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Introduction
The Shroud of Turin is an approximately fourteen foot long linen 

cloth containing the faint ventral and dorsal images of man imprinted 
on its surface (Figure 1). Throughout history, the Shroud has been 
heralded as both authentic and non-authentic, with various explanations 
put forth regarding the nature of the image, ranging from the natural 
to the supernatural.1‒2 In 1978, the Shroud of Turin Research Project 
group (STURP) and additional scientists were allowed full access 
to the cloth for one hundred and twenty consecutive hours, the only 
examination of its kind that has ever been performed on this artifact. 
While collected data would eventually rule against the image being 
the result of a painting, a rubbing, or use of a heated metal statue,2‒5 

the nature of the image’s creation remains enigmatic. Pellicori and 
Evans, who took many microphotographs during the examination, 
described the image as consisting of a “light sepia color with darkest 
coloration on the tops of the threads”.6 All image areas are very faint; 
most image fibers are golden or yellow in color. A major conclusion 
from the 1978 examination was that, “It is clear that there has been 
a direct contact of the Shroud with a body, which explains certain 
features such as scourge marks, as well as the blood. However, while 
this type of contact might explain some of the features of the torso, it 
is totally incapable of explaining the image of the face with the high 
resolution that has been amply demonstrated by photography”.7 It was 
noted that “the image is darkest in areas that should have been closest 
to the body’s surface”.3,6,7 
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Abstract
The Shroud of Turin is a large linen cloth bearing the full size image 

of a man with wounds corresponding to scourging and crucifixion. 
The molecular basis for the image on the cloth is unknown, although 
interestingly, the color only exists in a thin film on the fiber surface, less 
than 0.7 micrometers thick. In 2003, Rogers proposed that the Shroud 
image was the result of a Maillard reaction, involving interaction of 
free amines with reducing carbohydrates. Specifically, he suggested 
that a thin coating of crude starch and Saponaria residue on the surface 
of the cloth reacted with volatile amine-containing compounds arising 
from a body. Here, Rogers’ Maillard hypothesis is (re)examined with 
the consideration of additional, contributing factors in the possible 
creation of the Shroud image.
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Figure 1 The Shroud of Turin.  The ventral portion of the image is to the right and the dorsal portion is to the left. 
©1978 Barrie M. Schwortz Collection, STERA, Inc.

A member of the 1978 scientific team, Ray Rogers, who examined 
the Shroud in detail at both the macroscopic and microscopic levels, 
proposed that the image was the result of a Maillard reaction,8 
occurring between free amine groups and a hemiacetal functional 
group, typically present in reducing sugars. Rogers proposed that 
the Shroud was treated with Saponaria, a softening agent used in the 
processing of ancient linen, which together with crude starch, left a 
thin coating of impurities on the cloth surface.5,8 Saponaria solution 

is known to contain multiple chemically reactive carbohydrates 
including galactose, glucose, arabinose, xylose, fucose, rhamnose, 
and glucuronic acid.5,9 Rogers suggested that volatile amine products 
from a body, such as ammonia, cadaverine, and putrescine, reacted 
with reducing sugars present on the cloth. The Maillard reaction is 
relatively complex, with multiple products generated in the interaction 
of a single type of carbohydrate with an individual amine bearing 
substrate, many of which remain to be fully characterized.5 Rogers 
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was able to demonstrate that exposure of Saponaria-treated linen to 
ammonia vapors resulted in the coloring of threads with macroscopic 
and microscopic properties indistinguishable from those found on the 
Shroud, including the restriction of color to the uppermost portion 
of fibers.5,8 Although the presence of saponin remains to be directly 
demonstrated on the Shroud, it was suggested that the yellowish/green 
fluorescence observed under ultraviolet light is due to a thin residue of 
saponin on its surface.5,10 Interestingly, the colored coating of image 
fibers was stripped off by the adhesive present on the original sampling 
tapes; the insides of the fibers that remained were colorless.5,10 Such 
findings are consistent with removal of an impurity (colored) layer 
on the surface, distinct from the cellulose fiber itself.5 Rogers noted 
that the spectral evidence from the Shroud indicates that the image 
is a complex nature of melanoidins, and that many melanoidins, in 
general, have a highly unsaturated structure.11 This latter property 
is in agreement with the findings that Shroud image fibers could be 
decolorized by treatment with strong reducing agents.3,5,10  

Rogers’ Maillard hypothesis was proposed just a few years before 
his death in 2005, and one outstanding issue that still remains is 
whether diffusion of vapors would be sufficient to generate the detail 
that is observed in the Shroud image.2,5,11 Recreations of how the 
Shroud might have wrapped a body demonstrate that the majority 
of the surface area is in contact with the cloth and that a strong 
correlation exists between the density of colored fibrils and the cloth-
body distance,2,12 i.e. the closer the cloth to the body, the darker the 
image. One component that was not considered in the original idea 
of Rogers is the potential contribution of amine-containing proteins/
peptides/amino acids in the outer layer of skin that could have also 
participated in image formation. Similar to ammonia, amino acids 
containing accessible amine groups may react with reducing sugars to 
create multiple products, including those that are devoid of nitrogen. 
The development of modern spray tanning methods is based on the 
reaction of applied reducing sugars with lysine, arginine residues 
found in keratin and other proteins in the outer dermal layer of the 
skin,13‒17 demonstrating that substrates capable of participating in 
a Maillard reaction are available on the surface of the body. Other 
amino acids found in the stratum corneum (outer skin layer) may 
also participate in such reactions, including glycine, alanine, and 
histidine.13,14 

Contemporary DNA analysis involving nucleic acid transfer by 
contact, “touch DNA”, has revealed the efficiency of transmission of 
cellular products that may occur during even a brief interaction with 
an object.18‒20 While most studies have focused on DNA transference, 
Stanciu and colleagues reported that ~ 1 x 103 to 8 x 104 epidermal 
cells could be transferred from the interior of the hand after holding 
a sterile conical tube for only five minutes; washing of the skin 
beforehand led to even greater levels of cellular transfer, up to 1 x 105 
cells.21 Williamson notes that “humans shed tens of thousands of skin 
cells each day and that these cells may be transferred to surfaces our 
skin contacts”.18 Other estimates are much higher, at approximately 
500 million.22 The Maillard reaction need not involve interaction with 
intact skin cells as proteins/peptides or free amino acids may react.13, 

14 Proteolysis is believed to be a principal event in the desquamation 
process, involving multiple proteases expressed in epidermal cells.23‒26 
Additionally, bacterial proteases present in the biofilm microflora on 
the skin assist in further protein breakdown, including those with 
keratinolytic activity.27 Taken together, these collective findings 
support the idea that transferal of proteins/peptides/amino acids 
originating from the surface of the body could provide additional 
substrates for the Maillard reaction proposed by Rogers, which, in 
turn, would increase the resolution and detail of the image on the 

cloth. Jointly, this “composite” Maillard reaction provides a revised, 
natural explanation for the image on the cloth, and extends Rogers’ 
original model by suggesting a mechanism that could aid in enhancing 
the observed features, above that provided by vapor diffusion alone. 

 Finally, it has also been proposed that the chromophores 
responsible for the Shroud image are conjugated carbonyls resulting 
from oxidative dehydration of cellulose itself, with the coloration 
corresponding to the approximate depth of the primary cell well.2 

Using short laser pulses in the ultraviolet, Di Lazzaro and colleagues 
have demonstrated superficial coloration of linen,28 although how a 
similar result might occur from a body is currently not well understood. 
If future sampling of the Shroud is permitted, a key goal would be 
to further characterize the nature of the image, i.e. to determine if 
it is due to surface impurities on the cloth, a change in the cellulose 
fibers themselves, or something else. Relatedly, if ancillary data is 
consistent with a Maillard reaction, it would be important to determine 
if Saponaria might have been involved as proposed by Rogers, or if 
other compounds/reducing sugars could have played a role. With a 
more complete understanding of the chemical nature of the image, 
attempts to determine the molecular basis of how it may have been 
created would have a more directed path to follow. In summary, the 
current report has (re)examined Rogers’ Maillard hypothesis for image 
formation on the Shroud of Turin. Here, it is suggested that amine-
groups from proteins/peptides/amino acids originating from the outer 
layer of skin may also function as substrates in the Maillard reaction. 
It is proposed that a “composite” Maillard reaction could provide a 
mechanism for additional resolution and detail in the Shroud of Turin 
image in the model originally suggested by Rogers. 
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