dark
color meat, especially the meat trimmed from the
edges of the fillets close to the fins (Figure 1).
In addition to that, the skin commonly found in
TTM (Figure 1) could have contributed to the re-
duction of L* values in 80: 20 and 100:0 samples.
a* values increased as the ratio of TTM increased
(p < 0.05) (Figure 5b). Dark color meat trimmed
from the edges of the fillets close to the fins in
TTM as previously described may also cause the
increase in a* values. b* values were not affected
by the TTM:tilapia fillet meat ratio (p > 0.05)
(Figure 6c¢).

CIE color values were affected by the fermenta-
tion period (p < 0.05) (Table 2). L*, a* and
b* values increased as the fermentation period
increased. A change in the muscle structures of
FFS caused by protein denaturation and exudate
loss which was reported by Nooniam ( ) may
contribute to the increase in color values of the
product.
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Figure 4: pH (a) and titratable acidity (b) of fermented fish sausage as affected by the ratio of tilapia
trim meat to tilapia fillet meat.

Identical letters above the line within each parameter indicate values that are not significantly different
at a confidence level of 95% (n = 12).

Table 3: Sensory acceptability scores of raw fermented fish sausage as affected by fermentation period.

Fermentation period (days)

Sensory attribute 0 9 A 6

Meat homogeneity 717 £0.3la 7.65 £ 0.47b 7.78 £0.63b 7.55 £ 0.47b
Color 711 +04a 7.74 £0.35b 7.82 £ 0.29b 7.93 £ 0.24b
Odor 7.09 + 0.32a 7.75 £ 0.34b 7.67 £ 0.39b 7.11 + 0.43a
Hand-feel texture 7.09 + 0.46a 7.67 &£ 0.69b 7.57 £ 0.69b 7.15 + 0.81a
Overall acceptability 7.12 £ 0.38a 7.78 &+ 0.50b 7.66 £ 0.55b  7.26 £ 0.50a

Results are mean + standard deviation (n = 18). Different letters in the same row within

each parameter indicate significant differences at a confidence level of 95%.
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Table 4: Sensory acceptability scores of cooked fermented fish sausage as affected by fermentation period.

Fermentation period (days)

Sensory attribute 0 9 A 6

Meat homogeneity 7.62 £054a 7.6+ 039 7.5+£047a 7.38 £ 0.51a
Color 7.64 £ 0.55a 7.69 £ 0.32a 7.8 £ 0.34a  7.56 £ 0.31a
Odor 737 £0.36a 7.82+0.30b 7.9+ 0.37b  7.45 £ 0.38a
Mouth-feel texture 7.58 £ 0.63a 7.65 &£ 0.54a 7.64 £ 0.50a 7.06 £ 0.60b
Flavor 6.76 = 0.40b 7.74 + 0.36c  7.79 4+ 0.34c  5.37 £ 0.55a
Overall acceptability 7.26 &£ 0.5b  7.77 £ 0.39¢c  7.71 +£ 0.47¢c  6.16 &+ 0.59a

Results are mean + standard deviation (n = 18). Different letters in the same row within
each parameter indicate significant differences at a confidence level of 95%.

100:0 80:20 60:40 40:60 20:80 0:100

Figure 7: Appearance of fermented sausage as
affected by ratios of tilapia trim meat and tilapia
fillet meat

3.6 Sensory Evaluation

The TTM:tilapia fillet meat ratio affected meat
homogeneity, hand-feel texture and overall ac-
ceptability of raw FFS (p < 0.05) (Figure 6a,
d and e). However, the ratio did not affect the
color and odor of the product (p > 0.05) (Figure
6b and ¢). The results indicate that using a high
ratio of TTM (100:0 and 80:20) does not benefit
the homogeneity of FFS (Figure 6a). Panelists’
records show that samples with a high TTM
ratio contained a significant amount of thread-
like fibrous tissue and skin strips causing a non-
homogenous appearance (Figure 7). Hand-feel
texture scores decreased as the ratio of TTM
increased (Figure 6d). Poor texture functional
properties of TTM as previously described may
have caused the poorer hand-feel texture found
in 100:0, 80:20 and 60:40 samples. Higher over-
all acceptability scores were found in samples
containing a low TTM ratio (Figure 6e); 20:80
and 0:100 samples were given significantly higher
overall acceptability scores than 100:0, 80:20,

LJFS | 2024 | Volume 13

60:40, and 40:60 samples (p < 0.05). Based on
this information, a 20:80 ratio might be employed
for the production of FF'S because it produced re-
sults not significantly different to those for 0:100.
The sensory scores of raw FFS were affected by
the fermentation period (p < 0.05). Meat homo-
geneity scores increased significantly during days
2-6 (p < 0.05) (Table 3). Denaturation of protein
and loss of water from protein structure in FFS
may increase internal bonding in the gel network
of muscle protein, thus producing a more ho-
mogenous appearance on days 2-6. Color scores
also increased significantly on days 2—6 (p < 0.05)
(Table 3). Panelists’ records show that a desir-
able opaque off-white color found on days 2—6 can
promote the color scores of FFS. The increase in
color scores correlates with the L* values which
improved significantly on days 2—6. Odor, hand-
feel texture and overall acceptability scores also
increased significantly on days 2-4 (p < 0.05)
(Table 3). However, the scores decreased signifi-
cantly on day 6. Panelists’ records show that an
unpleasant smell was found on day 6, leading to
the reduction of odor score. Zhao et al. ( )
found that odorants in fermented tilapia sausage
are 30 aldehydes, 13 alcohols, 13 hydrocarbons,
9 ketones, 5 furans, 3 sulphur compounds, 3 aro-
matic compounds, 3 esters, 1 nitrogenous com-
pound and 1 organic acid. Most odorants are
produced by actions of microorganisms, mainly
LAB, and chemical reactions. Aldehydes are gen-
erally produced by lipid oxidation and mostly
have a pleasant odor description. Alcohols gen-
erally result from the oxidation and degradation
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Figure 8: Meat homogeneity (a), color (b), odor (c), mouth-feel texture (d), flavor (e) and overall
acceptability (f) of cooked fermented fish sausage as affected by the ratio of tilapia trim meat to tilapia
fillet meat.

Different letters above the line within each parameter indicate values that are significantly different at
a confidence level of 95% (n = 12).
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of polyunsaturated fatty acids. Gao et al. ( )
found that several species of yeast can produce
alcohol during fermentation of fish sauce, a fer-
mented fish product. YM in FFS may comprise
yeasts capable of producing alcohols from sugar
and rice added to the sausage. These yeasts may
contribute to an alcohol odor in the product, es-
pecially at the end of the fermentation period in
which the YM level was as high as 8.28 + 0.46
log CFU/g (Table 1). Zhao et al. ( ) stated
that ketones were mainly produced from amino
acid degradation or unsaturated fatty acid oxida-
tion. Furans are generated by Strecker degrada-
tion, Maillard reaction and thermal degradation
of thiamine. Esters are generally formed through
non-enzymatic esterification of alcohols and or-
ganic acids as well as the enzymatic catalysis by
microorganisms. Hydrocarbons generally have a
strong pungent odor and usually give rise to a
poor flavor in fermented tilapia sausage (Zhao et
al., ). A high concentration of hydrocarbons
may also accumulate at the end of the fermen-
tation period, thus causing an unpleasant smell
on day 6. Aromatic and sulphur compounds are
generally formed through the catabolism of aro-
matic and sulphur-containing amino acids, re-
spectively. A nitrogenous compound, trimethy-
lamine, and acetic acid were detected after 30-
hour fermentation (Zhao et al., ). Trimethy-
lamine has a pungent fishy smell (Li et al., ).
Acetic acid gives a pungent smell, associated
with vinegar (Zhou et al., ). Accumulation
of trimethylamine and acetic acid in FFS may
also contribute to the unpleasantness of FFS on
day 6.

Hand-feel texture score increased significantly on
days 2-4 and decreased thereafter (p < 0.05) (Ta-
ble 2). Panelists’ records show that a firmer
texture which developed on days 2—4 could pro-
duce a desirable hand-feel texture. After that,
the score was lower on day 6 due to a perceived
mushy texture. The reduction of hand-feel tex-
ture score agrees with TPA values which were
lower on day 6. Proteolytic enzymes originating
from fish meat and those produced by microor-
ganisms during fermentation may break down
FFS, causing a reduction of the sensory texture
score on day 6. Overall acceptability gained a
significant increase on days 2-4. After that, the
score decreased significantly on day 6 (p < 0.05)

(Table 2). The combination of unpleasant smell
and mushy texture found on day 6 may have con-
tributed to the low overall acceptability score.
Sensory scores of cooked FFS relate to the eat-
ing quality of the product. Meat homogeneity,
mouth-feel texture and overall acceptability were
affected by the TTM:tilapia fillet meat ratio (p <
0.05) (Figure 8). However, color, odor and flavor
were not affected by the ratio (p > 0.05). Meat
homogeneity, mouth-feel texture score and over-
all acceptability decreased as the ratio of TTM
increased (Figure 8a, d and f); 0:100 samples con-
taining only tilapia fillet meat produced the high-
est score. However, scores for these samples were
not significantly different from those for 20:80
samples (p > 0.05). The results suggest that
it is possible to combine TTM with tilapia fil-
let meat and use it for production of FFS. The
ratio of 20:80, giving sensory scores not signifi-
cantly different to those for 0:100 samples, is the
most suitable.

Odor, mouth-feel texture, flavor and overall ac-
ceptability of cooked FFS were affected by the
fermentation period (p < 0.05) (Table 4). How-
ever, meat homogeneity and color scores were not
affected by the period (p > 0.05). Odor scores
improved significantly on days 2-4 and deterio-
rated significantly on day 6 (p < 0.05) (Table 4).
The results imply that FFS may ripen on day 2.
However, the good odor in ripened FFS may last
only 2 days from day 2 to day 4. After that, an
unpleasant odor of overripe FFS was exhibited
on day 6. This unpleasant odor may be caused
by the accumulation of hydrocarbons, trimethy-
lamine and acetic acid as previously described.
The results also show that the mouth-feel tex-
ture score reduced on day 6. Proteolytic enzymes
breaking down muscle structures as previously
described may cause an undesirable soft texture
which reduced the mouth-feel texture score in
cooked FFS at the end of the fermentation pe-
riod. Flavor and overall acceptability scores in-
creased significantly on days 2-4 (p < 0.05). On
day 6, overripe characteristics such as a very sour
taste and pungent unpleasant odors were per-
ceived during chewing of the product. These
characteristics reduced the flavor score to 5.37
+ 0.55, which is close to the cut-off score of 5
points. The results indicate that FF'S is suitable
for consumption on days 2—4 according to over-
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all acceptability scores of raw and cooked FF'S.
To extend the shelf life of FFS, the use of low
temperature for storing ripened FFS may be re-
quired. The low temperature may suppress the
growth of LAB and activity of proteolytic en-
zymes in FFS, thus delaying quality changes in
the product after day 2. We found that storing
ripened FFS at 4 °C in a refrigerator could ex-
tend shelf life of the sausage from 6 days to 14
days (unpublished data). We, therefore, recom-
mend that FFS should be fermented for 2 days.
After that, the product should be kept in a re-
frigerator.

4 Conclusions

The ratio of TTM to tilapia fillet meat had no
effect on YM, b* value, pH and titratable acidity.
The 0:100 ratio produced lower LAB, TPC and
L* values compared to 100:0, 80:20 and 60:40.
The ratio also yielded a higher a* value than
100:0 and 80:20. The 0:100 ratio generated the
best TPA values followed by 20:80. However,
sensory acceptability of these two ratios were not
significantly different. Conclusively, the 20:80 ra-
tio, giving similar sensory quality to 0:100, is rec-
ommend for the production of FFS.

The highest LAB, TPC, hardness, springiness,
cohesiveness, chewiness and resilience values
were found on day 2. After that, the values de-
clined. Adhesiveness reduced to the lowest value
on day 4. After that, the value increased on day
6. YM, titratable acidity and color values (L*, a*
and b*) increased as the fermentation period in-
creased. However, pH decreased as the fermenta-
tion period increased. Most of the sensory quali-
ties of raw and cooked FF'S improved on days 2-4
and declined on day 6. The results reveal that
FFS may ripen on day 2. The best quality of
FFS was found on day 4.

Using TTM in combination with tilapia fillet
meat is possible and recommended to the tilapia
filleting industry in Thailand and other locations
where TTM is available and FFS is popular. This
research provides an example of the utilization of
an edible fish meat by-product which may inspire
researchers in other countries to explore the uses
of local underutilized by-product meat. Future
studies focusing on using transglutaminase to in-
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crease textural quality of FFS containing TTM
may be explored.

References

Adrah, K., & Tahergorabi, R. (2021). Ready-to-
eat products elaborated with mechani-
cally separated fish meat from waste pro-
cessing. In C. M. Galanakis (Ed.), Sus-
tainable fish production and processing
(pp. 227-257). Elsevier. https://doi.org/
10.1016/B978-0-12-824296-4.00006-2

Afifah, D. N., Ratna Sari, 1., Prastifani, N. T,
Fulyani, F., Anjani, G., Widyastuti, N.,
& Hastuti, V. N. (2023). Effect of fer-
mentation time on nutrition content,
physical properties, pH, amino acids,
fatty acids composition and organolep-
tics on fermented mackerel sausage (Ras-
trelligerkanagurta Cuvier) characteris-
tics. International Journal of Food Stud-
ies, 12(1), 57-70. https://doi.org/10.
7455 /ijfs/12.1.2023.a4

Association of Official Analytical Chemists.
(2005). Official methods of analysis (K.
Helrich, Ed.; 18th. ed).

Belleggia, L., Ferrocino, I., Rita Corvaglia, M.,
Cesaro, C., Milanovi¢, V., Cardinali,
F., Garofalo, C., Cocolin, L., Aquilanti,
L., & Osimani, A. (2022). Profiling of
autochthonous microbiota and charac-
terization of the dominant lactic acid
bacteria occurring in fermented fish
sausages. Food Research International,
154, 110990. https://doi.org/10.1016/j.
foodres.2022.110990

Chiou, T.-K., & Huang, J.-P. (2004). Biochemi-
cal changes in the abdominal muscle of
mud crab Scylla serrata during storage.
Fisheries Science, 70(1), 167—-173. https:
//doi.org/10.1111/j.1444-2906.2003.
00785.x

De Macedo, R. E. F., Bertelli, S., & Lugnani,
C. (2012). Probiotic meat products. In
E. C. Rigobelo (Ed.), Probiotic in ani-
mals (pp. 85-102). InTech. https://doi.
org/10.5772/50057

Gao, P., Xia, W., Li, X., & Liu, S. (2019). Use
of wine and dairy yeasts as single starter

LJFS | 2024 | Volume 13 | pages 183-200


https://doi.org/10.1016/B978-0-12-824296-4.00006-2
https://doi.org/10.1016/B978-0-12-824296-4.00006-2
https://doi.org/10.7455/ijfs/12.1.2023.a4
https://doi.org/10.7455/ijfs/12.1.2023.a4
https://doi.org/10.1016/j.foodres.2022.110990
https://doi.org/10.1016/j.foodres.2022.110990
https://doi.org/10.1111/j.1444-2906.2003.00785.x
https://doi.org/10.1111/j.1444-2906.2003.00785.x
https://doi.org/10.1111/j.1444-2906.2003.00785.x
https://doi.org/10.5772/50057
https://doi.org/10.5772/50057

Producing fermented fish sausage from tilapia trim meat ‘ 199

cultures for flavor compound modifica-
tion in fish sauce fermentation. Frontiers
in Microbiology, 10, 2300. https://doi.
org/10.3389 /fmicbh.2019.02300

Hombhong, S. (2014). Stability of frozen reduced
salt, free phospate emulsion product de-
rived from Nile Tilapia (Oreochromis
niloticus Linn.) fillet and its by product
added with rice bran peptides [Master’s
thesis, Khon Kaen University]. https:
/ / dems . thailis . or . th / tde / browse .
php?option=show&browse_type=title&
titleid=394470

Kongkiattikajorn, J. (2015). Potential of starter
culture to reduce biogenic amines accu-
mulation in som-fug, a Thai traditional
fermented fish sausage. Journal of Eth-
nic Foods, 2(4), 186-194. https://doi.
org/10.1016/j.jef.2015.11.005

Krusong, W. (2004). Production of Thai fer-
mented fish: Plara, Pla-som, Som-fak.
In K. Steinkraus (Ed.), Industrialization
of indigenous fermented foods (pp. 707
718). Marcel Dekker.

Li, Z., Zhang, D., Wang, X., Liu, X., Yang, Y.,
Du, C., Guo, J., & Zhang, Y. (2023).
Passive and wireless NFC tag-type
trimethylamine gas detection based on
WO3/MXene composite sensors. Jour-
nal of Alloys and Compounds, 939,
168730. https:/ /doi.org/10.1016 /.
jallcom.2023.168730

Lougovois, V. P., & Kyrana, V. R. (2005). Fresh-
ness quality and spoilage of chill-stored
fish [OCLC: o0cm60312670]. In A. P.
Riley (Ed.), Food policy, control, and
research (pp. 35-85). Nova Biomedical
Books.

Meilgaard, M. C., Carr, B. T., & Civille, G. V.
(1999). Sensory Ewvaluation Techniques.
CRC Press. https://doi.org/10.1201/
9781003040729

Ministry of Industry, T. I. S. I. (2012). Fermented
ground fish, Naem Pla. Thai community
product standard no. 471/2555. https://
teps. tisi.go.th /pub /teps0471_55(%e0 %
b9%81%e0%b8%ab %e0%b8%99%e0%
b8%al %e0%b8% 9b % e0 % b8 % ab %e0%
b8%b2).pdf

Montgomery, D. C. (2017). Design and analysis
of experiments (9th ed.). Wiley.

Nie, X., Zhang, Q., & Lin, S. (2014). Bio-
genic amine accumulation in silver carp
sausage inoculated with Lactobacillus
plantarum plus Saccharomyces cere-
visiae. Food Chemistry, 153, 432-436.
https://doi.org /10.1016 /j.foodchem.
2013.12.093

Nielsen, S. S. (2017). Standard solutions and
titratable acidity [Series Title: Food
Science Text Series]. In S. S. Nielsen
(Ed.), Food analysis laboratory manual
(pp. 179-184). Springer International
Publishing. https://doi.org/10.1007 /
978-3-319-44127-6_21

Nooniam, T. (2010). Effect of glucono-6-lactone
on fermentation and acceptability of
Com-Fug [Master’s thesis, Kasetsart
University]. https://dcms. thailis. or.
th / tdc / browse . php ? option = show &
browse_type=title&titleid=319346

Ozpolat, E., & Patir, B. (2016). Determination
of shelf life for sausages produced from
some freshwater fish using two differ-
ent smoking methods. Journal of Food
Safety, 36(1), 69-76. https://doi.org/
10.1111/jfs. 12214

Palavecino Prpich, N. Z., Castro, M. P., Cayré,
M. E., Garro, O. A., & Vignolo,
G. M. (2015). Indigenous starter cul-
tures to improve quality of artisanal
dry fermented sausages from Chaco (Ar-
gentina). International Journal of Food
Science, 2015, 1-9. https://doi.org/10.
1155/2015,/931970

Qiu, X., Chen, S., Liu, G., & Yang, Q. (2014).
Quality enhancement in the Japanese
sea bass (Lateolabrax japonicas) fillets
stored at 4°C by chitosan coating in-
corporated with citric acid or licorice
extract. Food Chemistry, 162, 156-160.
https://doi.org /10.1016 /j.foodchem.
2014.04.037

Riebroy, S., Benjakul, S., Visessanguan, W., Ki-
jrongrojana, K., & Tanaka, M. (2004).
Some characteristics of commercial Som-
fug produced in Thailand. Food Chem-
istry, 88(4), 527-535. https://doi.org/
10.1016/j.foodchem.2004.01.067

IJFS | 2024 | Volume 13 | pages 183-200


https://doi.org/10.3389/fmicb.2019.02300
https://doi.org/10.3389/fmicb.2019.02300
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=394470
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=394470
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=394470
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=394470
https://doi.org/10.1016/j.jef.2015.11.005
https://doi.org/10.1016/j.jef.2015.11.005
https://doi.org/10.1016/j.jallcom.2023.168730
https://doi.org/10.1016/j.jallcom.2023.168730
https://doi.org/10.1201/9781003040729
https://doi.org/10.1201/9781003040729
https://tcps.tisi.go.th/pub/tcps0471_55(%e0%b9%81%e0%b8%ab%e0%b8%99%e0%b8%a1%e0%b8%9b%e0%b8%a5%e0%b8%b2).pdf
https://tcps.tisi.go.th/pub/tcps0471_55(%e0%b9%81%e0%b8%ab%e0%b8%99%e0%b8%a1%e0%b8%9b%e0%b8%a5%e0%b8%b2).pdf
https://tcps.tisi.go.th/pub/tcps0471_55(%e0%b9%81%e0%b8%ab%e0%b8%99%e0%b8%a1%e0%b8%9b%e0%b8%a5%e0%b8%b2).pdf
https://tcps.tisi.go.th/pub/tcps0471_55(%e0%b9%81%e0%b8%ab%e0%b8%99%e0%b8%a1%e0%b8%9b%e0%b8%a5%e0%b8%b2).pdf
https://tcps.tisi.go.th/pub/tcps0471_55(%e0%b9%81%e0%b8%ab%e0%b8%99%e0%b8%a1%e0%b8%9b%e0%b8%a5%e0%b8%b2).pdf
https://doi.org/10.1016/j.foodchem.2013.12.093
https://doi.org/10.1016/j.foodchem.2013.12.093
https://doi.org/10.1007/978-3-319-44127-6_21
https://doi.org/10.1007/978-3-319-44127-6_21
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=319346
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=319346
https://dcms.thailis.or.th/tdc/browse.php?option=show&browse_type=title&titleid=319346
https://doi.org/10.1111/jfs.12214
https://doi.org/10.1111/jfs.12214
https://doi.org/10.1155/2015/931970
https://doi.org/10.1155/2015/931970
https://doi.org/10.1016/j.foodchem.2014.04.037
https://doi.org/10.1016/j.foodchem.2014.04.037
https://doi.org/10.1016/j.foodchem.2004.01.067
https://doi.org/10.1016/j.foodchem.2004.01.067

Sallan, S., Yilmaz Oral, Z. F., & Kaya, M.
(2023). A review on the role of lactic acid
bacteria in the formation and reduction
of volatile nitrosamines in fermented
sausages. Foods, 12(4), 702. https://doi.
org/10.3390/foods12040702

Srisawad, P., & Gawborisut, S. (2018). The ef-
fect of trim conditions and massaging
times on quality characteristics of Som-
fug from tilapia trim meat. Khon Kaen
Agriculture Journal, 46, 591-600.

Strydom, P. E., Jaworska, D., & Kolozyn-
Krajewska, D. (2015). Meat quality of
slaughter animals. In W. Przybylski &
D. Hopkins (Eds.), Meat quality: Genetic
and environmental factors (pp. 31-80).
CRC Press.

Suteebut, N., Kee-ariyo, C., Sriyeethong, J.,
Soleyome, T., & Sakulyunyongkul, N.
(2017). Certain physical, chemical, mi-
crobiological and sensory properties of
Som-fug. RMUPT Research Journal, 11,
69-79.

Zhao, Y., Wang, Y., Li, C., Li, L., Yang, X., Wu,
Y., Chen, S., & Zhao, Y. (2021). Novel
insight into physicochemical and flavor
formation in naturally fermented tilapia
sausage based on microbial metabolic
network. Food Research International,
141, 110122. https://doi.org/10.1016/j.
foodres.2021.110122

Zhou, Z., Liu, S., Kong, X., Ji, Z., Han, X., Wu,
J., & Mao, J. (2017). Elucidation of the
aroma compositions of Zhenjiang aro-
matic vinegar using comprehensive two
dimensional gas chromatography cou-
pled to time-of-flight mass spectrometry
and gas chromatography-olfactometry.
Journal of Chromatography A, 1487,
218-226. https://doi.org/10.1016/j.
chroma.2017.01.014

LJFS | 2024 | Volume 13

pages 183-200

200 ‘ Gawborisut and Srisawad


https://doi.org/10.3390/foods12040702
https://doi.org/10.3390/foods12040702
https://doi.org/10.1016/j.foodres.2021.110122
https://doi.org/10.1016/j.foodres.2021.110122
https://doi.org/10.1016/j.chroma.2017.01.014
https://doi.org/10.1016/j.chroma.2017.01.014

	Introduction
	Materials and Methods
	TTM and Tilapia Fillet Meat
	Ratios of TTM to Tilapia Fillet Meat
	Production of FFS
	Microbial Contents
	Texture Profile Analysis
	pH
	Titratable Acidity
	CIE Color Values
	Sensory Evaluation
	Statistical Analysis

	Results and Discussion
	Microbial Contents
	Texture Profile Analysis
	pH
	Titratable Acidity
	CIE Color Values
	Sensory Evaluation

	Conclusions
	References

