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ABSTRACT:   

The research focuses on the design and optimization of a one-pot synthesis method for calcium 

orotate, utilizing a Quality by Design (QbD) approach. Calcium orotate, a compound with 

significant pharmaceutical and nutraceutical applications, is synthesized through a streamlined 

process aimed at enhancing efficiency and product quality. The study employs QbD principles 

to systematically investigate and control various process parameters, ensuring a robust and 

reproducible method. Through a combination of experimental design, statistical analysis, and 

risk assessment, key factors influencing the synthesis are identified and optimized. The 

resulting process not only improves yield and purity but also demonstrates scalability and 

industrial applicability. This work contributes to the field by providing a comprehensive 

framework for the rational development of chemical processes, highlighting the benefits of 

integrating QbD in synthesis strategies. 

 

Elemental analysis 

Characterization of calcium orotate 

The optimized process was repeated and the compound 

obtained was characterized as described below.  

Structure elucidation using UV-visible 

spectrophotometery. A 10 ppm aqueous solution of 

calcium orotate showed a UV visible spectrum as shown 

in Fig S1. It indicates maximum absorbance at 278 nm. 

This is a characteristic feature of the chromophore from 

the orotic acid moiety in the molecule of calcium orotate.  

 

Figure S1. UV scan of calcium orotate 

Structure elucidation using IR spectroscopy. The IR 

spectrum of calcium orotate is shown in fig S2. The 

spectrum shows peaks at 1673 nm-1 indicative of C=O 

stretching of the carbonyl functional group. IR spectrum 

also shows sharp C-H bending with 600-700 nm-1 peaks.  

 

 
Figure S2. IR spectrum of calcium orotate 

 

Structure elucidation using 1H NMR spectroscopy . The 
1H NMR spectrum was recorded in DMSO-d6 solvent and 

at 600 MHz. The spectrum is shown in fig S3. The 

spectrum shows a chemical shift for every proton in the 

molecule. The results obtained are of chemical shift values 

(δ) 11.08 (s, 1H), 9.71 (s, 1H), 5.87 (d, J = 2.0 Hz, 1H). 
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The molecule of calcium orotate reflects three types of 

attachments of protons. The chemical shift values obtained 

in the spectrum reflect the same. The multiplicity obtained 

in the spectrum assures the arrangement of protons in the 

structure. The values and interpreted protons from the 

structure are detailed in Table S1 and explained in fig S4.  

 

Figure S3. 1H NMR spectrum 

 

Table S1.  Interpretation of 1H NMR spectrum 

Sr. 

No. 

Chemical 

shift  

Multip

licity 

Interpretation 

proton (H*) 

1. 11.08 Singlet H*-N(C=O)2 

2. 9.71 Singlet H*-N(C=O) -C=C 

3. 5.87 doublet H*-C(=C)-C 

 

 

Figure S4. Interpretation of 1H NMR spectrum 

Structure elucidation using 13C NMR Spectroscopy. 

The 13C NMR (151 MHz) spectrum was recorded in 

DMSO-d6 solvent. The spectrum is shown in Fig S5. The 

spectrum shows chemical shifts at (δ) 165.75, 161.24, 

151.52, 149.63, and 100.02. These values represent every 

C atom present in the molecule.  

The characteristic chemical shift of the C atom assists in 

confirming the structure of calcium orotate. The molecule 

of calcium orotate contains C atoms bonded in five 

different ways.  

The chemical shift values obtained in the spectrum 

indicate each of them. The chemical shift values and their 

corresponding C atom is shown in Table S2 and explained 

in fig S6. 

 

 

Figure S5. 13C NMR spectrum 

 

Table S2.  Interpretation of 13C NMR spectrum 

Sr. No. 
Chemical 

shifts 

Representative 

C (C*) atom 

1. 165.75 O-C*(=O)-C 

2. 161.24 N-C*(=O) - N 

3. 151.52 N-C*(=O)-C 

4. 149.63 N-C*(=O)-C 

5. 100.02 C-C*=C 

 

 

Figure S6. Interpretation of 13C NMR spectrum 
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Repeatability and scale-up studies 

The optimized process was repeated for synthesizing three 

batches of 400 gms each. These were analysed for 

description, identification test by IR spectrum, loss on 

drying, assay, calcium content and orotic acid content. The 

results of repeatability of optmized batch is shown in table 

S3. 

Table S3. Results of repeatability of optimized batch 

Sr. 

No. 

Test Observation  Limits 

SC/PHD/CO/

R1 

SC/PHD/CO/

R2 

SC/PHD/CO/

R3 

 

1 Batch size 400 gms 400 gms 400 gms   

2 Description Complies Complies Complies White to almost white crystalline powder 

3 Identificatio

n 

Complies Complies Complies a) IR spectra of the sample 

should be in compliance with that of 

standard 

4 Loss on 

drying 

0.38% 0.33% 0.35% Not more than 1.0% 

5 Assay 99.62% 100.01%  99.98% Not less than 97.0 % and not more than 

103.0 % 

6 Calcium 

content 

10.34% 9.89% 10.78% Not less than 09.5 % and not more than 11.5 

% on dried basis 

7 Quantificati

on of orotic 

acid 

90.31% 90.12% 89.87% Not less than 88.5 % and not more than 

90.5% on dried basis 

 

This process was also scaled up to 10x (4kg) which was validated for its repeatability parameter and tested completely as 

per specifications mentioned above. The results showed that all three batches of scale up size were consistent with test 

results. These results concluded that the calcium orotate which is synthesized is of the desired specifications. The results 

are shown in table S4. Since the process synthesis is one pot method, only a larger vessel size was used for scale up studies 

and no other parameters were changed.  

Table S4. Test results for scale up studies for calcium orotate 

Sr. 

No. 

Test    Limits 

SC/PHD/C

O/S1 

SC/PHD/C

O/S2 

SC/PHD/C

O/S3 

 

1 Batch size 4 kgs 4 kgs 4 kgs   

2 Description Complies Complies Complies White to almost white crystalline powder 

4 Identification Complies Complies Complies a)IR spectra of the sample should be in 

compliance with that of standard  

5 Loss on 

drying 

0.34% 0.33% 0.32% Not more than 1.0% 
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10 Assay 98.99% 99.21% 99.38% Not less than 97.0 % and not more than 

103.0 % 

11 Calcium 

content 

10.98% 10.96% 10.84% Not less than 09.5 % and not more than 11.5 

% on dried basis 

12 Quantification 

of orotic acid 

89.25% 89.81% 89.77% Not less than 88.5 % and not more than 

90.5% on dried basis 

 

References: 

[1] R. Ramesh, M. Kannan and M. Seenivasan, 

“Achievement Estimations of Priority Queue System 

in Fuzzy Environment”, Advances in Mathematical 

Modelling and Scientific Computing, Trends in 

Mathematics, Springer Link (Book Chapter),2024, 

pp. 637-658.  

[2] R. Ramesh and M. Seenivasan, “Analysis of 

Attainment Estimates of Loss System Queue”, 

Advances in Mathematical Modelling and Scientific 

Computing, Trends in Mathematics, Springer Link 

(Book Chapter),2024, pp. 519 – 531. 

[3] K. Sakthivel, N. Paramaguru, R. Ramesh and P. 

Syamala., “ Accomplishment Expedients of Batch 

Arrival Queuing Model by Fuzzy Ordering 

Approach ”, Advances in Mathematical Modelling 

and Scientific Computing, Trends in Mathematics, 

Springer Link (Book Chapter),2024, pp. 487 – 496. 

[4] A. Hari Ganesh, N. Jaimurthi, R. Ramesh and M. 

Seenivasan, “On testing of Fuzzy Hypothesis for 

mean and variance using centroid-based new 

distance functions under symmetric fuzzy 

environment”, Contemporary Mathematics, Vol. 5. 

Issue 1, December 26, 2023, pp. 60-92, 

https://doi.org/10.37256/cm.5120243317.  

[5] M. Seenivasan, S. Chandiraleka, H. Manikandan and 

R. Ramesh, “Single Server Queueing Model with 

Multiple Working Vacation, Feedback and 

Catastrophe”, 4th International Conference on 

Material Science and Applications, AIP Conference 

Proceedings 2822, November 14, 2023,pp.020245-1 

– 020245-9,ISBN NO: 978-0-7354-4724-0.  

[6] M. Seenivasan, F. Patricia and R. Ramesh, “Analysis 

of Single Server Queue with single working vacation 

subject to Catastrophe”, 4th International Conference 

on Material Science and Applications, AIP 

Conference Proceedings 2822, November 14, 

2023,Pp.020246-1to 020246-6,ISBN NO: 978-0-

7354-4724-0.  

[7] R. Ramesh and M. Seenivasan, “Cost Appraises of a 

Phosphorescent Bulk Arrival Queueing system by 

Wingspans Fuzzy Ranking Approach”, Stochastic 

Processes and Their Applications in Artificial 

UIntelligence chapter 5, Pp. 50-64 ACIR Book 

Series: ISSN NO: 2327-0411 (Scopus). 

[8] P. Syamala, R. Ramesh, M. Seenivasan and R. 

Singaravel, “3D Based CT Scan Retrial Queuing 

Models by Fuzzy Ordering Approach”, 2023 Second 

International Conference on Electrical, Electronics, 

Information and Communication Technologies 

(ICEEICT), Trichirappalli, India, 2023, Pp. 01-

05,(Scopus). 

[9] P. Gnaanachandra, A.M. Kumar, M. Seenivasan and 

R. Ramesh, “On Generalization of Fuzzy 

Topological Groups and Modelling Robotic 

Crash*”,IEEE Xplore, 2023 Second International 

Conference on Electrical, Electronics, Information 

and Communication Technologies (ICEEICT), 

Trichirappalli, India 2023, Pp.1-8, DOI: 

10.1109/ICEEICT56924.2023.10157226 (Scopus).  

[10] R. Ramesh and M. Seenivasan, “Discouraged 

Arrivals Queuing System in Inter valued type-2 

Fuzzy Environment, Recent trends on Type-2 Fuzzy 

Logic systems: Theory, methodology and 

Application”, Studies in Fuzziness and Soft 

Computating, Pp. 235-247, 2023, Volume 425, 

(Springer): ISSN: 1434 – 9922. 

[11] R. Ramesh and M. Seenivasan, Performance 

Analysis of Single Server Low Priority Queue Based 

on Electronic Transmitter, Lecture Notes in 

Electrical Engineering, Springer Book Series, 

(ICAECT 2021), Vol.881,Pp.347-359,June  26th, 

2022, ISBN: 978-981-19-1110-1&ISBN 978-981-

19-1111-8. 

[12] R. Ramesh and M. Seenivasan, “Achievement 

expedients of fuzzy queuing models with an 

http://www.jchr.org/
https://www.scopus.com/authid/detail.uri?authorId=59021707500
https://www.scopus.com/authid/detail.uri?authorId=56595206900
https://www.scopus.com/authid/detail.uri?authorId=57374448900
https://www.scopus.com/authid/detail.uri?authorId=57196041043


 
 

 

2070 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(4), 2066-2070 | ISSN:2251-6727 

unreliable electrical transformer”, IEEE Xplore 

(ICEEICT 2022) Vol. 22, February 2022(Scopus), 

ISBN:978-1-6654-3647-2. 

[13] R. Ramesh and M. Seenivasan, “Performance 

Calibrations of A single server Glycolic Acid Based 

Beauty Parlor by Fuzzy Retrial Queuing Models”, 

Materials Today: Proceedings, Vol.51, Pp.2422–

2426, December2022, (Science Direct), (Scopus) 

https://doi.org/10.1016/j.matpr.2021.11.603: ISSN: 

2214-785 

[14] Bhaskaran, S. S. (2024). Discovery of contextual 

factors using clustering. Multimedia Tools and 

Applications, 1-30. 

[15] Bhaskaran, S. S. (2021). Investigation of student 

performance with contextual factors using 

association rules in higher educational institutions 

(HEIs). In Data Engineering and Intelligent 

Computing: Proceedings of ICICC 2020 (pp. 431-

442). Springer Singapore. 

[16] Bhaskaran, S. S., Al Aali, M., & Lu, K. Contextual 

Data Mining for Higher Educational Institutions. 

[17] Bhaskaran, S. S. (2017). An Investigation into the 

Knowledge Discovery and Data Mining (KDDM) 

process to generate course taking pattern 

characterised by contextual factors of students in 

Higher Education Institution (HEI) (Doctoral 

dissertation, Brunel University London). 

[18] Bhaskaran, S. S. (2021). Investigation of factors 

affecting adoption of FinTech in financial 

institutions. In Innovative strategies for 

implementing FinTech in banking (pp. 222-241). IGI 

Global. 

[19] Sailesh, S. B. (2022). Adapting IT governance 

policies and technology to cope with COVID-19 at 

Ahlia University. In COVID-19 Challenges to 

University Information Technology Governance (pp. 

359-372). Cham: Springer International Publishing. 

[20] Intelligent context driven data mining to analyse 

student performance in higher educational 

institutions (HEIs) Bhaskaran, S.S 

[21] International Journal of Recent Technology and 

Engineering, 2019, 8(2), pp. 856–861 

[22] Khalaf, F., & Baskaran, S. S. (2023, March). 

Predicting Acute Respiratory Failure Using Fuzzy 

Classifier. In 2023 International Conference on IT 

Innovation and Knowledge Discovery (ITIKD) (pp. 

1-4). IEEE. 

[23] Hasan, Z., & Baskaran, S. S. (2023, March). Propose 

a Recommender System to Dynamically Align 

Higher Education Curriculums With 4IR Market 

Needs. In 2023 International Conference on IT 

Innovation and Knowledge Discovery (ITIKD) (pp. 

1-7). IEEE. 

[24] Bhaskaran, S. S., & Al Aali, M. (2021). Investigation 

on the Influence of English Expertise on Non-native 

English-Speaking Students’ Scholastic Performance 

Using Data Mining. In Smart Computing Techniques 

and Applications: Proceedings of the Fourth 

International Conference on Smart Computing and 

Informatics, Volume 2 (pp. 9-14). Springer 

Singapore. 

[25] Bhaskaran, S. S., & Aali, M. A. (2021). Data mining 

model for better admissions in higher educational 

institutions (heis)—a case study of bahrain. In 

Advanced Machine Learning Technologies and 

Applications: Proceedings of AMLTA 2020 (pp. 141-

150). Springer Singapore. 

[26] Sailesh, S. B., Lu, K. J., & Al Aali, M. (2016, 

August). Profiling students on their course-taking 

patterns in higher educational institutions (HEIs). In 

2016 international conference on information science 

(icis) (pp. 160-167). IEEE. 

[27] Sailesh, S. B., Lu, K. J., & Al Aali, M. (2016, 

August). Context driven data mining to classify 

students of higher educational institutions. In 2016 

International Conference on Inventive Computation 

Technologies (ICICT) (Vol. 2, pp. 1-7). IEEE. 

[28] Bhaskaran, S. S., Lu, K., & Aali, M. A. (2017). 

Student performance and time-to-degree analysis by 

the study of course-taking patterns using J48 decision 

tree algorithm. International Journal of Modelling in 

Operations Management, 6(3), 194-213. 

[29] Bhaskaran, S. S. (2018). Facilitate decision making 

in higher educational institutions by linking course-

taking pattern and student performance characterised 

by contextual knowledge. International Journal of 

Society Systems Science, 10(3), 182-200. 

 

 

 

http://www.jchr.org/

