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Abstract

The growing demand for functional foods has encouraged the atilization of chicken liver, a rich
source of protein and micronutrients. This study developed chicken liver nuggets fortified withivegetable-
based flours—cornstarch, soybean, pumpkin, and carrot—at a 5% inclusion level to enhance value and
mitigate sensory limitations. A randomized block design wa$ employed to cvaluatekey parameters,
including iron, vitamin A, cholesterol, antioxidant activity (ICso), mierostructure, and sensory acceptance.
Results indicated significant improvements (p<0.01) compared to the control formulation (tapioca-only).
Soybean flour increased iron content to 29.45+1.14 ppm; carrot flour elevated vitamin A to 1015.62+7.55
ng/100g and reduced cholesterol to 148.64+1.36 ang/100g; and pumpkin flour exhibited the strongest
antioxidant activity (ICso: 162.234+3.33 mg/mLy). Scanning electron microscopy (SEM) revealed that
cornstarch produced compact structures, whéreas soybean and carrot flours resulted in more porous
matrices. Sensory evaluation demonstrated thatmuggets containing cornstarch received the highest scores
for taste, texture, and overall impression; indicatingdimproved consumer acceptability through flavor
masking and enhanced mouthfeel. Infcontrast, pumpkin and carrot flours adversely affected aroma and
texture, while soybean flour received moderateyacceptance. These findings confirm that vegetable-based
flours can substantially improvedoth the nutgitional and sensory attributes of chicken liver nuggets, offering
a sustainable approach to developinghealthier meat-based products.
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Introduction

Global food security and nutritional deficiencies necessitate innovative strategies to develop
nutrient-dense functional foods. Animal by-products, such as chicken liver, rich in protein, iron, and
vitamin A (Malichati & Adi, 2018), represent underutilized resources with the potential to address these
challenges. However,its strong flavor, soft texture, and high cholesterol content limit consumer acceptance
(Jaya & Yusanti, 2018; Thohari et al., 2017). Addressing this dichotomy requires advanced processing
techniques to transform chicken liver into palatable, nutrient-enhanced products such as nuggets.

Recent studies highlight the role of vegetable-based ingredients in improving the physicochemical
and sensorypproperties of meat products. Soybean, pumpkin, and carrot flours enhance texture, stabilize
structure, and contribute bioactive compounds and dietary fiber (Amertaningtyas et al., 2021). Cornstarch
improves iron bioavailability, while pumpkin and carrot flours elevate vitamin A content and antioxidant
capacity (Marbun et al., 2018; Urip et al., 2021). Additionally, plant-based ingredients modulate lipid
metabolism, thereby reducing cholesterol levels (Ajibola et al., 2015). These findings position vegetable
flours as viable solutions for improving nutritional quality and masking undesirable sensory traits in animal
by-products.

Advances in fat substitutes and fiber incorporation further support this approach. Alternative fats
have been shown to enhance the sensory and nutritional attributes of beef burgers formulated with oat flour,
apple peel flour, green banana pulp, and green banana peel (Talukder, 2015; Talukder et al., 2015).
Plant-derived oils also improve lipid stability in meat systems (Botella-Martinez et al., 2021), reinforcing
the rationale for vegetable-based formulations. Innovations like canned meat-vegetable blends (Chuyev et
al., 2021) and fat-reduced frankfurters incorporating banana by-products (Pereira et al., 2020) exemplify
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the success of hybrid animal-plant formulations. However, structural and textural evaluations remain
critical for optimizing such products (Samard & Ryu, 2019).

This study investigated the incorporation of cornstarch, soybean, pumpkin, and carrot flours into
chicken liver nuggets to simultaneously address sensory limitations and enhance nutritional profiles.
Using a randomized block design, it evaluates the effects of each flour on antioxidant capacity, iron content,
cholesterol reduction, vitamin A levels, and microstructural integrity. Building on recent advancements
in functional meat patés (Borsolyuk & Verbytskyi, 2023), this approach aligns with sustainable food
production trends. For example, fungi—vegetable blends (Muliani et al., 2021) and omega-3—enriched feeds
(Kartikasari et al., 2023) highlight the dual benefits of nutritional enhancement and4environmental
sustainability. However, gaps persist in optimizing unconventional ingredients for meat systems
(Soji-Mbongo & Mpendulo, 2024).

Despite progress in hybrid meat—plant formulations, few studies (Systematically analyze
the synergistic effects of vegetable flours on both sensory and nutritional parameters in underutilized animal
by-products such as chicken liver. Existing research often focuses on ingular vegetable “additives
or conventional meats, overlooking the unique physicochemical challenge$ posed by liver-based matrices.
Furthermore, mechanistic insights into how vegetable flours influence chelesterol«€ontent, micronutrient
retention, and microstructure remain underexplored. Therefore, this” study aims to bridgefthese gaps
by evaluating the comparative efficacy of cornstarch, soybean, pumpkin, and ‘carrot flouss in enhancing
the antioxidant capacity, iron content, and vitamin A levels of ¢hicken liver nuggets, as,well as quantifying
their impact on cholesterol reduction and microstructural® stability.\By integrating nutritional science
with food engineering principles, this research seeks to establish a framework for developing functional
meat products that leverage underutilized animal proteins,while aligning with sustainable food systems
(Chuyev et al., 2021). The findings will advancefunderstanding of vegetable flours as multifunctional
ingredients, addressing both malnutrition and food waste through innovative product design.

Materials and methods

1. Research materials

Fresh chicken liver was procured from a cértified local poultry supplier to ensure consistent quality,
as recommended in previous studies (Malichati & Adi, 2018). Vegetable-based flours cornstarch, soybean,
pumpkin, and carrot were selected based on théirr documented potential to enhance nutritional
and functional propertiesqdnimeat products (Amertafiingtyas et al., 2021).

Additional ingrediefits, including tapiocayflouf, eggs, breadcrumbs, garlic, salt, pepper, and water were
incorporated to standardize the formulation‘across treatments. The inclusion of these ancillary components
aligns with established protocols aimed at improving binding capacity, texture, and overall product stability
(Jaya & Yusanti, 2018; Thohari et al., 2017).

To ensureyclarityand reproducibility, Table 1 presents the detailed formulation of the chicken liver
nuggetss including the percentage€ontributions of each ingredient relative to the liver content.

Table 1 Formulation ofichicken liver nuggets with vegetable-based flours

Proportion of ingredients

No. Ingredient Ingredients weight (g) as percent of chicken liver (%)
1 Chicken Tiver 500 100
2 Tapioca flour 100 20

Treatment flour

- Cornstarch (CS)
3 - Soybean flour (SF) 25 5

- Pumpkin flour (PF)

- Carrot flour (CF)
4 Salt 15 3
5 Pepper 10
6 Garlic 20 4
7 Egg 75 15
8 Water 100 20




Remark: Composition of chicken liver nuggets with cornstarch, soybean, pumpkin, and carrot flours added at defined ratios.
Percentages are expressed relative to chicken liver weight (100% = 500g) (adapted from Amertaningtyas et al., 2021; Marbun et al.,
2018).

2. Research method

The study employed a randomized block design to systematically assess the effects of four different
vegetable-based flours on the quality attributes of chicken liver nuggets. Each treatment group
was replicated 5 times to ensure statistical robustness. The experimental groups included a control group
(tapioca flour only) and 4 treatment groups, each receiving a 5% addition (relative to chickendiver weight)
of either cornstarch, soybean, pumpkin, or carrot flour. This design facilitated a direct comparison among
formulations while controlling for extraneous variability (Talukder et al., 2015). The concentration levels
were selected based on preliminary trials and literature evidence supporting the optimal‘balance between
nutritional enhancement and sensory acceptance (Ajibola et al., 2015).

3. Nugget preparation procedure

The preparation of chicken liver nuggets was conducted in sequential’ stages to ehsure uniformity
in processing. Initially, the chicken liver was steamed (Model HD9125,4Philips, Netherlands) to mitigate
its strong flavor and improve texture, following protocols similar to these described by Hamidiyah (2018).
The steamed liver was then minced using a calibrated food processof (Model KFP0718, KitchénAid, USA)
to achieve a homogeneous consistency.

Subsequently, the minced liver was combined with tapioca flour)the designated vegetable-based flour
(cornstarch, soybean, pumpkin, or carrot flour), and other seasonings (salt, pepper, garlic), along with egg
and water, to form a cohesive dough. The mixture was weighed using a'digital balance (Model SF-400,
Camry Electronic, China) and homogenized thoroughly using the same foed processor to ensure even
distribution of ingredients.

Once a uniform mixture was obtained, it wasdnolded into nugget shapes using standardized plastic molds
(Model PP-MO1, PlastPack, Indonesia) to maintain consistency in size and weight across treatments.
The molded nuggets underwent a secondary steamingyprocess at 70°C for 20 min using a laboratory steamer
(Model ST-20, Getra, Indonesia), a stép critical for'ensuring proper protein coagulation and minimizing
residual off-flavors (Chuyev et al.,2021).

After steaming, the nuggets were cooled«£o room temperature, then dipped in egg white and coated
in commercial breadcrumbs (Finna®, Indenesia), then deep-fried at 170°C for 2-3 min in a stainless-steel
fryer (Model MF-30, Maspion ProChef, Indonesia) to achieve a golden-brown exterior. This 2-stage
cooking process—steaming followed by ftying—was selected to optimize nutritional retention and enhance
the sensory attributes‘of the final product(Pereira et al., 2020).

4. Analytical methods
4.1 Nutritional and physicochemical analysis

The nutritional composition of/the chicken liver nuggets was determined by analyzing parameters
such as protéificontent,iron concentration, vitamin A levels, and cholesterol content. Iron was quantified
using atomic absorption spectrophotometry (AAS) with a PerkinElmer A Analyst 200 (PerkinElmer, USA),
while vitamin A was measured via high-performance liquid chromatography (HPLC) using a Shimadzu
Prominence HPLC System (Shimadzu Corporation, Japan), both validated in earlier studies (Urip et al.,
2021)., Cholesterol levels were assessed using an enzymatic colorimetric method with a UV—-Vis
spectrophotometer (UV-1800, Shimadzu, Japan), and protein content was determined through the Kjeldahl
method using. a KjelFlex K-360 unit (Buchi Labortechnik AG, Switzerland), following the Indonesian
National Standard (National Standardization Agency of Indonesia, 2014) Antioxidant activity was
evaluated using the DPPH radical scavenging assay on a microplate reader (BioTek Epoch™, USA),
pfoviding insight into the oxidative stability of the formulations (Setiawati et al., 2025). All analyses
were performed in triplicate to ensure reproducibility and accuracy.

4.2 Amino acid profiling

The comprehensive amino acid composition of the nuggets was analyzed using ultra-performance
liquid chromatography (UPLC) with an ACQUITY UPLC H-Class System (Waters Corporation, USA).
This technique enabled precise quantification of both essential and non-essential amino acids,
which is critical for assessing the nutritional value of the reformulated product. The system was calibrated
using certified standard amino acid mixtures, and the analysis followed protocols consistent with previously
published methodologies (Wulandari et al., 2019).

4.3 Microstructural analysis

The microstructural properties of the nuggets were investigated using scanning electron microscopy
(SEM) with a JSM-6510LV (JEOL, Japan). This technique provided detailed images for evaluating
the protein—starch network, porosity, and overall textural characteristics of the formulations. SEM analysis



followed standard sample preparation procedures, including fixation, dehydration, and sputter-coating
with gold to enhance image resolution. The resulting micrographs were analyzed to compare
the compactness and porosity of nuggets across different treatment groups, offering insights into how each
vegetable flour influences the final product’s texture and moisture retention (Samard & Ryu, 2019)
4.4 Sensory evaluation

Sensory evaluation was conducted to assess the acceptability of chicken liver nuggets enriched
with different vegetable-based flours compared to the control (tapioca flour only). A total of 30 untrained
panelists (15 males and 15 females, aged 20—40 years) were recruited from the Departmentsof Animal
Science, Universitas Brawijaya. All participants had no known allergies to the testéd ingredients
and provided informed consent prior to participation.

Each panelist received coded samples of 5 nugget formulations: Control, “CS, (Cornstarch),
SF (Soybean Flour), PF (Pumpkin Flour), and CF (Carrot Flour). Samples, were" served warm
(approximately 45°C) in a randomized order using a completely randomized design (CRD)."Evaluations
were conducted in standard sensory booths, and panelists assessed five attfibutes—Color (appearance),
Aroma (odor), Taste (flavor), Texture (mouthfeel), and Overall acceptability—using' a 5-point hedonic
scale (1 = dislike very much to 5 = like very much). Water was provided for rin§ing between samples
to prevent flavor carry-over. The entire session lasted approximately30 min (Umam et al., 2048).

This sensory evaluation adhered to the ethical standards fof research involving human participants.
As the study involved minimal risk, was non-invasive, and used anenymized food samples, formal ethical
approval was not required. Nevertheless, informed consent/was obtained from all panelists in accordance
with institutional ethical guidelines.

4.5 Statistical analysis

Statistical analyses were performed using analysis of variance (ANOVA) to determine
the significance of differences in nutritional, physicochemical, and microstructural parameters,
with a significance threshold set at p<0.01 (Talukder et al., 2015). Sensory data were analyzed using
ANOVA followed by Tukey's HSD testyat p<0.05. Post-hoc comparisons were conducted to identify
specific differences between treatment means. All computations were carried out using IBM SPSS Statistics
software, version 26.0 (IBM Corp.,dUSA). Results are presented as mean =+ standard deviation, to ensure
a robust interpretation of data yariability and’statistical reliability. This analytical framework aligns

with methodologies employed inrécent meat product innovation studies (Borsolyuk & Verbytskyi, 2023).

Results and discussion

1. Nutritional compeosition and physicochemical properties

The nutritional analysis of the chicken liver nuggets revealed significant differences among formulations
incorporating various vegetable-based flours (Table 2). Cornstarch addition yielded the highest iron content
(31.53 ppm), though statistically comparable to soybean and carrot flours. This may be attributed to corn’s
inherefit iron content and itS¥potential to enhance bioavailability. The significantly higher iron levels
in the cornstarch and soybean flour treatments compared to the control likely reflect the intrinsic mineral
composition of these flours. Soybean flour, in particular, is naturally rich in iron and contains bioactive
peptides and isoflayones that may enhance iron solubility and retention during processing.
Thermaly, treatment snay also liberate bound iron from plant matrices, increasing its measurable
concentration., Thelower iron in pumpkin flour could be due to dilution effects or reduced iron availability
from its matrix (Behailu & Abebe, 2020; Urip et al., 2021).

Cholesterol levels varied significantly across treatments. Nuggets formulated with soybean and carrot
flours showed marked reductions in cholesterol content (149.42 and 148.64 mg/100g, respectively)
compared to those with cornstarch and pumpkin flour. This reduction may be attributed to the dietary fiber
and bioactive compounds in carrots and soybeans that modulate lipid metabolism. Fiber may bind bile acids
in the gut, promoting cholesterol excretion and reducing absorption. Additionally, phytosterols in soybeans
can compete with cholesterol for intestinal uptake, resulting in lower measured values. In contrast,
the control sample exhibited the highest cholesterol level, reflecting the unmodified lipid profile of chicken
liver (Ajibola et al., 2015; Talukder, 2015).

Vitamin A levels also differed significantly among treatments. Nuggets enriched with pumpkin flour
exhibited the highest concentration (1015.62 pg/100g), while those with carrot flour had the lowest
concentration (662.99 ug/100g), despite carrots being known for their beta-carotene content. The elevated
vitamin A in the pumpkin flour treatment is likely due to its high B-carotene concentration, a provitamin A
compound that is efficiently retained during moderate heat processing. Carrot flour, although rich
in B-carotene, may have experienced greater losses during processing. The control and other treatments



showed moderate levels, reflecting the liver’s natural vitamin A content, with enhancement from vegetable-
based contributions (Marbun et al., 2018; Thohari et al., 2017).

Antioxidant activity, assessed via the DPPH assay, showed significant variation among treatments
(Table 2). Nuggets enriched with pumpkin flour demonstrated the strongest antioxidant capacity,
as indicated by the lowest ICso value. Formulations with cornstarch, soybean, and carrot flours exhibited
comparatively weaker scavenging effects. These results suggest that pumpkin flour contributes higher
levels of antioxidant compounds such as carotenoids and phenolics, enhancing oxidative stability.
The stability of these compounds during steaming and frying allows retention of bioactivity. Seybeanrand
carrot flours also contributed antioxidant compounds—namely isoflavones and polyphenols—resulting
in moderate antioxidant activity. The control sample, which lacked plant-based bioactives, exhibited
the lowest antioxidant potential (Botella-Martinez et al., 2021; Kumar et al., 2015).

Table 2 Nutritional composition of chicken liver nuggets with the added vegetable-based flours (M + SD)

Treatment Iron Cholesterol Vitamin A Antioxidants ICso
(ppm) (mg/100g) (ng/100g) (mg/mL)
Control 27.02+2.38P 213.69+1.652 848.78+4.212 318.66+1.532
CS (Cornstarch) 31.53+4.23¢ 197.49+1.25° 959.05+4.13? 295.20+2.69°
SF (Soybean) 29.45+1.14° 149.42+1.20° 912:73+5.60° 263.43+1.15%
PF (Pumpkin) 24.20+1.16° 202.66+1.67% 1015:62:£7.55* 162.234+3.33¢
CF (Carrot) 30.65+3.467 148.6441".36° 662.99+£5.45° 276.55+1.28°

Remark: Values in the same column followed by different@uperscript letters & indicate statistically significant differences between
treatments (p<0.05) according to Tukey’s HSD test.

The comprehensive amino acid composition of thefchicken liver nuggets is summarized in Table 3,
showing the distribution of both essential and non-essential amino acids across treatments. Amino acid
profiling further confirmed that_the incorporation of vegetable-based flours did not adversely affect
the essential amino acid profile.. L-Leucine was the most abundant essential amino acid, followed
by L-Arginine and L-Phenylalanine,jindi€ating a strong presence of branched-chain and aromatic amino
acids critical for protein syathesis. Among the nonéssential amino acids, L-Glutamic Acid was dominant,
reinforcing its knowndceontribution to umami taste (Ninomiya, 2015). These results demonstrate that
vegetable-based flouir incorporation preserveéd the amino acid balance of the nuggets, maintaining
their nutritional integrity despite formulation changes (Shoaib et al., 2018; Thirumdas et al., 2018).

Table 3 Amino acid composition of nuggets with the addition of various vegetable-based flours

Concentration (mg/kg)

Amino acids Type
Control CS SF PF CF
L-Leucine Essential 8647.58 9236.06 10354.14 9409.84 8978.2
L-Arginine Essential 7125.38 7275.46 9092.74 6164.23 5812.74
L-Phenylalanine Essential 6981.67 7163.37 9143.93 534446  4817.92
L-Dysine Essential 6687.42 6873.2 6119.35 7168.98 7464.7
L-Valine Essential 6252.65 6368.04 6984.33 6666.8  6392.54
L-Threonine Essential 5682.31 5948.67 6803.53 5269.13  4897.88
L-Isoleucine Essential 4958.42 5141.16 5786.92 5273.56  5063.28
L-Histidine Essential 3107.93 3298.67  4215.57 2697.69  2433.12
L-Glutamic Acid Non-Essential ~ 20462.36  20979.08 19565.15 19327.14 19393.13
L-Aspartic Acid Non-Essential 9268.27 9531.07 8627.2 8853.8 9104.43
L-Proline Non-Essential 6013.49 6167.72 6631.86 6083.13 5846.59
L-Alanine Non-Essential 5764.21 5959.12 5801.86 5859.38 5939.8
Glycine Non-Essential 5401.26 5629.68 6702.89 5392.65 5128.72
L-Serine Non-Essential 4783.5 4939.51 6097.07 4701.43 419438
L-Tyrosine Non-Essential 3349.76 3526.33 4437.02 2622.66  2438.02




These findings align with previous research demonstrating the effectiveness of vegetable flours
in enhancing the nutritional profiles of meat products. For instance, Aslinah et al. (2018) reported that
adzuki bean flour, when used as a meat extender and fat replacer in beef meatballs, not only improved
nutritional quality but also enhanced oxidative stability. Similarly, Ball et al. (2021) noted that
the incorporation of plant-based proteins into ground beef patties positively influenced both fresh
and cooked product characteristics. The present results extend these observations to chicken liver nuggets,
reinforcing the role of vegetable-based flours as functional ingredients in meat product formulation.

2. Microstructural properties
Scanning Electron Microscopy (SEM) was employed to assess the microstructural ch

content and the unique protein—fiber interactions associated with these
2019).

Pumpkin flour-based nuggets demonstrated an intermediate micro
compact regions interspersed with porous areas. These micros i al, as they
influence water retention, texture, and overall sensory quali
formulation, may contribute to improved mechanical streng
Conversely, a porous structure could enhance juiciness and tende
of structural integrity (Ganie et al., 2017; Gupta et al.

albeit at the potential expense

Nugget : . 2024/10/01  10:00 NL D6.8 x5.0k  20um

(b)

202411001 0951 NL D55 x50k 20um

(d)
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(e)

Fig. 1 Representative SEM micrographs of chicken liver nuggets. SEM imagés 1llustrate the microstruetural
differences among chicken liver nuggets formulated with (a) tapioca flouf only (b) cofnstarch, (c) soybean
flour, (d) pumpkin flour, and (e) carrot flour. The image for (b) showsa compaect structure, whereas images
(a), (¢), (d), and (e) reveal increased porosity.

These structural observations are consistent with findingsdrom related studies. Foréxample, Kotecka-
Majchrzak et al. (2021) demonstrated that incorporating hemp cake into meatballs resulted in a porous
microstructure, which correlated with improved moisture retention and sensory appeal. Similarly, studies
by Ogundipe et al. (2023) and Suychinov et al. (2023) reported that plant-based flours significantly
influence the microstructure of meat patties, thereby affecting their textural properties. The current SEM
analysis confirms that strategic ingredient selection is essential for achieving an optimal balance between
texture and nutritional enhancement in meat formulations,

3. Holistic evaluation of nutritional and structurahattributes

The integration of vegetable-based(flours into chicken liver nuggets offers a multifaceted approach
to addressing both nutritional deficiencies and sensory limitations. The experimental results indicate that
each type of vegetable flour cofifers distingt advantages. Cornstarch effectively enhances iron content,
which is critical in addressing iron=deficiency anemia-—a significant global health concern (Behailu &
Abebe, 2020; Urip et al., 2021). Meanwhile, pumpkin flour contributes to elevated vitamin A levels
and reduced cholesterolfcontent, offeringian attra€tive nutritional profile for health-conscious consumers
(Marbun et al., 20183 Thohari et al., 2017).

Physicochemical improvements observed inthe formulations, such as enhanced antioxidant activity with
pumpkin flour, are particularly noteworthy. Antioxidants play a crucial role in inhibiting lipid oxidation,
thereby extending shelf life and maintaining product quality during storage and distribution (Botella-
Martinezget alty 2021; Kumar et al., 2015). The synergy between nutritional enhancement (iron from
cornstarch and soybean flour) and structural stability (cornstarch’s compact matrix) underscores
the /potential of vegetable flours to address both health and consumer acceptability challenges.
These improvements are consistent with findings from Shahamirian et al. (2019), who reported that natural
extracts and alternative flours could significantly enhance the oxidative stability of meat products.

Moreover, the balanced amino acid profiles across all treatments suggest that the nutritional quality
of chicken liver ds‘preserved despite the addition of plant-based ingredients—a finding that aligns with
the work of Shoaib et al. (2018) and Thirumdas et al., (2018). Previous research on fermented goat meat
demonstrated that manipulating L. plantarum levels significantly altered the physicochemical
characteristics, including pH, water activity, and tenderness (Umam et al., 2019; Radiati et al., 2020).
A similar mechanism may mediate the effects of flour incorporation in this study, particularly with pumpkin
and cornstarch enhancing texture and moisture retention.

From a microstructural perspective, SEM analysis provided clear evidence that the choice of vegetable
flour influences the textural properties of the nuggets. The compact structure observed in cornstarch
formulations correlates with enhanced mechanical strength and moisture retention, whereas the porous
structure associated with soybean and carrot flours may contribute to improved juiciness and tenderness
(Samard & Ryu, 2019). These structural variations are essential for optimizing both the sensory
and functional attributes of the final product, as highlighted by studies on meat analogues and extenders
(Kotecka-Majchrzak et al., 2021; Ogundipe et al., 2023).

4. Sensory evaluation

The sensory evaluation, although preliminary, supports the potential consumer acceptability

of the optimized formulations. As shown in Table 4, chicken liver nuggets formulated with cornstarch (CS)



received the highest acceptability scores across all attributes, particularly in taste, texture, and overall
impression. This suggests that cornstarch effectively enhanced sensory quality by masking the strong flavor
of the liver and contributing to a smoother texture. The control sample (formulated with tapioca flour)
showed moderate scores, indicating an acceptable baseline but with room for improvement. In contrast,
nuggets with pumpkin (PF) and carrot flour (CF) scored lower, especially in aroma and texture,
likely due to their stronger flavors and higher fiber content affecting product consistency. Nuggets with
soybean flour (SF) received moderate acceptance, although the beany flavor may have influenced consumer
preference. These findings highlight the importance of selecting vegetable-based flours not only for their
nutritional benefits but also for their impact on sensory attributes.

Table 4 Sensory evaluation results for chicken liver nuggets with different vegetable-based\flours

Treatment Color Taste Aroma Texture Overall

Control 3.25+£1.10% 3.50+0.95% 3.60+1.00° 330+1.05% 3.45+1.08°
CS 3.68+1.232 4.00+0.96* 4.40£1.102 3.80+1.202 4.05£1.152
SF 2.79+1.08° 2.93+1.10° 3.07+1.07¢ 3.00£1£15° 285+1.10¢
PF 2.61+1.14° 2.71+0.84° 2.61+0.67° 2.80+1.10° 2.65+1.05¢
CF 2.43+1.08° 2.32+1.04° 2.8241.14° 2.90+1.100 2.70+1.15¢

Remark: Different superscripts @ indicate statistically significant differences (p<0.05) aceording to Tukey’s HSD test. M = SD
represents the average scores from sensory evaluations conducted by 30 panelists.

The improved texture and balanced flavor profile—particularly in nuggets incorporating soybean and
pumpkin flours—demonstrate successful mitigation of the inherent strong flavor of chicken liver.
Such enhancements are vital in transforming “anjundérutilized yet nutritionally rich ingredient into
a commercially viable product (Marcenato et al., 2020; Richa et al., 2021). The strategic incorporation
of plant-based flours not only impreved physicochemical,properties but also offered potential functional
benefits. Previous studies have shown that altérnative starches, such as canna starch (Canna edulis Ker),
act as effective hydrocolloids in‘dairy-based fermented beverages, enhancing texture stability and product
consistency (Umam et al., 2019).“Thisfsuggests that carbohydrate-rich flours may likewise contribute
to improved matrix integrity in"meat products.

Beyond textural improvements, antioxidantdctivity has emerged as a focal point in functional food
research. A recent /study on goat milk kefir demonstrated how processing stages influence antioxidant
capacity and peptide content during|cold storage, underscoring the importance of matrix manipulation
to preserve bioactive components (Umam et al., 2022). Additionally, the health-promoting effects
of fermentedmndairy" exopolysaccharides—particularly their anti-obesity potential through inhibition
of adipogenesis enzymes—=teinforce the rationale for using functional plant-derived ingredients in meat-
based formulations aligned with nutritional and health trends (Radiati et al., 2025).

Integrating these findings with the broader literature, it is evident that vegetable-based flours can
significantly contribute to the development of functional meat products. Enhanced nutritional attributes,
such'asyincreased iron and vitamin A levels and reduced cholesterol, address major health concerns and
align withiglobal dietary improvement initiatives (Borsolyuk & Verbytskyi, 2023; Muliani et al., 2021).
Technological benefits, including antioxidant activity and microstructural integrity, further support
the formulation’s industry potential, as corroborated by studies on alternative fat substitutes and natural
antioxidants)(Kolev et al., 2022).

The current study’s integrated approach combining nutritional, physicochemical, and microstructural
assessments offers a holistic understanding of how vegetable-based flours can be leveraged to create
superior meat products. This aligns with recent trends in food technology research, where multi-
dimensional evaluations are increasingly used to address complex formulation challenges (Dominguez-
Hernandez et al., 2018; Fiorentini et al., 2020). The evidence presented here supports the hypothesis that
vegetable flours can improve both the nutritional and sensory properties of chicken liver nuggets and lays
the groundwork for future studies aimed at optimizing ingredient ratios and processing conditions.

Overall, the study demonstrates that targeted ingredient modifications—specifically, the use
of vegetable-based flours can overcome traditional limitations associated with chicken liver utilization.
This advancement contributes meaningfully to the development of healthier and more sustainable meat
products, addressing critical nutritional deficiencies and meeting evolving consumer demands in the global
food market (Ruedt et al., 2021; Teryokhina et al., 2022).



Conclusion

This study demonstrated that the strategic incorporation of vegetable-based flours into chicken
liver nuggets significantly improved nutritional quality and physicochemical properties compared
to the control formulation (tapioca flour only). Specifically, cornstarch significantly increased iron content,
pumpkin flour enhanced vitamin A levels and reduced cholesterol, and both contributed to improved
antioxidant capacity. Microstructural analyses further confirmed that each flour type uniquely influenced
the texture and moisture retention, positively affecting overall sensory acceptance.

These findings highlight the potential of functional flours to overcome limitations associated with
liver-based meat products, offering a promising pathway toward healthier and more consumer-friendly.
formulations. Further research is recommended to evaluate the effects of flour combinations on taste,
nutritional value, and consumer preference. Such investigations will support the broaderyapplication
of vegetable flours in reducing food waste and addressing nutrient deficienciesgthereby advancing healthé
oriented product development and sustainability goals.
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