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Abstract 

 

Rice (Oryza sativa L.) is a staple food for more than half of the global population and is available in various types, 

including white, red, black, brown, and basmati rice. Authentication of rice varieties and cultivation systems is 

increasingly important for ensuring food quality and preventing fraud. This study aimed to characterize the stable 

isotope composition of different rice types and to evaluate isotopic differences between organic and conventional 

cultivation systems using Elemental Analyzer–Isotope Ratio Mass Spectrometry (EA–IRMS). Carbon (δ¹³C) and 

nitrogen (δ¹⁵N) isotope ratios were measured in seven rice samples. The results showed that δ¹³C values ranged 

from −30.33‰ to −28.06‰, confirming that all samples belong to the C₃ photosynthetic group, while δ¹⁵N values 

ranged from 4.29‰ to 6.05‰, reflecting variability in nitrogen sources and soil processes. Each rice type 

exhibited a distinct isotopic profile, indicating the potential of isotope ratios as fingerprints for varietal 

differentiation. However, isotopic differences between organic and conventional samples were not consistently 

distinguishable due to overlapping values. These findings suggest that stable isotope analysis has potential as a 

tool for rice authentication in the Indonesian market. Nevertheless, the limited sample size in this study indicates 

that the results should be considered preliminary, and further validation using larger datasets and multivariate 

statistical approaches is required to improve classification accuracy. 
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INTRODUCTION 

Rice (Oryza sativa L.) serves as the 

primary food source for more than half of the 

world’s population, with the majority of 

consumption concentrated in Asia (Bandumula, 

2018). In Indonesia, white rice remains the most 

widely consumed type; however, colored and 

specialty varieties such as red rice, brown rice, 

and black rice are also present in the domestic 

market (Mogoginta et al., 2024). Each type 

exhibits distinctive nutritional and sensory 

attributes (Malabadi et al., 2022). For example, 

black rice contains high levels of anthocyanins, 

pigments that impart a dark hue and possess 

antioxidant properties, whereas red rice 

contains lower levels of these compounds 

(Chen et al., 2022), while brown rice differs 

from white rice mainly by the retention of its 

bran layer, which is associated with lower 

eating quality but improved health benefits 

(Huang et al., 2021). 

From a chemical perspective, isotopes 

provide another dimension for studying 

agricultural products. The term originates from 

the Greek isos (equal), referring to atoms of the 

same element that share identical atomic 

numbers but differ in mass due to variations in 

neutron count. Isotopes may exist in stable or 

radioactive forms. Stable isotopes do not emit 

radiation, while radioactive isotopes undergo 

decay accompanied by energy release. Carbon, 

for instance, has both stable isotopes (C-12 and 

C-13) and a radioactive form (C-14) (Georgiou 

& Danezis, 2015). The use of isotope ratios as 

analytical markers has gained increasing 

attention because isotopic composition is often 

species-specific and can be influenced by 

environmental and geographical factors (Gori et 

al., 2025). Such analyses have been applied in 

food authentication and origin tracing (Kim et 

al., 2013). Nevertheless, limited research has 

addressed isotopic variation across different 

rice varieties.  

Isotope Ratio Mass Spectrometry 

(IRMS) is a key analytical technique for 

determining stable isotope ratios in biological 

and agricultural materials (Chen & Bontempo, 

2025). The instrument measures the relative 

abundance of isotopes such as ¹³C/¹²C and 

¹⁵N/¹⁴N by ionizing gaseous samples and 

separating ions according to their mass-to-

charge ratios in a magnetic field (Lancaster et 

al., 2025). Stable carbon isotope ratio mass 

spectrometry (IRMS) is an advanced analytical 

technique capable of providing insights into the 

chemical composition, biological origin, and 

geographical provenance of materials (Birch et 

al., 2021). This approach provides precise 

isotopic fingerprints that can reveal differences 

related to plant metabolism, cultivation 

conditions, or geographical origin (Chen & 

Bontempo, 2025) 

Previous studies have demonstrated the 

application of isotope ratio mass spectrometry 

(IRMS) in determining the geographical origin 

and authenticity of various agricultural 

commodities. However, limited studies have 

systematically evaluated isotopic variation 

across multiple rice varieties and cultivation 

systems, particularly in the Indonesian market 

context. Therefore, this study aims to 

characterize the stable isotope composition of 

different rice types and to explore their potential 

for distinguishing cultivation systems. This 

study represents one of the few investigations of 

stable isotope variation across multiple rice 

varieties in the Indonesian market. 
 

METHODS 

Materials and Equipment 

An Elemental Analyzer (EA) coupled 

with an Isotope Ratio Mass Spectrometer 

(IRMS) was used for isotopic analysis. 

Additional tools included a micro analytical 

balance, tinfoil cups, and standard laboratory 

equipment. Seven rice samples representing 

five varieties (white, red, black, brown, and 

basmati) were analyzed. Organic and 

conventional samples were identified based on 

commercial labeling. 

 

Sample Preparation 

Rice grains were ground using a chopper 

until a fine powder (minimum 100 mesh) was 

obtained. Approximately 300 µg of each 

powdered sample was weighed into a tinfoil cup 

using a micro analytical balance. Each sample 

was analyzed in duplicate. A Certified 

Reference Material (CRM), Caffeine Sigma 

Aldrich, with a known isotopic ratio, was also 

weighed and analyzed under identical 

conditions. 

The tinfoil cups containing samples were 

tightly folded and loaded into the autosampler 
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of the EA–IRMS instrument. The EA was 

operated at a combustion temperature of 

1020°C and a column temperature of 70°C. The 

carrier and reference gases used were ultra-

high-purity helium, set at 100 mL/min for the 

carrier and 70 mL/min for the reference flow. 

 

Data Analysis 

Isotope ratios were expressed in per mil (‰) relative to international standards using Equation (1): 

 

(1)  

where 𝑅 represents the isotope ratio of the sample (either test or standard). 

One-way ANOVA was used to evaluate differences among samples. Due to limited sample size, 

further multivariate analysis was not performed but is recommended for future studies. A positive δ 

value (δ > 0) indicates that the sample is enriched in the heavier isotope compared to the standard, while 

a negative δ value (δ < 0) indicates depletion in the heavier isotope. 

 

RESULTS DAN DISCUSSION 

Variation of δ¹³C and δ¹⁵N among Rice 

Varieties 

In this study, seven rice samples 

representing five rice varieties were analyzed to 

determine their carbon (δ¹³C) and nitrogen 

(δ¹⁵N) isotope compositions. The isotopic 

differences among rice types are interpreted 

descriptively based on mean values and 

observed variation. The highest δ¹³C value was 

found in basmati rice (−28.06 ± 0.039‰), 

whereas the lowest was observed in black rice 

(−30.33 ± 0.007‰). For nitrogen isotopes, the 

highest δ¹⁵N value was observed in 

conventional white rice (6.05 ± 0.118‰), while 

the lowest occurred in organic red rice (4.29 ± 

0.042‰). 

The δ¹³C values obtained in this study 

ranged from −30.33‰ to −28.06‰ (Table 1), 

which fall within the typical isotopic range of 

C₃ plants. According to Kohn (2010), C₃ plants 

generally exhibit δ¹³C values between −20‰ 

and −37‰, reflecting the characteristic carbon 

isotope discrimination associated with the 

Calvin photosynthetic pathway. Therefore, the 

isotopic signatures observed in all rice samples 

confirm that the analyzed varieties follow the C₃ 

photosynthetic mechanism. 

Despite belonging to the same 

photosynthetic group, noticeable variation in 

δ¹³C values was observed among the rice 

samples, indicating differences in physiological 

responses and growth conditions. Specifically, 

basmati and red conventional rice exhibited 

relatively less negative δ¹³C values (−28.06‰ 

and −28.90‰, respectively), suggesting lower 

stomatal conductance and reduced Ci/Ca ratios, 

which are commonly associated with water-

limited conditions and higher water use 

efficiency. In contrast, black and brown rice 

showed more negative δ¹³C values (−30.33‰ 

and −30.23‰), indicating higher stomatal 

openness and growth under more favorable 

water availability. Organic rice samples (white 

and red organic) displayed slightly more 

negative δ¹³C values compared to their 

conventional counterparts, suggesting relatively 

higher stomatal conductance and potentially 

lower water use efficiency. 

Such variation can be attributed to 

differences in environmental and physiological 

factors, including water availability, stomatal 

conductance, light intensity, and nutrient status, 

which influence carbon isotope discrimination 

during photosynthesis (Rogers et al., 

2022;Eggels et al., 2021). In C₃ plants, these 

factors regulate the ratio of intercellular to 

atmospheric CO₂ concentration (Ci/Ca), which 

directly controls the degree of isotopic 

fractionation (Cernusak et al., 2013). Lower 

stomatal conductance under water-limited 

conditions reduces the Ci/Ca ratio and results in 

less negative δ¹³C values, whereas well-watered 

conditions generally lead to more negative δ¹³C 

values (Saurer et al., 2004). Accordingly, the 

carbon isotopic composition of plants reflects 

variation in transpiration efficiency among C₃ 

species (Richards, 2006). Consequently, even 

rice plants grown under different 

microenvironmental conditions or cultivation 

systems may exhibit distinct δ¹³C signatures. In 

addition to environmental controls, slight 

genetic differences among cultivars may also 

contribute to variability in physiological 
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responses, further influencing isotopic 

composition (Richards, 2006). This finding 

aligns with previous studies demonstrating that 

δ¹³C can serve as an integrative indicator of 

plant water-use efficiency and environmental 

adaptation (Xiao et al., 2026). 

In addition, δ¹⁵N values ranged from 

4.29‰ to 6.05‰ (Table 2), indicating 

variability in nitrogen sources and cycling 

processes among the rice samples. Nishida 

(2018) reported that δ¹⁵N values in organic rice 

typically range from 3.1 to 8‰, which is 

consistent with the results of this analysis. 

Notably, variation in δ¹⁵N values was also 

observed across the seven individual samples, 

suggesting that each sample reflects distinct 

nitrogen dynamics influenced by its specific 

growing conditions. Conventional rice samples 

generally exhibited slightly higher δ¹⁵N values 

compared to organic rice, which may indicate 

differences in nitrogen inputs and soil nitrogen 

transformations. However, the variation 

observed among individual samples suggests 

that this pattern is not uniform across all 

varieties. Some samples within the same 

cultivation category displayed overlapping δ¹⁵N 

values, highlighting the influence of site-

specific factors such as fertilizer type, 

application method, and microbial activity in 

the soil (Nishida, 2018). Interestingly, this 

finding contrasts with several previous studies 

reporting that organically grown rice often 

exhibits higher δ¹⁵N values due to the 

application of organic fertilizers. The 

discrepancy observed in this study may 

therefore be attributed to differences in local 

agricultural practices, mixed nitrogen sources, 

or environmental conditions affecting nitrogen 

cycling processes (Guo et al., 2024). Indeed, 

δ¹⁵N values are known to vary widely in both 

organic and conventional systems, making it 

difficult to rely on a single δ¹⁵N threshold as a 

definitive indicator of cultivation practice. 

Therefore, while δ¹⁵N provides valuable 

insights into nitrogen sources and 

biogeochemical cycling, its interpretation 

should be approached cautiously and ideally 

integrated with other indicators, such as δ¹³C, to 

improve the reliability of rice discrimination. 

Furthermore, the application of isotope 

ratio mass spectrometry (IRMS) has been 

increasingly recognized as a reliable tool for 

food authentication and traceability studies. 

Isotopic fractionation processes are strongly 

influenced by geo-climatic factors, 

environmental conditions, cultivation practices, 

and plant physiological responses. As reported 

by Wadood et al. (2024), isotopic fingerprints 

combined with multivariate statistical analysis 

provide a robust approach to differentiate rice 

based on cultivar type and geographical origin. 

Their study demonstrated that δ¹³C and δ¹⁵N 

signatures could effectively distinguish 

Pakistani basmati rice from non-basmati 

varieties, highlighting the potential of stable 

isotope analysis in verifying food authenticity.

 

Table 1. Measurement results of δ¹³C values in rice samples. 

Rice type 
White 

Organic 

Red 

Organic 

White 

Conventional 

Red 

Conventional 
Black Basmati Brown 

δ¹³C (‰, 

VPDB) 
−29.82 −29.90 −29.31 −28.85 −30.34 −28.02 −30.14 

  −29.79 −29.76 −29.36 −28.95 −30.32 −28.10 −30.32 

Unc. 0.011 0.068 0.027 0.047 0.007 0.039 0.089 

Mean −29.81 −29.83 −29.34 −28.90 −30.33 −28.06 −30.23 

 

Table 2. Measurement results of δ¹⁵N values in rice samples. 

Rice type 
White 

Organic 

Red 

Organic 

White 

Conventional 

Red 

Conventional 
Black Basmati Brown 

δ¹⁵N (‰, 

VPDB) 
5.65 4.25 5.94 6.08 5.57 5.52 4.14 

  5.68 4.34 6.17 5.95 5.44 5.44 4.58 

Unc. 0.027 0.042 0.118 0.066 0.069 0.038 0.215 
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Mean 5.67 4.29 6.05 6.02 5.5 5.48 4.36 

 

Reference Standard: Caffeine Sigma Aldrich (δ¹³C = −31.14 ± 0.15‰; δ¹⁵N = −2.94 ± 0.11‰) 

 

Measured values reflect the differences 

in chemical composition among rice samples. 

Basmati rice contains 2-acetyl-1-pyrroline, 

which is the source of its unique flavour and 

aroma (Kasote et al., 2021). Black rice and red 

rice contain anthosianin, a flavonoid-group 

compound that serves as antioxidant. The 

differences are black rice contains more 

anthosianin than red rice (Basith et al., 2023). 

Differences between chemical compounds 

could be one of the causes of the variations of 

isotopic values within each rice sample. 

Although the present study did not 

specifically investigate the effects of 

geographic and environmental factors on 

isotope ratios, previous studies have 

demonstrated that such factors can significantly 

influence isotopic signatures in plant materials. 

Variations in soil composition, climate 

conditions, altitude, and other environmental 

parameters have been reported to alter the 

distribution of stable isotopes, potentially 

affecting the interpretation of isotopic data 

(Rogers et al., 2022; Ren and Yu, 2011). Water 

availability affects carbon isotopic 

composition. Ratio of ambient intercellular 

humidities reflects changes in energy budget of 

leaves, which influence by stomata 

conductance. Plants growing under water-

stressed condition are expected to be enriched 

with ¹³C compared to plants growing under 

optimal water conditions (Wang et al., 2022). 

Stomata tend to open wider under optimal water 

conditions which increases the CO2 diffusion 

into the leaves. This condition increases 

discrimination of heavy isotopes and reduces 

the value of δ¹³C into more negative (Wang et 

al., 2022). Nitrogen isotopic composition is 

affected by the source of nitrogen itself, 

fertilization process and nitrogen cycle. 

Synthetic N fertilizers created by Haber-Bosch 

reaction tends to have δ¹⁵N value near zero due 

the nitrogen source for the reaction itself come 

from atmosphere. Natural fertilizers, like 

compost or organic waste shows higher δ¹⁵N 

value due isotope fractionation during the 

decomposition and mineralization processes. 

Microbial activities like nitrification, 

denitrification, amonification and amonia 

volatization increase nitrogen fractionation 

even more, making the δ¹⁵N value even higher 

(Robinson, 2001). 

Overall, the results of this study 

demonstrate that stable isotope fingerprints, 

particularly δ¹³C and δ¹⁵N, not only reflect plant 

physiological responses but also provide a 

powerful tool for rice characterization and 

authentication. While δ¹³C primarily captures 

variations related to photosynthetic processes 

and water-use efficiency, δ¹⁵N offers 

complementary insights into nitrogen sources 

and cultivation practices. Importantly, 

measurable differences observed among the 

seven rice samples indicate that each sample 

exhibits a distinct isotopic signature, even when 

some belong to the same variety group. This 

variation suggests that isotopic composition is 

influenced not only by genetic factors but also 

by environmental conditions and agricultural 

management practices specific to each sample. 

Therefore, the combined use of δ¹³C and δ¹⁵N, 

particularly when integrated with multivariate 

statistical analysis, enhances the robustness of 

isotopic fingerprinting in discriminating rice 

samples based on both varietal identity and 

production environment. 

 

Differentiation of Organic and Conventional 

Rice 

The differentiation between organic and 

conventional rice was further evaluated based 

on their δ¹³C and δ¹⁵N isotopic compositions. 

Differences in isotopic signatures are expected 

due to variations in cultivation practices, 

including water management, fertilizer 

application, and soil conditions (Yuan et al., 

2018). These factors influence plant 

physiological responses and nutrient dynamics, 

which are ultimately reflected in isotopic 

fractionation (Snyder et al., 2022). 

In terms of δ¹³C, organic rice samples 

generally exhibited slightly more negative 

values compared to conventional rice. This 

pattern suggests relatively higher stomatal 

conductance and differences in water-use 

efficiency, potentially influenced by soil 

fertility and management practices in organic 

systems (Saurer et al., 2004). However, the 

magnitude of these differences was relatively 

small, indicating that δ¹³C alone may not 
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provide a strong basis for distinguishing 

between cultivation systems. For δ¹⁵N, 

conventional rice samples tended to show 

slightly higher values compared to organic rice. 

This observation differs from several previous 

studies, which reported higher δ¹⁵N values in 

organically grown crops due to the application 

of organic fertilizers (Guo et al., 2024). The 

overlap in δ¹⁵N values observed in this study 

suggests that nitrogen isotope composition is 

strongly affected by site-specific factors, such 

as fertilizer type, application method, and soil 

microbial activity (Nishida, 2018). The 

combined interpretation of δ¹³C and δ¹⁵N 

provides a more comprehensive understanding 

of the differences between organic and 

conventional rice. While each isotope 

individually shows limited discriminatory 

power, their integration enhances the ability to 

detect subtle variations associated with 

agricultural practices. This combined approach 

improves the reliability of isotopic analysis for 

distinguishing cultivation systems. 

Overall, although isotopic differences 

between organic and conventional rice were 

observed, the presence of overlapping values 

indicates that stable isotopes alone may not 

always provide definitive discrimination. 

Therefore, the application of multivariate 

statistical analysis is recommended to improve 

classification accuracy. This approach allows 

for a more robust differentiation by integrating 

multiple isotopic and environmental variables. 

 

 

CONCLUSION 

This study demonstrated that stable 

isotope analysis using δ¹³C and δ¹⁵N provides 

valuable insights into the physiological 

responses and cultivation conditions of rice. 

The δ¹³C values (−30.33‰ to −28.06‰) 

confirmed that all rice samples belong to the C₃ 

photosynthetic group, while the observed 

variation among samples reflected differences 

in water availability, stomatal conductance, and 

environmental conditions during plant growth. 

In contrast, δ¹⁵N values (4.29‰ to 6.05‰) 

indicated variability in nitrogen sources and soil 

nitrogen cycling processes, highlighting the 

influence of agricultural practices and site-

specific factors.  

The results further showed that each of 

the seven rice samples exhibited a distinct 

isotopic signature, even among samples within 

the same variety group. Although organic rice 

tended to display slightly more negative δ¹³C 

values and conventional rice showed relatively 

higher δ¹⁵N values, overlapping isotopic ranges 

limited the ability to clearly distinguish 

cultivation systems based on single isotope 

parameters. These findings indicate that 

isotopic composition is governed by a complex 

interaction of genetic, environmental, and 

management factors. 

Overall, the combined use of δ¹³C and 

δ¹⁵N demonstrates potential for rice 

characterization and authentication. However, 

due to the limited sample size and the presence 

of overlapping isotopic values, the results 

should be interpreted as preliminary. Future 

studies incorporating larger sample sets and 

multivariate statistical analysis are necessary to 

enhance the robustness and reliability of 

isotopic fingerprinting for distinguishing rice 

varieties and cultivation systems. 
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