
                                                                    

University of Dundee

Operational Considerations FOR HOT-washing in Potato Crisp Manufacture

Bartlett, Leanne; Montague, Gary; McNamara, Ged; Davies, Ben; Fiore, Alberto; Sturrock,
Keith
Published in:
Food and Bioproducts Processing

DOI:
10.1016/j.fbp.2020.09.014

Publication date:
2020

Licence:
CC BY-NC-ND

Document Version
Peer reviewed version

Link to publication in Discovery Research Portal

Citation for published version (APA):
Bartlett, L., Montague, G., McNamara, G., Davies, B., Fiore, A., Sturrock, K., Ledbetter, M., Hein, I., Mantelin, S.,
Harrower, B., Higgins, S., & Stott, K. (2020). Operational Considerations FOR HOT-washing in Potato Crisp
Manufacture. Food and Bioproducts Processing, 124, 387-396. https://doi.org/10.1016/j.fbp.2020.09.014

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 05. Dec. 2023

https://doi.org/10.1016/j.fbp.2020.09.014
https://discovery.dundee.ac.uk/en/publications/04d77dbd-0c3e-4286-a4b2-ab5ad169b378
https://doi.org/10.1016/j.fbp.2020.09.014


Journal Pre-proof

Operational Considerations FOR HOT-washing in Potato Crisp
Manufacture

Leanne Bartlett, Gary Montague, Ged McNamara, Ben Davies,
Alberto Fiore, Keith Sturrock, Moria Ledbetter, Ingo Hein, Sophie
Mantelin, Brian Harrower, Malcolm Knott, Stan Higgins, Karen Stott

PII: S0960-3085(20)30526-5

DOI: https://doi.org/10.1016/j.fbp.2020.09.014

Reference: FBP 1341

To appear in: Food and Bioproducts Processing

Received Date: 25 February 2020

Revised Date: 21 September 2020

Accepted Date: 23 September 2020

Please cite this article as: Bartlett L, Montague G, McNamara G, Davies B, Fiore A, Sturrock 
K, Ledbetter M, Hein I, Mantelin S, Harrower B, Knott M, Higgins S, Stott K, Operational 
Considerations FOR HOT-washing in Potato Crisp Manufacture, Food and Bioproducts 
Processing (2020), doi: https://doi.org/10.1016/j.fbp.2020.09.014

This is a PDF file of an article that has undergone enhancements after acceptance, such as 
the addition of a cover page and metadata, and formatting for readability, but it is not yet the 
definitive version of record. This version will undergo additional copyediting, typesetting and 
review before it is published in its final form, but we are providing this version to give early 
visibility of the article. Please note that, during the production process, errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal 
pertain.

© 2020 Published by Elsevier. This manuscript version is made available under the CC-BY-
NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

https://doi.org/10.1016/j.fbp.2020.09.014
https://doi.org/10.1016/j.fbp.2020.09.014














 
 

variability. As loads typically undergo processing within twenty four hours on processing-line, this 

could contribute to variability between pilot plant and production scale operation with potentially 

more in batch variability arising in the pilot plant. 

 

3. Pilot Plant Results and Discussion 

3.1 Cold Wash Operation  

Firstly, it was necessary to understand the impact of the cold wash on slice sugar content. In total, 41 

samples were collected from the pilot plant cold wash as shown in Figure 1. 

Each sample was cold washed using water at ambient temperature for 3.5 minutes, mimicking 

production scale operation. A strong correlation was observed between the sugar concentration in the 

fresh and cold washed slices. The average reduction was calculated as 21%, which was higher than 

industrial expectations as the perception was that it was the hot-wash that removed significant 

amounts of sugar and the cold wash had limited effect. In expressing the removal percentage, 21% 

reduction refers to there being 79% of the sugars left compared to the inlet slices. This approach has 

been adopted in subsequent results that refer to removal percentages below where the 100% figure 

refers to the inlet concentration to that unit. 

3.2 Residence Time in the hot-wash 

With increased understanding of the cold wash, attention focused on the hot-wash. In the first trial, the 

wash temperature was set to 70oC as it was proven to reduce sugar concentration in the production 

plant and in preliminary experimental configuration trials. The fresh slice sugar content was variable, 

ranging from 31-93 mg/L. Results were normalised to give percentage reduction in the hot-wash and a 

strong relationship was obtained, suggesting that initial sugar variation has not affected validity. 

As seen in Figure 2, the operational residence time is 3.5 minutes, giving a 27.5% sugar reduction at 

70oC. While hot-wash residence time cannot be varied over the range of one to five minutes on the 

industrial plant, this information provides useful indications for subsequent design modifications. The 

implications of the reducing sugar decrease on acrylamide potential are discussed further in section 

3.3 following consideration of a broader range of hot-wash temperatures. 

3.3 Hot-wash Temperature 

 

Figure 3 shows the relationship between reducing sugar content in fresh slices of cultivar Taurus 

compared to hot-washed slices for a range of temperatures where cold refers to ambient temperature. 
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and double cold-washed production data. The exception to this is Lady Claire, which were washed at 

55oC. It is clear that lower sugar Taurus, Lady Rosetta and Lady Claire experience similar sugar 

removal regardless of whether 70oC hot-wash or double cold wash operation is utilised, as there are 

no clear outliers within the data set. However, Lady Valora has shown a clear difference to the other 

varieties with a lot more variability, especially in the double cold wash condition. It is assumed that at 

low sugar levels Lady Valora will be suitable for double cold washing, but since this variety has the 

highest average sugar content, this study further justifies reduced usage of this variety. This will lower 

the demand for hot-washing and therefore result in energy savings. 

 

Are reductions observed in the levels of acrylamide concentration? 

Fried product samples were obtained from the fryer exit inspection belt and were sent for acrylamide 

analysis. The results, however, contain a lot of variability due to the instability of the fryers, 

particularly around line start-up and shutdowns. Acrylamide formation increases exponentially above 

154 oC (Knol et.al., 2005), and this is a regular occurrence during start up/shut downs as well as when 

there are fluctuations in feed of raw slices to the fryer. This extra source of variability needs to be 

taken into account when observing results with means to determine the effects of double cold 

washing. Acrylamide results were considered final confirmation towards whether double cold 

washing was suitable for permanent implementation in that the method could produce fried product 

that contained less than 750 ppb acrylamide. Double cold washing was functional on all process lines 

for a trial period of 3 weeks, with routine acrylamide samples being taken. In total, 2 weeks of 

acrylamide results on the new crop (Lady Rosetta) were compared to the same weeks in 2018 for all 

process lines. It was found that 2019 values were slightly lower in acrylamide (445 ppb average 

compared to 456 ppb average in 2018) and sugar content of potatoes is slightly higher in 2019 (15.9 

mg/L average compared to 13.8 mg/L average in 2018), both of these factors suggest that sugar is 

being removed more efficiently than in 2018, when the hot-wash was operating from 55-80oC. 

However, it is clear that the largest contributor to higher acrylamide is the frying process, which is 

why there are no major improvements seen in the results. However, it is still beneficial to have a small 

change in acrylamide as double cold washing comes with additional benefits of energy, water and oil 

savings. 

Does double cold-washing cause texture concerns and impact customer experience? 

Samples from each trial were sent for sensory analysis in which triangle tests and comparative profiles 

were carried out. Both flavoured and un-flavoured samples were analysed for appearance, aroma, 

texture and flavour differences. All flavoured samples passed the triangle test, confirming that there 

was no significant difference detected at a 95% confidence level. This means that double cold-
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Figure 1 - Cold wash vessel sugar removal 

 

 

Figure 2 - Hot-wash percentage sugar reduction vs residence time at 70 oC 

y = -0.0016x2 + 0.9452x - 2.6374
R² = 0.9365
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