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ABSTRACT

This study aimed to develop and characterise a novel gluten-free fish cake formulated from rainbow
trout (Oncorhynchus mykiss) fillet using dried celery powder (0%, 5%, 10%, and 15%) as a natural
binding and functional ingredient. Fish cakes prepared with four formulations were stored under
refrigerated conditions at 4 +1°C for 21 days and subjected to physicochemical, microbiological,
and sensory analyses. The inclusion of celery-enriched formulations showed textural integrity
(cooking loss reduced from 19.19% in the control to 12.83% in the 15% group) and moisture re-
tention (moisture decreased from 63.74% to 57.23%). It also maintained oxidative stability
(TBARS <6.81 pmol MA/kg in celery groups vs 7.84 pmol MA/kg in control) and microbial qual-
ity (TMAB <6.54 log CFU/g in celery groups vs 7.35 log CFU/g in control) throughout storage.
Sensory evaluation revealed favourable scores for taste, texture, and overall acceptability; notably,
the 10% celery powder group (K1) was most preferred overall due to balanced flavour and texture,
whereas the 15% group (K2) was less favoured, likely because of stronger herbal flavour and darker
colour. The results indicated that the formulated gluten-free fish cakes, particularly powder, exhib-
ited enhanced textural integrity and moisture retention compared to the wheat-based control.
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Introduction

In recent years, consumers have increasingly shifted toward
natural and nutritious food products, not only to meet their di-
etary requirements but also to prevent diet-related diseases and
enhance overall physical and mental well-being. Conse-
quently, the demand for such products has risen markedly
(Isleten, 2007; Ozyurt et al., 2015; Minarovi¢ova et al., 2018).

In response to this growing trend, the food industry has inten-
sified its efforts to develop natural, nutrient-dense, and shelf-
stable products that align with evolving consumer expecta-
tions. Therefore, the substitution of synthetic preservatives
with natural ingredients has gained prominence as a strategy
to mitigate potential health risks while fulfilling consumer
preferences (Shahidi & Zhong, 2010).

Seafood represents an essential component of human nutrition
due to its high-quality protein, abundance of omega-3 fatty ac-
ids, and diverse range of vital micronutrients. However, de-
spite its nutritional value, fish meat is highly perishable and
poses significant preservation challenges because of its sus-
ceptibility to rapid microbial and enzymatic degradation. Con-
sequently, the application of effective preservation strategies
is crucial in the development of processed fish products to en-
sure safety, maintain quality, and extend shelf life (Pi et al.,
2017; Gokoglu, 2019; Taylor et al., 2025).

Given these challenges, researchers have increasingly focused
on developing value-added fish products with improved sta-
bility and extended freshness. Among such products, fish
cakes are widely recognised as convenient, palatable, and ver-
satile seafood options that enable the utilisation of fish meat in
various processed forms. They are appreciated in many re-
gions for their sensory appeal and ease of preparation. Moreo-
ver, diverse formulations can be produced by incorporating al-
ternative protein sources such as chicken, beef, shrimp, other
fish species, or processed animal proteins (Prastica et al.,
2021). However, the sensory quality and shelf life of fish cakes
remain critical factors influencing their consumer acceptance
and commercial success. Therefore, the incorporation of natu-
ral preservatives has emerged as an effective strategy to en-
hance both sensory and microbiological stability while main-
taining product safety and quality. Several recent studies have
explored functional additives and processing conditions in fish
cakes to improve quality and consumer acceptance. For exam-
ple, Choi et al. (2024) reported that garlic powder enhanced
antioxidant activity and sensory preference, while Jiang et al.
(2022) demonstrated that drying and sterilisation conditions
significantly affected the quality and flavour of tilapia fish
cakes. Similarly, Yang et al. (2024) highlighted the influence
of cooking methods on flavour development. These findings
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emphasise the growing interest in natural and functional ingre-
dients for fish cake formulations, yet the incorporation of cel-
ery powder has not been systematically investigated.

In this regard, plant-derived natural additives have attracted
considerable scientific interest due to their bioactive properties
and functional benefits in food systems. Among these, celery
(Apium graveolens), belonging to the family Apiaceae within
the order Apiales, stands out for its distinctive aroma, nutri-
tional richness, and medicinal potential (Komiis & Sar1, 2023).
Historically, celery has been utilised as both a culinary spice
and a therapeutic herb. The whole plant, particularly its leaves
and roots, possesses characteristic flavour compounds and ar-
omatic volatiles. Owing to its high levels of phenolic com-
pounds, flavonoids, and vitamin C, celery demonstrates nota-
ble antioxidant and antimicrobial activities, making it a prom-
ising candidate for natural food preservation. Additionally, it
serves as a rich source of essential minerals, including cal-
cium, magnesium, and potassium, and contains relatively high
amounts of sodium. Previous studies have reported that the in-
clusion of celery powder enhances both flavour attributes and
storage stability of foods. Celery seed, in particular, exhibits
carminative, diuretic, anti-inflammatory, and analgesic prop-
erties, and has been traditionally employed in the treatment of
rheumatoid arthritis, bronchitis, and asthma (Basak & Candan,
2008; Khalil et al., 2015; Nicetin et al., 2024).

Despite these promising attributes, the application of celery
powder in fish-based formulations remains poorly explored.
Only a limited number of studies have investigated its poten-
tial as a natural preservative or functional additive in seafood
products. Therefore, exploring its incorporation into fish cakes
could provide both technological and nutritional advantages.
Accordingly, this study aims to investigate the physicochemi-
cal, microbiological, and sensory characteristics of fish cakes
prepared with the addition of celery powder. Specifically, it
seeks to evaluate how the inclusion of celery powder influ-
ences product quality, stability, and sensory acceptability. The
findings of this research are expected to contribute valuable
insights to the existing body of knowledge and serve as a ref-
erence for future studies on the development of natural, health-
oriented fish products.

Materials and Methods
Material

Rainbow trout (Oncorhynchus mykiss) fillets used in the study
were obtained from the Faculty of Fisheries, Atatiirk Univer-
sity (Erzurum, Tiirkiye). The fish had an average length of 28
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+0.8 cm and an average weight of 250 +25 g, and were imme-
diately transported to the laboratory under refrigerated condi-
tions (4+1°C) for subsequent processing. All other ingredients
used in the fish cake formulations were purchased from a local
market.

Method
Preparation of celery powder

Fresh celery purchased from a local market was thoroughly
washed in the laboratory to remove any surface contaminants.
After cleaning, the outer peel was separated from the fleshy
portion, and both parts were thinly sliced. The samples were
then freeze-dried (Labconco, Freezone). Subsequently, the
dried materials were ground using a commercial blender (War-
ing Commercial Blender, USA) to obtain a fine powder, which
was passed through a 400 um mesh sieve to ensure uniform
particle size (Figure 1a). The moisture content of the resulting
powder was determined according to the AOAC method
925.10. Approximately 2 g of sample was dried in a hot-air
oven at 105°C until constant weight was achieved, and the
moisture percentage was calculated based on the weight loss.
The moisture content was found to be 6.23+0.15%, confirming
the adequacy of the drying process. To ensure microbial
safety, the celery powder was sterilised in a hot-air oven prior
to use. Although not equivalent to complete sterilisation, this
treatment significantly reduced the initial microbial load and
ensured comparable baseline conditions among samples. Fi-
nally, the celery powder was packed in zip-lock freezer bags
and stored at —18 °C until further analyses (Celik, 2021).

Fish cake production

Fish cakes were prepared according to the method described
by Inanli et al. (2011), with minor modifications. Fresh rain-
bow trout fillets were minced twice using a meat grinder to
obtain a homogeneous texture. The dry ingredients listed in
Table 1 included a commercially purchased gluten-free flour
blend (buckwheat flour, sorghum flour, tapioca, rice flour, and
corn starch), which was thoroughly mixed with the other dry
components. Subsequently, 200 mL of water and the liquid in-
gredients were added and blended until uniform. The resulting
mixtures were placed individually in baking trays lined with
baking paper (Figure 1b) and baked at 170 °C for approxi-
mately 1 h. After controlled baking, samples were cooled to
room temperature for 1h, sliced, vacuum-packaged, and
stored at 4 + 1°C until further analyses. All analyses were con-
ducted in duplicate (n = 2).
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Physico-chemical analyses

Lipid extraction from fish cake samples was carried out ac-
cording to the method of Folch et al. (1957). The dry matter
content was determined using an oven (Memmert UNB 400,
Germany) at 100°C, while ash content was analysed in a muf-
fle furnace (Nabertherm, Germany) at 525°C. Protein content
was measured using a Kjeldahl nitrogen analyser (Buchi) fol-
lowing AOAC (2000) procedures. Carbohydrate content (%)
was calculated by subtracting the sum of moisture, ash, pro-
tein, and lipid contents from 100 (Duman, 2022).

Cooking yield and weight loss of the samples were determined
by comparing the sample weights before and after baking, us-
ing the equation described by Bozdogan (2015).

Cooking efficiency(%e)= Cake weight after baking
Cake weight before baking

x 100

Cooldng loss= Cake weight before baking-Cake weight cake after baking

Cooking weight before baking

The pH of the samples was measured using a SevenMulti pH
meter (Mettler Toledo, Greifensee, Switzerland). For this anal-
ysis, 10 g of the sample was homogenised with 100 mL of dis-
tilled water, and the pH value was recorded (Olatidoye et al.,
2015).

Total volatile basic nitrogen (TVB-N) content was determined
following the method of Malle & Tao (1987). Briefly, 40 g of
the sample was mixed with 80 mL of 7.5% trichloroacetic acid
(TCA), homogenised, centrifuged, and filtered through What-
man No. 3 filter paper. Five millilitres of NaOH solution were
added to the filtrate, which was then distilled and titrated with
0.1 N H2SOx until a pink endpoint was observed. TVB-N con-
tent was expressed as mg/100 g of sample and calculated using
the following formula:

TVB-N (mg/100 g) =nx16.8, where n represents the millilitres
of 0.1 N H2SOa used in titration.

Thiobarbituric acid reactive substances (TBARS) were deter-
mined according to Lemon (1975). Approximately 2 g of the
fish cake sample was homogenised with 12 mL of trichloroa-
cetic acid (TCA) solution and filtered through Whatman No. 1
filter paper. Three millilitres of the filtrate were mixed with 3
mL of 0.02 M thiobarbituric acid (TBA) solution, cooled, and
centrifuged. The absorbance of the resulting solution was
measured at 532 nm using a UV—visible spectrophotometer.

x 100
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TBARS values were expressed as pmol malondialdehyde
(MDA)/kg of sample.

Abs 2\ ] 1000
%(0.06) ~ 1000) ~ 7°| * Sample weight (g)

TBARS = {(

Microbiological analyses

Microbiological quality was assessed by determining the total
aerobic mesophilic and psychrophilic bacterial counts, as well
as yeast and mould populations throughout the storage period.
Total aerobic mesophilic bacteria were enumerated on Plate
Count Agar (PCA; Merck, Germany) after incubation at 30°C
for 48 h, whereas psychrophilic bacteria were incubated at 7°C
for 10 days. Yeast and mould counts were determined using
Potato Dextrose Agar (PDA; Merck, Germany), incubated at
25°C for 5 days. All microbiological analyses were conducted
on days 0, 4, 7, 11, 14, 17 and 21 of refrigerated storage

(4£1°C). Results were expressed as logio colony-forming units
per gram of sample (logio CFU/g). The procedures were car-
ried out according to the methods described by Harrigan
(1998).

Sensory evaluation

Sensory evaluation was conducted by a trained panel consist-
ing of 15 individuals (7 males and 8 females) aged between 25
and 40 years. Randomly selected samples were presented to
the panellists in coded form. Water was provided between tast-
ings to prevent carry-over effects. The sensory attributes eval-
uated included colour, texture, odour, chewiness, appearance,
flavour, and overall acceptability. Assessments were per-
formed using a 9-point hedonic scale, where 1 corresponded
to “extremely poor” and 9 to “excellent” (Yesilkanat &
Savlak, 2021). To ensure consistency and reproducibility, a
scoring table outlining the criteria for each attribute was pro-
vided to all panellists during the evaluation (Table 2).

Table 1. Formulation of fish cakes prepared with different proportions of celery powder

Ingredients K
Minced fish (g) 500
Wheat Flour 250
A gluten-free flour (g) 0
Celery Powder 0
Yellow Onion (~50 g) 1
Garlic (~3 g) 2
Egg (~60 g) 1
Sunflower oil (ml) 75
Parsley 20
Dill 10
Baking Powder 10
Black Pepper 5
Red Pepper 5
Salt 9

KO0 K1 K2
500 500 500
0 0 0
200 150 100
50 100 150
1 1 1
2 2 2
1 1 1
75 75 75
20 20 20
10 10 10
10 10 10
5 5 5
5 5 5
9 9 9

K: control (Celery powder-free). KO: 5% CP. K1: 10% CP. K2: 15% CP. K0-K2 formulations were
prepared using a gluten-free flour.
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Table 2. Sensory evaluation criteria and scoring scale

268

Attribute 1 (Extremely poor) 5 (Moderate) 9 (Excellent)

Color Very undesirable Acceptable Highly desirable
Texture Extremely poor Acceptable Excellent

Odor Very undesirable Acceptable Highly desirable
Chewiness Extremely tough/soft Balanced Excellent
Appearance Extremely poor Acceptable Excellent
Flavor Very undesirable Acceptable Excellent
Overall acceptability Not acceptable Acceptable Excellent

Figure 1. Celery powder production (a-d), fish cake production (e-g)

Statistical analyses

All analyses were performed in duplicate, and results are ex-
pressed as meantstandard deviation. Statistical analyses were
conducted using IBM SPSS Statistics software (version 26.0;
IBM Corp., Armonk, NY, USA). Data were analysed by two-
way ANOVA, with storage day and treatment group as fixed
factors. When significant differences were observed (P<0.05),
Duncan’s multiple range test was applied as the post-hoc pro-
cedure. Although normality and homogeneity of variance tests
were not formally performed, ANOVA is commonly applied
in similar food studies under comparable conditions.

Results and Discussion
Physico-Chemical Changes

Proximate analysis is a key method for evaluating the nutri-
tional properties of food (Oyugi, 2016). The nutritional com-
position of the fish cakes is presented in Table 3. Moisture
content was highest in the control group and lowest in the sam-
ple containing 15% celery powder. In the current experimental
design, it was observed that samples containing higher levels
of celery powder demonstrated a potential for reduced mois-
ture content and improved cooking efficiency when compared
to the traditional wheat-flour control group. The reduction in
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moisture content observed in celery-supplemented samples
can be explained not only by water evaporation during baking
but also by fiber—protein—water interactions. Dietary fibres,
particularly cellulose and hemicellulose fractions in celery
powder, exhibit strong water-binding capacity. When incorpo-
rated into the fish cake matrix, these fibres compete with mus-
cle proteins for available water, thereby altering the distribu-
tion of bound and free water. This competition reduces water
retention within the protein network, leading to lower overall
moisture levels. Moreover, fibre—protein interactions may re-
strict protein swelling and gel formation, further limiting the
ability of the matrix to entrap moisture. Similar mechanisms
have been reported in fibre-enriched meat products, where
plant-derived fibres modify hydration properties and textural
integrity of the protein matrix. Consistent with our findings,
Bacaksiz & Cakir (2025) observed reduced moisture in chub
mackerel meatballs supplemented with parsley seed and black
cumin oil.

Protein content ranged from 15.89% to 17.22%, with the low-
est value in K1 and the highest in KO. Although differences
were not statistically significant (P>0.05), even minor varia-
tions may influence protein functionality and textural percep-
tion in processed fish products. The preservation of protein in-
tegrity in celery-supplemented samples indicates a potential
protective role of fiber—protein interactions, thereby contrib-
uting to the overall nutritional value and product quality.

Lipid content varied between 13.10£0.14% and 13.30£0.42%,
with no significant differences (P>0.05). Cakes containing cel-
ery powder exhibited slightly higher lipid values than the con-
trol, which may be attributed to improved lipid retention dur-
ing baking and the relative increase resulting from reduced
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moisture. This apparent increase should be interpreted as a
proportional effect rather than an absolute uptake, since reduc-
tions in moisture and protein fractions elevate the lipid per-
centage in proximate analysis. Furthermore, dietary fibres can
interact with lipid molecules, altering their distribution and di-
gestion. Such fibre—lipid interactions have been documented
in fibre-enriched food systems, supporting the relative in-
crease observed in our study. Consistent with this, Zaini et al.
(2019) reported increased lipid content in fish patties supple-
mented with banana peel powder.

Ash content was highest in K2 (4.00+0.28%) and lowest in K
(2.35£ 0.21%). This increase reflects the mineral richness of
celery (potassium, calcium, magnesium, phosphorus, iron),
which becomes concentrated upon drying (Mashine et al.,
2023). Celery powder provides appreciable levels of potas-
sium and calcium, incorporated into the fish cake matrix dur-
ing formulation. Potassium contributes to osmotic balance and
water distribution, while calcium enhances protein cross-link-
ing and textural stability. Thus, the observed increase in ash
values may not only indicate higher total mineral content but
also suggest functional implications for product quality. Sim-
ilar findings have been reported in fibre- and mineral-enriched
meat products, where plant-derived ingredients elevated ash
values due to their inherent mineral composition. Consistent
with our results, Jaberi & Yildiz (2025) observed higher ash
levels in trout meatballs enriched with avocado powder.

Carbohydrate content ranged from 6.54% to 9.08%, with the
lowest value in K and the highest in K2. This trend is con-
sistent with Sahubawa & Pratomo (2022), who reported ele-
vated carbohydrate levels in cassava flour—supplemented Af-
rican catfish fish cakes compared to controls.

Table 3. Proximate content (%) of fish cakes prepared using different proportions of celery powder

Groups
K KO0 K1 K2
Moisture 63.74+1.66 61.76£1.40% 59.46+1.10% 57.234+0.38¢
Ash 2.35+0.21* 2.90+0.42* 3.70+0.14° 4.00+0.28°
Lipid 13.20+0.85® 13.10+0.14° 13.30+0.42° 13.10+1.13®
Protein 17.22+0.96 16.49+0.49° 15.89+1.03? 15.96+0.28*
Carbohydrate 6.54+1.83% 7.35+£0.56* 8.51+0.49* 9.08+0.84*

Results are given as mean =+ standard deviation. Values indicated with different letters are statistically sig-
nificant.
different from each other (P<0.05). K= control (wheat flour, no celery powder); KO = gluten-free flour + 5%
celery powder; K1 = gluten-free flour + 10% celery powder; K2 = gluten-free flour + 15% celery powder
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The cooking properties of fish cakes prepared with varying
levels of celery powder are presented in Figure 2a—b. Cooking
yield ranged from 80.81% to 87.06%, while cooking loss var-
ied between 12.94% and 19.19%. The lowest cooking loss was
observed in K2. The combination of gliiten-free ingredients
and celery powder appeared to contribute to lower cooking
loss values (P<0.05).

The incorporation of celery powder significantly influenced
the technological, physicochemical, microbiological, and sen-
sory characteristics of the fish cakes. The reduction in cooking
loss in celery-enriched samples can be attributed to the high
dietary fibre content and strong water-holding capacity of cel-
ery powder, which reinforced the product structure and im-
proved moisture retention during thermal processing. Theoret-
ically, hydrophilic groups in cellulose and hemicellulose frac-
tions form hydrogen bonds with water molecules, entrapping
water within the matrix. These fibres also increase the viscos-
ity of the aqueous phase, thereby slowing water migration dur-
ing heating. In addition, fibre—protein interactions stabilise the
protein network by limiting denaturation and shrinkage, thus
enhancing water retention. Such mechanisms explain the im-
proved cooking performance observed in fibre-enriched fish
cakes. These findings are consistent with previous reports
showing that plant-derived ingredients enhance water-binding
and reduce cooking loss in fish products; for instance, Wang
et al. (2024) demonstrated that daylily extract decreased cook-
ing loss in fish cakes (P<0.05), while El-Sherif (2007) reported
improved cooking performance in fish cakes formulated with
legumes and root vegetable flours.

Cooking is a critical step in meat and fish-based products, en-
suring safety and quality while contributing to desirable sen-
sory attributes such as flavour and aroma. However, moisture
loss during heating reduces product weight and yield
(Kiziloglu, 2024). Since cooking efficiency is closely linked
to juiciness, it represents a key quality parameter that directly
affects consumer acceptance (Esen et al., 2022).

TVB-N is a widely recognised indicator of freshness and
spoilage in aquatic products. In this study, TVB-N values
of the fish cakes increased progressively during storage
(Table 4), yet none exceeded the spoilage threshold of 35
mg/100 g. At the end of storage, the highest value was
observed in the control group, 25.58+0.62 mg/100 g,
while the lowest was recorded in K2 (22.57+0.20 mg/100
g). These increases reflect microbial spoilage and protein
degradation. According to the European Commission
Regulation No 2074/2005 for fishery products (EC,
2005), values above 25-35 mg N/100 g are generally
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considered unacceptable for fresh fish. Thus, the lower
TVB-N levels observed in celery-supplemented samples
indicate delayed spoilage and extended acceptability.
These results highlight the preservative potential of cel-
ery powder in slowing the accumulation of volatile ni-
trogenous compounds. Similar findings were reported by
Inanl et al. (2011), who observed controlled TVB-N lev-
els in anchovy cakes supplemented with non-fish ingre-
dients.

The pH of the fish cakes changed significantly during
storage, reflecting dynamic biochemical and microbial
activity. Values increased gradually, primarily due to mi-
crobial metabolism of proteins and non-protein nitroge-
nous compounds, which generate alkaline substances
such as ammonia and trimethylamine. The accumulation
of these volatile bases elevates pH, thereby indicating mi-
crobial proliferation and protein degradation. In celery-
enriched samples, the slower increase in pH suggests that
antimicrobial compounds in celery powder limited mi-
crobial growth and delayed the formation of alkaline me-
tabolites. Statistically significant differences among
treatments were observed (P<0.05), with the highest pH
recorded in K2 on day 21 (7.90+0.04) and the lowest in
the control group (K) on day 14 (7.30+0.02). As a key
quality parameter, pH directly affects product stability,
enzyme activity, and microbial growth. A decreasing
trend was evident in the celery-supplemented groups,
consistent with Choi et al. (2024), who reported reduced
pH in garlic powder—enriched fish cakes (P<0.001). This
reduction is likely associated with the organic acids in
plant-based powders and their influence on microbial
metabolism.

Lipid oxidation, a major determinant of seafood quality dete-
rioration, progressed during storage as evidenced by rising
TBARS values. The control group reached the highest TBARS
level (7.84+0.45 pmol MA/kg), approaching the upper limit of
consumer acceptability. In contrast, celery powder—supple-
mented samples exhibited comparatively lower TBARS val-
ues, likely due to antioxidant components inherent to celery.
The antioxidant effect can be attributed to phenolic com-
pounds, which act as hydrogen donors to neutralise free radi-
cals, stabilise radical species through resonance, and chelate
pro-oxidant transition metals such as Fe?', thereby limiting
their catalytic role in lipid oxidation. These mechanisms col-
lectively explain the lower TBARS values and enhanced oxi-
dative stability observed in celery-supplemented samples.
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Similar protective effects of plant-derived phenolics have been
reported in fish products, where incorporation of herbal ex-
tracts reduced lipid oxidation and extended shelf life. Con-
sistent with our findings, Gaikwad et al. (2024) documented
significant increases in TBARS values during storage of fish
cakes but noted attenuation of oxidation in formulations en-
riched with plant-derived additives.

Microbiological Results

The microbiological results of the fish cakes are presented in
Table 5. TMAB levels increased progressively during storage;
however, higher levels of celery powder markedly inhibited
bacterial growth compared to the control. On day 0, the lowest
TMAB value was recorded in cakes containing 15% celery
powder (K2) (2.00+0.00 log CFU/g), while by day 21, the con-
trol group exhibited the highest count (7.34+0.14 log CFU/g).
The International Commission on Microbiological Specifica-
tions for Foods (ICMSF, 1998) recommends a threshold of 7
log CFU/g for fresh and marine fish products, as also reported
by Emir Coban & Kelestemur (2017). Importantly, this thresh-
old was not exceeded in any celery-supplemented sample,
highlighting the antimicrobial potential of celery powder.
These findings are consistent with those of Cropotova et al.
(2021), who reported sustained microbial safety in haddock
cakes enriched with natural additives.

The same trend was observed for psychrotrophic bacteria, ma-
jor contributors to spoilage in refrigerated foods. Treatment,

Cooking yield (%)

=K

s KO =Kl =K2

storage period, and their interaction significantly influenced
psychrotrophic bacteria counts (P<0.01). On day 0, values
were lower in all celery powder—supplemented groups com-
pared to the control, and bacterial numbers increased with stor-
age duration. At the end of storage, the lowest count was ob-
served in K2, whereas the control exhibited the highest. Celery
powder, particularly at 15% inclusion, effectively suppressed
psychrotrophic growth, supporting the antimicrobial potential
of plant-derived additives. These findings are consistent with
Mahdavi & Ariali (2021), who reported similar inhibitory ef-
fects of inulin fibre and grape pomace extract in silver carp
sausages.

Yeast and mould counts were initially 2.00+0.00 log CFU/g
for all samples (days 0 and 4). Over time, microbial growth
was slower in celery powder—fortified cakes compared to the
control. On the final storage day, the control group exhibited
the highest level (4.41+0.24 log CFU/g), while KO0, K1, and
K2 showed values of 3.96+0.06, 3.82+0.10, and 3.50+0.12 log
CFU/g, respectively. The lowest counts were consistently ob-
served in the K2 formulation, indicating that higher levels of
celery powder exert a mild antifungal effect. Plant-based pow-
ders rich in bioactive compounds have been widely reported
to inhibit fungal growth, as supported by Yildiz & Arslan
(2022), who documented reduced yeast and mould prolifera-
tion in seed-enriched meatballs.

Cooking loss (%)

12,830,594

14.77£1,137

-

s K s KO s Kl

K2

Figure 2. Cooking yield and cooking loss (%) of fish cakes formulated with different levels of celery powder
(K: control (Celery powder-free), KO: 5% CP., K1: 10% CP., K2: 15% CP). K0-K2 formulations were prepared using a
gluten-free flour.
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Table 4. Chemical analysis results of fish cakes produced using different proportions of celery powder

Storage time
(day) K

Samples
KO0 K1 K2

0 14.72+0.38%B 13.68+0.37%B 12.50:£0.53%A 12.20+0.245A
4 15.79+0.332B 14.90+0.16> A 14.35+0.420-A 14.11+0.18>A

7 17.20+0.15b B 16.45+0.405A 16.12£0.20¢A 15.94+0.09%A

TVB-N (mg/100 g) 11 18.99+0.28%B 17.44£0.549A 16.77+0.32¢A 16.94+0.074A
14 20.48+0.38%B 18.48+0.565A 18.03+0.11%A 17.88+0.19%A

17 22.83+0.98°B 20.09+0.45%A 19.99+0.1654 19.80+0.315A
21 25.58+0.625B 23.39+0.228 A 22.95+0.095 22.57+0.202 A

0 2.68+0.62%A 2.93+0.93b A 2.5240.19%A 2.78+0.16%A

4 3.63+0.64%A 2.87+0.94%A 4.19+0.63bA 3.05+0.53%A

TBARS 7 3.80+0.75%A 3.97+0.31eA 3.34+0.24%A 2.67+0.43%A
(nmol MA/kg) 11 5.01£0.28B 4.62+0.33bAB 4,790,604 AB 3.76£0.22%A
14 6.23+0.63¢A 5.3940.14bedA 5.55+0.80%A 5.27+1.200A

17 6.61+0.49%A 6.40+£0.284A 6.35+0.48%A 6.2940.40bA

21 7.84+0.45%B 5.97+0.58¢¢A 6.5040.33%A 6.8140.335AB

0 7.5040.02b<:C 7.3620.00% A 7.45+0.00%>B 7.42+0.01>B

4 7.512£0.01%C 7.40+0.00%A 7.45+0.02:B 7.44%0.024AB

7 7.58+0.09%A 7.39+0.00%A 7.5240.11>A 7.55+0.10%A

pH 11 7.44+0.05B 7.32+0.00%A 7.40+0.035AB 7.37+0.04%AB
14 7.43+0.03eA 7.30+0.022A 7.3840.00%A 7.30£0.16%A

17 7.38+0.02eA 7.35+0.00> A 7.44+0.02e0A 7.33+0.15%A

21 7.8140.01%AB 7.76+0.0204 7.81+0.02¢AB 7.90:£0.04>B

A-D: Different uppercase letters within the same row indicate significant differences among groups (P<0.05).
a—d: Different lowercase letters within the same column indicate significant differences among storage periods (P<0.05).
K= control (wheat flour, no celery powder); KO = gluten-free flour + 5% celery powder; K1 = gluten-free flour + 10% celery powder; K2 = gluten-free
flour + 15% celery powder

Sensory Analysis Results

The sensory evaluation results of fish cakes formulated
with different levels of celery powder are presented in
Figure 3. Sensory scores gradually decreased in all treat-
ment groups during storage. Among the samples, K1 con-
sistently received the highest ratings across all sensory
attributes, while the control group (K) was the least pre-
ferred. Panellists particularly favoured the cakes contain-
ing 10% celery powder, describing them as having a bal-
anced flavour, desirable texture, and pleasant aroma. The
moderate level of celery powder contributed to improved
juiciness and cohesive texture, while maintaining a mild
herbal note that enhanced overall palatability. In contrast,
the 15% group (K2) was less favoured, likely due to a
stronger herbal flavour and darker colour, which reduced
consumer appeal despite its technological and microbio-
logical advantages. Accordingly, the overall acceptabil-
ity ranking was K1 > K2 > K0 > K. These findings sug-
gest that moderate levels of celery powder enhance con-
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sumer acceptance by improving texture, appearance, fla-
vour, and aroma, whereas excessive inclusion may com-
promise sensory appeal. Although this limitation restricts
the isolation of the effect of celery powder, the consistent
trends observed across increasing celery levels (K0-K2)
still provide indirect evidence of its functional contribu-
tion. Similar positive sensory impacts of plant-based ad-
ditives have been reported in fried fish cakes enriched
with gim (Supowang et al., 2024), and more recently in
seafood formulations supplemented with herbal extracts
(Pellegrini et al., 2025). These results demonstrate that
celery powder provides multiple functional benefits, im-
proving cooking performance, maintaining physico-
chemical stability, retarding microbial spoilage, and en-
hancing sensory properties. A 10% inclusion level ap-
pears to offer the most favourable balance between func-
tionality and consumer acceptance, underscoring celery
powder’s potential as a natural, clean-label ingredient for
developing value-added fish products.
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Table 5. Changes in microbiological loads (log CFU/g) of fish cakes enriched with different levels of celery powder during

storage
Storage time Samples
(day) K KO K1 K2
0 2.68+0.26B 2.18+0.15%A 2.03+0.03%A 2.000.00%A
4 3.57+0.00 B 27340217 A 2.34+0.18%A 2.30+0.120A
_ 7 4.24+0.21¢C 3.210.09¢B 2.99+0.01> B 2.58+0.04%A
Total acrobic 11 5.15+0.03%B 4.84+0.220AB 4.46+0.28%A 4.26+£0.20%4A
mesophilic bacteria
14 5.88+0.13¢C 5.330.12¢B 5.09+0.120-AB 5.01+0.04%A
17 6.64+0.07°C 6.18+0.08"B 5.94+0.09°AB 5.83+0.1214A
21 7.35+0.14¢ D 6.94+0.08¢ C 6.54+0.17%B 6.09+0.04& A
0 3.06+0.10°B 2.18+0.09%A 2.10+0.14%A 2.10+0.13%A
4 3.5240.135C 2.840.09> B 2.68+0.14>AB 2.27+0.24%A
Psychrotrophic 7 4.34+0.48> B 3.2240310A 3.03+0.03¢A 2.99:0.020 A
bacteria 11 5.35+0.00B 5.20+0.14%AB 5.22+0.09%AB 5.01£0.00%A
14 6.06+0.07%B 5.30+0.18%A 5.46+0.18%A 5.30+0.19%A
17 6.42+0.249A 6.16+0.114A 6.09+0.01¢A 6.07+0.044A
21 7.890.16°B 7.35+0.04°A 7.24+0.09% 7.05+0.07¢A
0 2.00+0.00%A 2.00+0.00%A 2.00+0.00%A 2.00+0.00%A
4 2.00+0.00%A 2.00+0.00%A 2.00+0.00%A 2.00+0.00%A
7 2.08+0.10%A 2.06+0.08%A 2.04+0.05%A 2.03+0.03%A
Yeast-Mould 11 2.81+0.05" € 2.53+0.12> B 2.26+0.09%A 2.12+0.07%A
14 3.2240.15¢C 2.95+0.07¢8C 2.67+0.17>AB 2.38+0.042 A
17 3.94+0.074C 3.44+0.15%B 3.40+0.16%AB 3.04+0.09%A
21 4.41£0.24¢C 3.96+0.06°B 3.82+0.10%AB 3.50+0.124A

A-D: Different uppercase letters within the same row indicate significant differences among groups (P<0.05)
a—d: Different lowercase letters within the same column indicate significant differences among storage periods (P<0.05).

K= control (wheat flour, no celery powder); KO = gluten-free flour + 5% celery powder; K1 = gluten-free flour + 10% celery powder; K2 = gluten-free

flour + 15% celery powder
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Figure 3. Sensory analysis results of fish cakes
prepared using different proportions of celery
powder and their changes
depending on the storage process

K= control (wheat flour, no celery powder);
KO = gluten-free flour + 5% celery powder;
K1 = gluten-free flour + 10% celery powder;
K2 = gluten-free flour + 15% celery powder
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Limitations and Opportunities

Despite the promising findings, some limitations of this
study should be acknowledged. The experimental design
included a gluten-containing control group and gluten-
free formulations supplemented with different levels of
celery powder. However, a gluten-free control group
without celery powder was not included. This limits the
ability to fully isolate the specific contribution of celery
powder from the effects of the gluten-free formulation
itself. All analyses were conducted in duplicate (n = 2),
which may restrict the statistical power of the findings.
Future studies should include triplicate or higher repli-
cation to improve statistical robustness. In addition, as-
sumptions of normality and homogeneity of variances
were not formally tested prior to ANOVA. Therefore,
the results should be interpreted with caution, and future
studies with larger sample sizes and more comprehen-
sive statistical validation are recommended to strengthen
the generalizability of the findings.

Conclusion

With changing dietary habits and the increasing demand
for clean-label, ready-to-eat, and functionally enhanced
food products, the development of value-added seafood
formulations has gained substantial importance. The de-
veloped gluten-free formulations enriched with celery
powder showed promising results in terms of microbio-
logical and sensory stability relative to the control group.
While the specific contribution of celery powder is
noted, the overall performance reflects the synergy
within the new formulation. The marked reductions in
microbial counts, particularly at the 15% supplementa-
tion level, underscore the natural preservative potential
of celery powder. In comparison, sensory evaluations
identified the 10% formulation (K1) as the most pre-
ferred, indicating an optimal balance between function-
ality and palatability. Beyond these technological ad-
vantages, the use of celery powder as a gluten-free
binder provides an important alternative for individuals
with gluten sensitivity or other dietary intolerances.
Thus, the formulation developed in this study presents a
promising option for producing safer and more inclusive
fish-based products. Moreover, integrating plant-derived
bioactive components into seafood products represents a
forward-looking and innovative approach, contributing

Research Article

to both product diversification and nutritional enhance-
ment. Overall, the findings demonstrate that celery pow-
der can serve as an effective natural additive in the crea-
tion of functional, allergen-friendly, and consumer-ori-
ented fish cakes. This innovative formulation offers im-
proved shelf life, enhanced safety, and greater market
appeal, supporting future applications in the develop-
ment of health-driven, ready-to-eat seafood products.
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