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ARTICLE INFO ABSTRACT

Avrticle History: This research investigated the stability of the Nile perch fish burgers
Received: May 2, 2024 preserved at -18°C for 28 days after treatment with Moringa oleifera leaves
Accepted: May 27, 2024  (MOL) at concentrations of 1 and 2%. Samples were evaluated through a
Online: June 1, 2024 sensory assessment and analyzed physiochemically and microbiologically. The
treated groups had significantly lower mean total bacterial, psychrophilic, yeast,

and mold counts during storage compared to the control group (P< 0.05).

Keywords: Moreover, no statistically significant difference appeared in the proximal
Fish product, Ivsi h h anifi it :
Burger, analysis between the treated groups. There were no significant differences in pH

values between the groups. However, compared to the group that received
MOL, the control group showed a significant increase in both the cooking loss
Quality and water-holding capacity of the fish burgers. The control group on day 0 and

day 28 had mean peroxide values (nmol/g) of 0.67+0.03 and 2.38+0.02, while
the group treated with MOL 1% had mean values of 0.64+0.02 and 1.13+0.02,
and the group treated with MOL 2% had mean values of 0.64+0.02 and
1.02+0.02, respectively. Additionally, at the end of the preservation time, the
values were 0.92+0.03 and 12.27+0.35. The values for the group treated with
MOL 1% were 0.76+0.07 and 8.35+0.02, and for the group treated with MOL
2%, they were 0.71+0.03 and 7.66+0.05, respectively. In addition, the group
that was exposed to MOL 1% demonstrated a remarkable overall acceptance
throughout storage. In conclusion, if used at lower concentrations, MOL's
antibacterial activity can preserve food without negatively affecting its sensory
qualities.

INTRODUCTION

Moringa oleifera,
Frozen storage,

Fish and their products provide easily digested high-quality proteins, health-
promoting polyunsaturated fatty acids, and other essential components for human
nutrition including minerals and vitamins (Maulu et al., 2021). The development of
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novel food products is crucial for two reasons: firstly, to expand the assortment of
available items and maintain customer interest, and secondly, to utilize improved
manufacturing techniques or novel raw material varieties in response to evolving
consumer preferences and dietary patterns (EI-Lahamy et al., 2019). More focus is being
placed on enhancing the product value through specialized processing as a result of the
growth and increased production of fish farming; therefore, countless novel seafood items
are thus coming onto the market (Nunoo et al., 2019). A straightforward and economical
way to raise consumer acceptance of fish and to develop diversified fishery products is to
convert fish flesh into value-added products such as burgers (Lithi et al., 2020).

Fish burgers exemplify acceptable fast food options that are gaining prominence
and have undergone significant development in the global food market; their quality has
been the subject of numerous studies (Talab et al., 2023). Fish burgers are a popular
ready-to-eat food among consumers due to their ease of preparation and high nutritional
content and have been prepared from a variety of fish species by researchers around the
world, including mackerel (Ucaket al., 2011), tuna (Angiolillo et al., 2017), African
catfish (Daengprok et al., 2021, Talabet al., 2023), the Nile tilapia (Mahmoud, 2021),
and striped catfish and salmon mince (Ditudompo et al., 2022).

Preserving methods frequently employed involve the application of synthetic
compounds and chemical constituents. Despite the established efficacy of these
treatments, apprehensions have been raised regarding potential adverse health effects and
environmental repercussions. Within the parameters of this specific methodology, the
examination of natural preservatives like Moringa oleifera leaves (MOL) presents a
convincing substitute that successfully tackles the junction of food safety, nutritional
value, and environmental sustainability (Mwankunda et al., 2023). MOL is one of the
plants that contain active antibacterial chemicals that can be utilized to prevent fish
quality deterioration and can operate as a natural preservative (Wahyuni et al., 2018).
MOL is widely recognized as a significant natural source of antimicrobial and antioxidant
properties which contains antimicrobial compounds that damage the cell membranes of
bacteria (Rialita et al., 2015), such as saponins, steroids, triterpenoids, flavonoids,
tannins, and alkaloids (Putri et al., 2023). Additionally, the lipid oxidation process in
fish decay can be impeded by the essential oils and flavonoids found in MOL (Putri et
al., 2023). The current research involved the preparation of fish burgers using the Nile
perch fish (Lates niloticus) in combination with MOL 1 and 2% powder. The
microbiological, physicochemical, and organoleptic aspects of the prepared fish burger
were studied while frozen for 28 days.

MATERIALS AND METHODS

Samples collection

The fresh Nile perch specimens were acquired from Aswan fish markets in Egypt.
A total of 10kg of fish were gathered, with an average length of 20-26¢cm and a weight of
320g per fish. Fish were stored on ice and immediately brought to the Food Hygiene
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Laboratory, Faculty of Veterinary Medicine, Aswan University, where they were
thoroughly cleaned with tap water, beheaded, gutted, and filleted before being rewashed
and drained. Fresh MOL was obtained from the Toshka station of the Desert Research
Center in Aswan, Egypt.

Moringa oleifera powder preparation

After thoroughly washing and drying the MOL at room temperature for 24h, the
leaves were pulverized into a powder using a Moulinex food blender, filtered through an
aluminum sieve with a 2mm aperture, and sealed in glass bottles with secure lids and
labels (Adeyemi et al., 2013).

Fish burger preparation

The received fish were cleaned with fresh water after being beheaded and
eviscerated. The fillets and skins were then removed using a pointed knife, and the fish
was deboned and minced in a cold environment using a meat mixer at the Food Science
and Technology Laboratory, Faculty of Agriculture and Natural Resources, Aswan
University. Lithi et al. (2020) described that the Nile perch fish mince (65-75%) was
combined with the following ingredients: maize flour (4.40%), egg (6.0%), salt (3.00%),
sugar (1%), green chili (4.80%), black pepper (0.90%), onion (8.40%), ginger (3.45%),
garlic (3.85%), and tasting salt (0.45%). With some adjustments, M. oleifera leaves were
incorporated into the fish burger recipe at proportions of 0% (C), 1% (T1), and 2% (T2)
by weight. Using a kitchen blender, the ingredients were well combined, weighed (75—
80g per piece), and then formed and shaped using a standard burger press (8.5cm in
diameter and 1cm in thickness). Following a sensory assessment of the product, all
inspected groups were sealed in polyethylene bags, kept at -18°C for 28 days, and tested
for physiochemical and microbiological deteriorative criteria on days 0, 7, 15, 21, and 28.

Sensory evaluation of fish burger

Using a five-point hedonic scale to rate the sensory qualities of taste, color, texture,
smell, and overall approval, with 5 representingexcellent, 4 very good, 3 good, 2 fair, and
1 bad, twenty-one panelists, scientists, and postgraduate students of the Food Hygiene
Department, Faculty of Veterinary Medicine, Aswan University, evaluated the sensory
parameters. A fish burger sample was randomly removed from freezer storage, and kept
at 4°C to thaw for each sensory study. Following that, a burger patty fried in sunflower oil
was shown to each panelist to identify each characteristic (Elbarbary et al., 2024).

Microbiological analysis

10g of fish flesh were mixed for 2min in a sterile mortar with 90ml of sterile
peptone water 0.1% to create a serial dilution of the samples. Plate count agar (HiMedia,
MO091) was incubated at 37+1°C for 48h for total plate count and 4+1°C for psychrophilic
count (APHA, 2001), while potato dextrose agar (HiMedia, M096) was incubated at
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25°C for 5-7 days for yeast and mold count (ISO 21527-2, 2008). All studies were carried
out in triplicate on days 0, 7, 15, and 21, and the counts were represented as log
cfu/g(Elbarbary et al., 2023).

Physical analysis

1. pH value

In a blender, 10g of the prepared fish burger and 20ml of distilled water were
blended for one min. pH meter (HANNA HI9125 instruments, Romania) with a glass
electrode was used to determine the pH. All measurements were taken in triplicate
(Khairy et al., 2023).

2. Cooking loss

The initial and final weights of each sample were calculated by modifying the
technique designated by Khairy et al. (2023) before and following heating. Using
aluminum foil, every sample was cooked at 150°C for 30min. The burgers were allowed
to cool for thirty minutes after cooking. The following formula was used for each sample
to determine the percentage of cooking loss:

Wa - Wb

Cooking loss % = x 100

W,= raw sample weight; Wy= cooked sample weight

3. Water holding capacity (WHC)

A portion of skinless fish back meat approximately 1 x 1cm was taken, and the
weight was recorded as W;. The sample was placed in a centrifuge tube and wrapped
with a double-layer filter paper before centrifugation at 3000rpm for 10 minutes at
4°C. The fillets were removed, weighed, and recorded as W at the end of centrifugation
(Hafezparast-Moadabet al., 2018). The following computations were employed to
determine the water-holding capacity:

Water holding % = 5= x 100

Chemical analysis

1. Proximate composition
The official standard method of AOAC (2016) was used, employing standard
proximate analysis to calculate the moisture, protein, fat, and ash contents.

2. Thiobarbituric acid (TBA) value determination

A standard solution of 0.37% TBA, 15%TCA,and 0.25N HCI was gradually heated
in a water bath to 75°C. A volume of 2ml of the stock solution was mixed with 1ml of the
homogenized sample, and the combination was cooked for 15min in a boiling water bath
to produce a pink color. The absorbance of the supernatant was calculated at 532nm with
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a spectrophotometer (model UNICO UV-2100) after chilling with tap water and
centrifuging at 2000rpm for 15min. TBA assessment was given as mg malondialdehyde/
kg (AOAC, 2016).

3. Peroxide value (PV) determination

39 of each sample was heated for 3min at 60°C in a water bath before being rapidly
agitated with 30ml of acetic acid-chloroform solution (3:2, v/v) for 3min and 1ml of
potassium iodide solution. After 5min in the dark, the mixture was titrated with a
standard sodium thiosulfate solution (25g/L) (AOCS, 1997). By the following equation,
the PV was determined as meq/ kg: PV (meq kg) = (SxN) x 100 / W (kg); W: is the
sample weight (kg); N: normality of sodium thiosulfate solution (N = 0.01), and S:
titration volume (ml).

4. Total volatile basic nitrogen (TVB-N) determination
10g of fish burgers were mixed with magnesium oxide and distilled water in a
Kjeldal flask before being attached to the Kjeldal system. The transferred fluid was
collected in an Erlenmeyer flask holding boric acid (2%) and methyl-red indicator, using
10 N H2SO04till the color changed from green to light red (AOAC, 1995). TVB-N was
calculated as follows:
TVB-N (mg N/100 g) = 1.4 x used H2504x100 xamount of sample/1000mg

Statistical analysis

The data were subjected to a mixed examination of difference (ANOVA), with
burger processing being regarded as a random effect and treatments as a fixed effect.
Tukey's test was employed to compare pairs of data. Each analysis was conducted with a
significance level of P<0.05.

RESULTS

Table (1) reveals the mean value of microbial load (log cfu/g) of fish burger
formulated with MOL during frozen storage. The total plate count exhibited a significant
variation over the storage period between all groups, in which the initial count for the
control group (C) and the treated groups with MOL 1% (T1) and 2% (T2) was 3.43+0.88,
3.40+0.54, and 3.40£0.66 log cfu/ g; while at the end of storage period, it was 4.13+1.27,
3.01+0.72 and 2.86+0.52 log cfu/ g, respectively. Furthermore, a significant variation (P<
0.05) was recorded in the psychrophilic count between the control group and treated ones,
while no significant variation was observed between the treated groups. The count on day
0 and day 28 of storage for C was 3.21+0.73 and 4.10+1.48 log cfu/ g, while for T1 and
T2, values were 3.11+0.26 and 3.13%£0.61 log cfu/g on day 0, but on day 28 of storage
values were 2.53+0.38 and 2.51+0.48 log cfu/g, respectively. Concerning yeast and mold
count, a significant variation (P< 0.05) was detected between all examined groups. The



478 Elbarbary et al., 2024

count at the end of the storage period was 2.97+1.08, 1.81+0.59, and 1.72+0.28 log cfu/g
for C, T1, and T2. In addition, the mean value of proximate composition (%) of fish
burgers formulated with MOL over 28 days of frozen storage is shown in Table (2).
Furthermore, a significant variation (P< 0.05) was recorded between the control group
and the treated ones, while no significant variation was observed between the treated
groups.

Table 1. Mean value of microbial load (log cfu/g) of fish burger formulated with MOL
during frozen storage

Microbial ~ Group Storage period (day)
count 0 7 15 21 28
Total plate C  3.43+0.88% 3.62+0.71* 3.64+0.76* 3.83+0.68* 4.13+1.27°
Tl  3.40+0.54° 3.33+0.82" 3.23+0.46° 3.13+0.83" 3.01+0.72°
T2  3.40+0.66" 3.31+0.34" 3.02+0.63° 2.94+0.77° 2.86+0.52°
Psychrophilic  C  3.21+0.73* 3.54+0.55" 3.81+0.18% 3.84+0.43* 4.10+1.48
Tl  3.11+0.26° 2.95+0.17° 2.83+0.27° 2.65+0.18" 2.53+0.38"
T2  3.13+0.61° 2.91+0.36" 2.81+0.65° 2.62+0.33" 2.51+0.48°
Yeast and C  2.31+0.33* 2.55+0.59° 2.81+0.47° 2.91+0.18* 2.97+1.08°
mold Tl  2.25+0.42° 2.16+0.25° 2.01+0.17° 1.91+0.81° 1.81+0.59"
T2  2.23+0.32° 2.21+0.33° 1.97+0.14° 1.81+0.67° 1.72+0.28°

C: Control samples, T1: Fish burger treated with MOL1%, T2: Samples treated with MOL 2%. Means in
the same column with varying superscripts are significantly different at P<0.05.

Fig. (1) illustrates that the pH of the examined fish burger formulated with different
percentages of MOL was not significantly different (P> 0.05) during 28 days of frozen
storage. The pH of C was 5.97+0.05, 6.27+£0.03, 6.61+0.04,6.83+0.03, and 7.33%0.02.
Moreover, for T1 it was 5.87+0.04, 5.89+0.02, 6.11+0.02, 6.19+0.03, and 6.25+0.05, and
for T2 was 5.88+0.03, 5.87+0.03, 6.03+0.04, 6.11+0.04, and 6.16+0.03. Furthermore,
cooking loss (%) presented in Fig. (2) revealed values of 7.67+1.63, 8.32+1.17,
10.48+1.55, 13.18+1.14, and 17.42+1.22 for C, 6.74+1.46, 7.17£1.51, 7.27£1.56,
8.41+1.21, and 11.77£1.65 for T1, and 6.22+1.33, 7.87+1.64, 7.85+1.19, 8.78+1.43, and
10.56+1.73 for T2, with a significant variation (P< 0.05) between all studied groups.
Meanwhile, Fig.(3) shows that the water-holding capacity (%) of the inspected groups
was significantly different (P< 0.05), with mean values of 18.82+2.54, 20.57+1.37,
24.38+1.83, 27.48+1.53, and 29.54+1.23 for C; 12.78+2.54, 13.62+1.15, 15.19+1.33,
17.67£1.22, and 18.38+1.12 for T1; and 11.46+2.54, 12.59+1.86, 14.96+1.87,
16.68+1.18, and 18.85+1.15 for T2.

On the other hand, the TBA value displayed in Fig.(4) reveals no significant
variation between the inspected groups on day 0, while a significant variation was
recorded between the control and treated groups after that. The mean values of TBA
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values (mg MDAJ/kg) for C, T1, and T2 were 0.61+0.21, 0.57+0.54, and 0.57+0.28 on
day 0; 0.67+0.42, 0.61+0.02, and 0.59+0.04 on day 7; 0.71+0.51, 0.64+0.08, and
0.61+0.02 on day 15; 0.79+0.08, 0.71+0.03, and 0.69+0.02 on day 21;and 0.92+0.03,
0.76x0.07, and 0.71+0.03 on day 28, respectively.

Table 2. Mean value (£SD) of proximate composition (%) of fish burger formulated
with MOL during frozen storage

Analysis Group Storage period (day)

0 7 15 21 28

Moisture  C 71.36+1.24% 70.82+1.64° 69.52+1.81° 68.31+1.34%° 67.22+1.52°
T1  68.22+1.22° 66.37+1.52° 65.83+1.37° 64.21+1.62° 64.07+1.23°

T2  67.88+1.55° 65.38+1.22° 65.33+1.35° 63.76+1.42° 63.22+1.05°

Protein C 16.75+1.24% 16.52+1.27° 16.08+1.75° 15.68+2.14° 13.48+2.02°
T1  16.89+1.52%° 16.87+1.51* 16.37+1.36° 16.31+1.71° 16.27+1.62°

T2  16.93+1.73% 16.87+1.4° 16.75+1.09° 16.68+1.63° 16.54+1.03°

Fat C 3.28+0.67%° 3.67+0.37° 3.93+0.83%° 4.18+0.53* 4.54+0.23%
T1 3.18+0.27° 3.32+0.15° 3.43+#0.33° 3.58+0.22° 3.78+0.12°

T2 3.2240.43% 3.31+0.86° 3.38+0.87° 3.46+0.18°  3.57+0.15"

Ash C 2.67+0.22% 2.84+0.13%° 3.19+0.15° 3.37+0.37% 3.47+0.45°
T1 2.63+0.34° 2.66+0.01° 2.68+0.10° 2.72+0.04° 2.75+0.04"

T2 257+0.62° 2.62+0.01° 2.62+0.06° 2.65+0.08° 2.66+0.04"

C: Control samples, T1: Fish burger treated with MOL1%, T2: Samples treated with
MOL 2%. Means in the same column with varying superscripts are significantly different

at P<0.05.
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Fig. 2. Cooking loss of the fish burger formulated with
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Fig. 1. pH value of the fish burger formulated with
MOL during frozen storage. C: Control samples, T1:
Fish burger treated with MOL 1%, T2: Samples treated
with MOL 2%
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Concerning the peroxide value (nmol/g) of the inspected samples demonstrated in
Fig.(5) over the 28- day storage, the C group recorded values of 0.67+£0.03, 0.81+0.03,
1.14+0.02, 1.56+0.02, and 2.38+£0.02. while T1land T2 displayed vaues of 0.64+0.02 for
each on day 0; 0.76+0.02 and 0.71+0.02 on day 7; 0.93+0.02 and 0.87+0.02 on day 15;
1.07£0.02 and 0.96+0.02 on day 21; and 1.13+0.02 and 1.02+0.02 on day 28, and no
significant variation was detected between the inspected groups on day 0 and day 7;
however, the significant variation was observed on days 15, 21, and 28. Furthermore, a
significant variation for TVB-N (Fig. 6) was recorded between the inspected groups on
days 7, 15, 21, and 28, while there was no significant variation between the control and
treated groups on day 0. The TVB-N value (mg/100g) was recorded with values 7.43 +
0.57, 8.14+0.12, 9.39+0.15, 10.67+0.07, and 12.27+0.35 for group C; 7.13+0.84,
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7.66+0.03, 7.87+0.10, 8.02+0.04, and 8.35+0.02 for T1 group; 7.09+0.22, 7.22+0.03,
7.29+0.05, 7.35+0.03, and 7.66+0.05 for T2 group, respectively.

Table (3) shows a significant variation (P< 0.05) in the organoleptic properties of fish
burgers formulated with different percentages of MOL during the frozen storage. T1
exhibited an excellent general acceptance over the storage period, while T2 and C groups
revealed a good general acceptance.

Table 3. Organoleptic properties of fish burger formulated with MOL during frozen
storage

Group Organoleptic qualities
Taste Color  Texture Smell General acceptance
C 3 3 42 3 3" (Good)
T1 52 42 42 52 5% (Excellent)
T2 3 42 42 3 3" (Good)

Different superscript letters indicate that values within the same column are significantly different
(P<0.05). C: Control samples, T1: Fish burger treated with MOL1%, T2: Samples treated with MOL
2%.

DISCUSSION

Fish-based foods are crucial to human nutrition; Mwankunda et al. (2023)
identified the enhancement of shelf-life and food safety as the primary concerns of the
contemporary food processing industry. The existing fish treatment technology
necessitates the development of novel fish mince-based products that are stable,
palatable, and nutritious (Mwankunda et al., 2023). Fish burgers are prevalent and well-
received fast foods that have achieved a global distribution (Parvizi & Moosavi-Nasab,
2021), thus numerous researchers have explored the potential of plant extracts in fish
products to function as natural antioxidants (Hentati et al., 2019; Abdel-Latif et al.,
2021; Abou-Taleb, 2022; Mwankunda et al., 2023).

The quality and microbiological safety of seafood and fish products are of the
utmost importance to consumers, retailers, and processors. Fish are inherently vulnerable
to contamination by pathogens and additional microorganisms (Mwankunda et al.,
2023). The present investigation revealed a progressive rise in the overall bacterial,
psychrophilic, yeast, and mold populations of the control Nile perch burger. At the end of
the preserved time, these counts reached 4.13+1.27, 4.10+1.48, and 2.97+1.08 log cfu/g,
respectively. Conversely, the data obtained indicate that the microbial count of the
alternative Nile perch burger prepared with land 2% MOL decreased gradually
throughout the storage period. A negative correlation exists between the concentration of
MOL and the rate of microorganism proliferation in the samples reported throughout the
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storage and analysis phases. MOL exhibited an efficacy against a diverse array of
bacteria and fungi that cause food deterioration (Ayirezang et al., 2023).

Agreeing with Ayirezang et al. (2023), extracts derived from MOL can be
utilized as an antimicrobial component in food to impede the development of bacteria,
given their acceptable safety margins. The impact of MOL on the microbial burden can
be ascribed to the leaf's abundance of phytochemical compounds, including polyphenols
(Favonoids, tannins, and phenolic acids) and phenolic acids, tannins, and glucosinolates
(Ma et al., 2020). Polyphenols are recognized to have a broad-spectrum antibacterial
action contrary to microorganisms by disrupting the bacterial cell membrane (Mansoet
al., 2021). Consistent findings have been documented by Hentati et al. (2019), Abdel-
Latif et al. (2021), Abou-Taleb (2022), Ayirezang et al. (2023) and Mwankunda et al.
(2023). Food-derived polyphenols are natural preservatives that have fewer adverse
effects than synthetic preservatives (Rahman et al., 2020). In addition to this, MOL may
potentially be utilized in the pre-freezing treatment of fish products, potentially inhibiting
the growth of psychrophilic and psychrotrophic microbes throughout the freezing and
thawing processes before consumption (Manso et al., 2021).

Regarding the quality and preservation of fish burgers, the pH level is critical.
Initially, the inclusion of MOL had no noticeable effect on the pH of the fish burgers.
Nevertheless, over time, the pH of each sample exhibits a marginal rise, suggesting a
progressive transition toward alkalinity. Notably, the control sample demonstrates the
highest pH values at subsequent time intervals (7.33+£0.02), potentially attributable to
lactic acid formation or microbial and enzymatic processes (Mwankunda et al., 2023).
Meanwhile, MOL may assist in maintaining desired pH levels and improving the shelf
life of fish burgers while frozen; Parvizi and Moosavi-Nasab (2021), Rasaket al.
(2021) and Mwankunda et al. (2023) corroborate these findings.

The findings of this research demonstrated that the incorporation of MOL
significantly reduced (P< 0.05) the heating loss of the fish burger that was prepared. The
effects of 1% and 2% MOL supplementation on cooking loss were not significantly
different from those of the control but became substantially different as the frozen storage
period progressed. The observed reduction in culinary loss when MOL was added to the
prepared fish burger suggests that MOL is involved in the process of water binding.
According to Abustamet al. (2020), MOL possesses the ability to bond water from
processed fish products, thereby reducing the cooking loss of fish burgers. This
investigation coincides with the findings of Ibrahim et al. (2017), Parvizi and Moosavi-
Nasab (2021), and Rasaket al. (2021) who found that, adding MOL reduced cooking
loss compared to the control sample. In theory, cooking losses can be decreased by
enhancing the binding ability of raw meat (Rasak et al., 2021).

The water-holding capacity (WHC) is the capability of meat to hold all or part of
its water and is one of the most important characteristics of meat quality (Watanabe et
al., 2018). Furthermore, the study's findings revealed that the capacity of the control
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group to retain water during storage was considerably lesser than that of the group
supplemented with MOL-containing fish burgers. Based on the observed components, it
is possible to postulate that the MOL supplementation may have facilitated the
maintenance of water conservation within the muscle cell by stabilizing the muscular
membrane via the activation of antioxidants and prevention of free radicals, as well as by
reducing protein denaturation, and consequently maintaining the volume of myofibrils
(Rehman et al., 2018). This finding concurs with the outcomes of Auirema et al. (2019)
and Rasak et al. (2023).

Additionally, the moisture, protein, lipid, and ash percentages of the prepared fish
burger with MOL were all greater than those of the control group. However, except
for ash content, all these parameters exhibited a progressive decrease throughout the
frozen storage period. The decrease in total moisture content across all groups was a
result of dehydration occurring during the frozen storage. This also led to a reduction in
the solubility of proteins, which in turn diminished the water-holding capacity of the fish
burger samples. Moreover, a substantial reduction in protein content was observed in
various prepared fish burger samples as the storage time progressed (P< 0.05). The
protein level of the control group decreased significantly more than that of the groups
treated with MOL. The protein content decline that was noted during the period of
preservation may be attributed to the depletion of water-bound amino substances, both
soluble and volatile, which are protein-linked in the fish burger samples (Abou-Taleb,
2022). Furthermore, at the beginning of the time of storage, the fat level of the prepared
fish burger was not substantially altered by the addition of MOL at various
concentrations. A significant rise in fat content (P< 0.05) was observed among various
prepared fish burgers as the duration of storage extended. The potential cause for the
observed increase in the amounts of fat among preserved fish burgers is the breakdown of
lipoprotein to lipid and protein, which led to an increase in ether extract. Conversely, the
addition of varied quantities of MOL to the prepared fish burger had a substantial effect
on the ash percentage. The ash level of many prepared fish burgers increased
significantly (P< 0.05) with an increase in preserved time especially in the control one.
The results matched the findings of Abdel-Latif et al. (2021), Abou-Taleb (2022), and
Mwankunda et al. (2023).

Lipid oxidation in meat products is primarily attributed to the non-enzymatic lipid
oxidation. Thiobarbituric acid (TBA) levels are employed as a lipid oxidation index in
several foods (Papuc et al., 2017). Throughout the entire storage time, the TBA value of
the fish burger increased, particularly in the control samples, indicating a secondary lipid
oxidation. The groups treated with MOL exhibited a notably reduced TBA value
compared to the control group throughout the storage duration. This suggests that the
MOL may have a beneficial effect on lipid oxidation, as supported by the samples'
elevated phenolic content (Ayirezanget al., 2023). MOL is composed of potent
antioxidant compounds including flavonoids (specifically quercetin and beta carotene),
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which possess substantial quantities of donated H atoms. These H atoms facilitate the
neutralization of oxidants, thereby endowing MOL with a notable antioxidant activity
(Tambe et al., 2022). The same outcomes were achieved by Abou-Tor and Abouel-
Yazeed (2019) and Abedelmaksoudet al. (2023). According to the Egyptian regulations,
the authorized upper limit of TBA as an indicator of fish quality during fish preservation
iIs 4.5mg MDA/kg fish meat (ES, 3494/2005). The statistics show that none of the
investigated samples surpassed the restrictions.

Moreover, the peroxide value (PV) determined the hydroperoxides, which are the
principal products of auto-oxidation and are odorless. On the contrary, the process of
decomposing food results in the production of various products such as furans,
hydrocarbons, and carbonyl compounds, which are accountable for the rancid flavor that,
Is associated with putrefying food (Yanishlieva & Marinova, 2001). Throughout the
storage period, the PV of various treatments increased in this study. However, during
storage, the PV of the groups treated with MOL was significantly (P< 0.05) lower than
that of the control. The observed outcomes may be attributed to the polyphenolic nature
of MOL, which is linked to its antioxidant properties (Ma et al., 2020). According to
Turhan et al. (2009), phenolic antioxidants do not function as oxygen absorbers; instead,
they inhibit the production of fatty acid-free radicals, which are responsible for oxygen
absorption or interaction during auto-oxidation. This effect delays the commencement of
the adipose autooxidative process (Abdollahiet al., 2014). This finding is consistent with
the results of Bavitha et al. (2016) and Parvizi and Moosavi-Nasab (2021).

Additionally, the total volatile nitrogen (TVB-N) is a by-product of bacterial
spoilage and the action of endogenous enzymes; its concentration is frequently used as an
indicator to determine the quality and shelf- life of products (EEC, 1995) and to quantify
tissue protein degradation in meat products, resulting from proteolytic enzymes and
microbial activities during storage (Wang et al., 2020). According to ES (4177/2005),
the maximum allowable concentration of TVB-N in meat products is 20mg/100g.
Additionally, Lakshmanan (2000) substantiated that fish muscle containing 35 to 40mg
TVB-N/100g is commonly considered expired. During storage, the TVB-N concentration
of the examined groups increased significantly and progressively (P< 0.05), but remained
within the acceptable range for all inspected groups. The TVB-N production increases in
response to an increase in enzymatic activities, specifically, the protease enzyme
generated by specific microorganisms, which facilitates the degradation of the sausage's
protein structures (Huang et al., 2014). Nevertheless, throughout the storage period, the
TVB-N level of groups treated with MOL was noticeably reduced in contrast to the
control group (P< 0.05). One possible explanation for the reduced TVB-N level in the
fish burger treated with MOL could be its antibacterial properties. The TVB-N
production can be diminished by antibacterial compounds such as MOL, which do so by
reducing the capacity of bacteria to oxidatively deaminate non-protein nitrogen
substances or both (Banks et al., 1980). Abou-Tor and Abouel-Yazeed (2019), Lithi et
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al. (2020), Abdel-Latif et al. (2021) and Abou-Taleb (2022), all reported comparable
findings.

Regarding an additional issue, the sensory evaluation serves as a significant
indicator of the preferences of prospective consumers. Notwithstanding its limitations, it
will continue to be the pre-eminent method of evaluating the grade of meat products and
other foods (Abou-Taleb, 2022). The present study assessed the sensory qualities, taste,
color, texture, smell, and overall acceptability of prepared fish burgers having various
proportions of MOL. The findings revealed that the inclusion of MOL at a 1%
concentration significantly enhanced the sensory qualities of the fish burger product
(P<0.05), and additionally, it increased their acceptability throughout the storage period.
From the beginning to the end of frozen preservation, the fish burger formulated with
MOL 1% achieved a higher score than the group treated with MOL 2% or the control
group. Consistent with Rahman et al. (2020), Abdel-Latif et al. (2021), Abou-Taleb
(2022) and Mwankunda et al. (2023), the results of this investigation support one
another. Due to the demonstrated minimal toxicity of MOL, increased concentrations
may be employed to effectively combat food spoilage bacteria while maintaining safety
standards (Ayirezang et al., 2023). Intake has been proved safe at supra-supplementation
levels <1,000mg/kg, significantly below the quantity studied in this investigation, when
used as a nutraceutical (Asare et al., 2012). However, consumers report that higher MOL
concentrations (2.0%) result in worse sensory ratings across all criteria, implying that
excessive concentrations may hurt the sensory quality of the fish burger.

CONCLUSION

The findings obtained demonstrated that the incorporation of 1 and 2% Moringa
oleifera leaves into fish burgers has antimicrobial properties during the preservation
period, without negatively impacting sensory qualities. In addition, it demonstrated a
significant antioxidant impact that prolonged the storage life of frozen fish burgers and
improved its stability. The potential efficacy of the plant extract may encourage the
utilization of Moringa oleifera as a potent preservative in the preservation of fish
products using natural products. However, further research is necessary to corroborate the
findings regarding additional plants.

REFERENCES

Abdel-latif, R.; Kenawi, H. and Abdelaal, H. (2021). Effect of Moringa Leaves
Powder on the Chemical, Microbial and Sensory Evaluation of Catfish Burger. Assiut
Journal of Agricultural Sciences, 52(1): 31-41.



486 Elbarbary et al., 2024

Abdollahi, M.; Rezaei, M. and Farzi, G. (2014). Influence of chitosan/clay functional
bio nano composite activated with rosemary essential oil on the shelf life of fresh silver
carp. International Journal of Food Science and Techology, 49: 811-818.

Abedelmaksoud, T.; Shehata, A.; Fahmy, M.; Abdel-Aziz, M. and Baioumy, A.
(2023). Nile perch fish nuggets: Partial replacement of fish flesh with sesame hulls and
sunroot — Quality assessment and storage stability. Theory and Practice of Meat
Processing, 8:19-25.

Abou-Taleb, M. (2022).Fish Burger Quality Treated by Pomegranate Peels Powder
During Cold Storage. Egyptian Journal of Aquatic Biology and Fisheries, 26(1): 201-215.

Abou-Tor, E. and Abouel-Yazeed, A. (2019). Processing and Evaluation of Hot
Smoked Fillets with Moringa from Grass Carp Fish (Ctenopharyngodonidella). Journal of
Food and Dairy Sciences, 10(7): 225-229.

Abustam, E.; Said, M.; Nahariah, l.and Yusuf, M. (2020). The influence of moringa
leaf flour ratio with smoke flour and maturation time on performance Bali beef Pectoralis
profundus muscle characteristics lop Conf. Ser. Earth Environmental Science, 492:
012039.

Adeyemi, K.D.; ElI-Imam, A.M.; Olorunsanya, A.O.; Sola-Ojo, F.E.; Okukpe, K.M.;
Dosunmu, O.O.; Shittu, R.M. and Idris J.T. (2013). Effect of Moringa (Moringa
oleifera) marinade on proximate composition and sensory characteristics of smoke dried
African catfish (Clarias gariepinus). Croatian Journal of Fisheries, (71): 11-18.

Angiolillo, L.; Conte, A. and Del Nobile, M.A. (2017). Microencapsulated lactobacillus
reutericombined with modified atmosphere as a way to improve tuna burger shelf life.
International Journal of Food Science and Technology, 52: 1576-1584.

AOAC, (1995). Official methods of analysis, 15" edition. Association of Analytical
Chemists, Washington DC, USA.

AOAC, (2016). Official Methods of Analysis of International 20" Ed., AOAC
International, Rockville, MD, USA, Official Method 2008. 01.

AOCS, (1997). Official Methods and Recommended Practices of the American Oil
Chemists Society. Champaign, American Oil Chemists, Society. IL, USA

APHA, (2001).Compendium of methods for the microbiological examination of foods.
4™ ed. American Public Health Association, Washington D.C, USA. 600p.

Asare G.A.; Gyan B. and Bugyei K. (2012). Toxicity potentials of the nutraceutical
Moringa oleifera at supra-supplementation levels. Journal of Ethnopharmacology,
139(1): 265-272.



487 Quality of Fish Burger Formulated with Moringa oleifera Leaves During Frozen Storage

Ayirezang, F.; Arhin, R.; Whyte, B.; Antwi, E. and Boateng, B. (2023). Shelf-Life
Feasibility Study of Moringa oleifera Seasoned Beef. Journal of Food Quality, 2023(4):
1-8.

Auriema, B.E.; Dinalli, V.P.; Kato, T.; Yamaguchi, M.M.; Marchi, D.F. and Soares,
A.L. (2019). Physical and chemical properties of chicken mortadella formulated with
Moringaoleifera Lam. seed flour. Food Science and Techology, 39: 504-5009.

Banks, H.; Nickelson, R. and Finne, G. (1980). Shelf life studies on carbon dioxide
packaged finfish from Gulf of Mexico. Journal of Food Science, 45:157-162.

Bavitha, M.; Dhanapal, K; Madhavan, N.; Reddy, G.V. and Sravani,
K.(2016).Quality changes in fish burger from common carp (Cyprinuscarpio) during
refrigerated storage. International Journal of Environmental Science and
Technology, 5: 1646-1657.

Daengprok, W.; Chananpat, R.; Thanes K. and Intharapongnuwat, W. (2021).
Effect of mince washing and packaging on physicochemical quality changes of fish
burger made from African catfish (ClariasGariepinus) during frozen storage. Food and
Applied Bioscience Journal, 9(3): 27-43.

Ditudompo, S.; Rungchang, S. and Pachekrepapol, U. (2022).Quality changes and
experimental accelerated shelf-life determination of ready-to-eat burgers made from
striped catfish and salmon mince blend by thermal processing in retort pouches. Journal
of Food Processing and Preservation, 46: e16801.

EEC, (1995).European Economic Community, Decision 95/149/EC. Total volatile basic
nitrogen TVBN limit values for certain categories of fishery products and specifying the
analysis method to be used. Official Journal, 97:84-87.

ES, (3494/2005). Egyptian Organization for Standardization and Quality, Egyptian
Standards Meat and meat products-Salami. E.S.: 3494-2005.

ES, (4177/2005). Egyptian Organization for Standardization and Quality, Egyptian
Standards Meat and meat products-Salami. E.S.: 4177-2005, ICS: 67.120.10

Elbarbary, N.K.; Abdelmotilib, N.M.; Salem-Bekhit, M.M.; Salem, M.; Singh, S.
and Dandrawy, M.K. (2024). Antibacterial efficiency of apple vinegar marination on
beef-borne Salmonella. Open Veterinary Journal, 14(1): 274-283.

Elbarbary, N.K.H.; Morshdy, A.E.M.; Abdelmotilib, N.M.; Gomaa, R.A. and Zaki,
R.S. (2023). Probiotics Blueprint for Meliorating the Quality Aspects of Chicken
Nuggets. Journal of Advanced Veterinary Research, 13(10): 1960-1965.



488 Elbarbary et al., 2024

El-Lahamy, A.A.; Shaban, K.1.; El-Sheriff, A. and Mahmud, A.A. (2019). Changes in
sensory evaluation scores of smoked Catfish fillets during refrigeration storage. Enliven:
Journal of Dietetics Research and Nutrition, 6(1): 1-4.

Hafezparast-Moadab, N.; Hamdami, N.; Dalvi-Isfahan, M. and Farahnaky, A.
(2018). Effects of radiofrequency-assisted freezing on microstructure and quality of
rainbow trout (Oncorhynchus mykiss) fillet. Innovative Food Science & Emerging
Technologies, 47: 81-87.

Hentati, F.; Barkallah, M.; Ben Atitallah, A.; Dammak, M.; Louati, I.; Pierre, G.;
Fendri, I.; Attia, H.; Michaud, P. and Abdelkafi, S. (2019). Quality Characteristics
and Functional and Antioxidant Capacities of Algae-Fortified Fish Burgers Prepared
from Common Barbel (Barbusbarbus). BioMed research international, 2019: 2907542,

Huang, L.; Zhao, J.; Chen, Q. and Zhang, Y. (2014). Nondestructive measurement of
total volatile basic nitrogen (TVB-N) in pork meat by integrating near infrared
spectroscopy, computer vision and electronic nose techniques. Food chemistry, 145: 228-
236.

Ibrahim, M.A.; El-Faham, S.; Salama, M.F. and Mahmoud, K.F. (2017). Effect of
Moringa oleifera leaves powder as antioxidant on quality of meat-rice Kofta during
frozen storage Current Science International, 06: 821-29.

ISO, (2008). International Organization for Standardization, Microbiology of food
and animal feeding stuffs - Horizontal method for the enumeration of yeasts and moulds -
Part 2: Colony count technique in products with water activity less than or equal to 0, 95.

Lakshmanan, P.T. (2000). Fish spoilage and quality assessment. In: lyer TSG,
Kandoran MK, Thomas M, Mathew PT (Eds.). Quality assurance in seafood processing.
Society of Fisheries Techologists, India. pp. 26-40.

Lithi, U.J.; Faridullah, M.; Uddin, M.N.; Mehbub, M.F.; Zafar, M.A. (2020). Quality
evaluation of mince-based fish burger from tilapia (Oreochromismossambicus) during
frozen storage. Journal of Bangladesh Agricultural University, 18(2): 524-528.

Ma, Z.F.; Ahmad, J.; Zhang, H.; Khan, I. and Muhammad, S. (2020). Evaluation of
phytochemical and medicinal properties of moringa (Moringaoleifera) as a potential
functional food. South African Journal of Botany, 129: 40-46.

Mahmoud, E.A. (2021).Effect of three cooking techniques on Nile tilapia
(Oreochromisniloticus) burgers quality attributes. Journal of Food and Dairy Science,
Mansoura University, 12 (10): 241 -252.



489 Quality of Fish Burger Formulated with Moringa oleifera Leaves During Frozen Storage

Manso, T.; Lores, M., and de Miguel, T. (2021). Antimicrobial activity of polyphenols
and natural polyphenolic extracts on clinical isolates. Antibiotics, 11(1): 46.

Maulu, S.; Nawanzi, K.; Abdel-Tawwab, M. and Khalil, H.S. (2021). Fish nutritional
value as an approach to children’s nutrition. Frontiers in Nutrition, 8: Article 780844.

Mwankunda, L.; Frida, A.N. and Kilima, B.M. (2023). Exploring the Influence of
Moringa Oleifera Leaves Extract on the Shelf Life of Ground Beef During Refrigerated
Storage. European Journal of Medicinal Plants, 34(10): 42-52.

Khairy, N.E., Neveen, M.A.; Reda, A.G.; Fagelnour, E.; Ahmed, F.; Enas, A.N. and
Rania, S.Z. (2023). Impact of thawing techniques on the microstructure, microbiological
analysis, and antioxidants activity of Lates niloticus and Mormyrus kannume fish fillets.
Egyptian Journal of Aquatic Research, 49(4): 530-536.

Nunoo, F.; Tornyeviadzi, K.; Asamoah,E.; and Addo, S. (2019). Effect of two fish
smoking ovens on the nutritional composition and PAH content of smoked fish. Elixir
Aquaculture, 129: 53073-53076.

Papuc, C.; Goran, G.V.; Predescu, C.N.; Nicorescu, V. (2017). Mechanisms of
oxidative processes in meat and toxicity induced by postprandial degradation products: A
review. Comprehensive Reviews in Food Science and Food Safety, 16:96-123.

Parvizi, M. and Moosavi-Nasab, M. (2021). Research Article: Evaluation of the quality
of fish burger produced from Scomberoidescommersonnianus surimi during frozen
storage. International Journal of Food Science, 20 (4): 1064-1079.

Putri, A.T.; Rusky, I.P.; Yuniarti, M.S. and lis, R. (2023).Moringa Leaf Extract as a
Natural Preservative against the Deterioration of Tilapia Fillet during Room Temperature
Storage. Asian Journal of Fisheries and Aquatic Research. 21(1): 19-31.

Rahman, H.; Alam, M. S.; Monir, M.; and Rahman, SSM.E. (2020). Effect of
Moringa oleifera leaf extract and synthetic antioxidant on quality and shelf-life of goat
meat nuggets at frozen storage. Food Research International, 7: 34-45.

Rasak, A.; Hajrawati, H. and Maruddin, F. (2023). Antioxidant activities and physical
properties of chicken meatballs with the addition of kelor (Moringaoleifera) leaves
powder. AIP Conference Proceedings. 050031. 10.1063/5.0144066.

Rasak, A.; Hajrawati, H.; Ningrum, E.M., and Suharyanto(2021). Physical
characteristic and antioxidant activity of beef meatballs with addition of Moringa oleifera
(Lam.) leaves powder. IOP Conference Series: Earth and Environmental Science,
788(2021): 012111.



490 Elbarbary et al., 2024

Rehman, H.; Zaneb, H.; Yousaf, M.; Ashraf, S.; Khan, I.; Shah, M.; Khilji, M.S.
and Faseeh-ur-Rehman, H. (2018). Effect of Moringa Oleifera Leaf Powder
Supplementation on Pectoral Muscle Quality and Morphometric Characteristics of Tibia
Bone in Broiler Chickens. Brazilian Journal of Poultry Science, 20: 817-824.

Rialita, T.; Rahayu, W.P.; Nuraida, L. and Nurtama, B. (2015).Antimicrobial
Activity of Red Ginger Essential Oil (Zingiberofficinalevar.officinaleRubrum) and Red
Galangal (AlpiniapurpurataK. Schum) Against Pathogenic and Food-Destructive
Bacteria. Journal Agritech, 35(1): 43.

Talab, S.; Abdelrahman, A.; Hussein, M. S.; Mohie, M.K.; Mohamed, Y.S.; Ahmed,
A.Z. and Mostafa M.A. (2023). Effect of chitosan nanoparticles on the quality properties
of fish burger. Egyptian Journal of Aquatic Biology and Fisheries, 27(5): 303-320.

Tambe, M.; Dutta, N.; Singh, P.; Wankhede, Sh..; Aderao, G..; Kaur, N.; Pattanaik,
A. and Verma, M.R. (2022).Effect of Moringa oleifera foliage supplementation on
carcass characteristics and meat quality in growing kids. Animal Nutrition and Feed
Technology, 22: 563-574.

Turhan, S.; Sagir,l. and Temiz. H. (2009). Oxidative Stability of Brined Anchovies
(Engraulisencrasicholus) with plant extracts. International Journal of Food Science and
Techology, 44: 386-393.

Ucak, I.; Ozogul, Y. and Durmu, M. (2011). The effects of rosemary extract
combination with vacuum packing on the quality changes of Atlantic mackerel fish
burgers. International Journal of Food Science and Technology, 46: 1157-1163.

Wahyuni, D.W.; Widiyanti, N.L.P.M. and Ristiati, N.P. (2018). Analysis of Moringa
Leaf Extract (Moringa oleifera L.) As a Natural Preservative for Skipjack Fish Against
Serum Levels of Glutamic Oxaloacetic Transaminase (SGOT) White Rats
(Rattusnorvegicus) Male Wistar Strains. Journal of Biology Education Undiksha, 5(1):
100-112.

Wang, Z.; He, Z.; Zhang, D.; Li, H. and Wang, Z. (2020). Using oxidation Kinetic
models to predict the quality indices of rabbit meat under different storage temperatures.
Meat Science, 162: 108042.

Watanabe, G.; Motoyama, M.; Nakajima, I. and Sasaki, K. (2018). Relationship
between water-holding capacity and intramuscular fat content in Japanese commercial
pork loin. Asian-Australas Journal of Animal Science, (6): 914-918.

Yanishlieva, N.V. and Marinova, E.M. (2001). Stabilisation of edible oils with natural
antioxidants. European Journal of Lipid Science and Technology, 103: 752—-767.



