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Abstract 

Magnetic resonance (MR) images and tissue relaxometry (T1 and T2) data, using a 9.4 T MR system, 
were used to assess freeze damage to pickling cucumbers. Freeze damage was induced by placing 
cucumbers at −18 °C for 150 min and the samples were then stored in a controlled atmosphere. T1 and T2-
weighted images were generated at echo time (TE) of 10 ms at specific intervals for cucumbers stored for a 
period of 7 d. Texture profile analysis of the control and freeze-damaged samples was also carried out on 
the day of MR imaging. MR images showed good contrast between different physiological constituents of 
a pickling cucumber. A subsurface region in the freeze damaged samples was distinctly different in all MR 
images which could be physically correlated with damaged tissues visible in a cut-away section of the 
freeze-damaged pickling cucumber. Spin–lattice relaxation time (T1) was not different for different 
constituents of a pickling cucumber and could not be used to resolve between control and freeze damaged 
samples. Whereas, spin–spin relaxation time (T2) values for all the regions of a cucumber slice were higher 
for the freeze-damaged samples than that for control samples. The T2 values for seeds and the gel around 
seeds sections were also significantly different from the rest of the cucumber constituents. However, T2 
values did not change significantly over the storage period. Firmness and chewiness characteristics of 
pickling cucumbers changed during the storage; however, there was no correlation seen between T2 values 
and firmness of the fruit. 
 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DKotwaliwale,%2520Nachiket%26authorID%3D54988645800%26md5%3D6a461c58da6bc5253ba36203ff442005&_acct=C000010978&_version=1&_userid=9244538&md5=cd9b4922e042b6f6b85c822d43526594
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DCurtis,%2520Evan%26authorID%3D37761286300%26md5%3D606d0bfa22a03c90d07146b320304528&_acct=C000010978&_version=1&_userid=9244538&md5=918165907fec235125c8771240164440
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DOthman,%2520Shadi%26authorID%3D8535164400%26md5%3Da79aa5979015c715e6a7af67bdd432f6&_acct=C000010978&_version=1&_userid=9244538&md5=81113a5078b5f6d37b23fac9339c3e20
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DNaganathan,%2520Govindarajan%2520K.%26authorID%3D54990192500%26md5%3Da46cae268ec808bf111b0dde2075f3aa&_acct=C000010978&_version=1&_userid=9244538&md5=f4be8a7919242964908833c379266332
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DSubbiah,%2520Jeyamkondan%26authorID%3D22952155100%26md5%3D315c838f28ef60da0d58d3383e495c60&_acct=C000010978&_version=1&_userid=9244538&md5=619a6ac563a101a45e7ec7fae3d43248
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09255214/68

