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	Comment
	Feedback

	1
	Direct determination of rice moisture content is required, or the limitation should be clearly acknowledged. The manuscript refers throughout to “different moisture levels,” but the rice samples are primarily categorized according to drying/steaming duration. XRF elemental/compound composition is subsequently used to infer variations in moisture. The authors should provide the actual moisture content (%) of each sample using an established reference method, such as oven-drying or a calibrated moisture analyzer.
	Thank you for this important comment. We agree that the distinction between the preparation of different moisture conditions and the direct quantitative determination of moisture content should be clarified.

In this study, different drying and steaming durations were deliberately employed as controlled conditioning procedures to induce different moisture states in the rice samples. Drying was used to progressively remove water from the rice matrix, whereas steaming was used to introduce and retain moisture within the rice matrix. Thus, varying the treatment duration provides a practical and controlled means of producing rice samples with different relative moisture conditions for comparative sensor evaluation. The purpose of these treatments was not to claim that treatment duration itself represents a quantitative moisture-content value, but rather to generate a series of samples with distinguishable moisture states under controlled experimental conditions.

The use of both drying and steaming was also intended to examine the sensor response under two opposite moisture-conditioning processes: moisture reduction through drying and moisture incorporation through steaming. Consequently, the resulting samples provide a broader range of physicochemical conditions than would be obtained from drying alone. The treatment duration was kept as the controlled preparation variable so that the optical response could be evaluated systematically across the resulting sample conditions.

XRF analysis was performed primarily to investigate the elemental characteristics of the treated rice samples, with particular attention to sulphur (S), phosphorus (P), and potassium (K). These elements were selected as compositional indicators to examine whether the different treatment conditions resulted in observable physicochemical differences in the rice samples. However, we acknowledge that XRF does not directly determine the absolute moisture content of rice. Therefore, the XRF results were used as supporting evidence of physicochemical differences among the treated rice samples and were not interpreted as direct quantitative measurements of moisture content.

We have revised the manuscript accordingly to avoid implying that the drying/steaming duration or XRF measurements constitute a direct determination of moisture content (%). The term “different moisture levels” has been clarified as different relative moisture conditions induced by controlled drying and steaming treatments.
We further acknowledge that the absence of an independent reference measurement of moisture content (%) is a limitation of the present study. Since the original rice samples are no longer available, direct retrospective determination of their moisture content is not possible. Future experiments will therefore include an established reference method, such as the oven-drying method or a calibrated moisture analyzer, to determine the absolute moisture content of each sample and establish a quantitative relationship between moisture content and the optical sensor response.
We believe that this clarification appropriately defines the scope of the present experimental methodology while maintaining the validity of the comparative investigation of the proposed optical sensing approach.

We have added new explanation (page 4, paragraph 2):

“It is important to clarify that the treatment duration was used as a controlled sample-conditioning parameter and was not considered a direct measure of moisture content. XRF characterization was subsequently conducted to examine the elemental composition of the treated samples, particularly sulphur (S), phosphorus (P), and potassium (K), as supporting indicators of physicochemical differences resulting from the different treatment conditions. The XRF results were used as supporting evidence of physicochemical differences among the treated rice samples and were not interpreted as direct quantitative measurements of moisture content. Therefore, the moisture conditions investigated in this work represent relative differences generated through controlled sample preparation rather than absolute moisture content expressed in percentage.”



	2
	The sensing principle should be explained more clearly. Although the system is described as an FBG-based sensor, most reported results concern transmitted optical power or power ratio at 1310 and 1550 nm rather than Bragg wavelength shift. The authors should clarify the specific function of the FBG in the proposed hybrid structure and explain the physical mechanism relating moisture variation, GO interaction and the measured optical-power change.
	Thank you for this valuable comment. We agree that the sensing principle and the specific role of the FBG in the proposed hybrid structure require further clarification. We have therefore revised the manuscript to explicitly distinguish the role of the FBG from the optical interrogation parameter used in this work.

This clarification has been incorporated into the revised manuscript in the section describing the sensing principle (page 3, paragraph 2 & 3):

“The proposed sensor employs a GO-functionalized fiber Bragg grating (FBG) as the optical sensing platform. In contrast to conventional FBG sensors that determine the measurand from a Bragg-wavelength shift, the present work adopts an intensity-based interrogation approach, in which the transmitted optical power at 1310 and 1550 nm is used as the sensing parameter. Similar intensity-modulation approaches have recently been demonstrated for GO-based optical-fiber moisture sensing, where water adsorption by GO modifies the optical attenuation through changes in the local optical environment and evanescent-field interaction (Liu et al. 2024). GO is particularly suitable as the moisture-sensitive layer because its oxygen-containing functional groups readily interact with water molecules. As moisture increases, water adsorption within the GO layer modifies its local physicochemical and optical properties, including the effective refractive environment surrounding the fiber optics. This variation changes the interaction between the guided optical field and the GO-coated region, resulting in a measurable change in transmitted optical power. Recent GO-functionalized fiber optics sensors have similarly demonstrated moisture detection through changes in transmission intensity or optical-field interaction (Mohan and Khijwania, 2024).

In the present hybrid structure, therefore, the GO coating acts as the moisture-responsive sensing layer, the FBG provides the defined and reproducible fiber sensing platform, and the transmitted optical power provides the interrogation signal.”


	3
	Sensor performance should be quantitatively evaluated. Important parameters such as sensitivity, linearity/R², repeatability, measurement uncertainty, standard deviation/error bars, response time and limit of detection are not sufficiently reported. At minimum, repeated measurements and statistical variation should be provided to demonstrate that the differences observed between rice samples are reproducible rather than experimental fluctuation.

2. Missing Error Bars (Reviewer 1, Comment 3): In your response letter, you stated that statistical variation was included where repeated measurements were available. However, Figures 6 through 15 do not contain any error bars. Please update your graphs to include error bars/standard deviations to demonstrate measurement repeatability, or clarify in the text why error bars cannot be plotted.
	Thank you for this valuable comment. In response, we have strengthened the quantitative evaluation of the sensor performance by incorporating error bars and linearity (R²) analysis into the respective graphs to demonstrate the variation and consistency of the experimental measurements.
In addition, in the Discussion section, we have quantitatively evaluated the sensitivity of the proposed sensor by determining the change in the optical power ratio with respect to the change in the P₂O₅ content (%), expressed as the change in optical power ratio per unit change in P₂O₅ percentage. This provides a quantitative measure of the sensor response to variations in the rice composition. Refer page 16 and 17 (Discussion part).


	4
	The justification for selecting the 5 cm MMF should be strengthened. The manuscript concludes that a 5 cm MMF provides the most stable and reliable response; however, the basis for limiting the investigated MMF length to a maximum of 5 cm is not clearly explained. The authors should justify why MMF lengths beyond 5 cm were not investigated and clarify whether this limit was based on theoretical considerations, fabrication constraints, optical loss, modal interference behaviour, or preliminary experimental observations. In addition, the selection of 5 cm as the optimum length should be supported quantitatively using parameters such as regression coefficients, variation/error analysis, or other objective performance criteria.
	Thank you for this valuable comment. We agree that the selection range and the basis for identifying 5 cm as the optimum MMF length require further clarification and quantitative justification.

We have added new explanation to justify the approach (refer page 15, paragraph 1 and 2):

“The MMF length was systematically varied from 3.0 to 5.0 cm with a 0.5 cm increment to investigate the influence of the multimode interaction length on the optical response of the proposed hybrid fiber structure. The investigated configurations consisted of MMF lengths of 3.0, 3.5, 4.0, 4.5, and 5.0 cm. This range was selected to provide a sufficient variation in optical propagation length while maintaining a compact and experimentally practical sensor configuration. Increasing the MMF length increases the available interaction and propagation distance; however, a longer MMF does not necessarily result in a proportional improvement in sensing performance because excessive propagation length may also introduce additional optical loss and more complex modal interference behavior. 

The investigation was therefore limited to a maximum MMF length of 5.0 cm as a practical optimization range for the present compact sensing configuration. The purpose was to identify the most suitable MMF length within the investigated range rather than to establish the global optimum over all possible MMF lengths. Based on the experimental results, the 5.0 cm MMF configuration exhibited the most stable and reliable response among the investigated lengths.”


	5
	Several inconsistencies should be corrected. Examples include 1310 nm versus 1330 nm in figure captions, and 1550 nm versus 1510 nm in the discussion. Figure and table numbering should also be checked carefully. For example, the EDX discussion and table labels regarding single-, bi- and trilayer GO coatings appear inconsistent. The terminology “moisture” and “humidity” should also be used consistently.

Figure Caption Typos (Reviewer 1, Comment 5): Please correct the captions for Figure 6 and Figure 14, which currently state an "operating wavelength of λ=1330 nm". These should be corrected to 1310 nm to match your graphs and text.
	Thank you for this valuable comment.
The corrections have been done accordingly.

	6
	The manuscript requires substantial proofreading and English-language editing. Several typographical, grammatical and wording errors are present throughout the manuscript. For example, in the Abstract, “characetrized” should be corrected to “characterized”. Similar errors should be carefully checked and corrected throughout the manuscript. In addition, sentence structure, subject–verb agreement, tense usage and technical terminology should be standardized to improve the overall clarity and professionalism of the paper. Figure captions and terminology such as “hybrid structure,” “bilayer/trilayer GO,” and “rice samples with different moisture content” should be standardized throughout.
	Thank you for this valuable comment.
The corrections have been done accordingly.


	7
	The discussion should be strengthened by comparing the proposed sensor quantitatively with previously reported rice/grain moisture sensors. Such a comparison would help establish the novelty and practical advantages of the proposed configuration. Overall, the work has potential and contains a useful experimental dataset, but stronger quantitative validation of moisture content and sensor performance is necessary before the conclusions regarding sensitivity and optimal sensing conditions can be fully supported.
	Thank you for the valuable comment. The comparison has been made accordingly. Refer page 17, paragraph 2:

“The sensing performance of the proposed GO-coated FBG sensor was further evalu-ated in comparison with previously reported optical approaches for rice moisture de-termination. Ou et al. (2022) developed a handheld near-infrared (NIR) spectral sensor for quantitative rice moisture measurement over a moisture range of 3.9–31.6% on a wet basis. Their system employed multiple spectral bands and partial least-squares (PLS) regression, with the reference moisture content determined using the oven-drying method in accordance with ISO 712:2009. In comparison, the present study employs a simpler intensity-based interrogation scheme using a GO-coated FBG inte-grated with SMF–MMF–SMF configuration, where the sensing response is deter-mined from the transmitted optical power. Within the investigated configurations, the triple-layer GO coating operated at 1550 nm exhibited the optimum sensing response, producing an output power 9.11% higher than that obtained at 1310 nm and a re-sponse sensitivity of 0.5259 a.u./wt%. The higher response observed at 1550 nm indicates that the interaction between the GO-coated sensing region and the rice sam-ples was more pronounced under this operating condition. Unlike the NIR approach reported by Ou et al., which requires spectral acquisition across multiple wavelength bands followed by chemometric modelling, the proposed sensor determines the moisture-related response from the change in optical power, potentially providing a simpler optical interrogation approach.”



Reviewer 2
	1
	Abstract: Please include the specific moisture level detection results for each combination of the hybrid FBG optical fiber sensor.
	Thank you. We have added this information:

“The results demonstrate that the sensor incorporating a 5 cm MMF section produced the highest output power of -65 dBm. Furthermore, the combination of a bilayer GO coating and a 1550 nm operating wavelength exhibited the optimum sensing performance, yielding a 9.11% higher output power than the 1310 nm wavelength when detecting rice samples with different moisture levels. These findings demonstrate the potential of the proposed GO-coated hybrid structural of SMF–MMF–SMF–FBG sensor as a reliable and cost-effective approach for rapid rice moisture monitoring, contributing to improved food quality assurance and safety.”

	2
	FBG is very sensitive to temperature variations, stress, and strain. How were these parameters controlled experimentally?
	Thank you for raising this important point. We acknowledge that FBGs are sensitive to temperature, strain, and mechanical disturbances, which may affect the measured optical response. In the present experiment, the measurements were conducted under controlled room-temperature conditions, and the surrounding environment was maintained as constant as possible throughout the measurement process to minimize temperature-induced wavelength or power variations.

To minimize mechanical movement and unintended strain, the fiber was fixed at both ends using adhesive tape during the measurement. This arrangement maintained the sensing region in a fixed position and minimized movement, bending, and fluctuations in the mechanical condition of the fiber throughout the experiment. The same mounting procedure was applied consistently for all rice samples to ensure comparable experimental conditions.

We acknowledge that the ambient temperature and mechanical strain were not independently monitored using dedicated temperature or strain sensors. Therefore, the present study does not quantify the individual contributions of temperature and strain to the measured response. These factors have been recognized as experimental limitations, and more rigorous temperature-controlled and strain-monitored measurements will be considered in future work.

We have added this explanation in the manuscript (page 6, paragraph 1).

“During the measurements, the experiment was conducted under constant room-temperature conditions to minimize temperature-induced variations in the FBG response. The optical fiber was fixed at both ends using adhesive tape to maintain a stable fiber position and minimize unintended movement, bending, and mechanical disturbances. The same mounting configuration was maintained throughout all measurements to ensure consistent experimental conditions.”


	3
	When using an FBG, both reflected and transmitted signals are generated. Was the reflected signal the one measured?
	Thank you for raising this important point. In the present study, the transmitted optical signal was measured, rather than the reflected signal. The experimental setup was configured with the optical source connected to one end of the FBG, while the transmitted optical signal emerging from the opposite end of the fiber was connected to the optical power meter for measurement.
Although an FBG produces both reflected and transmitted components when the incident wavelength interacts with the Bragg grating, the present work focused on monitoring the change in transmitted optical power induced by the GO-coated FBG under different rice moisture conditions. The transmission configuration was selected because it provides a straightforward measurement of the optical power reaching the detector and allows the response to be evaluated through the input-to-output optical power ratio.
Therefore, the power ratio reported in this study was calculated based on the incident/input optical power and the transmitted/output optical power and does not represent the reflected Bragg signal. We have clarified the measurement configuration and terminology in the revised manuscript to avoid ambiguity.

We have added this statement in the manuscript (page 6, paragraph 2):
“The transmitted optical signal from the FBG was measured using an optical power meter connected to the output end of the fiber. Thus, the power ratio reported in this study represents the ratio between the input optical power and the transmitted optical power, rather than the reflected Bragg signal.”


	4
	Was it intended for the entire FBG to be coated with GO during the dip-coating process on the glass substrate? Was the uniformity of the GO coating a concern?
	The GO coating was intentionally applied only to the grating region of the FBG, rather than the entire fiber. The coating was manually controlled by maintaining a consistent GO suspension volume for each deposition and controlling the number of coating layers. We acknowledge that coating uniformity is a concern, as the manual drop-coating technique may result in some variation in coating thickness and surface coverage. Nevertheless, the deposition parameters were kept consistent across the samples to minimize this variation. This limitation has now been acknowledged in the revised manuscript. The technique was adopted because it provides a simple, accessible, and low-cost approach for fabricating the GO-coated FBG, particularly for this preliminary investigation.


	5
	Because various compound elements are present in rice, it is suggested to mention these reported elements in the Introduction to align with the results showing their presence.
	We have added this statement in the introduction part (page 2, paragraph 2):

“Rice is a complex biological material containing various mineral elements, among which phosphorus (P), potassium (K), and sulfur (S) are naturally present and contribute to its nutritional and physiological characteristics (Tsuyama et al. 2026). Previous XRF investigations of rice have demonstrated the presence of P, S, and K, supporting the use of XRF for elemental characterization of rice grains (Limmer eta al. 2023). In XRF analysis, these elements can be reported in oxide-equivalent forms, such as P₂O₅, K₂O, and SO₃, depending on the instrument's quantification/reporting convention, which is consistent with the compounds identified in the present analysis.”

	6
	In Figures 6(a)(ii), 8(b)(ii), and 9(b)(ii), the trend of the power ratio vs. rice sample graph does not show a linear pattern, and the data points are quite scattered. How did you conclude that these graphs exhibit a linear trend?
	Thank you for this important observation. We agree that the data points in Figures 6(a)(ii), 8(b)(ii), and 9(b)(ii) exhibit some degree of scatter and do not represent a strong linear relationship. In the original manuscript, the term "linear trend" was used based on the linear regression (best-fit) line applied to the experimental data. Among the different sensor configurations and experimental conditions investigated, the graphs presented in Figures 6(a)(ii), 8(b)(ii), and 9(b)(ii) showed the most apparent linear tendency compared with the other tested configurations although the linearity value small (from 0.035 to 0.225). Therefore, these results were selected to illustrate the corresponding response trend.

However, we acknowledge that the presence of a fitted straight line alone does not necessarily demonstrate strong linearity, particularly when the number of experimental data points is limited and the data exhibit scatter. Furthermore, since the actual moisture content of each rice sample could not be independently quantified due to the limitations of the available facilities, the rice sample numbers represent different experimentally prepared moisture conditions rather than accurately quantified moisture levels. Therefore, a quantitative linearity relationship between optical power ratio and actual moisture content cannot be established from the present data.

To avoid overinterpretation, we have revised the relevant statements in the manuscript. Instead of stating that the data "exhibit a linear trend", we now describe the results as showing a linear best-fit tendency and clarify that the fitted line is intended to illustrate the response tendency among the experimentally prepared rice conditions rather than to establish a quantitative calibration relationship with moisture content.

We have strengthened the quantitative evaluation of the sensor performance by incorporating error bars and linearity (R²) analysis into the respective graphs to demonstrate the variation and consistency of the experimental measurements (.


	7
	Typo in Figure 4.9: Please replace Figure 4.9 with Fig. 9.
	Thank you for raising this important point.
The correction has been done accordingly.

	
	
	



