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Introduction

Malnutrition presents a multifaceted challenge in India,
marked by insufficient access to a well-rounded and nourish-
ingdiet. Thenutritional concerns in India,within thecontextof
fisheries management, are intricately linked to the sustain-
ability of fish as a valuable source of nutrients.1 The depletion

of fish stocks due to overexploitation has the potential to
compound malnutrition by restricting access to essential
nutrients. Therefore, implementing effective fisheries man-
agement strategies that prioritize sustainability is paramount
to preserving ecological equilibrium and supporting the live-
lihoods of fishing communities.2 Effectively addressing mal-
nutrition entails advocating for consuming diverse fish
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Abstract The research focuses on assessing the efficacy of dried anchovy powder as a dietary
supplement, examining its bioavailability and impact on growth and nutritional status.
The study, centered on Wistar male rats, acknowledges anchovies for their rich
essential nutrients and potential health benefits. Employing a meticulously controlled
experimental design, the research exposes experimental animals to various dietary
interventions by integrating dried anchovy powder. This study investigates the
availability of vital nutrients like proteins, omega-3 fatty acids, vitamins, and minerals
in the dried anchovy powder to Wistar male rats. The effects of dried anchovy powder
on growth parameters, encompassing body weight, length, organ development, and
the nutritional status of the rats, are explored. Examining hematological and biochem-
ical markers provide insights into the overall health of the experimental subjects.
Additionally, the research delves into potential mechanisms underlying the observed
effects, including nutrient absorption and metabolism. The outcomes of this study
offer valuable insights into the potential of dried anchovy powder as a nutritional
supplement and its role in enhancing the nutritional status of the malnourished people
of India. These findings may have a direct impact on dietary interventions aimed at
improving human nutrition and health.
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species, considering socioeconomic implications, and actively
involving local populations in sustainable fishing practices.3

Recent research reflects a growing interest in exploring
natural sources for nutritional supplements, driven by the
increasing recognition of their potential health benefits.4 An-
chovies are renowned for being a rich source of protein, with
higher levels than many other animal protein sources. Addi-
tionally, fish contains almost essential amino acids, polyunsat-
urated fatty acids, vitamins and minerals, making it a valuable
dietary choice. Specifically, as Kari et al5 emphasize, dried
anchovy powder has garnered attention due to its abundant
essential nutrient content. As small pelagic oily fish found in
trophic and temperate waters, anchovies are scientifically
significant owing to their nutritional value and associated
health advantages. These encompass pivotal roles in cardiovas-
cular health, inflammatory disease prevention, infant neuronal
development, fat glycemic control, and other health aspects.6

Anchovies, classified in the Clupeiformes order of the family
Engraulidae, are distributed in the Indian and Pacific Oceans,
primarily inshallowcoastalwaters.7Theyvary insize, generally
8 to 32cm in length, with distinct coloration.

According to the 2017 Food and Agriculture Organization
report, anchovies and sardines constitute around 52% of
global landings for small pelagic fish. In Malaysia, anchovy
landings were reported at 28,894 tons in 2019, with Kedah
contributing significantly. The role of anchovies remains
prominent within Indian pelagic fisheries resources. In the
year 2003, the respective contributions of anchovies to the
totalmarinefish landingswere 6%. Indianwaters are home to
28 recorded species of anchovies, with significant contribu-
tions attributed to the Stolephorus, Engraulis, Thryssa, Seti-
pinna, and Coilia genera. The anchovy fishery in India focuses
on the coastal states of Andhra Pradesh, Tamil Nadu, and
Kerala, collectively making significant contributions to the
national anchovy catch.8

Recognized as an excellent protein source, anchovies offer a
complete amino acid profile crucial for bodily functions. Their
highly bioavailable protein ensures efficient absorption and
contributes omega-3 fatty acids like eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), known for cardiovas-
cular and cognitive health benefits. With essential vitamins
andminerals, anchovies enhance their nutritional value, mak-
ing them a versatile and health-promoting addition to
diets.9,10 Despite their ecological significance and nutritional
richness, anchoviesmaybelabeledas “trashfish”dueto factors
like small size or perceived economic value. Since anchovies
are consumed whole, they are considered as a source of
calcium and phosphorus. However, recognizing their role in
marine ecosystems and promoting sustainable harvesting
challenges this perception.11 Efforts to transform anchovies
into a valuable and eco-friendly protein source involve identi-
fying suitable species, ensuring sustainable harvesting, and
developing efficient processing techniques.12 Anchovies have
significant potential in Indian fisheries, particularly in the
Arabian Sea and the Bay of Bengal, addressing nutritional
deficiencies with their protein and nutrient richness. Sustain-
able harvesting practices and efforts to promote their

consumption could enhance their economic and healthy con-
tributions to the Indian fisheries sector.13

This study aims to evaluate dried anchovy powder’s
nutritional effectiveness and bioavailability as a dietary
supplement. The drying process is essential for anchovy
preservation, extending its shelf life, concentrating
nutrients, and promoting economic sustainability in fishing
communities. Recognizing the pivotal role of anchovies in
fisheries management is crucial for fostering a diverse
fisheries industry, addressing protein deficiencies, and cre-
ating economic opportunities. UtilizingWistar male rats, the
research investigates the impact of dried anchovy powder on
growth parameters, health markers, and underlying mech-
anisms such as nutrient absorption and metabolism. The
findings carry implications for the development of functional
food products or dietary interventions that can contribute to
human well-being in the context of nutrition and health.

Materials and Methods

Production of Anchovy-Dried Fish Powder Employing
Oven Drying
The manufacturing process of dried anchovy powder began
with the acquisition of fresh anchovies from the localmarket,
the species being identified as Stolephorus commersonnii
based on the Food and Agriculture Organization species
identification sheet. These anchovies were meticulously
cleaned to eliminate sand particles and dirt before being
arranged on a metallic tray. Subsequently, the anchovies
underwent a 3-day drying period in an electric drier set at
50°C. Once dried, they were finely ground into a powder
using a pulverizer equipped with a 250 μm mesh sieve
(Model 160B; JacobsonMachineryWorks, Minneapolis, Min-
nesota, United States). The resulting fish powder was then
carefully packed in polypropylene bags and stored at �18°C
until used. The detailed processflowchart for the production
of dried anchovy powder is illustrated in ►Fig. 1.

Determination of Proximate Composition
The samples were analyzed for the proximate composition.
The moisture, protein, fat, and ash content were analyzed
using the validated method.14

Moisture
The moisture content was determined by drying a 10 g
sample at 105°C in a thermostatically controlled hot air
oven. The samples were taken in a preweighed petri dish
and kept in an oven; the weight reduction was checked by
repeatedly weighing and then cooling the sample in desic-
cators till theweight became constant. Moisture content was
expressed in percentage.

W1¼ Weight of dry petri plate
W2¼ Weight of the sample in the petri plate
W3¼ Weight of the sample in the petri plate after drying
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Crude Protein
Crude protein content was determined by the Kjeldahl nitro-
gen method, which involves digestion, distillation, and titra-
tion. About 100mg of the sample was taken into a Kjeldahl
digestionflaskof 100mL capacity. A fewglass beads, a pinch of
digestion mixture (CuSO4, K2SO4), and 10mL of sulfuric acid
wereadded. Thiswas then subjected todigestionover a burner
till the solution turned colorless. The digested and cooled
solution was made up to 100mL by adding distilled water.
Ten milliliters of the made-up solution was then added to the
reaction chamber of the micro-Kjeldahl distillation apparatus
and rinsed down with distilled water. Two drops of phenol-
phthalein indicator and 40% NaOHwere added till the indica-
tor changed to pink. Distillation was performed for 4minutes,
and liberated ammonia was collected in 2% boric acid (10mL)
containing a drop of Tashiro’s indicator. The amount of ammo-
nia was determined by titrating with N/100 sulfuric acid until
the solution turned pink.

x¼ Titer value of the sample
V¼ Total volume of digest
V1¼Volume of digest taken for distillation
W¼Weight of sample taken

Crude Fat
Crude fat content was determined by the Soxhlet method.
One gram of sample was weighed into a thimble and placed
in a Soxhlet apparatus. The sample was extracted using
petroleum ether for 3 hours at 100°C. After extraction, the
solvent was evaporated at 80 to 100°C, and the fat content
was weighed after cooling it in a desiccator.

W1¼Weight of the sample
W2¼Weight of the Soxhlet beaker
W3¼Weight of fat and beaker

Ash
To determine the ash content, silica crucibles were cleaned
and kept in a muffle furnace at 600°C for an hour. This was
then cooled in a desiccator, and the weight of the empty
crucible (W1) was noted down. Sample (2 g) was taken in a
crucible and was subjected to heating until the material got
charred. The charred material was then transferred to a
muffle furnace, previously set at a temperature of 650°C
and heated to 6 to 8 hours until thematerial becamewhite or
grayish-white ash. The crucibles were cooled in a desiccator,
and weight was noted (W3).

W1¼Weight of crucible
W2¼Weight of sample
W3¼Weight of ash in the crucible

Determination of Fatty Acid Profile
Theanalysisof fattyacids involves three steps: lipidextraction,
preparation of fatty acid derivatives, and gas chromatographic
(GC) analysis. The crude lipids in the gutted fish samples were
extracted using a chloroform-methanol mixture.15 Saponifi-
cation of fats liberates fatty acids from triglycerides. The fatty
acids arederivatized into theircorresponding fattyacidmethyl
esters by reflexing with BF3 methanol reagent,16 and the fatty
acid profile is analyzed using the gas liquid chromatography—
Flame Ionization Detector (FID) method.

Fig. 1 Flowchart outlining the steps involved in producing dried anchovy powder.
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TheGC is set at the required temperaturewith theoptimum
flow rate of nitrogen gas (N2), the carrier gas in the chromato-
graph. Program of GC Injector 260°C; FID—275°C; capillary
column, PE Elite 225 (30m, 0.25mm1.d, 0.25 um) Carrier gas-
Nitrogenat 0.6m/min;Air 30ml/min andHydrogen30mL/min
for FID temperature program-110°C. After an initial hold of
4minutes, the temperature is programmed to rise from 2.7°-
C/min to 240°C and maintained at that temperature for
5minutes; the split flow is 12mL. Samples are identified by
retention time by comparing with respective standards using
the software. The area of each component is obtained from the
computer-generated data, and concentration is calculated
using the software by an external standard method. The fatty
acid composition samples are expressed as g/100g of total
fatty acid content.

In Vivo Studies of Anchovy Dried Fish Powder in Male
Wistar Rats

Preparation of the Feed
The feed was prepared for the experimental control animals
by incorporating the anchovy dried fish powder (1.5%) into
the standard diet. Positive control feed was prepared by
incorporating casein (1.5%) into the standard diet, and the
negative control was given a regular diet without any alter-
ations.17 The standard feed was powdered to maintain
consistency, and the required ingredients were added, pel-
letized, and dried to attain a consistent shape and size
(►Fig. 2). Feed and water are provided ad libitum, ensuring
that animals have constant access to both.

Animal Feeding Trials
The experimental rats were handled following the guidelines
for the regulation of scientific experiments on animals set
forth by the Committee for the Purpose of Control and
Supervision of Experiments on Animals, Government of
India. These procedures were approved by the Institutional
Animal Ethics Committee of ICAR-Central Institute of
Fisheries Technology, Cochin, with approval no: CIFT/B&N/
IAEC/2020–1(6).

The initial trials assessed the efficacy of various feeds in
maleWistar rats, considering parameters such as feed intake,
averageweight gain, feed conversion ratio (FCR), and specific
growth rate (SGR). Thirty-three Wistar albino male rats

weighing between 190 and 210 g were chosen for the feeding
trials. The rats were initially given a basal diet for 1 week to
facilitate adaptation. Following this period, the rats were
divided into three groups, each containing 11 rats. The first
group/ negative control continued with the basal diet (con-
trol feed), the second group/positive control group received
casein-incorporated feed, and the third group/experimental
group received anchovy driedfish powder incorporated feed.
Throughout the study, all rats had unrestricted access to both
food and water. They were paired and housed in individual
cages, adhering to a 12-hour dark/light cycle.Weekly record-
ings were made of the rats’ body weights andmeasurements
of their daily food and water intake.18

After the experiment, rats were euthanized in a CO2

chamber maintained at a flow rate of 3mL/min for 5 to
10minutes, and tissues were collected after rinsing with an
ice-cold saline solution. A portion of the liver tissue was
preserved in a 10% buffered formalin solution for subsequent
histopathology analysis. Blood samples were obtained from
animal models without anticoagulants through cardiac
puncture. The serum, separated through centrifugation,
was then employed for hematological parameters.

Assessment of Growth Parameters in Experimental
Animals

Feed Conversion Ratio
In animal studies, the FCR is a parameter used to measure
the efficiency of converting feed into body weight gain. It
indicated how much feed was required to produce an inevi-
table weight gain in the animals. The FCR was calculated
using the following formula:

A lower FCR value indicates better feed efficiency,
meaning less feed was required for a specific weight gain.
Conversely, a higher FCR value suggested poorer feed efficiency,
indicating thatmorefeedwasneededtogain thesameweight.19

Specific Growth Rate
The SGR is a parameter used to measure animal growth rate
over a specific period. It indicates how quickly the animals

Fig. 2 (A) Control feed, (B) casein incorporated feed, and (C) anchovy dried fish powder incorporated feed.
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are gaining weight. The SGR is calculated using the following
formula:

The SGR indicated the relative growth rate of the animals
over the study period. A higher SGR value indicated a faster
growth rate,while a lower SGRvalue suggested a slower growth
rate. SGR can be useful for comparing the growth performance
of different treatments or groups in an animal study.20

Blood Profiling
Blood serum parameters like lipid profile, liver enzymes, and
renal function tests were analyzed by using an automated
analyzer FUJI DRI-CHEM- NX 500.21

Histopathological Evaluation of Liver Tissue
The liver tissue was fixed in a 10% buffered formalin fixative
overnight. Hematoxylin and eosin (H and E) staining was
performed on sections of the liver samples that were 5 μm
thick and placed in paraffin wax. The stained slides of liver
tissues were observed using a light microscope fitted with a
digital camera.22

Statistics
A two-way analysis of variance was performed, the signifi-
cance of the hypothesis was tested at a 5% significance level
(p<0.05), and means were compared using Tukey’s test.
Statistical analysis was performed using SAS 9.3.

Results and Discussions

Dehydrated Anchovy Powder
Traditionally, anchovies were converted into a dried form
due to their vulnerability to deterioration after death. The
conventional process involves cleaning the fish, stacking
them one upon another, and exposing them to sunlight for
drying.23 Value addition processes such as filleting, drying,
and flavoring enhance the market appeal of anchovies by
addressing challenges like their small size, seasonal avail-
ability, and perishability.24 By creating diverse productswith
extended shelf life and improved flavor profiles, value
addition broadens consumer options and increases the over-
all marketability and demand for anchovy-based products.
Various drying techniques, such as sun drying and open solar
drying, have been employed globally to preserve fish.25 Solar
drying, considered superior to traditional sun-drying
methods, produces higher-quality dried fish regarding nutri-
tional value and hygiene, reducing the risk of insect infesta-
tion.26 Additionally, the drying process decreases moisture
content, providing a stable protein source for individuals
with limited access to fresh fish.27 Various techniques
include washing, drying, and boiling fish in saltwater. The
drying process involves either sun-drying or artificial drying,
with artificial methods utilizing mechanical or electrical
equipment such as radiation drying for efficient moisture
removal.28 Despite technological advancements, some

Southeast Asian countries, such as Thailand, Indonesia, and
Malaysia, still prefer traditional open-air drying methods to
preserve anchovies.23,29

In our study, oven drying at an optimal temperature was
opted. Oven drying offers benefits such as a controlled
environment, reduced drying time, year-round availability,
hygienic conditions, consistent quality, and the preservation
of nutritional value. The controlled temperature and humid-
ity settings of the oven contribute to a faster, more reliable
drying process compared with traditional methods, particu-
larly advantageous when consistent sunlight is unavailable
throughout the year. The controlled environment minimizes
contamination risks, ensuring a more hygienic drying pro-
cess and a compatible, high-quality end product. Moreover,
oven drying aids in preserving the nutritional content of
anchovies by controlling the drying conditions.30 The dried
anchovy fish was finely ground into a powder using a
pulverizer. The resulting fish powder (►Fig. 3) was then
carefully packaged in polypropylene bags and stored at -18°C
until used.

Anchovies are commonly dried and integrated into various
cuisines. In Malaysia, for instance, anchovies are promptly
washed and boiled in a 10% brine solution upon landing,
followed by sun-drying.23 In Indonesia, dried anchovies are
prepared by boiling them in a salt solution (3–4%) followed by
air drying.31 The salting process serves as a pre-treatment,
improving the product’s ability to dry quickly and reducing its
water activity, thereby extending shelf life and altering the
sensory characteristics of the food.32

However, drying may compromise nutritional quality,
leading to vitamin Adegradation, lipid oxidation, and protein
breakdown.33 Furthermore, the open-air drying method
exposes the product to contaminants, posing hygiene con-
cerns for consumers.25 Distributing dried anchovy powder
offers numerous advantages, including extended shelf life,
storage and transportation convenience, culinary application
versatility, retained nutritional value, cost-effectiveness,

Fig. 3 Packed dried anchovy fish powder.
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reduced fishy odor, improved ingredient homogeneity, and
extended usability. These attributes collectively position
dried anchovy powder as a valuable and widely applicable
ingredient in the global food market.

Determination of Proximate Composition
The nutritional analysis of the sample yielded insightful
information about its composition. The proximate composi-
tion of dried fish is depicted in ►Table 1.

Preserving anchovies involves drying to reduce water
content and preventing microbial growth and spoilage.34

The choice of fish drying method varies based on species
and desired end-product; standard methods include sun
drying and solar drying. According to studies,27 a decreased
moisture content and increased crude protein, crude fat, and
ash were observed in sun-dried anchovies. As shown in the
►Table 1, dried anchovies’ moisture content at 10% was
consistent with the typical range of 10 to 20% for sun-dried
fish.35 Discrepancies may arise from variations in drying
duration and temperature. Heat application lowers fish
tissue’s water activity, reducing the moisture content of
the dry anchovies.36 A study has reported higher protein
values in solar-dried fish compared with traditional sun
drying.37

Determination of Fatty Acid Profiling
A detailed examination of fatty acids in dried anchovy
powder sheds light on their nutritional composition, as
depicted in ►Table 2.

Palmitic acid emerges as the predominant component,
presenting the highest concentration at 705.17�2.71mg/
100g. Following closely is cis-4, 7, 10, 13, 16, 19- DHA, a vital
omega-3 fatty acid crucial for brain and cardiovascular health,
measuring 552.04�2.11mg/100g. Stearic acid, another satu-
rated fatty acid with a neutral impact on cholesterol levels, is
also identifiedat286.24�1.42mg/100g.Basedonthefindings
of 38 Sankar et al, anchovies exhibited elevated levels of fatty
acids, with palmitic acid constituting 8.79% of the total com-
position. Additionally, Kaya and Turan39 indicated that the
combinedpresenceofDHAandEPA inanchovies accounted for
25.39% of their composition.

Notably, the fatty acid composition of dried fish anchovy
(►Fig. 4) revealed a higher concentration, suggesting that the
drying process concentrates these beneficial fatty acids.
Recognizing the significance of the fatty acid profile is crucial
for nutrition, given their roles in cardiovascular and cognitive
health. The composition underscores the potential of dried
anchovy powder as a nutritious dietary source, offering

essential nutrients with potential health benefits for con-
sumers seeking to boost their omega-3 intake. The fatty acid
composition analysis highlights the prevalence of palmitic
acid, cis-4, 7, 10, 13, 16, 19-DHA, and stearic acid in dried
anchovy fish, which positions it as a valuable nutritional
source for growth and nutrition in human diets.

Estimation of Growth Parameters in Experimental
Animals

Weight Gain
The fish powder-fed group had the highest average weekly
weight gain in 3 out of the 4 weeks. This suggested a
relatively rapid increase in weight compared with the other

Table 1 Proximate composition of dried anchovy fish

Proximate composition
of dried anchovy

Percentage (%)

Moisture 10.0� 1.02

Protein 75.52� 0.12

Ash 9.27� 0.23

Fat 14.43� 0.03

Table 2 Fatty acid profiling of dried fish powder

Fatty acids Molecular
formula

(mg/100 g)

Saturated fatty acids

C6:0 (Caproic) C6H12O2 3.41� 0.31

C12:0 (Lauric) C12H24O2 10.76� 0.74

C13:0 (Tridecanoic) C13H26O 5.64� 0.20

C14:0 (Myristic) C14H28O2 118.45� 1.21

C16:0 (Palmitic) C16H32O2 705.17� 2.71

C17:0 (Heptadecanoic) C17H34O2 70.09� 1.10

C17:1 (cis-10-Heptadecanoic) C17H32O2 22.34� 0.38

C18 (Stearic) C18H36O2 286.24� 1.42

C20:0 (Arachidic) C20H32O2 6.77� 0.29

C22:0 (Behenic) C22H44O2 6.08� 0.54

C24 (Lignoceric) C24H48O2 12.45� 0.39

Monounsaturated fatty acids

Cis:11 (Eicosenoic) C20H38O2 23.04� 0.14

C14:1 (Myristoleic) C14H26O2 2.71� 0.54

C16:1 (Palmitoleic) C16H30O2 101.09� 1.31

C18:1n9c (Oleic) C18H34O2 15.17� 0.11

C24:1 n9 (Nervonic) C24H46O2 7.69� 0.61

Polyunsaturated fatty acids

C18:2n6c (Linoleic) C18H32O2 139.57� 1.20

C18:3n6 (γ-Linolenic) C18H30O2 32.87� 0.36

C20:5n3
(cis-5.8.11.14.
17-eicosapentaenoic)

C20H30O2 147.97� 1.33

C22:6n3
(cis-4.7.10.13.16.
19-docosahexaenoic acid)

C22H32O2 552.04� 2.11

Other fatty acids

C15:0 (Pentadecanoic) C15H30O2 45.84� 0.97

cis:11,14 Eicosadienoic
acid methyl ester

C21H38O2 16.93� 0.61

cis-11,14,17-Eicosatrienoic C21H36O2 19.70� 0.26

C23:0 (Tricosanoic) C23H48O2 49.52� 0.88
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two groups. The casein-fed group had the highest average
weight gain in the thirdweek, indicating a significant growth
during that period. However, their averageweight gain in the
first and fourth weeks was lower compared with the fish
powder-fed group. The control group had the lowest average
weight gain throughout the study period, indicating a slower
weight increase rate than the other two groups (►Fig. 5).

In summary, the fish powder-fed group exhibited the
highest overall weight gain and a relatively rapid rate of
increase throughout the study period. The casein-fed group
showed consistent weight gainwith amoderate growth rate,
whereas the control group had the lowest weight gain and a
slower pace of increase. The highest weight gain among the
experimental subjects can be attributed to several factors,

including the nutrient composition of the test feed, its
enhanced digestibility, higher energy density, and potential
palatability, leading to increased feed intake.40 The optimal
FCR in the test feed group suggests that the feed conversion
into body mass was more efficient.41 Including unique
ingredients or additives in the test feed, well-controlled
experimental conditions and genetic factors may have
further contributed to the observed weight gain.42 The
extended duration of the study likely allowed for the cumu-
lative effects of the nutritional advantages in the test feed to
become more pronounced. Overall, these results underscore
the significance of feed composition and dietary factors in
influencing the growth and weight gain of the experimental
subjects, highlighting the potential benefits of the test feed
formulation in promoting optimal animal performance.

Feed Utilization
The fish powder-fed group showed a feed utilization of
29.19�0.18 units, whereas the control group had a relatively
27.99�0.65 units over the 28 days. The casein group
expressed 28.79�0.77 units over the 28 days (►Table 3).
Overall, there are minor differences in the average daily feed
intake among the three groups. The fish powder-fed group
had the highest intake, followed by the casein and control
groups. This suggests that the experimental subjects in the
fish powder group consistently consumed a moderate to
the high amount of feed over the duration of the study. The
relatively narrow range of feed intake indicates a degree of
consistency in the feeding behavior of the group, and the
slightly higher average daily intake suggests a tendency for
the subjects to consume a relatively consistent amount of

Fig. 4 Fatty acid chromatogram of dried fish powder.

Table 3 Assessment of growth parameters (different letters on the superscript indicate significance p<0.05)

Groups FCR SGR Feed utilization

Control 10.75�1.26A 1.27�0.22A 27.99� 0.65 A

Casein fed 10.14�1.20A 1.38�0.27A 28.79� 0.77B

Fish powder fed 8.31�1.26B 1.52�0.18A 29.19� 0.18C

Abbreviations: FCR, feed conversion ratio; SGR, specific growth rate.

Fig. 5 Bar graph showing weight gain in experimental animals.
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fish powder daily.43 Understanding the group’s feeding
patterns and average intake provides valuable insights into
the experimental subjects’ dietary preferences and con-
sumption habits over the specified 28-day period (►Fig. 6).

Feed Conversion Ratio
Thefish powder-fed group exhibited a lower FCR (8.31�1.26
units), while the control group (10.75�1.26 units) and
casein group (10.14�1.20 units) exhibited a slightly higher
FCR. This signifies enhanced feed conversion efficiency for
the fish powder-fed groups, reflecting superior feed conver-
sion efficiency among the three groups. These findings
suggest that the fish powder-fed group achieved the most
effective feed conversion, followed by the casein group,while
the control group displayed the least efficient conversion.
This implies that incorporating casein or fish powder into the
diet could enhance feed efficiency in weight gain compared
with the control group in 28 days. This result underscores the
effectiveness of the fish powder diet in promoting optimal
growth and nutrient utilization among the experimental
subjects. Factors contributing to this efficiency include the
favorable nutrient composition of the fish powder, improved
digestibility, and the diet’s palatability, encouraging consis-
tent and sufficient feed intake.44 In summary, the results
highlight the positive impact of the fish powder formulation
on achieving economical feed conversion and supporting the
overall growth of the experimental subjects.

Specific Growth Rate
The detailed examination of SGRs among the three groups
reveals notable differences. The fish powder-fed group
exhibited a substantially higher growth rate (1.52�0.18
units) than the control and casein-fed groups. This result

strongly suggests that organisms in the fish powder-fed
group experienced superior growth compared with their
counterparts in the control and casein-fed groups. The
elevated SGR in the fish powder-fed group indicates a faster
rate of development and increased body mass over the given
period. The presence of essential nutrients or bioactive
compounds in the fish powder might have played a crucial
role in promoting enhancedgrowth and development among
the organisms in this group.45

Overall findings underscore the positive impact of thefish
powder feed on SGRs, highlighting its potential as a valuable
dietary component for fostering accelerated growth in the
studied organisms.

Blood Serum Profiling
The three groups of animals were of a control diet, a casein
diet, and a fish powder diet. The biomarkers analyzed
included total cholesterol, triglyceride, high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), SGPT/ALT (alanine
aminotransferase), SGOT/AST (aspartate aminotransferase),
serum creatinine, and blood urea nitrogen (BUN).

Serum Lipid Profile
The comprehensive examination of lipid profiles (►Fig. 7) in
the three groups of rats revealed notable distinctions in
cholesterol levels. The control group demonstrated the
lowest total cholesterol levels at 73�2.21mg/dL, followed
by the fish powder group at 74�2.25mg/dL and the casein
group at 81�2.49mg/dL. A significant difference was
observed between the control and casein groups, indicating
that the casein diet led to a moderate increase in total
cholesterol compared with the control diet. Likewise, the
control group exhibited the lowest levels of triglyceride at

Fig. 6 Bar graph showing feed utilization profile of experimental animals.
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33�1.0mg/dL. The casein and fish powder groups displayed
slightly higher levels at 39�1.19mg/dL and 41�1.33mg/dL,
respectively. The HDL levels followed a similar trend, with
the fish powder group showing the highest levels at
42�1.28mg/dL, followed by the casein group at 41�1.27
mg/dL and the control group at 38�1.19mg/dL. Meanwhile,
LDL levels in the fish powder group were significantly lower
(41�1.29mg/dL) compared with both the control group
(62�1.89mg/dL) and the casein group (79�2.39mg/dL).
This substantial reduction in LDL levels in the fish powder
group suggested a potentially positive impact on cardiovas-
cular health.46 In summary, the results underscore the varied
effects of the three diets on lipid profiles, highlighting

potential cardiovascular benefits associated with the fish
powder diet, which demonstrated a significant reduction in
the major cardiovascular risk factor, LDL cholesterol, and
higher levels of “good” cholesterol, HDL.

Liver Function Markers
The analysis of liver functionmarkers (►Fig. 8) revealed that
the control group had slightly elevated SGPT/ALT levels
at 34�1.05 U/L, compared with the casein-fed group at
29�0.96 U/L and the fish powder group at 27�0.85 U/L.
Despite the numerical differences, these variations were not
statistically significant. This implies that the dietary inter-
ventions, namely the casein and fish powder diets, did not

Fig. 7 Bar graph showing lipid profile of experimental animals.

Fig. 8 Bar graph showing liver enzymes of experimental animals. ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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substantially influence SGPT/ALT levels, and the differences
observed were likely within the normal range of variation.
On the other hand, SGOT/AST levels were relatively consis-
tent across all three groups, with no statistically significant
differences observed. The casein-fedgroup had slightly lower
SGOT/AST levels at 84 U/L compared with the control group
at 85�2.59 U/L and the fish powder group at 87�2.69 U/L.
This uniformity suggests that the dietary interventions had
minimal impact on liver function, as measured by SGOT/AST
levels. In conclusion, the study indicates that the tested diets
did not significantly alter liver function, as reflected by
SGPT/ALT and SGOT/AST levels, suggesting that these dietary
interventions may have a limited effect on hepatic health in
the animal models studied.

Kidney Function Markers
The comparison of serum creatinine levels revealed similar
values (►Fig. 9) for the control and fish powder groups
(0.47�0.02mg/dL) and a slight elevation in the casein group
(0.94�0.04mg/dL). The significant difference between the
control and casein groups suggested that casein may have

adverse effects on kidney function, as indicated by elevated
creatinine levels. On the other hand, BUN levels were com-
parable across all three groups, with no significant differ-
ences. This suggests that the dietary interventions, including
the casein and fish powder diets, did not significantly impact
kidney function, asmeasured by BUN levels. In summary, the
study indicates that the fish powder diet had neutral effects
on serum creatinine and BUN levels, suggesting a limited
impact on kidney function. On the contrary, the casein diet
significantly increased serum creatinine levels, indicating
potential adverse effects on kidney function. These findings
underscore the importance of considering specific dietary
components in assessing their impact on renal health.

Histopathological Evaluation of Liver Tissue
The histopathological examination of liver tissue in animals
exposed to diverse diets yielded significant insights (►Fig. 10).
No thickening of the epithelial layer was observed in any
dietary group, indicating the absence of notable abnormalities
in the outermost liver cell layer and affirming the structural
integrity of liver cells across all diet groups. Additionally, the

Fig. 9 Bar graph showing kidney function markers of experimental animals.

Fig. 10 Liver tissue cross-section: (A) Experimental control, (B) positive control, and (C) negative control.
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lack of submucosal inflammatory cell infiltration in the liver
tissue of all groups is noteworthy, suggesting an absence of
indications of inflammation, a crucial aspect as liver inflam-
mation is often associated with various pathological condi-
tions. A distinctive finding was the identification of collagen
deposition, specifically in the liver tissue of the fish powder-
fedgroup.Collagen, afibrousprotein linkedtotissuerepairand
scar formation,may indicate a reparative responseor potential
fibrosis in the liver tissue of the fish powder-fed group,
necessitating further investigation to understand the implica-
tions of this specific observation. The absence of lymphoid
follicles in all groups is reassuring, signaling no significant
immune-related changes in the liver tissue.47

The histopathological examination also revealed positive
outcomes regarding cell health, with no necrotic or apoptotic
cells detected across all dietary groups, crucial for maintain-
ing overall liver health.48 The absence of fatty infiltrations in
all groups is a favorable outcome, indicating no excessive fat
accumulation in the liver tissue. This is crucial as excessive fat
can lead to fatty liver disease, and the absence of such
infiltrations indicates good liver health in experimental
animals.49 In summary, the histopathological examination
suggests that different diets did not induce significant struc-
tural or inflammatory changes in liver tissue. While collagen
deposition in the fish powder-fed group warrants further
investigation, other observations, such as the absence of
inflammation, necrosis, and fatty infiltrations, collectively
indicate the overall well-being of the liver tissue in the
studied animals. The most notable finding, particularly
in the fish powder-fed group, is the detection of collagen
deposition, signifying a potential reparative response in the
liver tissue. It is essential to note that this finding, alongside
other positive indicators, points toward an overall healthy
state of the liver tissue in the fish powder-fed group.

Conclusion

The research focused on evaluating the effectiveness of dried
anchovy powder as a dietary supplement, its impact on the
bioavailability of essential nutrients, and its influence on the
growth and nutritional status of male Wistar rats. Acknowl-
edging anchovies’ rich nutritional content and potential
health benefits, the study employs a meticulously controlled
experimental design to expose rats to various dietary inter-
ventions, including incorporating dried anchovy powder.
Biochemical analyses were conducted to investigate the
availability of critical nutrients such as proteins, omega-3
fatty acids, vitamins, andminerals. The research explores the
effects of dried anchovy powder on growth parameters,
including body weight, length, and organ development,
while assessing the rats’ nutritional status. Hematological
and biochemical markers are examined to gain insights into
the overall health of the experimental subjects. Furthermore,
the study investigates potential mechanisms underlying
the observed effects, focusing on nutrient absorption and
metabolism. The outcomes of this research provide valuable
insights into the potential of dried anchovy powder as
a nutritional supplement, shedding light on its role in

enhancing experimental animals’ growth and nutritional
status. These findings have implications for developing func-
tional food products or dietary interventions to improve
human nutrition and health.
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