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ABSTRACT 
 

 Rice bran is widely used as a feed ingredient, but rice husk adulteration can compromise its quality. 

This study developed a Rice Bran Physical Adulteration Index (RBPAI) based on simple physical 

measurements and evaluated its potential for screening commercial rice bran. We prepared reference 

mixtures containing 0–100% rice husk at 2.5% intervals and obtained ten replicate measurements at each of 

41 adulteration levels. We measured bulk density (BD), tapped density (TD), and angle of repose (AR), and 

subjected the mean values at each adulteration level to principal component analysis (PCA). We used the 

retained principal component to construct the RBPAI, then calibrated it against known rice husk proportions 

using linear regression. We then applied the index to 31 commercial rice bran samples collected from rice 

mills, traders, feed mills, and livestock farmers in South Sulawesi, Indonesia. Bulk density and TD increased 

progressively with increasing rice husk proportion, whereas AR decreased. The first principal component 

explained 98.433% of the total variance and yielded the equation RBPAI = 0.337ZBD + 0.337ZTD − 

0.335ZAR. The RBPAI showed a strong linear relationship with rice husk proportion (R² = 0.969), with an 

apparent calibration mean absolute error (MAE) of 4.259 and root mean square error (RMSE) of 5.183 

percentage points. Commercial samples exhibited substantial variation in RBPAI-derived adulteration 

estimates across supply-chain groups and sampling locations. These findings suggest that RBPAI can 

convert low-cost physical measurements into a practical preliminary screening tool for assessing rice bran 

quality. However, because rice husk content in the commercial samples was not independently verified, treat 

the field estimates as model-based indications and confirm them with appropriate analytical methods. 
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1. INTRODUCTION 
Rice bran is an important by-product of rice milling and is widely used as a feed ingredient because it supplies 

energy, protein, lipids, fiber, vitamins, and minerals at a relatively accessible cost (Bodie et al., 2019; Manlapig & 

Matsui, 2025; Aktar et al., 2026; Gul et al., 2026). Its availability is closely tied to the scale of rice production. 

Indonesia produced approximately 60.21 million tonnes of dry unhusked paddy in 2025, of which 5.47 million tonnes 

originated from South Sulawesi (BPS-Statistics Indonesia, 2026). This production base generates a substantial supply 

of milling by-products and supports the continued use of rice bran in livestock and poultry feeding. 

However, the feeding value of commercial rice bran varies widely. Rice variety, milling system, and degree of 

milling can influence the distribution of protein, fat, fiber, minerals, and other constituents in the resulting bran 

fraction (Kalpanadevi et al., 2018; Oppong Siaw, 2023; Kabir et al., 2024). Its physical properties may continue to 

change after milling, as storage duration, moisture accumulation, packaging, and handling can alter bulk density, 

tapped density, and material stability (Ridla et al., 2023a). Rice mills in South Sulawesi have also shown variation, 

with bulk density, tapped density, and estimated nutrient contents differing by sampling location and milling source 
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(Ridla et al., 2023b). Quality may decline further when rice bran is mixed with lower-value materials. Rice husk is 

particularly relevant because milling produces it alongside bran, and it can be ground and incorporated into the 

product. 

Experimental evidence shows that increasing rice husk content alters the nutritional composition of rice bran. 

Adding husk increases ash, crude fiber, acid detergent fiber, cellulose, and lignin while reducing crude protein, fat, 

and other nutritionally valuable fractions (Maesaroh et al., 2023; Rusyidi et al., 2023). These changes dilute the 

material's feeding value and may compromise feed-formulation accuracy. Their functional consequences have also 

been demonstrated under in vitro conditions, where rice husk substitution reduced dry matter and organic matter 

digestibility, potential gas production, and the rate of ruminal gas production. A significant reduction in dry matter 

digestibility was detected at a rice husk substitution level of 10% (Fidriyanto et al., 2020). For farmers and feed 

manufacturers, purchasing adulterated rice bran can therefore result in lower nutrient delivery relative to the amount 

of feed purchased. 

Chemical and fiber analyses can reveal compositional changes associated with rice husk addition and remain useful 

for confirming rice bran nutritional quality (Maesaroh et al., 2023; Rusyidi et al., 2023). Researchers have also explored 

several alternative approaches for faster detection. Phloroglucinol-assisted microscopy and color analysis use reactions 

in lignified husk tissues to distinguish rice husk from rice bran (Anitha et al., 2022; Hernaman et al., 2024), while 

image analysis combined with a convolutional neural network has been examined to classify adulterated samples 

(Albarki et al., 2023). Other studies have investigated ultrasonic wave attenuation and near-infrared reflectance spectra 

as indicators of rice husk addition (Bhagaspati et al., 2021; Damela et al., 2024). These approaches demonstrate 

growing interest in rapid rice bran authentication, although their routine use may depend on access to reagents, imaging 

protocols, spectral instruments, or model-specific calibration. A simpler preliminary test remains valuable for 

purchasing, receiving, and field inspection, especially where laboratory and instrumental facilities are limited. 

The physical behavior of a granular feed material can support such screening. Bulk density describes the mass 

accommodated within a given bulk volume, while tapped density reflects particle rearrangement and consolidation 

following repeated tapping. Angle of repose relates to interparticle friction, resistance to movement, and flow 

behavior. Studies across a range of feed ingredients have shown that angle of repose varies with compressibility, 

density, and chemical composition, indicating that these measurements describe related features of material behavior 

rather than isolated properties (Syamsu et al., 2015; Pekel et al., 2022). In rice bran, the addition of rice husk or other 

fibrous adulterants has produced measurable changes in bulk density, compact or tapped density, and angle of repose, 

although the direction and magnitude of the response have differed among materials and experimental procedures 

(Ridla et al., 2022; Alfaresi et al., 2023; Maesaroh et al., 2023). 

Existing studies confirm that individual physical measurements can respond to the addition of rice husk or other 

fibrous adulterants, but researchers have generally evaluated and interpreted the variables separately (Ridla et al., 

2022; Alfaresi et al., 2023; Elkatry et al., 2023; Maesaroh et al., 2023). This treatment may be less efficient when BD, 

TD, and AR describe overlapping changes within the same particle system. Their interrelationships provide a basis 

for constructing a composite measure that captures the dominant physical gradient associated with adulterant addition. 

A calibrated index may also offer a more direct operational interpretation than several measurements assessed 

independently. Evidence remains limited on developing such an index across a continuous rice husk gradient and 

applying it to commercial rice bran from multiple points in the feed supply chain. 

This study developed a Rice Bran Physical Adulteration Index (RBPAI) by integrating bulk density, tapped 

density, and angle of repose measured in experimentally prepared rice bran–rice husk mixtures. The index was 

calibrated against known rice husk proportions and then applied to commercial rice bran collected from rice mills, 

traders, feed manufacturers, and livestock farmers in South Sulawesi. The field application aimed to examine variation 

in RBPAI-derived estimates and assess the index's feasibility as a rapid screening method. Because the actual rice 

husk content of the commercial samples was not independently determined, these estimates were treated as indications 

of physical similarity to the experimental mixtures rather than definitive measurements of adulteration. 
 

2. MATERIALS AND METHODS 
2.1. Study Design 

\This study was conducted in two consecutive phases to develop and validate a Rice Bran Physical Adulteration 

Index (RBPAI) for estimating rice husk adulteration in rice bran used as a feed ingredient. The RBPAI is a novel 

composite index proposed in this study that integrates three measurable physical characteristics: bulk density (BD), 

tapped density (TD), and angle of repose (AR) into a single quantitative indicator of rice husk adulteration. The index 

was derived using principal component analysis (PCA), and its relationship with rice husk adulteration level was 

subsequently quantified through linear regression analysis. 

Phase I focused on developing and calibrating the RBPAI using experimentally prepared rice bran reference 

samples with known proportions of rice husk. A total of 41 adulteration levels, ranging from 0 to 100% rice husk at 
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2.5% intervals, were evaluated. Each adulteration level was measured in ten replicates, resulting in 410 individual 

measurements. The ten replicate measurements at each adulteration level were summarized as mean values. 

Consequently, the dataset used for PCA and regression analysis consisted of 41 analytical observations, with each 

observation representing the mean physical characteristics of one adulteration level. 

Phase II evaluated the practical applicability of the developed RBPAI under commercial conditions. Rice bran 

samples were collected from different stakeholders in the poultry feed supply chain, including rice mills, rice bran 

traders, feed manufacturers, and livestock farmers. The operational RBPAI equation and calibration model 

developed in Phase I were applied to these samples to estimate their physical similarity to experimentally prepared 

rice bran–rice husk mixtures. This phase was intended as a field application of the model rather than an independent 

validation, because the actual rice husk content of the commercial samples was not determined using an external 

reference method. 

 

2.2. Phase I. Development of the Rice Bran Physical Adulteration Index (RBPAI) Model 

2.2.1. Preparation of Experimentally Adulterated Rice Bran Samples: Reference samples were prepared 

following the rice bran–rice husk adulteration gradient described by Rusyidi et al. (2023), with modifications to 

accommodate the physical measurements used in the present study. The mixtures represented 41 adulteration levels 

ranging from 0 to 100% rice husk at 2.5% intervals. Each reference sample weighed 1 kg and was prepared by 

adjusting the proportions of rice bran and rice husk according to the desired adulteration level. For example, the 10% 

adulteration treatment consisted of 900 g rice bran and 100 g rice husk, whereas the 25% adulteration treatment 

consisted of 750 g rice bran and 250 g rice husk. Each adulteration level was prepared and measured in ten 

independent replicates, resulting in a total of 410 experimental observations. 

2.2.2. Determination of Physical Characteristics: Three physical properties were measured for each sample, 

namely bulk density (BD), tapped density (TD), and angle of repose (AR). 

Bulk Density: Bulk density was determined according to the standard gravimetric method and calculated as 
 

𝐵𝐷 =
𝑊

𝑉
 

 

Where: BD = bulk density (kg/m3); W = sample weight (kg); V = uncompacted sample volume (m³)  

Tapped Density: Tapped density was determined after repeated mechanical tapping until a constant volume was 

obtained and calculated as 

𝑇𝐷 =
𝑊

𝑉𝑡
 

 

Where: TD = tapped density (kg/m3); W = sample weight (kg); Vt = tapped volume (m³)  

Angle of Repose: The angle of repose was determined using the fixed funnel method and calculated as 
 

𝐴𝑅 = tan−1 (
𝐻

𝑅
) 

 

Where: AR = angle of repose (°), H = height of the conical pile (cm), R = radius of the pile (cm) 

 

2.2.3. Data Preparation and Quality Assessment: The experimental dataset comprised 410 individual 

measurements obtained from 41 rice husk adulteration levels, with ten replicate measurements at each level. The data 

were initially examined for completeness, data-entry errors, missing values, duplicate records, and potentially 

implausible measurements. 

For each adulteration level, the mean and standard deviation of bulk density, tapped density, and angle of repose 

were calculated from the ten replicate measurements. The mean values were subsequently used as analytical 

observations in PCA and regression analysis. Thus, the multivariate and calibration analyses were conducted using 

41 observations corresponding to the 41 experimentally defined adulteration levels. 

We calculated descriptive statistics, including the mean, standard deviation, minimum, and maximum, for each 

physical variable. The variability among replicate measurements was retained and presented descriptively to 

demonstrate the repeatability of the physical measurements at each adulteration level. 

2.2.4. Principal Component Analysis: Principal component analysis was performed using the mean bulk 

density, tapped density, and angle of repose values obtained for each of the 41 adulteration levels. Before PCA, 

we evaluated the correlation matrix using the Kaiser–Meyer–Olkin measure of sampling adequacy, Bartlett's test 

of sphericity, individual measures of sampling adequacy, and variable communalities. Because the three physical 

variables were measured in different units and on different scales, we standardized them to z-scores before 
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component extraction. We initially considered components with eigenvalues greater than 1.0 for retention. We also 

considered the proportion of variance explained, the scree plot, component loadings, and the interpretability of the 

extracted components when determining how many components to retain. The physical variables were standardized 

using: 
 

𝑍𝑖 =
𝑋𝑖 − 𝑋̄𝑖

𝑆𝐷𝑖

 

 

Where: 𝑍𝑖= standardized value, 𝑋𝑖= observed value, 𝑋̄𝑖= variable mean, 𝑆𝐷𝑖= standard deviation  

2.2.5. Development of the Rice Bran Physical Adulteration Index (RBPAI): The Rice Bran Physical Adulteration 

Index (RBPAI) was constructed from the first principal component (PC1) using the component score coefficients 

generated by PCA. The standardized RBPAI was calculated as: 
 

𝑅𝐵𝑃𝐴𝐼 = 𝑎1𝑍𝐵𝐷 + 𝑎2𝑍𝑇𝐷 + 𝑎3𝑍𝐴𝑅 
 

Where: 𝑎1, 𝑎2, 𝑎3are the component score coefficients obtained from PCA. 

For practical application, the standardized equation was transformed into an operational equation based on the 

original physical measurements: 
 

𝑅𝐵𝑃𝐴𝐼 = 𝑏0 + 𝑏1𝐵𝐷 + 𝑏2𝑇𝐷 + 𝑏3𝐴𝑅 
 

Where: 𝑏0= intercept; 𝑏1, 𝑏2, 𝑏3= regression coefficients derived from the standardized PCA equation.  

2.2.6. Development of the Regression Model: A simple linear regression model was developed to establish the 

quantitative relationship between the Rice Bran Physical Adulteration Index (RBPAI) and the known rice husk 

adulteration levels. The general regression model as below: 
 

𝑌 = 𝛽0 + 𝛽1(𝑅𝐵𝑃𝐴𝐼) 
 

Where: Y = predicted rice husk adulteration (%); 𝛽0= intercept; 𝛽1= regression coefficient 

2.2.7. Assessment of Regression Assumptions and Calibration Performance: The statistical adequacy of the 

linear calibration model was evaluated by examining the assumptions underlying simple linear regression. The 

relationship between RBPAI and the known rice husk adulteration level was examined for linearity. Diagnostic 

procedures evaluated model residuals for normality, homoscedasticity, and extreme or influential observations. 

The F-test assessed the overall significance of the calibration model, while the coefficient of determination and 

adjusted coefficient of determination described the proportion of variation in rice husk adulteration explained by 

RBPAI. The standard error of the estimate described the dispersion of observed adulteration levels around the fitted 

regression line. 

Calibration errors were summarized using mean absolute error, root mean square error, and mean prediction bias. 

These statistics were calculated by comparing the fitted adulteration values with the known adulteration levels used 

to construct the model. Therefore, MAE, RMSE, and prediction bias were interpreted as measures of apparent 

calibration performance rather than independent validation performance. 

 

2.3. Phase II. Field Application of the Developed Rice Bran Physical Adulteration Index (RBPAI) 

2.3.1. Collection of Commercial Rice Bran Samples: Commercial rice bran samples were collected from rice 

mills (n=8) , rice bran traders (n=8), feed mills (n=7), and livestock farmers (n=8) located in South Sulawesi Province, 

Indonesia. Bulk density (BD), tapped density (TD) and angle of repose (AR) were measured using the same 

procedures described in Section 2.2.2. 

2.3.2. Calculation of the Rice Bran Physical Adulteration Index (RBPAI): The developed operational RBPAI 

equation obtained in Phase I was applied to each commercial rice bran sample: 
 

𝑅𝐵𝑃𝐴𝐼 = 𝑏0 + 𝑏1(𝐵𝐷) + 𝑏2(𝑇𝐷) + 𝑏3(𝐴𝑅) 
 

2.3.3. Prediction of Rice Husk Adulteration: Rice husk adulteration was estimated using the developed 

regression model: 
 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑎𝑑𝑢𝑙𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝛽0 + 𝛽1(𝑅𝐵𝑃𝐴𝐼) 
 

Because rice husk adulteration cannot be negative, negative predictions were replaced by zero: 

https://doi.org/10.47278/journal.abr/202.087
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𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑎𝑑𝑢𝑙𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 0, if 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 < 0 

2.3.4. Evaluation of Practical Applicability: Predicted rice husk adulteration levels were summarized using 

descriptive statistics, including the mean, standard deviation, minimum, and maximum values. The practical 

applicability of the developed RBPAI was evaluated by comparing the predicted adulterat ion levels among 

stakeholder groups within the poultry feed supply chain. The field application aimed to demonstrate the RBPAI's 

potential as a rapid screening tool for identifying commercial rice bran samples with varying levels of suspected 

rice husk adulteration. 

 

2.4. Statistical Analysis 

The 10 replicate measurements at each rice husk adulteration level were summarized as mean ± standard 

deviation (SD). Mean bulk density (BD), tapped density (TD), and angle of repose (AR) values for the 41 adulteration 

levels served as the observations for correlation analysis, principal component analysis (PCA), and linear regression 

(n = 41). Pearson correlation analysis examined relationships among BD, TD, AR, and the known rice husk 

adulteration level. PCA was performed on standardized mean BD, TD, and AR values. The dataset's suitability for 

PCA was assessed using the Kaiser–Meyer–Olkin measure, Bartlett’s test of sphericity, individual measures of 

sampling adequacy, and communalities. 

Principal components were retained based on their eigenvalues, explained variance, and factor loadings and used 

to construct the Rice Bran Physical Adulteration Index (RBPAI). Simple linear regression was then used to model 

the relationship between RBPAI and the known rice husk adulteration level. Model adequacy was assessed through 

residual diagnostics for linearity, normality, homoscedasticity, and potentially influential observations. Calibration 

performance was summarized using the coefficient of determination (R²), adjusted R², F-statistic, standard error of 

the estimate, mean absolute error, root mean square error, and mean prediction bias. 

For commercial samples, RBPAI scores and estimated rice husk adulteration levels were calculated using the 

equations developed in Phase I and summarized descriptively. These estimates characterized variation among samples 

and stakeholder groups but were not considered independently validated measurements of actual rice husk content. 

Statistical analyses were performed using IBM SPSS Statistics version 24 (IBM Corp., Armonk, NY, USA). 

RBPAI scores and adulteration estimates for commercial samples were calculated using Microsoft Excel 365 

(Microsoft Corporation, Redmond, WA, USA). Statistical significance was set at P<0.05. 

 

3. RESULTS 
3.1. Physical Characteristics of Experimentally Adulterated Rice Bran 

A total of 410 physical measurements were obtained across 41 experimentally defined rice husk adulteration 

levels ranging from 0 to 100% at 2.5% intervals, with ten replicate measurements at each level. The physical 

characteristics evaluated were bulk density (BD), tapped density (TD), and angle of repose (AR). Across the 

experimental gradient, mean BD increased from 299.20 kg/m³ in unadulterated rice bran to 405.00 kg/m³ at 100% 

rice husk, an absolute increase of 105.80 kg/m³ (35.36%). Mean TD similarly increased from 372.74 to 493.42 

kg/m³, an increase of 120.68 kg/m³ (32.38%). In contrast, mean AR declined from 40.56° to 22.71°, a reduction 

of 17.85° (44.01%). At the midpoint of the experimental gradient (50% rice husk), the mean BD, TD, and AR 

values were 356.20 kg/m³, 428.32 kg/m³, and 33.69°, respectively. Although minor fluctuations occurred at 

several intermediate levels, the three variables showed clear directional responses to increasing rice husk 

proportion (Fig. 1). 

The increase in BD and TD indicates that incorporating rice husk altered the packing and compaction 

characteristics of the mixtures. Under the experimental conditions, the mixtures occupied a smaller bulk volume per 

unit mass and consolidated more after tapping. The progressive reduction in AR was consistent with lower resistance 

to particle movement and improved apparent flowability. Nevertheless, AR should be interpreted as an indicator of 

flow behavior rather than a complete measure of flowability, which may also be influenced by particle size, shape, 

surface characteristics, and moisture content. 

Variation among replicate measurements was relatively limited at most adulteration levels, as indicated by the 

generally small standard deviations. The absence of a marked increase in variability across the adulteration gradient 

suggests that the measurement procedures produced reasonably consistent results throughout the tested range. Visual 

inspection of the response patterns also showed gradual rather than abrupt changes in BD, TD, and AR as rice husk 

proportion increased. 

 

3.2. Development of the Rice Bran Physical Adulteration Index 

The three physical variables showed very strong intercorrelations. Bulk density (BD) and tapped density (TD) 

were positively correlated (r = 0.989), whereas both were negatively correlated with angle of repose (AR), with 
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coefficients of −0.970 and −0.971, respectively (Table 1). Thus, the absolute correlation coefficients among the three 

variables ranged from 0.970 to 0.989. The Kaiser–Meyer–Olkin measure of sampling adequacy was 0.723, and 

Bartlett’s test of sphericity was statistically significant (χ² = 256.996; P<0.001). The individual measures of sampling 

adequacy ranged from 0.715 to 0.910, while the communalities ranged from 0.976 to 0.989. Collectively, these results 

indicated that the three physical variables shared substantial common variance and were suitable for integration using 

principal component analysis. 

 

 

Fig. 1: Values (mean ± SD) of 
bulk density (BD), tapped 
density (TD), and angle of 

repose (AR) of experimentally 
prepared rice bran samples 
with increasing rice husk 
adulteration (0–100%; 2.5% 

increments; n = 10 per 
adulteration level). 

 

Principal component extraction produced one 

component with an eigenvalue greater than 1.0 (Table 

2). The first principal component had an eigenvalue 

of 2.953 and explained 98.433% of the total variance. 

In contrast, the second and third components 

explained only 1.170% and 0.397% of the variance, 

respectively. The dominance of the first component 

indicated that a single underlying dimension could 

represent nearly all common variation among BD, 

TD, and AR. Therefore, we retained the first principal 

component and designated it as the Rice Bran 

Physical Adulteration Index. 

All three variables had high absolute loadings on 

the retained component. Bulk density and tapped 

density had positive loadings of 0.994 and 0.994, 

respectively, whereas angle of repose had a negative 

loading of −0.988 (Table 2). This loading pattern 

indicated that higher RBPAI values were associated 

with higher BD and TD values and lower AR values, 

consistent with the physical response patterns observed 

across the experimentally defined rice husk adulteration levels in Fig. 1. Based on the component score coefficients 

obtained from PCA, the standardized RBPAI was calculated as follows: 
 

𝑅𝐵𝑃𝐴𝐼 = 0.337(𝑍𝐵𝐷) + 0.337(𝑍𝑇𝐷) − 0.335(𝑍𝐴𝑅) 
 

The resulting score integrated the three correlated physical characteristics into a single quantitative index. The 

RBPAI scores were subsequently used as the predictor variable in the calibration model developed to estimate the 

proportion of rice husk in the experimentally prepared rice bran mixtures. 

Table 1: Principal component extraction results and variable loadings 

used for constructing the Rice Bran Physical Adulteration Index (RBPAI) 

Parameters Mean BD Mean TD Mean AR 

Correlation with Mean BD 1.000 0.989 -0.970 
Correlation with Mean TD 0.989 1.000 -0.971 

Correlation with Mean AR -0.970 -0.971 1.000 
MSA 0.727 0.715 0.910 
Communality 0.988 0.989 0.976 

 
Table 2: Principal component extraction and loading matrix used for 
construction of the Rice Bran Physical Adulteration Index (RBPAI) 

Statistic Component 1 

Eigenvalue 2.953 

Variance explained (%) 98.433 
Cumulative variance (%) 98.433 
Component loadings Loading 

Mean_BD 0.994 
Mean_TD 0.994 
Mean_AR -0.988 

Component Score Coefficeint 

BD 0.337 
TD 0.337 

AR 0.335 
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3.3. Calibration of RBPAI for Predicting Rice Husk Adulteration 

After developing the RBPAI, the next stage was to calibrate the index to the known husk mixing rate using 

experimental reference samples. This calibration aims to establish a quantitative relationship between the RBPAI 

value and the proportion of husks in bran, so that each index value can be translated into an estimate of the husk 

adulteration percentage. 

The calibration curve shows a very strong linear relationship between the RBPAI value and the husk mixing rate 

in the reference sample (Fig. 2). The relationship is expressed by the regression equation: 
 

𝑌̂ = 50.000 + 29.453(𝑅𝐵𝑃𝐴𝐼) 
 

The coefficient of determination (R²) is 0.969, which indicates that 96.9% variation in the rate of chaff mixing 

can be explained by the RBPAI value (Table 3). The regression model also showed very high significance (F = 

1231.250; P<0.001), indicating that the relationship between RBPAI and husk mixing rates is very strong and 

consistent across the adulteration ranges used in this study. 

 

Model performance shows that the calibration 

curve is highly accurate. The Standard Error of the 

Estimate (SEE) value of 5.314, the Mean Absolute 

Error (MAE) of 4.259, and the Root Mean Square Error 

(RMSE) of 5.183 indicate that the prediction error is 

relatively small compared to the overall adulteration 

range of 0–100% (Table 3). In addition, the 

standardized residual values were in the range of 

−1.996 to 1.881, which indicates the absence of 

extreme residuals and indicates that the model provides 

a good match to the reference data across the range of 

husk mixing levels. 

The RBPAI calibration model obtained was then 

applied to commercial bran samples to evaluate its 

application as a rapid screening method under field 

conditions. 

 

3.4. Application of the RBPAI to Commercial Rice 

Bran Samples 

3.4.1. Physical Characteristics 

The physical characteristics of commercial bran 

collected from various actors in the feed supply chain 

show considerable variation in the three parameters 

observed (Fig. 3). The values of bulk density (BD), 

tapped density (TD), and angle of repose (AR) 

showed different distributions between samples, both 

within and between stakeholder groups. These 

variations reflect the heterogeneity of the physical 

properties of bran in circulation in the market and 

indicate that the physical qualities of commercial bran 

are not uniform. 

 Although the three parameters overlap across stakeholder groups, the observed variation provides a wide enough 

range of physical characteristics to evaluate the application of the Rice Bran Physical Adulteration Index (RBPAI) 

under field conditions. This diversity reflects the real state of the rice bran supply chain and underpins the assessment 

of RBPAI's ability to integrate multiple physical characteristics into a single composite indicator. 
 

3.4.2. RBPAI Estimation: Based on the observed physical characteristics, we calculated the RBPAI value for each 

commercial bran sample using the equation developed in Phase I. The distribution of RBPAI values showed 

significant variation between samples and between stakeholder groups in the feed supply chain (Fig. 4). Although 

there is still overlap in index values between the groups, the RBPAI is able to integrate information from bulk density 

(BD), tapped density (TD), and angle of repose (AR) into a single quantitative measure that describes changes in the 

physical characteristics of bran as a whole. 

 
 
Fig. 2: Calibration curve describing the relationship between the Rice 
Bran Physical Adulteration Index (RBPAI) and experimentally known rice 

husk adulteration levels. 
 
Table 3: Summary statistics of the linear calibration model relating the 

Rice Bran Physical Adulteration Index (RBPAI) to experimentally known 
rice husk adulteration levels 

Parameters Value 

Intercept 50.000 
Slope 29.453 

R² 0.969 
Adjusted R² 0.969 
F 1231.250 

p-value <0.001 
Standard error of estimate 5.314 
MAE calibration 4.259 
RMSE calibration 5.183 

Raw predicted range −6.090 to 110.663% 
Standardized residual range -1.996 to 1.881 

 

 

https://doi.org/10.47278/journal.abr/202.087


 Research Article                                            Agrobiological Records 

   ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online) 

 Open Access Journal 

 

 
Citation: Syamsu, J.A., Rusyidi, A.M., Purwanti, S., Yamin, A.A., & Amal, I. (2026). Development and field application of physical 

adulteration index for detecting rice husk adulteration in rice bran used as a feed ingredient. Agrobiological Records, 26, 115-

127. https://doi.org/10.47278/journal.abr/202.087   

 122 

 

Fig. 3: Distribution of bulk 
density (BD), tapped density 
(TD), and angle of repose 

(AR) of commercial rice 
bran samples collected from 
different stakeholders in the 

poultry feed supply chain. 
Boxplots represent the 
median and interquartile 

range, while individual points 
indicate individual 
commercial samples 

  

 

Fig. 4: Distribution of Rice 
Bran Physical Adulteration 
Index (RBPAI) values 

calculated for commercial 
rice bran samples collected 
from different stakeholders 

in the poultry feed supply 
chain. Boxplots represent 
the median and interquartile 

range, while individual points 
indicate individual 
commercial samples. 

 
The RBPAI value does not directly indicate the proportion of husks in the bran, but represents the degree of 

change in physical characteristics produced by combining the three measurement parameters. Therefore, to 

interpret the index values in practice, they must be converted using the calibration model developed in Phase I. 

This approach allows RBPAI values obtained from commercial samples to be translated into quantitative estimates 

of the husk mixing rate, so the index can serve as the basis for estimating the level of adulteration under field 

conditions. 

 
3.4.3. Predicted Rice Husk Adulteration: RBPAI values from commercial bran samples were then converted into 

estimated husk mixing rates using a calibration model developed in Phase I. Predictive results showed significant 

variation in husk adulteration rates in bran from different actors and locations in the feed supply chain (Fig. 5). 
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Overall, samples from traders show higher husk 

adulteration, especially in Takalar Regency (70.26%) 

and Sidrap (64.51%). In the rice mill group, the highest 

prediction was obtained in samples from Pinrang 

Regency (60.44%), while several other districts 

showed much lower values, including Bulukumba 

Regency, which was predicted not to experience 

adulteration. In contrast, samples from the feed mills 

generally showed relatively low levels of adulteration, 

with the highest value of 22.97% in one company, 

while most other companies were below 20%. At the 

farmer level, the prediction results show a more 

heterogeneous pattern, with relatively high values in 

Gowa and Enrekang but very low values in several 

other locations. 

The application of RBPAI to commercial bran 

samples shows that the developed model is able to 

detect variations in the physical characteristics of 

bran, and provide a quantitative estimate of the husk 

mixing rate under field conditions. Variations in 

predictive results across the supply chain show that 

the physical quality of commercial bran is 

heterogeneous and indicate that RBPAI can serve as a 

rapid screening tool to support quality control and 

early identification of suspected husk adulteration in 

bran circulating in the market. 

 

4. DISCUSSION 
This study demonstrates that simple physical 

measurements can be integrated into a practical 

framework for screening rice husk adulteration in rice 

bran. Earlier studies have documented changes in 

nutrient composition and individual physical properties 

after adding rice husk or other fibrous materials 

(Rusyidi et al., 2023; Maesaroh et al., 2023; Alfaresi et 

al., 2023; Rosani et al., 2024a). Ridla et al. (2022) similarly showed that incorporating ground corn cob altered rice 

bran's physical characteristics. Building on this evidence, the present study combined bulk density (BD), tapped 

density (TD), and angle of repose (AR) into the Rice Bran Physical Adulteration Index (RBPAI). The index was 

calibrated using mixtures with known rice husk proportions and subsequently applied to commercial samples 

collected across the feed supply chain. RBPAI therefore translates several low-cost physical measurements into a 

single screening score. For commercial samples, however, the estimates indicate physical similarity to the 

experimental mixtures rather than confirmed rice husk content. 

The approach used in this study rests on the premise that the incorporation of rice husk alters how the material 

occupies space, responds to compaction, and flows. Bulk density reflects the mass accommodated within a given bulk 

volume, while tapped density describes particle rearrangement and consolidation after tapping. Angle of repose 

reflects resistance to particle movement and pile formation. These measurements capture related yet distinct aspects 

of granular behavior and can be influenced by particle size, shape, surface texture, moisture, composition, and packing 

arrangement (Syamsu et al., 2015; Pekel, 2020; Pekel et al., 2022). Studies of feed ingredients have also shown that 

density and angle of repose do not always respond in parallel, because flowability emerges from several interacting 

particle properties rather than from density alone (Pekel, 2020). The coordinated responses observed in the present 

study therefore describe a systematic shift in the physical behavior of the rice bran–rice husk mixtures. 

The direction of the density response deserves particular attention. In the present experiment, BD and TD 

increased as the proportion of rice husk increased, whereas previous studies have reported different patterns or 

sensitivities for bulk and compacted density. Maesaroh et al. (2023) observed lower density values following rice 

husk addition, while Alfaresi et al. (2023) found that compact bulk density detected differences at a lower husk 

inclusion level than bulk density. Rosani et al. (2024a) also showed that the physical characteristics of rice bran–rice 

husk mixtures varied with particle fraction and mixture composition. Differences among studies may arise from the 

 
 

Fig. 5: Predicted rice husk adulteration levels in commercial rice bran 

samples collected from different stakeholders in the poultry feed supply 
chain. Points represent the mean predicted adulteration level for each 
sampling location, and horizontal error bars indicate the standard 

deviation. 
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origin of the rice bran, degree of husk grinding, particle-size distribution, moisture content, filling procedure, and the 

method used to compact the sample. These contrasting responses reinforce the need to standardize preparation and 

measurement procedures when transferring a density-based index between laboratories or feed-supply systems. 

Principal Component Analysis provided a suitable way to combine the three strongly correlated physical 

variables into a single composite measure. When variables describe related features of the same material, analyzing 

them separately can disproportionately weight information they share. PCA addresses this overlap by identifying the 

dominant pattern of covariation and expressing it through a smaller number of components (Jolliffe & Cadima, 2016; 

Cozzolino et al., 2019; Saccenti, 2024; Bian et al., 2025). In the present study, the first component accounted for 

98.433% of the total variance, indicating that BD, TD, and AR were largely governed by a common underlying 

physical gradient. Using this component as the RBPAI retained the main pattern associated with increasing rice husk 

proportion while avoiding repeated interpretation of highly correlated measurements. It also provided a more practical 

basis for calibration, since the three measurements could be expressed as a single score before being related to the 

known adulteration levels. 

Calibration gave the RBPAI a quantitative interpretation by relating the composite score to the known rice husk 

proportion in the reference mixtures. The strong linear relationship, reflected by an R2 of 0.969, indicates that the 

physical gradient captured by RBPAI closely followed the experimental adulteration gradient. The relatively low 

MAE and RMSE show that the fitted values remained close to the known proportions used to construct the model. 

These statistics nevertheless represent apparent calibration performance because the same 41 adulteration levels were 

used for model fitting and error estimation. Reliable assessment of model transferability requires samples that are 

independent of the calibration data and that preserve the relevant structure and sources of variation in the target 

population (Westad & Marini, 2015; Lopez et al., 2023). The estimates below 0% and above 100% at the extremes 

arise from the unbounded nature of linear regression. Restricting operational estimates to the physically meaningful 

range is reasonable, although predictions near either boundary should be treated cautiously. 

Application of RBPAI to commercial rice bran revealed considerable variation among stakeholder groups and 

sampling locations. Traders and several rice mills tended to produce higher RBPAI-derived estimates than feed 

mills, while samples obtained from farmers covered a wider range. Comparable heterogeneity has been reported 

in commercial rice bran from other regions of Indonesia. Bulk and tapped densities, crude protein, and crude fiber 

varied among rice mills in South Sulawesi and West Java, even when samples were grouped within the same 

district (Ridla et al., 2023a; Ridla et al., 2023b). Ridla et al. (2023a) also found strong relationships between density 

measurements and crude protein and fiber contents, indicating that variation in physical quality may reflect broader 

compositional differences. Market and rice-mill samples from Central Lampung likewise differed in organoleptic 

quality, husk content, and bulk density (Nugroho et al., 2022). The patterns observed in the present study may 

therefore reflect variation already present at the point of milling, followed by further changes during trading, 

storage, blending, and handling. They should not be interpreted as evidence that adulteration occurred at a 

particular stage of the supply chain. 

The heterogeneity of commercial samples also highlights the distinction between controlled calibration and field 

application. The reference mixtures were prepared from defined materials under standardized procedures, whereas 

commercial rice bran may vary in rice variety, milling configuration, degree of polishing, particle-size distribution, 

moisture, storage history, and handling. Variety and milling intensity influence the composition of the resulting bran 

fraction (Kalpanadevi et al., 2018), while storage may alter moisture and physical characteristics depending on 

duration and packaging. Marbun et al. (2018) recorded an increase in moisture during four weeks of storage without 

a significant change in bulk or compact density, whereas Ridla et al. (2023a) found that longer storage and packaging 

conditions affected BD, TD, specific gravity, and insect infestation. These differing findings show that field variation 

cannot be attributed to a single factor. The present application demonstrates the feasibility of calculating RBPAI for 

diverse commercial samples, but it does not establish that the index is insensitive to those sources of variation. 

The framework may be adapted to other feed ingredients when adding a foreign material produces reproducible 

changes in measurable physical properties. Ridla et al. (2022), for example, showed that ground corn cob altered the 

density and related physical characteristics of rice bran. Studies across broader groups of feed ingredients also confirm 

that flow behavior depends on the interaction of particle structure, composition, density, and compressibility (Pekel, 

2020; Pekel et al., 2022). An index developed for one adulterant cannot be transferred directly to another, because 

the loading pattern, calibration equation, sensitivity, and useful decision range are material-specific. Adaptation 

would require new reference mixtures and evaluation of the physical variables that respond most consistently to the 

adulterant concerned. 

Several limitations should guide the interpretation of the findings. The model was calibrated using 

experimentally prepared mixtures, while the actual rice husk content of the commercial samples was not 

determined independently. The field estimates should therefore be treated as model-based indications rather than 

absolute measurements of adulteration. Further validation should include commercial samples with known or 
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independently quantified rice husk contents and should represent variation in rice variety, milling system, moisture, 

storage, particle size, and operator. Complementary methods could provide reference measurements for this 

purpose. Near-infrared spectroscopy has been used to estimate the nutritional composition of commercial rice bran 

and to develop calibration models for adulteration assessment (Wulandari et al., 2022; Damela et al., 2024). 

Ultrasonic parameters have also been related to rice husk-associated lignin and crude fiber contents (Bhagaspati et 

al., 2021; Rosani et al., 2024b), while microscopy, color analysis, and image-based classification offer further 

options for confirming the presence of husk particles (Anitha et al., 2022; Albarki et al., 2023; Hernaman et al., 

2024). These methods may strengthen external validation, although their additional analytical requirements should 

be balanced against the intended simplicity of RBPAI. 

 

5. CONCLUSION 

The physical changes associated with increasing rice husk proportion could be represented through a single 

composite index derived from bulk density, tapped density, and angle of repose. The first principal component 

explained 98.433% of the variation among these parameters and was subsequently formulated as the Rice Bran 

Physical Adulteration Index (RBPAI). Calibration against experimentally prepared mixtures showed a strong linear 

relationship between RBPAI and rice husk proportion, with an (R2) of 0.969 and relatively low apparent calibration 

errors. 

Application of the index to commercial rice bran revealed considerable variation in physical quality among 

samples collected from rice mills, traders, feed mills, and farmers. These estimates indicate RBPAI's potential as a 

rapid, affordable screening method for identifying samples whose physical characteristics resemble rice bran 

containing added rice husk. Because the actual rice husk content of the commercial samples was not independently 

determined, interpret the resulting estimates as preliminary indications rather than definitive measurements of 

adulteration. Further validation using commercial samples with known rice husk contents is needed before adopting 

the index for routine quality-control decisions. 
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