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	Name of the
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	Date and Time 
	Venue

	Stimulant Foods Sectional Committee, FAD 6
	Meeting to review the progress of R&D Project titled “Development of test method for determination of chicory content in coffee-chicory powder”

	16 October 2024 
(Wedneday)
@1430 hrs
	Virtual mode





CHAIRPERSON:		Shri S. Soundararajan
Director of Tea Development
Tea Board India, Kolkata

MEMBER SECRETARY:	Dr. Bhawana
				Scientist 'D'
Food and Agriculture Department
Bureau of Indian Standards, New Delhi


Attendance Sheet: Please see Annex-I


Major discussions held during the meeting and Committee’s Decision/Recommendations:

1. The Committee noted that BIS had commissioned R&D Project titled “Development of test method for determination of chicory content in coffee-chicory powder” to Dr. Paul Atish Tulshiram, Associate Professor, BITS, Pilani as per the terms of reference approved by                    FAD 6 and in line with BIS guidelines for R&D projects. 

2. Dr. Paul Atish Tulshiram made a presentation on the findings of the research work carried out under the R&D project and made the following submissions:

· Chicoric acid was chosen as marker for estimation of chicory and caffeine for coffee.                     A method was successfully developed for identifying caffeine and chicoric acid, however, the extraction methods did not yield the desired results, as chicoric acid could not be consistently detected in the procured chicory root sample and was also not found in the commercial coffee-chicory products. 
· Since the standardized tested methods did not successfully extract chicoric acid, the findings prompting further investigation. 
· A deviation is proposed from the original plan to use caffeine as a marker for coffee content in coffee-chicory mixture, the percentage of coffee may be estimated based on caffeine content and the rest can be considered as chicory, instead of the earlier proposed approach of directly using chicoric acid as a marker to determine the chicory content. To enhance the accuracy and reliability of the caffeine analysis, further refinement of the method is required.
· Additionally, chicory profiling will be conducted to verify whether the non-caffeine portion consists of chicory or potential substitutes.
· The Committee is requested to consider granting extension of project to progress the work as per the proposed approach.

3. Progress report of R&D project, presentation regarding progress along with the funds utilization certificate submitted by Dr. Paul Atish Tulshiram, BITS, Pilani are enclosed as Annex-II, Annex-III and Annex-IV, respectively.




		

4. The Committee after deliberating in detail on the presentation and progress report submitted by the Project Leader supported the finding that chicoric acid can not be used as marker for presence of chicory in coffee-chicory blends. The Committee further expressed the opinion that the alternate approach proposed by the Project Leader to use caffeine as a marker to estimate coffee content in the blend and calculate chicory percentage by reverse calculation also may not work since there may be some other adulterant also present in the blend apart from chicory and due to potential matrix interference. The Committee recommended that the Project Leader need to conduct a thorough literature survey on other potential methods published in reputed research journals which are based on fructo-oligosaccharides/inulin and try to standardize a method for determination of chicory in coffee-chicory blends based on such markers.  

5. Dr. Tulshiram proposed an alternate approach to the Committee to further study the peak appearing in the chromatogram of only pure chicory samples and coffee-chicory blends, but not in pure coffee samples and identify whether these are lactone peaks or any other specific marker compound which may be specific to chicory and develop a test method using the identified compound as marker. 

6. The Committee found the work carried out by the Project Leader satisfactory and was of the opinion that further work is to be carried out in the R&D project to develop suitable method for determination of chicory content in coffee-chicory blends. The Committee endorsed the alternate approach proposed by the Project Leader and expressed the view that further research may be carried out to study the peak appearing in chicory samples and blends which may have potential to be identified as a marker compound for chicory.

7. The Committee also examine the funds utilization certificate submitted by the Project Leader and recommend for release of second instalment of funds allocated for the R&D project. 

8. The Committee requested the project Leader to submit the inputs/suggestions based on literature survey and findings of analysis of lactone peaks latest by 5 Nov 2024. 

9. The Committee decided to fix another meeting in second/third week of Nov 2024 to examine the inputs to be submitted by the Project Leader as per the above decision of FAD 13 to decide future course of action regarding the R&D project. 

10. There being no other business, the meeting ended with a vote of thanks to the Chair, members and the R&D Project Leader.






































ANNEX-I

ATTENDANCE SHEET

Meeting of FAD 6 to Review Progress of R&D Project

Date: 16 October 2024					          		Mode: Virtual Mode

	Sl. No.
	Organization
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	1. 
	Tea Board India, Kolkata
	Mr. S. Soundararajan

	2. 
	CSIR-Central Food Technological Research Institute, Mysore
	Dr. Pushapa S Murthy

	3. 
	Coffee Board, Bengaluru
	Dr. Mandappa I.M

	4. 
	Confederation of Indian Food Trade and Industry, New Delhi
	Ms. Ranjeet Kaur

	5. 
	Consumer Research, Education, Action, Training and Empowerment , Tamil Nadu
	Dr. P. Duraisingam

	6. 
	Directorate of Cashewnut and Cocoa Development, Cochin
	Mr. Dadasaheb Desayi

	7. 
	National Tea Research Foundation, Kolkata
	Dr. Amrit Chandra Barbora

	8. 
	Nestle India Limited, Gurugram
	Ms. Dicksha Mathur

	9. 
	Tata Consumers Products Limited, Bengaluru
	Dr. K. N. Manikandan

	10. 
	Tea Association of India , Kolkata
	Mr. Prabir Kumar Bhattacharjee

	11. 
	Tea Board, Kolkata
	Dr. Mahipal Singh

	12. 
	UPASI Tea Research Foundation, Coimbatore
	Dr. Boophathiraj

	13. 
	In Personal Capacity
	Mr. P. Jose David




Special Invitee:

	Sl. No.
	Organization
	Representative

	1.
	Birla Institute of Technology and Science, Pilani
	Mr. Paul Atish Tulshiram (Project Leader)
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Objectives







To extract caffeine and chicoric acid from the commercially available samples using an ultrasound-assisted sonication technique

To determine the amount of caffeine and chicoric acid in the sample using a high-performance liquid chromatography (HPLC) method 

The developed HPLC method will be validated and then adapted to determine the amount of chicoric acid and caffeine in commercially available samples
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HPLC METHOD DEVELOPMENT

Chromatographic conditions

Column: Lichrosphere 100, RP18, 250 X 4.6 mm, 5 µm 

Flow rate: 1.0 mL/min 

Column temperature: 30ºC 

Mobile phase A: 0.1% formic acid 

Mobile phase B: Acetonitrile 

Run time: 57 minutes

 Elution mode: Gradient 

		Time (mins) 		Mobile Phase A (%) 		Mobile Phase B (%) 

		0.1 		100.0		0.0

		20		85.0		15.0

		25		85.0		15.0

		35		75.0		25.0

		43		75.0		25.0

		53		0.0		100.0

		57		0.0		100.0



Chromatographia, 2001
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		S. No		Sample details		Extraction technique
		Solvent Ratios used		Identification of Caffeine		Identification of 
Chicoric acid

		01		Raw chicory		Decoction		Water -pH 3.5		Yes		No

		02		Raw chicory		Decoction		Methanol : Water
(7:3 %v/v) -pH 3.5		Yes		No

		03		Raw chicory		Decoction		Methanol : Water
(7:3 %v/v)		Yes		No

		04		Raw chicory		Decoction		Ethanol : Water
(7:3 %v/v)-pH 3.5		Yes		No

		05		Raw chicory		Decoction		Ethanol: Water
(7:3 %v/v)		Yes		No

		06		Coffee: Chicory (55:45)		Decoction		Methanol : Water
(7:3 %v/v) -pH 3.5
		Yes		No



Extraction optimization
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		S.No		Sample details		Extraction technique
		Solvent Ratios used		Identification of Caffeine		Identification of 
Chicoric acid

		07		Coffee: Chicory (70:30)		Decoction		Methanol : Water
(7:3 %v/v) 		Yes		No

		08		Coffee: Chicory (80:20)		Decoction		Methanol : Water
(7:3 %v/v) 		Yes		No

		09		Coffee: Chicory (55:45)		Decoction		Methanol : Water
(7:3 %v/v) 		Yes		No





 Journal of Agricultural and Food Chemistry, 2005
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HPLC Chromatograms of Standards

Caffeine RT – 25 minutes 

@ 275nm

Chicoric acid RT – 35.2 minutes @ 330nm
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Overlay chromatograms of raw chicory & commercial samples

Caffeine

No Chicoric acid
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Stacked chromatogram of raw chicory & commercial samples @ 275 nm

Coffee: Chicory _55:45

Raw chicory

Coffee: Chicory _70:30

Coffee: Chicory _80:20
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Stacked chromatogram of raw chicory & commercial samples @ 330 nm

Coffee: Chicory _55:45

Raw chicory

Coffee: Chicory _70:30

Coffee: Chicory _80:20



BITS Pilani, Pilani Campus





















We have successfully developed a method for identifying caffeine and chicoric acid, but chicoric acid could not be detected in either raw chicory nor in commercial coffee-chicory samples

To enhance the accuracy and reliability of the caffeine analysis, further refinement of the method is required

 Moving forward, we will focus on quantifying the percentage of caffeine in coffee samples and consider the remaining composition as chicory.

Additionally, chicory profiling will be conducted to verify whether the non-caffeine portion consists of chicory or potential substitutes.

Conclusion & Future Direction
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Proposed study 

Study Proposal: Caffeine Quantification and Chicory Fingerprinting in Coffee-Chicory Blends Using HPLC

Phase 1: Optimization and Validation of the HPLC Method for Caffeine Quantification

		HPLC Optimization

		Method Validation (Following ICH Guidelines)

		Caffeine Extraction Optimization

Phase 2: Caffeine Quantification in Coffee-Chicory Blends

		Preparation of In-House Coffee-Chicory Blends:

		Caffeine Quantification in Samples:

		Estimate Coffee Content in Commercial Blends:

Phase 3: Chicory Fingerprinting
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		S. No		Funds received		Expenditure made		Amount saved from the last installment

		1		1,74,600		1,20,485 		54,143 [including 28 Rs as interest]



Expenditure details



BITS Pilani, Pilani Campus
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Annex IV_UC.pdf
GENERAL FINANCIAL RULES 2017

Ministry of Finance
Department of Expenditure

GFR 12 -A
[(See Rule 238 (1)]

FORM OF UTILIZATION CERTIFICATE
FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION

UTILIZATION CERTIFICATE FOR THE YEAR 7.6.2024 to 14.10.2024 in respect
of recurring/non-recurring
GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS

1. Name of the Scheme: Development of test method for determination of chicory content in coffee-chicory
powder
2. Whether recurring or non-recurring grants. Non-Recurring/recurring
3. Grants position at the beginning of the Financial year
(i) CashinHand/Bank NIL
(i) Unadjusted advances NIL
(i) Total NIL
4. Details of grants received, expenditure incurred and closing balances: (Actuals)

Unspent Interest Interest Grant received during Total Expenditure | Closing
Balances of Earned deposited the year Available incurred Balances
- Grants thereon back to funds (5-6)
received the {(1+2-
years Govern- 3+4)
[figure as at ment
Sl. No.
3 (iii)]
1 2 3 4 5 6 7
Sanction Date Amount
No.
(i) (i) (iif)
NIL 28 NIL 7.6.2024 | 1,74,600 | 1,74,628 1,20,485 54,143
Component wise utilization of grants:
Grant-in-aid— Grant-in-aid— Grant-in-aid—creation Total
General Salary of capital assets
32,045 Nil 88,440 1,20,485

Details of grants position at the end of the year
(i) CashinHand/Bank: Rs. 54,143

(i) Unadjusted Advances: NIL

(i) Total: Rs. 54,143
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GENERAL FINANCIAL RULES 2017
Ministry of FinanceDepartment of Expenditure

Certified that I have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are
being fulfilled and that I have exercised following checks to see that the money has been actually utilized for the
purpose for which it was sanctioned:

(i) The main accounts and other subsidiary accounts and registers (including assets registers) are maintained
as prescribed in the relevant Act/Rules/Standing instructions (mention the Act/Rules) and have been duly
audited by designated auditors. The figures depicted above tally with the audited figures mentioned in financial
statements/accounts.

(i) There exist internal controls for safeguarding public funds/assets, watching outcomes and achievements of
physical targets against the financial inputs, ensuring quality in asset creation etc. & the periodic evaluation of
internal controls is exercised to ensure their effectiveness.

(iii) To the best of our knowledge and belief, no transactions have been entered that are in violation of relevant
Act/Rules/standing instructions and scheme guidelines.

(iv) The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms
and are not general in nature.,

(V) The benefits were extended to the intended beneficiaries and only such areas/districts were covered where the
scheme was intended to operate.,

(vi) The expenditure on various components of the scheme was in the proportions authorized as per the scheme
guidelines and terms and conditions of the grants-in-aid.

(vil) It has been ensured that the physical and financial performance under................... (name of the scheme has
been according to the requirements, as prescribed in the guidelines issued by Govt. of India and the
performance/targets achieved statement for the year to which the utilization of the fund resulted in outcomes
givenat Annexure — I duly enclosed.

(viii) The utilization of the fund resulted in outcomes given at Annexure - II duly enclosed (to be formulated by the
Ministry/Department concerned as per their requirements/ specifications.)

(ix) Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or
from other Ministries is enclosed at Annexure -II (to be formulated by the Ministry/Department concerned as per
their requirements/ specifications).

AD e
Accounts & Finance Unit REGH ' -
. widhc . re A & Science
Signature IS Pilani fomrs Signat titute of Technology &
BiT O, ani !Janlpus "Bira msPlU’-\Nl kRajasfhan)
Name...... 5—“:;-&1“%/\“0“% ......... NameCOtJCLﬁR"WCW
Chief Finance Officer(Head of the Finance) Head of the Organisation
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ANNEX- E
OPERATION OF FUNDS AND PROGRESS REPORT

Title of the Project: Development of test method for the determination of chicory content in

coffee-chicory powder

Project number: FAD 0011

Date of commencement: 07/06/2024
Details of Equipment Purchased (if any):

Name of equipment Cost Supplier Date of purchase/ placing order for
each item of equipment

NA NA NA NA

Fund received : 1,57,140/-
Expenditure made in Rupees: One lakh twenty thousand four hundred eighty five

rupees(1,20,485/-) and order placed for twenty one thousand four hundred twenty (21,420/-)

S.No Purchased Item Expenditure
1 X Bridge HILIC,5 pm, 4.6 X 250mm column 88440
2 Coorg, Chikmagalur and Baba Budangiris Arabica Coffee samples 1800
3 Caffeine standard 2537
4 Methanol_HPLC Grade 23593
5 Acetonitrile_ HPLC Grade
6 Microtip (0.2-10 pL)
7 Microtip (2-200 L)
8 Microtip (300 pL)
9 Clear Glass (12 x 32) mm Screw Neck Vial, 2 mL volume, 100/pk 4115
Total | 1,20,485/-

Amount saved (if any) from the last instalment: Rs 15,235/-

The date on which the scheme will complete its normal tenure of months is 06/12/2024.
Whether extension beyond normal tenure has been requested.

2 month (as it took time to identify the presence of markers and get the coffee and chicory
samples).

Constraints (if any) faced in the progress of work and suggestions to overcome them.
Based on the literature available, a unique marker present in the chicory root, was chosen to
determine the percentage of chicory in commercial coffee-chicory mixtures. The percentage
of phytoconstituents in plants depends on various parameters like climatic conditions, altitude,
time of collection, etc. The chicory root samples that was procured from the suggested vendor,

was exposed to different solvents to extract chicoric acid. Despite of extensive efforts to






10.

11.

12.

extract chicoric acid from chicory samples, none of the tested methods yielded positive
results. Further commercial coffee and chicory products were also investigated for chicoric
acid but we could not find the presence of the same in any of these samples.

To overcome this constrain we propose the study to focus only on the quantification of
caffeine content in coffee and coffee-chicory blends using high-performance liquid
chromatography (HPLC) method. The validated method will be applied to in-house blends
prepared using standard Coffee arabica and chicory raw material in varying ratios e.g., 55/45,
60/40,70/30,80/20,90/10 (that will mimic the ratios of commercial products), along with the
commercial coffee-chicory samples. A calibration curve generated using caffeine standard
will allow for accurate quantification of caffeine in each sample. This, in turn, will enable the
determination of the coffee content in the commercial products, with the remaining portion
being attributed to chicory. The final step will involve comparing the results from in-house
blends with those from commercial products to assess variations in caffeine content and blend
composition.

Any deviation from original plan with its nature and cause.

Yes, there was a deviation from the original plan. The objective of the study was to quantify
the percentage of chicory present in a coffee-chicory mixture using chicoric acid and caffeine
as the proposed markers. Caffeine was found to be present in coffee samples and the
commercial products. However, the extraction methods did not yield the desired results, as
chicoric acid could not be consistently present in the procured chicory root sample and was
also not found in the commercial coffee-chicory products. Thus the deviation involves a shift
in focus from directly using chicoric acid as a marker to considering estimation caffeine
present in various blends of coffee products. This will follow the reporting of the percentage
of coffee based on caffeine content and the rest can be considered as chicory. Also HPLC
profiles of various chicory samples will be provided to match the presence of chicory in the
commercial product.

List of publications giving full bibliographic details accrued from this project (copies of
the paper (s) should be enclosed). NIL (at this stage but can expect one at the end of the
project)

Summary of work done

The primary objective of this work was to quantify the percentage of chicory in coffee-
chicory mixtures by using chicoric acid as a unique marker as well as caffeine.
Chromatographic development for quantifying caffeine and chicoric acid was done using an
Inertsil C8-3 column (250 x 4.6 mm, 5 um) that provided good separation of caffeine and
chicoric acid peaks. However, this system was insufficient for the commercial coffee-chicory
products. Consequently, another chromatographic conditions were optimized using a

Lichrosphere 100, RP18 column (250 x 4.6 mm, 5 pm), which resulted in improved

2





13.

separation. The caffeine peak eluted at a retention time (RT) of 25.0 minutes, while the
chicoric acid peak was observed at 35.2 minutes, indicating significant advancements in
resolution. A partial validation has been done. Further comprehensive validation following
ICH guidelines will be completed. Chicory and commercial coffee samples were procured for
this study and were subjected to various solvent extraction methods to isolate and quantify
chicoric acid and caffeine. However, none of the tested methods successfully extracted
chicoric acid, prompting further investigation. Caffeine was present in the commercial
products.

Proposed program of work for the next month

Step 1: As per the proposed work, we are only able to detect the presence of caffeine in
coffee products whereas chicoric acid is not detectable. Now, we propose the study to focus
only on the quantification of caffeine content in coffee and coffee-chicory blends using high-
performance liquid chromatography (HPLC). The first phase will involve optimizing the
HPLC method, to ensure precise and reliable separation of caffeine from the sample matrix.
Once the method is optimized, validation will be carried out following ICH guidelines,
evaluating critical factors including linearity, precision, accuracy, limit of detection (LOD),
limit of quantification (LOQ), and robustness. Simultaneously, the extraction process will be
optimized to ensure complete recovery of caffeine, employing various solvents. The validated
method will then be applied to in-house blends prepared using standard Coffee arabica and
chicory raw material in varying ratios e.g., 55/45, 60/40,70/30,80/20,90/10 (that will mimic
the ratios of commercial products), along with the commercial coffee-chicory samples. A
calibration curve generated using caffeine standard will allow for accurate quantification of
caffeine in each sample. This, in turn, will enable the determination of the coffee content in
the commercial products, with the remaining portion being attributed to chicory. The final
step will involve comparing the results from in-house blends with those from commercial
products to assess variations in caffeine content and blend composition.

Step 2: In addition to caffeine quantification, the study will also include fingerprinting of
chicory samples. While chicoric acid may not be identified in these samples, the
fingerprinting process will serve as a key method for characterizing the chemical profile of
chicory (its presence) in the commercial product. This fingerprint can then be used to assess
whether any other material has been added (instead of chicory) as an adulterant in commercial
coffee blends. This approach imparts a crucial additional layer to the study, allowing for not
only the quantification of caffeine but also the verification of the purity of coffee samples,
which is especially important for quality control and consumer assurance in commercial

coffee products.





14. Detailed Progress Report enlisting the objectives in the beginning briefly (up to five

pages maximum).
A. Objectives

a.

To extract caffeine and chicoric acid from the commercially available samples using an
ultrasound-assisted sonication technique

To determine the amount of caffeine and chicoric acid in the sample using high-
performance liquid chromatography (HPLC)

The developed HPLC methods will be validated and then adapted to determine the

amount of chicoric acid and caffeine in commercially available samples

B. Materials & Methods:

The HPLC grade solvents methanol, acetonitrile, orthophosphoric acid, formic acid, and
trifluoro acetic acid were procured from Merck. Water used for the experiment was obtained
from a Milli-Q system (Merck Millipore). The reference standards caffeine and chicoric acid
were procured from Tokyo Chemical Industries (TCI), both with a purity of >98.0 %. Coffee
samples such as Coorg Arabica coffee, Chikmagalur Arabica coffee, and Baba budangiris
Arabica coffee were procured from the Coffee board roasting and grinding unit, Bengaluru,
and chicory powder from Aravind Industries, Guntakal. Commercial coffee products were
procured form the local market, Pilani, Rajasthan. All the samples were stored at room

temperature in the natural products laboratory of the Department of Pharmacy, BITS Pilani.

C. HPLC Method Optimization:

An HPLC method has been developed to determine coffee and chicory powder contents
present in the commercial samples. Initially, the HPLC method development was done using
markers namely caffeine and chicoric acid, with the mobile phases comprising aqueous
phase such as water/0.1% orthophosphoric acid/0.1% formic acid /potassium dihydrogen
phosphate (pH 7.0) combined with organic phases like methanol or acetonitrile in varying
ratios ( 40: 60, 30:70, and 20:80 % v/v ). The stationary phase used was an X-Bridge C18
column (250 X 4.6 mm, 5 pum) with an isocratic elution mode and a flow rate of 1.0
mL/min over 15 minutes (mins). Caffeine and chicoric acid peaks were monitored at
wavelength (A) of 275 and 330 nm. Under these chromatographic conditions, chicoric acid
was poorly retained by the column, eluting in the void volume before the solvent peak.
Considering the characteristic polar property of chicoric acid, trials were conducted to
evaluate the effect of changing the column chemistry from C18 to C8. An Inertsil C8-3
column (250 X 4.6 mm, 5 um) was tested using the same mobile phases ratios as previously
mentioned. In this setup, caffeine and chicoric acid eluted at the retention times (RT) of 4.1
and 2.1 mins respectively with the solvent peak appearing at RT 3.2 mins, indicating no
significant improvement in the retention of chicoric acid. Further trials were conducted

using hydrophilic interaction liquid chromatography (HILIC), typically employed for
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separating more polar compounds, with reverse phase conditions and high percentages of
organic solvents (above 80% acetonitrile or methanol). Although both caffeine and chicoric
acid exhibited symmetrical peak shapes with good tailing and theoretical plate counts, no
improvement in retention of chicoric acid was observed, suggesting that altering column
chemistry did not enhance its retention. In subsequent trials, focused on adjusting the mobile
phase composition. Previously, strong acids such as 0.1% orthophosphoric acid, formic
acid, and trifluoroacetic acid had been used. However, chicoric acid being polar with two
carboxylic acid groups, is sensitive to its ionization state, which affects its retention on the
C18 column. At lower pH both the carboxylic groups are likely to be protonated, reducing
their interaction with the C18 stationary phase, which leads to poor retention or no retention.
To address this, 0.1% acetic acid (a weaker acid compared to orthophosphoric and
trifluoroacetic acid) with a slightly higher pH (3.5) was employed as the mobile phase.
Under these conditions caffeine and chicoric acid peaks were eluted at the RT 3.7 and 5.8
mins respectively achieving successful retention of chicoric acid. The weaker acidity of
acetic acid allows for partial protonation of chicoric acid, creating a less acidic environment
and facilitating balanced interaction with both the mobile phase and stationary phase. The
chromatographic results are shown in Figure 1, confirming improved retention and
resolution of chicoric acid.
Chromatographic conditions:
Column: Inertsil C8-3,250 X 4.6 mm, 5 um column
Flow: 0.8 mL/min
Column temperature: 35°C
Sampler temperature: 25°C
Mobile phase: 0.1% acetic acid and acetonitrile in the ratio 30: 70(%v/v)
Elution mode : Isocratic
Wavelength (A): 275 nm for caffeine and 330 nm for chicoric acid
Validation parameters such as specificity, linearity, and precision (Figure 2-4) were evaluated
to assess the reliability of the developed HPLC method. These parameters were examined to
ensure the method's ability to accurately detect and quantify caffeine and chicoric acid while
confirming its reproducibility and consistent performance.
D. Preparation of Standard solutions:
Standard solutions of caffeine and chicoric acid were prepared by dissolving 1mg of caffeine
and 0.5 mg of chicoric acid in 1 mL of diluent, consisting of acetonitrile & water (90: 10%
v/v).
E. Optimization of extraction of Raw Chicory, commercial coffee samples and coffee beans:
Mulacci et al. (2008) has reported the optimization of the chromatographic conditions to

determine the polyphenolic compounds in the aerial parts of Cichorium intybus' . A modified
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version of their procedure was employed in this study to extract chicoric acid from raw
chicory powder. In the extraction process, 2 g of raw chicory was mixed with 100 mL of a
70:30 % v/v methanol-water solvent. The pH was adjusted to 3.5 using acetic acid, and the
mixture was refluxed for 2 hours (hrs). After cooling to room temperature methanol was
removed from the filtrate using a rotary evaporator, and the remaining aqueous phase
underwent sequential liquid-liquid extraction with hexane (to remove nonpolar compounds),
chloroform, and ethyl acetate. Each fraction (hexane, chloroform, and ethyl acetate) was
concentrated, and 1mg of crude extract was dissolved to prepare a 1 mg/mL solution. This
solution was sonicated for 2 mins and filtered through a 0.22 um nylon filter before injecting
into the developed HPLC method.

This procedure was followed using different solvent systems to extract chicoric acid including
methanol/water (70:30%v/v) without pH adjustment, ethanol/water (70:30%v/v) with and
without pH adjustment, and water alone. All the samples were injected in the developed
HPLC method. However, no traces of chicoric acid were detected. Given the potential for low
chicoric acid concentration, the extraction was repeated with 20 g of raw chicory, using the
same solvents and method but chicoric acid remained undetectable. These experiments
confirmed the absence of chicoric acid in raw chicory samples. The same extraction
procedure was applied to the commercial coffee products containing 55:45, 70:30, and 80:20
ratios of coffee to chicory.

Upon injection of these samples in the developed HPLC method, multiple peaks were
observed to merge with poor resolution. As a result, the analytical method needed re-
optimization to suit the matrix of the coffee-chicory samples. To address these challenges
Innocenti et al. (2008) who developed a method to evaluate the phenolic contents in the aerial
parts of different varieties of Cichorium intybus  were adopted to evaluate the samples. The
same chromatographic conditions were used to run the samples.

The chromatographic conditions are as follows

Column: Lichrosphere 100, RP18, 250 X 4.6 mm, 5 um
Flow rate: 1.0 mL/min

Column temperature: 30°C

Mobile phase A: 0.1% formic acid

Mobile phase B: Acetonitrile

Run time: 57 minutes

Elution mode: Gradient





Table-1: Gradient program

Time (mins) | Mobile Phase A (%) | Mobile Phase B (%)

0.1 100.0 0.0

20 85.0 15.0
25 85.0 15.0
35 75.0 25.0
43 75.0 25.0
53 0.0 100.0
57 0.0 100.0

F. Results & Discussion :

Currently, there is no direct method available to simultaneously quantify caffeine and
chicoric acid using the same chromatographic system, nor is there an established analytical
method available to determine the percentage of chicory content based on its unique
phytoconstituents as a marker. This study aimed to evaluate and quantify the amount of
caffeine and chicoric acid present in coffee-chicory powder. Experiments were initiated
using an Inertsil C8-3, (250 x 4.6 mm, 5 um) column, with 0.1 % acetic acid and acetonitrile
as mobile phase. However, this chromatographic system was unsuitable for the complex
sample matrix of coffee products, as it did not achieve adequate separation of all
components. To address this issue, chromatographic conditions were further optimized. The
Lichrospher 100, RP18 (250 x 4.6 mm, 5 um) column was employed resulting in improved
separation, with most of the peaks in the sample matrix being well resolved. The
chromatograms were given in Figure 5.

Analytical method validation

Partial method validation was performed using standard caffeine and chicoric acid solutions
following the guidelines outlined by the International Committee of Harmonisation (ICH) in
section Q2B. The validation parameters assessed include specificity, linearity, and precision
to ensure that the developed method is accurate, reliable, and reproducible for the

quantification of caffeine and chicoric acid in coffee-chicory samples.
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Figure 1: Representative chromatograms of a) caffeine and b) chicoric acid
Specificity:

The specificity test was performed to ensure that there was no interference from blank at the
RT of caffeine and chicoric acid. The results confirmed that no interference was observed at
the respective RT, indicating that the method is highly specific for the detection and

guantification of these compounds. The chromatograms are given in Figure 2.
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Figure 2: Blank chromatogram at a) 275 nm and b)330 nm





Linearity:

Caffeine and chicoric acid stock solutions were prepared and five standard solutions were
produced with generated, covering the expected range of concentrations in the material
under investigation. Calibration curves were constructed for both compounds using the least
squares method. The resulting coefficient of determination (R?) values were 0.999 for both

caffeine and chicoric acid. The calibration graphs are presented in Figure 3.
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Precision:

The precision of an analytical method is a measure of the consistency and repeatability of
the method. From the caffeine and chicoric acid stock solution, six standard solutions are
prepared by spiking the stock solution to diluent to get a concentration of 100 pg/mL. Six
injections were injected in the method. The percentage root square deviation (%RSD) of
caffeine and chicoric acid was found to be 0.43 and 0.98 respectively. The overlay of the

chromatogram for six injections is presented in Figure 4, demonstrating the reproducibility

of the results.
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Figure 3: Calibration curves of caffeine and chicoric acid
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Figure 4: Overlay of precision chromatograms of a) caffeine b) chicoric acid

The results obtained from specificity, linearity, and precision are within acceptance
criteria as per the relevant guidelines confirming that the method is specific, linear, and
precise. However, the validation was conducted using only the standard markers. When
the partially validated method was applied to optimize the extraction condition for real
samples, it became apparent that the established run time and isocratic elution were
insufficient for effectively separating the compounds present in the sample matrix. To
address this, samples were subsequently injected using the method developed by
Innocenti et.al, (2008) which employed a Lichrosphere 100, RP18 (250 X 4.6 mm, 5 pum)
column. This adjustment allowed for better separation of the previously unresolved
peaks. Under these conditions, the caffeine peak eluted at Rt 25.0 mins and the chicoric
acid peak eluted at RT 35.2 mins. The corresponding chromatograms are displayed in
Figure 5. The method needs further optimization as a minor hump was observed at the
front of the caffeine peak, this phenomenon was only observed in the standards, not in
sample injections. Once the method is properly optimized, it will be fully validated

according to the ICH guidelines.
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(a)
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| Caffeine at RT 25.0 mins @ 275 nm

(c)
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No chicoric acid peak at RT 35.2 mins @ 330 nm

Figure 5: Representative chromatograms of peaks using Lichrosphere column a) caffeine
at 275 nm b) chicoric acid at 330 nm c) raw chicory and commercial coffee samples
overlay at 275 nm d) raw chicory and commercial coffee samples overlay at 330 nm.
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G. Conclusion
In this study, a method was developed to quantify caffeine and chicoric acid in coffee-
chicory mixtures, addressing a significant gap in the existing analytical methods. The
method underwent partial validation based on the ICH guidelines, focusing on
specificity, linearity, and precision. The results indicated that the method is specific, with
no interference from the blank at the retention times of both compounds. The calibration
curves demonstrated excellent linearity, with R? values of 0.999 for both caffeine and
chicoric acid. Precision tests yielded low %RSD values of 0.43% for caffeine and 0.98%
for chicoric acid, reflecting the method's consistency and repeatability. However,
challenges arose when applying the method to complex sample matrices, where initial
chromatographic conditions were insufficient to separate the compounds adequately.
Subsequent adjustments using a Lichrosphere 100, RP18 column provided improved
resolution, with caffeine and chicoric acid peaks separated at retention times of 25.0
minutes and 35.2 minutes, respectively. Finally, upon analysis of commercial coffee
products, the presence of caffeine was confirmed, while chicoric acid was not detectable
in either commercial coffee products or chicory samples. Hence an alternate strategy has
been proposed wherein the study will focus only on the quantification of caffeine content
in coffee and coffee-chicory blends using high-performance liquid chromatography
(HPLC).
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