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2.1 Questionnaire for consumer survey 

> 

uclan 
University of Central Lanmhl,. 

Questionnaire for obtaining consumer opinions on using iodised salt 

in cheese production 

By completing this questionnaire and returning it to the principal researcher 

you give your voluntary consent to be a part of the research project and that 

the information collected can be used for further analysis as a part of the 

project 

Please answer the questions as fully and as honestly as possible 

Participant details (Please✓ as appropriate) 

I Age group 

1s-25 □ 

II Gender 

26 - 35 □ 36-44 □ 45-60 □ 60+ □ 

Male D Female Defer Not to disclose D

Please answer the following questions by using(✓) where appropriate 

Questions 

1. Have you heard about Iodine as a nutrient?
Yes D No LJ 

2. Do you know about any health impact of iodine deficiency?
Yes LJ NoLJ 

3. Do you think Iodine is required for normal health and wellbeing?
Yes LJ No LJ Don't Know LJ 
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If yes, please specify on a scale of 1 to 5 how important it is to maintain sufficient levels 

of iodine in the body 

1 = Not at all important 

2 = Neutral 

3 = Somewhat important 

4 = Important 

5 = Extremely important 

Please indicate your preference by writing the number in the given box LJ 

4. Are you aware of any illness associated with iodine deficiency (lack of optimal levels

of iodine)?

Yes LJ No LJ

If yes please specify

5. Are you aware that iodine could be added to salt (iodised salt)

Yes D No D 

6. Have you come across any brands of iodised salt in the supermarkets?

Yes D No D 

If yes then, can you please give details? 

7. Please state the type of salt (regular table salt or any other branded/fortified salt)

that is consumed every day? Please give details.
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8. How often do you consume cheese or cheese products? (eg. Cheese and biscuits,

Slices in burgers, cheese pizzas, in sandwiches, salad bowls with cheese toppings, as

a part of a recipe, cheese spreads, lasagne etc)

Once a week D More than once a week D Every 2 weeks D 

Once a month D Never D 

9. Please list the type of cheese(eg. cheddar, brie, blue cheese, cream cheese, cheese

spreads) or cheese products (eg. Cheese burgers, cheese pizzas, salad bowl with

cheese toppings, as a part of recipe, lasagne) consumed most frequently by you?

Please give details

10. Do you like the idea of fortifying commonly consumed foods with vital nutrients

(eg. Vitamin D fortified milk, Iron fortified rice)

Yes D No D Don't Know D 

If No please can you briefly state the reasons? 

11. Do you think fortified foods differ in taste/texture/cost as compared to non-fortified

foods?

Yes D No□ DontKnow D 
12. If given a choice between regular table salt and iodised salt which of the two would

you prefer?

Regular table salt D Iodised salt D 
Please give reason for your choice 
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2.5 Participant information sheet 

PARTICIPANT INFORMATION SHEET 

Project Title: Use of iodised salt in food manufacturing to improve iodine status in the UK 

You are being invited to take part in a research study. Before you decide it is important for 

you to understand why the research is being done and what it will involve. Please take time 

to read the following information carefully. 

Please feel free to contact us if there is anything that is not clear or if you would like more 

information. The contact information is given at the end of the form. 

Take time to decide whether or not you wish to take part. 

Purpose of the Study 

My name is Miss Suruchi Pradhan. I am a student studying nutrition at University of Central 

Lancashire and this present research is being conducted as a part of my PhD degree in 

Nutrition under supervision of Professor Nicola Lowe (Professor of Nutritional Sciences at 

UCLAN). 

The current research will help to gain an understanding of the knowledge, attitudes and 

practice of manufacturers and consumers on the use of iodised salt in cooking and food 

products. Moreover, this information will be useful to inform future public health policy. 

Eligibility 

There is no specific eligibility inclusion or exclusion criteria and it is completely voluntary to 

take part in the study. If you decide to take part, you will be given a questionnaire to complete. 

Returning the completed questionnaire to the researcher will be considered your voluntary 

consent for taking part in the study. You are free to withdraw at any time without giving a 

reason, up to the time when you hand the completed questionnaire to the researcher. The 

completed questionnaire is anonymous therefore it is not possible to withdraw after the 

questionnaire has been returned to the researcher. 
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Study Procedures 

If you decide to take part in the study, then you will be asked to complete a short 

questionnaire. It is not necessary to be an expert in the field of nutrition to complete this 

questionnaire. This questionnaire consists of 18 questions in total and will take around 5 

minutes to complete it. 13 questions are tick box and only 5 questions will enquire about your 

opinion about various aspects related to nutrition and fortification for achieving optimal 

health. 

If you decide to take part in the study, please answer all the questions as fully as honestly as 

possible. 

Benefits 

There are no benefits to be gained by taking part in this study but it is hoped that the 

information gained may be of benefit to people in the future. 

Ethical Approval 

Ethical approval for this study has been granted byResearch Ethics Committee at University 

of Central Lancashire. 

Further Information 

Researchers contact details 

Miss Suruchi Pradhan : 01772 894914 Email ID - spradhan@uclan.ac.uk 

Professor Nicola Lowe: 01772 893599 Email ID - nmlowe@uclan.ac.uk 

If you have any concerns about the way in which the study has been conducted, you should 

contact University Officer for Ethics. 

Contact details of the Ethics officer - Email ID - OfficerForEthics@uclan.ac.uk 

'Thank you for considering taking part in this study and taking the time to read this sheet'. 
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2.6 Participant information sheet for online survey (using survey monkey program) 

Project Title: Use of iodised salt in food manufacturing to improve iodine status in the UK 

You are being invited to take part in a research study. Before you decide it is important for 

you to understand why the research is being done and what it will involve. Please take time 

to read the following information carefully. 

Please feel free to contact us if there is anything that is not clear or if you would like more 

information. The contact information is given at the end of the form. 

Take time to decide whether or not you wish to take part. 

Purpose of the Study 

My name is Miss Suruchi Pradhan. I am a student studying nutrition at University of Central 

Lancashire and this present research is being conducted as a part of my PhD degree in 

Nutrition under supervision of Professor Nicola Lowe (Professor of Nutritional Sciences at 

UCLAN). 

The current research will help to gain an understanding of the knowledge, attitudes and 

practice of manufacturers and consumers on the use of iodised salt in cooking and food 

products. Moreover, this information will be useful to inform future public health policy. 

Eligibility and withdrawal 

There is no specific eligibility inclusion or exclusion criteria and it is completely voluntary to 

take part in the study. If you decide to take part, you are still free to withdraw at any time 

without giving a reason, up to the time when the questionnaire is completed and until the 

time you press 'Submit'. Once the questionnaire is submitted, it cannot be withdrawn 

because there is no link between the questionnaire and the participant. 

Study Procedures 

If you decide to take part in the study, then please complete a short questionnaire by 

clicking 'Next'. 

It is not necessary to be an expert in the field of nutrition to complete this questionnaire. 

This questionnaire consists of 18 questions in total and will take around 5 minutes to 

complete it. Out of these, 13 questions are tick box and only 5 questions will enquire about 

your opinion about various aspects related to nutrition and fortification for achieving 

optimal health. 

If you decide to take part in the study, please answer all the questions as fully as honestly as 

possible. 
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Benefits 

There are no benefits to be gained by taking part in this study but it is hoped that the 

information gained may be of benefit to people in the future. 

Ethical Approval 

Ethical approval for this study has been granted by Research Ethics committee at University 

of Central Lancashire 

Further Information 

Researchers contact details 

Miss Suruchi Pradhan : 01772 894914 Email ID- spradhan@uclan.ac.uk 

Professor Nicola Lowe: 01772 893599 Email ID- nmlowe@uclan.ac.uk 

If you have any concerns about the way in which the study has been conducted, you should 

contact University Officer for Ethics. 

Contact details of the Ethics officer - Email ID- OfficerForEthics@uclan.ac.uk 

'Thank you for considering taking part in this study and taking the time to read this sheet'. 
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2.7 Individual consent form for consumer survey 

CONSENT FORM University of Central Lancashire 

Use of iodised salt in food manufacturing to improve iodine status in the UK 

Name: Suruchi Pradhan Position : Research student at University of Central Lancashire 

Researchers contact details 

Miss Suruchi Pradhan: 01772 894914 Professor Nicola Lowe: 01772 893599 

Email ID - spradhan@uclan.ac.uk Email ID - nmlowe@uclan.ac.uk 

Please read the following statements and initial the boxes to indicate your agreement 

I confirm that I have read and understand the information sheet, 

dated .............. for the above study and have had the opportunity 

to consider the information, ask questions and have had these 

answered satisfactorily. 

I understand that my participation is voluntary and 

that I am free to withdraw at any time, without giving a reason, 

until data collection is complete. 

I agree that my data gathered in this study 

may be stored (after it has been anonymised) at UCLan and 

may be used for future research. 

I understand that it will not be possible to withdraw my data 

from the study after final analysis has been undertaken. 

I understand that all the contact details/email address 

will be separated from the questionnaire by the researcher, 

and that no link between the completed survey and the email address 

will be kept, to ensure maintain the anonymity of the survey. 

I agree to take part in the above study. 

□ 

□ 

□ 

□ 

□ 

□ 
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Name of Participant Date Signature 

Name of Researcher Date Signature 
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2.8 Advertisement flyer for consumer study 

Participants Needed!!! 

For an interesting research project on food fortification to improve nutritional status 

Are you aware about fortifying foods with vital nutrients? 

Do you like 

different 

to know more about 

fortified foods? 

or 

If you are just interested in knowing about nutrition for optimal health ..... then ... 

Please come along and be a part of this interesting PhD research project 

If you decide to be the part of this research then ....... . 

You will have to complete a short questionnaire about 

► Your preferences regarding selecting different types of cheese varieties

► The type of table salt that is consumed regularly

► Your opinion about consuming 'fortified foods' for improving nutritional status

It will take only 5 minutes for completing the questionnaire. 

If you are interested in participating, then please follow the link given at the bottom of the 

page or please feel free to 

Contact: 

Miss Suruchi Pradhan - Research student 

Contact No. - 01772 894914 / DB-329 Email - spradhan@uclan.ac.uk 

'Thank you for considering taking part in this study and taking the time to read this sheet'. 

.j.J ! .j.J "! .j.J 
(J.) 

.j.J ! .j.J 
(J.) .j.J .j.J .j.J .j.J .j.J 

..c; ..c; ..c; C ..c; ..c; C 

286 



2.9 Sensory evaluation template 

Sensory Evaluation Template University of Central lancashlre 

The purpose of this questionnaire is to obtain opinion of general consumers about 

acceptability of various cheese samples. 

Note - This exercise cannot be completed if you are Lactose Intolerant 

Please answer the questions as fully and as honestly as possible 

Participant details (Please ✓ as appropriate) 

1. Age group

1s-25 □ 

2. Gender

26 - 35 □ 36-44 □ 45-60 □ 60+ □ 

Male D Female D Prefer not to say D 

3. How often do you consume cheese or cheese products(e.g. Slices in burgers, cheese

pizzas, in sandwiches, salad bowls with cheese toppings, as a part of a recipe, cheese

spreads, lasagne etc.)

Once a week 
D 

More than once a week 
D 

Every 2 weeks D 

Once a month D Never D 

4. Please state the type of salt (regular table salt or any other branded/fortified salt) that is

consumed everyday? Please give details. 

5. If you use salt in daily meals, then please state when do you add salt in your preparations

During cooking D Sprinkle on the top at the end of cooking D 
At the table before /during eating D 
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Some Instructions for the sensory evaluation exercise: 

Please taste the cheese samples and please indicate your opinion about the characteristics 

of the cheese samples by ticking ( ✓) appropriate boxes. 

For more clarity in understanding the terms used for describing different attributes related 

to cheese samples, you will be provided with the list of terms and definition clearly 

explaining the meaning of the term (e.g. Creamy odour, flowers/ fruity odour). 

Please rate the 'Colour'of cheese samples 

Sample Like Like Like Neither Dislike Dislike Dislike 

No. very moderately slightly like nor slightly moderately very 

much dislike much 

(Neutral) 

249 

198 

Please rate the 'Appearance'of cheese samples 

Sample Like Like Like Neither Dislike Dislike Dislike 

No. very moderately slightly like nor slightly moderately very 

much dislike much 

(Neutral) 

249 

198 

Please rate the 'Saltiness' of cheese samples 

Sample Not at all salty Slightly salty Moderately Very salty 

Number salty 

249 

198 

Please rate the 'Taste'of cheese samples 

Sample Like Like Like Neither Dislike Dislike Dislike 

No. very moderately slightly like nor slightly moderately very 

much dislike much 

(Neutral) 

249 

198 
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In context oftaste, please indicate using ( ✓) if you can detect specific characteristics related 

to taste in the given cheese samples 

Sample Sweetness Acidic taste Bitterness Aftertaste Others 

Number 

Yes No Yes No Yes No Yes No Yes No 

249 

198 

If you have indicated 'Others' in the above question, please give details 

Please rate the 'Odour' of cheese samples 

Sample Like Like Like Neither Dislike Dislike Dislike 

No. very moderately slightly like nor slightly moderately very 

much dislike much 

(Neutral) 

249 

198 

In context of odour, please indicate using(✓) if you can detect specific characteristicsin the 

given cheese samples 

Sample Creamy Acidic odour Buttery odour Flowers/fruity Others 

Number odour odour 

Yes No Yes No Yes No Yes No Yes No 

249 

198 

If you have indicated 'Others' in the above question, please give details 
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Please rate the 'Texture' of cheese samples 

Sample Like Like Like Neither Dislike Dislike Dislike 

No. very moderately slightly like nor slightly moderately very 

much dislike much 

(Neutral) 

249 

198 

In context of texture, please indicate using ( ✓) if you can detect specific characteristics in 

the given cheese samples 

Sample Hardness Chewiness Rubbery Grainy Others 

Number 

Yes No Yes No Yes No Yes No Yes No 

249 

198 

Please rate the level of 'Dryness (level of moisture or mouth-feel)' of the cheese samples 

Sample Not dry at all Slightly dry Moderate Very high level 

Number mouth feel level of of dryness 

dryness 

249 

198 

Please rate the 'Overall quality' of cheese samples 

Sample Like Like Like Neither Dislike Dislike Dislike 

No. very moderately slightly like nor slightly moderately very 

much dislike much 

(Neutral) 

249 

198 

Out of the 2 cheese samples provided please indicate (✓)which sample/samples do you 

think contains iodised salt and regular table salt respectively 

Sample number Iodised salt Regular table salt Don't Know 

249 

198 

Out of the two cheese samples provided please indicate ( ✓) which sample you prefer? 

Sample 249 D Sample 198 D 
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2.10 Participant information sheet for sensory evaluation 

uc1ar1 
PARTICIPANT INFORMATION SHEET FOR SENSORY EVALUATION 

Project Title: Use of iodised salt in food manufacturing to improve iodine status in the UK 

You are being invited to take part in a research study. Before you decide it is important for 

you to understand why the research is being done and what it will involve. Please take time 

to read the following information carefully. 

Please feel free to contact us if there is anything that is not clear or if you would like more 

information. The contact information is given at the end of the form. 

Take time to decide whether or not you wish to take part. 

Background/Rationale for the present study 

Iodine is one of the essential minerals required for normal health and wellbeing. Initially, it 

was assumed that iodine deficiency existed only in developing countries and in areas with 

soils deficient in iodine and so fortification of salt with iodine was encouraged. Recent 

research has revealed that there is widespread iodine insufficiency in Britain due to changes 

in animal feed and milking practices (Rayman et al., 2008, Combat and Lean., 2014). Iodine 

deficiency during pregnancy can have adverse postnatal consequences (Khazan et al., 2013). 

Fortifying table salt with Iodine has proved to be an effective and inexpensive way of 

improving Iodine status at a population level in developing country settings (WHO, 2014). 

However, in the UK, where there is a concurrent concern about high salt (sodium) intakes, 

there is a potential conflict with promoting the use of iodised salt to improve Iodine status, 

and reducing salt intake to reduce the risks due to hypertension. One way of dealing with this 

scenario is using iodised salt in cheese, a product that naturally contributes salt to the diet, 

could help in reducing iodine deficiency in the population without promoting additional salt 

intake. 

Purpose of the Study 

My name is Miss Suruchi Pradhan. I am a student studying nutrition at University of Central 

Lancashire and this present research is being conductedas a part of my PhD degree in 
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Nutrition under supervision of Professor Nicola Lowe (Professor of Nutritional Sciences at 

UCLAN). 

The current research will help to gain an understanding of the sensory preferences and 

attitudes of manufacturers and consumers on the use of iodised salt in cheese samples. 

Moreover, this information will be useful to inform future public health policy. 

Why I have been selected to participate? 

This study aims to obtain opinions, preferences about the sensory acceptability of the newly 

developed cheese samples for the present study. Therefore we are inviting participants who 

like and consume cheese and cheese products in everyday life irrespective of age, gender, 

areas of occupational expertise. 

Eligibility 

Since this sensory evaluation involves consumption of cheese samples, people with lactose 

intolerance (dairy allergy) are not eligible to take part in the study. All the data in form of 

sensory evaluation questionnaire will be anonymous and it is completely voluntary to take 

part in the study. 

If you decide to take part you will be given this information sheet and you will be requested 

to sign a voluntary consent form. You are free to withdraw at any time without giving a 

reason, up to the time when the questionnaire is completed and collected for the research 

project. 

Study Procedures 

This study is about sensory evaluation of different cheese samples. If you decide to take part 

in the study, then you will be presented with2different cheese samples and you will be 

requested to taste these samples. You will be given a glass of water to be consumed in 

between two samples. Upon tasting you will be asked to complete a sensory evaluation 

questionnaire. This evaluation template involves rating the cheese samples on different 

sensory attributes like colour, taste, texture and so on using a rating scale ranging from like 

very much to dislike very much. 

It is not necessary to be an expert in the field of nutrition to complete this evaluation. There 

are no correct or incorrect answers for this evaluation as it completely depends on 

participant's taste preferences. It is completely voluntary to take part in this study 

If you decide to take part in the study, please answer all the questions as fully as honestly as 

possible. 

Benefits 

There are no benefits to be gained by taking part in this study but it is hoped that the 

information gained may be of benefit to people in the future. This research has the potential 
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to inform public health policy makers regarding the use of iodine in cheese making to improve 

the iodine status of the general UK population. 

Ethical Approval 

Ethical approval for this study has been granted by Research Ethics Committee at University 

of Central Lancashire. 

Further Information 

Researchers contact details 

Miss SuruchiPradhan: 01772 894914 Email - spradhan@uclan.ac.uk 

Professor Nicola Lowe: 01772 893599 Email - nmlowe@uclan.ac.uk 

If you have any concerns about the way in which the study has been conducted, you should 

contact University Officer for Ethics. 

Contact details of the Ethics officer- Email ID- OfficerForEthics@uclan.ac.uk 

'Thank you for considering taking part in this study and taking the time to read this sheet'. 
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2.11 Individual consent form for sensory evaluation 

UC 
CONSENT FORM University of Central Lancashire 

Use of iodised salt in food manufacturing to improve iodine status in the UK 

Name: Suruchi Pradhan Position: Research student at University of Central Lancashire 

Researchers contact details 

Miss Suruchi Pradhan: 01772 894914 Professor Nicola Lowe: 01772 893599 

Email ID - spradhan@uclan.ac.uk Email ID - nmlowe@uclan.ac.uk 

Please read the following statements and initial the boxes to indicate your agreement 

I confirm that I have read and understand the information sheet, 

dated .............. for the above study and have had the opportunity 

to consider the information, ask questions and have had these 

answered satisfactorily. 

I understand that my participation is voluntary and 

that I am free to withdraw at any time, without giving a reason, 

up to submission of the completed survey to the researcher. 

I agree that my data gathered in this study 

may be stored (after it has been anonymised) at UCLan and 

may be used for future research. 

I understand that it will not be possible to withdraw my data from the 

study after completion of the sensory survey. 

I understand that all the data collected will be completely anonymous 

I agree to take part in the above study. 

□ 

□ 

□ 

□ 

□ 

□ 
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Name of Participant Date Signature 

Name of Researcher Date Signature 
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2.13 Campden Overall Eating Recommended Scoring scale 

Table 2.13.1 Campden Overall Eating Recommended Scoring Scale 

Product 
Score 

Quality band 
Description 

For commercial and technical reasons, manufactured food 
10 Excellent 

products in this zone are very rare. 

9 Very Good Products in this band are of high achievement, reflecting special 

attention to raw materials and technology and usually 

8 Good commanding a price premium 

7 Fairly Good Products that fall into this zone are considered to offer 

marketplace quality. Within this broad band, it is likely that 
Satisfactory 

specific products will have been positioned for a particular 

market. Historically, majority of new products have fallen in this 
Acceptable 

band 

Not quite Products in this band are considered to be disappointing and 

acceptable failing to meet their description 

3 Poor 
It is inconceivable that any manufacturer would aim to market 

2 Bad product in this zone. We would assume technical failure or 

product abuse 
Inedible 
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3.5 Photograph of cheese varieties analysed for iodine content 

309 



3.1 Trials of method development for iodine analysis 

3.1.1 Determination of iodine content using the Sandell-Kolthoff reaction (method 1) 

This method for iodine analysis was based on the original method developed by Zimmermann 

et al., (2005) using Sandell-Kolthoff reaction which consists of both the reaction and the 

digestion process into a microplate format. 

For the purpose of the present research, the standard operating procedure (SOP) was 

requested from this original group of researchers and was adapted to determine the iodine 

content of the commonly consumed varieties of cheese in the UK. 

Principle - the iodine content was determined by using the ability of iodide to catalyse the 

reduction of yellow Ce(IV) to colourless Ce(III) in the presence of arsenious acid. The rate of 

colour disappearance is directly proportional to the iodide concentration: 

2 Ce4+ 
+ As3+ _I.:____. 2Ce3+ 

+ As5+

Sample preparation -Certified reference material (CRM) powder was accurately weighed in 

triplicate and this was digested overnight (o/n) at room temperature by adding 20ml of nitric 

acid (70% ACS reagent, Sigma Aldrich, Product of Germany, Sample code- 438073-2.SL) in a 

closed SO-ml graduated polypropylene tube. Following the o/n incubation, this tube was 

incubated in an oven (VWR-VENTI-LINE Oven, Model number-VL112) at 60-70
°C for 1 hour. 

At the end of the incubation period these were cooled to room temperature before analysis 

(Kim and Song 2014) 

Results 

Along with sample analysis, the values obtained for the standards were graphically plotted to 

obtain an accurate standard curve. 

Plotting of Standard curve - Iodine standards (potassium iodate 99.5%, 215929-lO0G Sigma 

Aldrich, Dorset, UK) were prepared with iodine concentration ranging from S0µg/I to 400µg/l 

using nanopure water (18.2MO cm - Thermo Scientific) as a diluent. Results were read using 

a microplate reader (Thermo Scientific Multiskan® FC microplate photometer, Thermo Fisher 

Scientific, 96 well plate model with wavelength range 340 to 850 nm) and the absorbance was 

measured at 405nm. A standard curve was plotted by converting absorbance values into log 

values for achieving maximum accuracy. A number of experimental runs were conducted to 

achieve optimal standard curve and the standard curves from 3 experiments are presented 

below (figures 1, 2, and 3). These figures illustrate the between run variation in the standard 

curves obtained. 
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Figure 2. 2nd Example of a Standard curve for Iodine by using method 1. 
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Figure 3. 3rd Example of a Standard curve for Iodine by using method 1. 

Validation of the method 
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In order to ensure that the results obtained by the method used for iodine analysis were valid 

a certified reference material (CRM) with a known iodine content was run simultaneously. 

The CRM used in this study was skimmed milk powder (European Reference materials, ERM 

- 8D150, Sample No. 0406) with a known iodine content of 1.73mg/kg.

Results for CRM- Following the experimental runs described above the standard curves 

where used to estimate the iodine concentration in the CRM and these calculations typically 

yielded iodine concentrations of 13.04 mg/kg. This value is significantly higher than the 

expected value of 1.73 mg/kg. 

Challenges in the trials during development of the method 

Many experimental runs over a period of 4 months were conducted to achieve an appropriate 

standard curve, which could subsequently form the basis for determination of iodine content 

of cheese samples. 

1. Even after these trials it was not possible to obtain a consistent standard curve.

2. The speed of the reaction taking place during the final stage of the analysis (Sandell

Kolthoff reaction) from yellow to colourless was faster than expected (28minutes). So

the change in colour reaction in the microplate was monitored and the plate was read

at different time intervals (3minutes, Sminutes, and 10 minutes).

3. In depth discussions were conducted and the procedure for analysis was reviewed

critically with the supervisory team as well as with one of the researcher contributing

to developing the original SOP.

Modifications made to overcome the challenges 

1. Efforts were made to eliminate all possible sources of contamination.

2. A separate trial was conducted to test the purity of water to ensure that the nanopure

water (18.2MQ cm) was free of any traces of iodine.

3. All the glassware was acid washed o/n and air dried and stored in airtight plastic

container before use.

4. All the chemicals were freshly made before the analysis.

5. The template for pipetting standards and samples on to the well-plate given in the

original method was modified.

6. The shaking step (28 minutes) before the analysis was eliminated.

Conclusions from various trials with modifications 

1. The standard curve obtained was satisfactory for the individual run but was not

reproducible as the range varied considerably with every run (9 trials).

2. The results obtained for iodine content for the certified reference material were

higher than the expected value even after modifying method to reduce manual errors

and eliminating different sources of contaminations.

3. The method is extremely sensitive and so is not reproducible in wide range of settings.

For the reasons outlined above, it was concluded that this was not a suitable method for 

analysis of iodine in food samples 
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3.1.2 Determination of iodine content using Inductively Coupled Plasma optical emission 

spectrometry (ICP-OES) (method 2) 

Principle: The liquid sample is converted to an aerosol through a process called nebulization. 

The sample aerosol is then transported to the RF generated plasma where it is desolvated, 

vaporised, atomised and excited and/or ionised. The excited atoms and ions emit their 

characteristic radiation which is diffracted by spectrometer (echelle optical design) into 

wavelength (166-847 nm). The radiation (UV and Vis) is detected by the detector and turned 

into electronic signals that are processed by Qtegra software. The measured intensity of 

wavelength corresponds to the concentration of the element present in the original sample. 

The sample's intensities are compared to the intensities of standards of known concentration 

to obtain elemental concentration in unknown sample. The intensities for the standard or 

sample are expressed as counts (YCPS Counts in the machine), so the graphs are plotted as 

counts vs element concentration (ThermoScientific, 2013) 

111 

To 

w 

Fig no 4. A simplified linear schematic of an ICP-OES instrument 

Sample 

Source: website : https://blogimagesxyz.blogspot.com/2016/11/design-of-experiments

format.html (accessed on : 11 May 2018) 
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Preparation of standard curve for iodine - Potassium iodide solution was used to prepare 

dilutions for plotting standard curve. From this solution, five standard dilutions were made 

with concentrations from 100ppb to S00ppb. 

Sample preparation and analysis 

Procedure - In order to obtain the known concentration of iodine in the CRM (European 

Reference materials, ERM - B0150, Sample No. 0406), different quantities of the CRM were 

accurately weighed (0.0lg, 0.0173g, 0.025g, 0.05g, 0.075g and 0.lg) in a microwave digester 

tubes. Subsequently 10ml of nitric acid (70% ACS reagent, Sigma Aldrich, Product of Germany, 

Sample code- 438073-2.SL) was pipetted accurately in each of the samples. These samples 

were digested in a microwave digester (Milestone Ethos EZ Microwave digest system from 

Analytix) for 1 hour. At the end of the digestion period, the digested solutions were 

transferred quantitatively into a 10ml graduated tubes. A blank sample (10ml of nitric acid) 

was also subjected to microwave digestion along with other samples in order to identify any 

kind of contamination in the entire process. 

Sample analysis - 0.1ml of these digested solutions were pipetted in 10 ml of graduated 

tubes. To this 9.9ml of nano-pure water (18.2MQ cm) was added making the entire volume 

of solution for analysis to 10ml. These samples and standards were then analysed for their 

iodine content using ICP-OES (ICAP 7000 Series, ICP- Spectrometer, Thermo Scientific UK) 

Results 

An example of the standard curve obtained using ICPOES is presented in Figure 4. 

60000 

50000 

V) 40000 

30000u

C: 

1/1 20000 
C: 

10000
u

0 •.. ·

0 

-10000

.... 

100 200 300 

y = 102.89x - 1060.7 

R1 = 0.9948 e 

400 500 

Concentration of iodine 

600 

Figure 5. - An Example of a Standard curve for Iodine by using method 2. 
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Challenges in sample analysis 

The standard curve was satisfactory but when certified reference material was run along with 

standards, the calculated values were lower (0.08mg/kg) than expected result (1.73mg/kg). 

So considering these results, it was decided to trial a third method for iodine analysis 

3.1.3 Determination of iodine content using Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS} (method 3} 

Preparation of standard curve for iodine-Potassium iodide solution was used to prepare 

dilutions for plotting standard curve. From this solution, five standard dilutions were made 

with concentrations from l00ppb to S00ppb, as described for method 2. 

Sample preparation 

These standards were analysed using ICP-MS (Thermo Electron Corporation, X-Series 1 and 

then this was followed by sample solution analysis using auto sampler (ASX-510, Cetac) for 

iodine. The standard curve for iodine is presented as follows 
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Figure 6. An Example of a Standard curve for iodine using method 3 

Challenges in sample analysis 

1. The standard curve was satisfactory but when certified reference material was run

along with standards, the calculated values were lower than expected result.

2. Due to the sensitivity of the ICP-MS machine major variations were observed in the

readings of same samples in 2 different runs.

3. The expected iodine concentrations in the samples were lower and so if sample is

diluted to suit the ICP-MS machine sensitivity, then the amount obtained was found

to be negligible.

Modified method for sample analysis- Since the concentration of iodine in the samples was 

expected to be low, it was essential to increase the amount of sample in order to obtain 

adequate levels of iodine. 
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1. The microwave digestion procedure used for samples was changed to wet ashing

method as used in method 1

2. The ratio of amount of sample to amount of acid was modified and it was decided that

Sg of sample will be digested in 10ml of acid and this will be made up to 100ml instead

of 0.1ml of digested sample made up to 100ml as in the method 3.

Modified sample preparation - Sg of cheese was digested in 10ml of concentrated nitric 

acid {70%) and then following procedure was same as used in method 1. These digested 

samples were diluted by making up the volume to 100ml and then analysed using ICP-MS. 

The standard range was also modified and changed to 0-lO0ppb instead of 100-S00ppb 

4000000 

3500000 

3000000 

Ill 2500000 

2000000 
u 

1500000 

u 1000000

500000 • 

0 ♦ 

20 
-500000

• 

40 60 80 

Concentration of iodine (ppb) 

_ V = 34.435.x. - 220156 

R2 = 0.9844 

♦ 

100 120 

Figure 7. - An Example of a Standard curve for iodine using the modified ICPMS method 

Challenges identified - the standard curve plotted for the modified ICP-MS method is 

similar to the one obtained in method 3. Changing the standard range from 0-l00ppb 

instead of 100-S00ppb did not sufficiently improve the sensitivity, with the samples 

remaining below the concentration of the lowest standard, thus reducing the reliability of 

the values obtained. Due to this, the values obtained for iodine content of cheese samples 

could not be considered as reliable. 
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Statistical values for sensory evaluation 

Consumer data 

Soft cheese with and without 

iodised salt 

Main attributes of cheese x2 P- value

Colour 1.577 0.813 

Appearance 0.551 0.968 

Taste 1.324 0.932 

Odour 1.111 0.953 

Texture 4.343 0.501 

Overall quality 2.925 0.712 

Attribute related to Taste 

Sweetness 0.14 0.705 

Acidic taste 0.23 0.630 

Bitterness 0.12 0.731 

After taste 0.08 0.772 

Attribute - Odour 

Creamy 0.62 0.430 

Acidic 0.93 0.335 

Buttery 0.19 0.661 

Flowery/fruity 1.80 0.179 

Attribute - Texture 

Hardness 0.50 0.479 

Chewiness 0.20 0.654 

Rubbery 1.29 0.256 

Grainy 0.53 0.466 

Attribute - Saltiness 

Not salty 0.06 0.808 

Slightly salty 3.43 0.064 

Moderately salty 2.46 0.116 

Very salty 1.29 0.256 

Attribute - Level of dryness 

Not atall dry 1.20 0.274 

Slightly dry 1.98 0.159 

Moderate level of dryness 0.11 0.739 

High level of dryness 1.00 0.317 

Cheddar cheese with and 

without iodised salt 

x2 P- value

5.279 0.260 

2.852 0.583 

6.297 0.391 

1.290 0.936 

10.173 0.118 

4.480 0.612 

0.03 0.865 

0.61 0.434 

0.14 0.705 

0.00 1.000 

0.25 0.617 

0.93 0.335 

0.07 0.785 

0.33 0.563 

2.45 0.117 

0.53 0.465 

0.11 0.738 

0.93 0.335 

0.22 0.637 

2.00 0.157 

3.33 0.06 

0.20 0.654 

0.15 0.694 

0.18 0.674 

0.15 0.694 

0.33 0.563 













































































































































3.4 Tabular format of cheese varieties in different supermarkets 

Table 3.4.1 Basic information about cheese varieties in Sainsbury's 

Name of cheese Country of origin 

Anchor Cheddar Grated UK 

Anchor Cheddar Mature 

Anchor Mature Lighter Cheddar 

Applewood cheese snacking 

Butlers Blacksticks Smooth Blue Cheese Preston, UK 

(Full fat soft coloured blue veined cow's milk 

cheese) 

Cathedral City Caramelised Onion Cheddar Great Britain with British milk 

Cathedral City Extra Mature Cheddar Great Britain with British milk 

Chevington Grated Light Cheese Traditionally made KEDASSIA Conforming to the 

requirements of the Rabbinate of the Union of 

Orthodox Hebrew Congregations - London 

Davidstow Cornish Classic Mature Cheddar Telford, England, UK 

Mature Blue Stilton Made at Tuxford and Tebbutt dairy in 

(Full fat blue veined hard cheese) 
Leicestershire 

Blue Stilton UK 

Shropshire Blue 

Stilton Organic 

Beacon Fell Creamy Lancashire 

Butlers Farmhouse Gloucester, Red Leicester, 

Lancashire - 1.25g 

Caerphilly Cheese (Cows' Milk) 

Gevrick Goat cheese 

Kidderton Ash Goat cheese 

Parlick Fell Hard sheep cheese 

Somerset Goat cheese Produced in United Kingdom, Packed in United 

Kingdom. Produced using English Goats milk 
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Sainsbury UK cheese county specific varieties 

Lake district vanilla quark 

Castello Danish Blue cheese Denmark 

(Full fat blue veined cheese) 

Castello Pineapple Halo 

(Soft cheese with pineapple and almonds) 

Lactofree Soft White Cheese 

Savera Paneer 

Apetina Mediterranean style cheese cubes and its 

varieties 

Light Cypriot Halloumi Cyprus 

Creme de Saint Agur France 

(Blue cheese spread made with pasteurised cows' 

milk) 

Bleu D' Auvergne 

Roquefort blue cheese 

President Brie 

French Goat cheese (medium fat soft cheese) 

Coeur De Lion Pie D'Angloys Cheese, Coeur De Lion 

La Buche Goats Cheese 

Camembert Goat cheese 

Colliers cheese 

Cracker Barrel Cheddar Produced in Ireland 

(Smooth mature Irish cheese) Packed in Belgium 

Galbani Dolcelatte Italy 

(Soft blue veined cheese) 

Gorgonzola Dolce 

(Semi-soft full fat blue cheese) 

Piccante Gorgonzola 

(Pasteurised Semi-soft full fat blue cheese) 
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Galbani Mascarpone 

Galbani Mozarella -0.7g 

Galbani Ricotta -0.4g 

Dried grated hard cheese -2.62g 

Cambozola {Full fat soft mould ripened blue vein Produced in Germany and Packed in the UK 

cheese) 

Philadelphia 

Leerdammer 

Norwegian Jalsberg cheese slices Produced in Norway and Packed in the UK 

Greek style salad cheese Greece 

Greek Feta Cheese Greece 

President Emmental slices Czech Republic 

Austrian Oak Smoked cheese Austria 

Bavarian slices Germany 

{Smoked Processed cheese with butter) 

Emmental cheese 

German Smoked cheese 

Sainsbury Dutch Edam and varieties Netherlands 

Gouda cheese 

Maasdam cheese 

Vintage Gouda Cheese Produced in Netherlands, Packed in the UK 

Swiss Emmental cheese Switzerland 

Swiss Mature Reserve Gruyere 

Swiss Gruyere Produced in Switzerland using Swiss milk, Packed 

in Austria 

Sainsbury lberico Spain 

(Full fat hard cheese made with pasteurised cows', 

sheep and goats' milk) 
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Table 3.4.2 Basic information about cheese varieties available in TESCO 

Type of cheese Name of cheese Manufacturer and country of 

origin 

Cheddar Strong cheddar white Cheshunt , UK 

(Scottish cheddar cheese) 

Cornish Classic Mature Cheddar 

Pilgrims Choice Mature Cheddar Produced in the UK, Ireland, New 

Zealand and Australia, using milk 

from the UK, Ireland, New 

Zealand and Australia. Packed in 

the UK 

Canadian Vintage Cheddar Produced in Canada. using milk 

(Full fat hard Canadian Cheddar cheese) 
from Canada. Contains Milk. 

Made from unpasteurised milk. 

Mild White Cheddar 

(Full fat hard white Cheddar cheese) 

Maryland Farmhouse Vintage Cheddar 

(West Country Farmhouse mature Produced in the UK using milk 

Cheddar full fat hard cheese) from the UK. Contains Milk. 

Medium British Cheddar 

(Full fat hard white Cheddar cheese) 

Mature British Cheddar 

(Full fat hard mature white Cheddar 

cheese) 

Cave Aged Cheddar 

(West Country Farmhouse mature 

Cheddar full fat hard cheese. Traditional 

Continental llchester Applewood Smoked Flavour Produced in the UK using milk 

Cheddar from the UK Contains Milk. 

Blue Stilton 

(Full fat blue veined hard cheese) 

Finest Mature Blue Stilton 

(Full fat blue veined hard cheese) 
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Somerset Brie 

(Brie full fat mould ripened soft cheese) 

British Blue Shropshire 

(Full fat blue veined coloured hard cheese) 

Vintage Applewood 

Cheddar Cheese 

Frico Edam Ball Produced in the Netherlands. 

(Edam medium fat hard cheese) 
using milk from the Netherlands 

Frico Gouda Wheel 

(Gouda Holland full fat hard cheese) 

Finest Parm Reggiano Pre-Cut Portion Produced in Italy. using milk from 

(medium fat hard Italian cheese, a fruity 
Italy. Made from unpasteurised 

milk 
flavoured and grainy textured Italian 

cheese) 

Parmesan Gratings 

Grana Padano Portions 

(medium fat hard Italian cheese, a fruity 

and nutty Italian hard cheese with a grainy 

texture) 

Parmesan Shavings 80G Pot 

(medium fat hard Italian cheese) 

Finest Gorgonzola Piccante 

(Gorgonzola full fat soft blue veined 

cheese) 

Cambozola Blue Brie Produced in Germany. using milk 

(Full fat soft mould ripened blue veined 
from Germany. 

cheese. A mild creamy blue vein Brie with 

Jarlsberg Preservative (Potassium Sorbate) 

(Medium fat hard cheese) 

President French Brie 

(Full Fat Soft Cheese) 
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Cheese with 

Herbs and Spices 

Swiss Gruyere 

(Swiss Reserve Gruyere AOP full fat hard 
cheese) 

Swiss Emmental (Swiss Emmental AOP full 
fat hard cheese made with unpasteurised 
milk. Mild and nutty golden yellow 
cheese) 
Dolce latte 

(Blue Veined Full Fat Soft Cheese) 

St Agur 

(Blue veined full fat soft cheese) 

Castello Danish Blue Cheese 

Goats Cheese Log 

(Full Fat Soft Cheese) 

Normandy Camembert 250G 

Finest Spanish Manchego Cheese 

(Spanish ewes' milk full fat hard cheese 
• I .I r,

Creamy 60% Brie

(Brie mould ripened full fat soft cheese)

Ripe And Ready Caractere Brie (Brie de 

caractere mould ripened full fat soft 

cheese) 

Wensleydale And Cranberry 

(Wensleydale full fat hard cheese with 

sweetened dried cranberries.) 

Produced in Switzerland using 
milk from Switzerland. Made 
from unpasteurised milk. 

Produced and packed in France 

Produced in France with 
pateurised Goat's Milk 

Produced in France 

Produced in Spain using milk 
from Spain. Contains Milk and Egg 

Produced in France using milk 
from the EU. 

Creamy Wensleydale from Belton 

Farm in Shropshire with sweet 

era n berries 

,__ _______________ ---, Produced in the UK using milk 
llchester Mexicana Original Hot Cheddar 

Five Counties (Layers of Derby, Red 

Leicester, Cheshire, Double Gloucester 

and Cheddar) 

Wensleydale With Mango And Ginger 

from the UK 
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(full fat hard cheese with sweetened dried 

Mango and crystallised Ginger) 

Extra Hot Mexicana Cheddar 

White Stilton And Apricot 

(Full fat creamy hard cheese with pieces of 

chopped dried apricot) 

Cheddar With Garlic And Herb Produced in the UK using milk 

(Cheddar full fat hard cheese with garlic, 
from the UK 

parsley and chive) 

Cheddar With Pickled Onion And Chive 

Cheddar With Chilli And Lime 

Cheddar With Caramelised Red Onion 

Chutney 

Long Clawson Whirl Herb And Garlic 

Double Gloucester With Onion And Chives 

White Stilton And Blueberry 

(Full fat creamy hard cheese with pieces of 

chopped sweetened dried blueberries) 
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3.SPhotograph of cheese varieties from supermarkets analysed for iodine content at Fera

Labs
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