Physicochemical Investigation of Rice Bran-Enriched Meatballs

Ali ANl et al.,

DOI: https://doi.org/10.54393/df.v7i2.205

Original Article

OPEN ACCESS

Sensory and Physicochemical Investigation of Rice Bran-Enriched Meatballs

(SPIRE)

Ayesha Naz Intizar Ali', Marfuah Tariq Sohail' and Neesha Saleem"

'Department of Nutrition Sciences, University of Management and Technology, Lahore, Pakistan

ARTICLE INFO

ABSTRACT

Keywords:
Rice Bran, Meat Products, Food Analysis, Dietary
Fiber

How to Cite:

Ali, A. N. I., Sohail, M. T., & Saleem, N. (2026).
Sensory and Physicochemical Investigation of
Rice Bran-Enriched Meatballs (SPIRE):
Physicochemical Investigation of Rice Bran-
Enriched Meatballs. DIET FACTOR (Journal of
Nutritional and Food Sciences), 7(2), 09-14.
https://doi.org/10.54393/df.v7i2.205

*Corresponding Author:

NeeshaSaleem

Department of Nutrition Sciences, University of
Managementand Technology, Lahore, Pakistan
nishasaleem144@gmail.com

Received Date: 28" April, 2026

1" Revision Received: 21" May, 2026
2" Revision Received: 2™ June, 2026
Acceptance Date: 17" June, 2026
Published Date: 30" June, 2026

Rice branisarich source of nutrientsin the rice milling process, containing 7-11% protein, 7-11%
fiber, and bioactive compounds. Objectives: To assess sensory and physical characteristics of
the beef meatballs fortified with different proportions of rice bran and to find out the optimum
acceptable level by consumers. Methods: This experimental research was carried out at the
Rice Research Institute, Kala Shah Kaku, Pakistan. Four treatments were prepared: control (0
g), T1(2.4 g), T2(3.6 g), and T3 (4.8 g) rice bran per 30 g of meatball. In a randomized complete
block design, twenty panelists evaluated sensory attributes usinga 15cm hedonic scale. Weight
lossand shape parameters were measured. Two-way ANOVA with Tukey's HSD post-hoc test(a=
0.05)was used to analyze data for sensory data, and one-way ANOVA with Tukey's HSD post-hoc
test (a = 0.05) was used for physicochemical data. Results: Rice bran significantly enhanced
texture, flavor, mouthfeel, and overall acceptability (p<0.005), but did not change the color,
aroma, taste, or juiciness. The addition of rice bran had a significant effect on weight loss
(p<0.001), and oil absorption was reduced, but there was no significant effect on the shape. The
12-16% formulations gave firmer texture (12.4 + 1.2¢ for T3). Conclusions: The results showed
thatupto8% rice brancouldbe added to beef meatballs without any negative effectson sensory
properties and appearance, while simultaneously decreasing the oil absorption and increasing
thefiber content of the product.

INTRODUCTION

Rice bran, which accounts for about 10% of the total grain
weight, is the nutritive outer layer of the rice kernel that is
normally removed during milling. It is a highly nutritious by-
product that is rich in nearly 50% carbohydrate, 21%
healthy fats, 14% protein, and abundant amounts of dietary
fiber, vitamins, and bioactive compounds[1]. In the world,
millions of tons of rice bran are produced every year, but it
is significantly underutilized, being sold at a low price as
animal feed instead of beingappreciated as food for human
consumption, especially in countries like Pakistan, which
produce rice and have rice branin abundance, but itis sold
at a low market price [2]. Cholesterol-free, rich in
antioxidantsandfiber, and plant-based, rice branhasahigh

potential to be used as a functional ingredient in
accordance with the principles of the circular economy,
where agricultural waste is turned into health-promoting
food products [3]. Rice bran protein has been
recommended in recent reviews as a promising protein for
functional food applications due toits favorable amino acid
composition that closely matches the FAO/WHO
recommended profile, high digestibility, and low
allergenicity [4]. The use of rice bran in meat-based
products like meatballs is beneficial both practically and
nutritionally. Usingrice branas a partial substitute for meat
and starch can lower the cost of the formulation, reduce
the fat content of the final product, and increase the
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dietary fiber content and protein content of the food
product [5]. In addition, the physicochemical stability of
fortified products, such as water-holding capacity,
emulsification stability, and texture, can be preserved or
improved with careful formulation[6]. Recent studies have
shown that rice bran is effective as a meat extender in
hybrid chicken patties up to 2% without significantly
affecting the quality of the product [7] and as a
replacement for tapiocain goat meatballs(bakso), where it
could be used up to 25% substitution without affecting the
product quality[8]. Ciobanu et al. prepared a modified rice
bran fiber pre-emulsion to be used as an ingredient in low-
fat chicken meatballs, which exhibited better functional
properties[9]. Another study on emulsified pork meatballs
revealed that below 10% rice bran, sensory scores of the
product are still similar to those of the control product[10].
However, the key to commercial success for any new food
product, no matter how nutritious, remains consumer
acceptance. The sensory aspects- taste, aroma, texture,
color, and appearance- play the most important role in
purchasing behavior [8]. Consumer perception and
palatability can be greatly influenced by minor
compositional differences [7]. Therefore, the scientific
evaluation of rice bran fortified meat products must be
carried out systematically, which includes both
physicochemical and sensory evaluation, to obtain a good
nutritive value and economic value without compromising
the sensory quality of meat products [9]. There is a
considerable researchgap, althoughrice bran hasreceived
alot of attention as a functional ingredient. The studies in
the past have been limited to rice bran protein itself[4] or
meat products other than beef meat, like goat meat bakso
[8], or protein extracts without producing products that
are acceptable for consumers[10]. Moreover, the rice bran
studies conducted by extrusion are mostly focused on
snack food and meat analogues instead of whole-muscle
meat products[7].

To the best of the researchers' knowledge, there is no
systematic study that investigates whole rice bran as a
functional ingredient in beef meatballs from sensory and
physicochemical aspects in terms of economic feasibility
for low-income consumers. There is a lack of research to
guide product development for this agricultural byproduct
in consumer markets, especially given its nutritional value
and availability. The present study, therefore, focuses on
filling this gap by investigating the sensory and physical
properties of beef meatballs fortified with different levels
of rice bran. This study aimed to produce a protein-
enriched product suitable for mass production, with
nutritional value and sensory acceptability.
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METHODS

This experimental research was carried out at the Rice
Research Institute, Kala Shah Kaku, Pakistan, from Ist
January to 1st March 2026, which is a duration of three
months. Lean beef and rice bran (60-mesh sieved) were
purchased locally. The rice bran was incorporated into
different proportions to make four treatment groups:
Control(0g), T1(8%,2.49), T2(12%, 3.6 g), and T3(16%, 4.8
g) rice bran per 30 g meatball, with each treatment group
having three replicate batches. The formulation per batch
included different quantities of lean beef (450 g for control,
340 gforT3), rice bran(0-96 g), 50 mL of ice cold water, 50 g
of minced onion, 15 g of minced garlic, 40 gbeatenegg, 404
of fresh breadcrumbs (40 g for control, 5 g for T3), 7-7.5 g of
salt, 2 g of black pepper, 2 g of dried oregano, and 2 g of
sweet paprika. Rice bran and breadcrumbs were dipped in
ice-cold water for 10 minutes to make a panada, and ground
beef, aromatics, egg, and spices were added and lightly
brokentocombine for3minutes. The mixture was cooled at
4°C for 30 minutes and shaped into 15 meatballs (30 g £ 0.5)
per treatment per replicate and pan-fried in canola oil for 4
to5minutesoneach side untilgolden brown and finished in
the ovenat190°C for 3minutes, then drained on paper towel
and allowed to cool to room temperature. Three meatballs
per treatment per replicate (n=9 per treatment)were used
to measure weight loss on a digital balance (+ 0.01 g),
indirectly measuring the oil absorption. Shape
characteristics were measured by fitting a swirl stack sine
wave model y = sinf(x) + cos6(x+T1) to digital images of the
meatballs in Imaged software. Sensory evaluation was
done by 20 semi-trained panelists (staff of the institute,
age 22-50 years) as blocks and four formulations as
treatments for seven attributes "Dislike Extremely"to "Like
Extremely” on a 15 c¢m unstructured hedonic scale. A
sample size of 20 panelists and 9 meatballs per treatment
was justified based on power analysis using G*Power 3.1
software(a=0.05, power=0.80, medium effect size).

IBM SPSS version 26.0 software was used to perform
statistical analyses. Shapiro-Wilk test and Levene's test
(p>0.005 for all of them) were used to test normality and
homogeneity of variance, respectively. Two-way ANOVA
(treatment xpanelist)was used to analyze the sensory data,
and one-way ANOVA with Tukey's Honestly Significant
Difference (HSD) test was used to determine significant
differences (p<0.005) for the physicochemical data. The
values given are mean * standard deviation; degrees of
freedom have been adjusted.
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RESULTS

Rice bran addition significantly increased weight loss at
12% (T2) and 16% (T3) compared to control and 8% (T1),
indicating reduced oil absorption during frying; however,
shape characteristics remained unaffected across all
treatments (p=0.733). The 8% formulation (T1)
demonstrated physicochemical equivalence to the control,
confirming that rice bran can be incorporated at this level
without compromising weight loss properties or spherical
appearance(Table1).
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Table 1: Physicochemical Parameters of Rice Bran-Fortified Beef
Meatballs(Mean +SD)with Tukey HSD Pairwise Comparisons

Control 7.13+0.48° 0.799 + 0.018°
T1(2.4 g) 7.60 + 0.55a° 0.810 £ 0.022°
T2(3.69) 8.67+0.62° 0.805 +0.019°
T3(4.89) 8.67+0.71° 0.801+0.027°
ANOVA F(3,32)=14.27, p<0.001 F(3,32)=0.43, p=0.733

Values within a column with different superscript letters (a, b)
differ significantly (Tukey HSD, p<0.005). One-way ANOVA with df;
=3,df,=32

Rice bran fortification significantly influenced texture (p<0.001), flavour (p=0.002), mouthfeel (p=0.004), and overall
acceptability (p<0.001), with texture scores increasing progressively as bran levels rose. Colour, aroma, taste, and juiciness
remained unaffected (p>0.005) across all treatments. The 8% addition (T1) maintained sensory equivalence to the control,
while higher levels (12-16%) produced firmer texture and slightly reduced flavour scores, yet remained acceptable overall

(Table2).

Table 2: Sensory Attribute Scores of Rice Bran-Fortified Beef Meatballs (Mean = SD, 15-Cm Hedonic Scale) with Two-Way ANOVA Results

(Treatment xPanelistas Blocks)

Colour 1.4+1.3° 11.6+1.4° 11.2+1.6° 10.9+1.7° 1.61 3,57 0.198
Aroma 1.7+1.2° 11.9+1.3 1.3+15° 11.0£1.6° 1.20 3,57 0.314
Flavour 11.9+1.3° 11.5+15” 10.9+1.4% 10.2+1.6° 5.78 3,57 0.002
Taste 1N.5+1.4° 11.3+1.6° 10.7+15° 10.3+1.5° 2.52 3,57 0.067
Mouthfeel 10.8+1.6° 10.9+1.5° 10.1+1.4% 9.4+17 4.92 3,57 0.004
Juiciness 11.6+15° 1.2+1.3 10.8+1.6° 10.4+1.8° 1.88 3,57 0.142
Texture 9.7+15° 10.3+1.3° M5+1.4° 12.4+1.2° 12.45 3,57 <0.001
Overall Acceptability N3+1.4° M.1+1.6° 10.2+1.7° 9.2+19 8.64 3,57 <0.001

The nine discrete sensory attributes (color, aroma, flavor,
taste, mouthfeel, juiciness, hardness, gumminess,
chewiness) were evaluated, and a treatment effect was
found(F(8,27)=2.864, p=0.019). The p-value less than 0.005
showsthatrice branfortificationnot onlyimpactsliking but
also severalindividual organoleptic properties as well. This
finding confirms the alternative hypothesis that the
addition of rice brandoes have asignificant effectatamore
granular level on the physicochemical and sensory
characteristics of meatballs(Table 3).

Table 3: One-Way ANOVA for Nine Individual Sensory Attributes
(Color, Aroma, Flavor, Taste, Mouthfeel, etc.)

of rice bran. Therefore, there would be no visual distortion
orirregularity forconsumersasaresult of branfortification
(Table 4).

Table 4: Tukey HSD Post-Hoc Pairwise Comparisons for Weight
Loss

Control vs. T1 0.47 0.218
Control vs. T2 1.54 <0.001
Control vs. T3 1.54 <0.001
Tlvs. T2 1.07 0.002
Tlvs. T3 1.07 0.002
T2vs. T3 0.00 0.998

Between Groups 23.279| 8 |2.9099| 2.863 | 0.019 | 2.305
Within Groups 27.433 | 27 | 1.0160 - - -
Total 50.712 | 35 - - - -

In contrast, the quantitative shape parameter from the
swirl-stack sine-wave model was very similar in all four
groups, and the mean values were quite close together,
ranging from 0.799 to 0.810. This small window indicates
good preservation of the macroscopic spherical shape and
topography of the meatballs with and without the addition

Tukey HSD post hoc analysis revealed that texture was the
most significantly affected attribute, with all treatments
showing progressive differences as rice bran levels
increased, confirming a clear dose-dependent firming
effect. Flavor and mouthfeel scores declined significantly
only at the highest bran level (T3, 16%) compared to control
and T1, while overall acceptability was significantly
reduced in T3 relative to both control and T1. Importantly,
no significant differences were observed between control
and T1(8%) for any sensory attribute, confirming that the

Copyright ® 2026. Diet Factor, Published by Crosslinks International Publishers LLC, USA
By This work is licensed under a Creative Commons Attribution 4.0 International License.




8% formulation maintained sensory equivalence to the
controlacrossall parameters(Table5).

Table 5: Tukey HSD Post-HOC Pairwise Comparisons for
Significant Sensory Attributes

Control vs. T3 1.70 0.003

Flavor
Tlvs. T3 1.30 0.018
Controlvs. T3 1.40 0.008

Mouthfeel

Tlvs. T3 1.50 0.005
Control vs. T2 1.80 0.003
Control vs. T3 2.70 <0.001
Texture Tlvs. T2 1.20 0.035
Tlvs. T3 2.10 <0.001
T2vs. T3 0.90 0.048
Overall Controlvs. T3 2.10 <0.001
Acceptability Tlvs. T3 1.90 0.002

DISCUSSION

Different concentrations of whole rice bran (0%, 8%, 12%,
and 16% w/w) were incorporated into the meatballs, and in
this study, sensory and physicochemical properties were
systematically assessed. Two-way ANOVA (treatments x
panelists as blocks)showed that texture, flavor, mouthfeel,
and overall acceptability were highly significantly affected
by incorporation of rice bran (p<0.001, p=0.002, p=0.004,
and p<0.001, respectively), whereas the other parameters
did not show any significant difference(p>0.005forall). The
sensory equivalence for the 8% addition (T1: 2.4 g/30 g
meatball) was established for all the attributes with mean
scoresranging from10.3to 11.9 on the 15 cm hedonic scale,
which equates to "moderate to high liking". The results
indicate thatrice bran could be used at the 8% level without
affecting consumer acceptability, which is similar to the
results reported by Aviles et al. who observed the best
sensory scores in the pork meatballs including rice bran at
10% [11]. The progressive improvement in the texture
scores with the increase of rice bran content (from 9.7
(control) to 12.4 (T3, 16%)) is attributed to the higher rice
bran content that leads to a higher level of dietary fiber in
rice with increased water binding capacity, which forms a
three-dimensional gelnetworkinthe protein starch matrix.
The results are similar to those of Mishra et al. who found
that rice bran fiber was effective in increasing hardness
and chewiness in low-fat Korean meat patties (tteok galbi)
[12], and Wang et al. who also showed that textural
properties of low-fat chicken meatballs with modified rice
bran fiber emulsions were significantly improved [13].
Firmness was not negatively perceived by panelists, and
indeed, the scores for texture rose as the amount of bran
was added, showing that it was preferred by consumers for
the firmer and more substantial texture. This means that
moderate textural enhancement may actually be a
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desirable characteristic of a food product to a health-
conscious consumerwho desiresamore satiating product.
Rice bran decreased the flavor scores slightly, with the
score of T3 (10.2) significantly different from the control
(1.9, p=0.002). T2 and T3 were reported as having a
"pleasant nutty" or "slightly grainy" flavor, similar to that
reported by Sujarwanta et al. for goat meat bakso fortified
with rice bran[14]and by Wang et al. who reported "beany”
or "grain-like" flavor at higher rice bran protein isolate
concentrations. Importantly, the flavor of T3 was stillabove
the midpoint of the scale (7.5 cm), meaning that it was still
acceptable despite this noticeable change [13]. A study
reported acceptable sensory scores for low-fat beef
burgers containing rice bran up to 12% [15], and Das et al.
found that the dietary fiber fortified meat products were
acceptable to consumers up to a certain level [16]. The
other non-significant results were observed for color
(p=0.198), aroma (p=0.314), taste (p=0.067), and juiciness
(p=0.142), which are important parameters that influence
initial consumer acceptance and buying intentions.
Results of physicochemical analysis indicated that there
was a significant difference between the weight loss value
of rice branadded treatment(T2/T3)and that of the control
(7.13 g; F (3,32) = 14.27; p<0.001). Tukey HSD post hoc
analysis showed that the weight loss of the T2 and T3(12%
and 16%) groups was significantly greater than that of the
control group (p<0.001) and the T1 group (p = 0.002),
respectively, but there was no difference between the
controlgroupandthe T1group(p=0.218). Thisindicates that
less oil was absorbed during frying, as there was more
moisture evaporation during cooking, which creates a
barrier to the penetration of oil, as also reported for the
cornsilkin meatballs[17]and for meat products containing
dietary fiber [16]. The shape parameters using the swirl
stack sine wave model did not show a significant treatment
effect(F(3,32)=0.43, p=0.733), indicating that the rice bran
fortification did not affect the spherical shape of the
meatballs, which is very important for the consumer's
expectations. The formulation with 8% (T1)was determined
as the most suitable formulation that provided a beneficial
nutritional effect (decreased oil absorption and increased
fiber) without compromising sensory equivalence with the
control. This threshold is a little lower than the 10%
reported by Avile et al. [11] for pork meatballs but is higher
than the 2% reported by Xiao et al. [ 18] for chicken patties,
which is attributed to differences in the meat matrix, rice
bran particle size, and cooking method. The nutraceutical
properties of rice bran, like antioxidants and cholesterol-
lowering properties, are also complementary to the
physical properties observed[19,20].

Thesensory panel(n=20)wasdrawnfromasingle research
institute, limiting generalizability to broader consumer
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populations, and only one cooking method (pan frying
followed by oven finishing) was tested, while shelf life,
oxidative stability, and microbiological safety were not
assessed, and oil absorption was indirectly estimated
rather than directly measured gravimetrically. To address
theselimitations, future studies should recruit larger, more
diverse consumer panels and evaluate different cooking
techniques to assess their impact on oil absorption and
texture, along with direct gravimetric measurement of oil
absorption, accelerated shelf-life testing with antioxidant
evaluations, clinical studies to substantiate health claims,
and cost-effectiveness analysis at industrial scale to
confirmeconomicviabilityinlow-income communities.

CONCLUSIONS

The rice bran can be added to the beef meatball in an
amount of up to 8% (2.4 g/30 g) without affecting its
sensory acceptability, but with a significant effect on
reducing oil absorption and increasing fiber content
without affecting the spherical shape of the meatballs.
Increased concentrations (12-16%) yield a firmer texture
and a slightly nutty flavor that could be attractive to health-
conscious consumers who are looking for more filling
products. In general, rice bran fortification is a sustainable
and cost-effective approach to enhance dietary fiber
contentanddecrease fat contentin meat products.
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