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Mechanisms of shrimp coloration
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By Nicholas M. Wade , Nigel P. Preston  and Brett D. Glencross

Colorimeters evaluate shrimp raised on colored substrates

Color can signi�cantly impact the price of shrimp, with darker-red and consistently colored shrimp preferred in a number
of global markets. Such shrimp attract premium prices up to $4/kg higher than paler animals.

As part of Australia’s Commonwealth Scienti�c and Industrial Research Organisation (CSIRO) Food Futures Flagship
initiative to improve shrimp coloration and maximize market value, the authors have adapted the use of colorimeters to
measure and quantify color in shrimp.

Consistently deep-colored shrimp fetch premium prices in some global
markets.

https://www.aquaculturealliance.org/advocate/category/marketplace
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Colorimeters
Colorimeters are normally used to measure the colors of paints and plastics. They are also used routinely in the meat and
livestock industries to quantify meat quality attributes. Colorimeters provide reliable and objective measures of color,
rather than the subjective color grade scoring that is currently used by the shrimp industry to estimate color.

Although using the machines requires some technical skill, animals can be measured raw or cooked, and the machines
take the guesswork out of measuring shrimp color.

A number of portable colorimeters have been developed. In each case, color is measured using a standardized light
source from a constant distance and averaged over a constant area. With shrimp, readings are averaged across a number
of abdominal segments, although the machines can also assess the color of other areas, such as the head or legs.

Color systems
There are a number of ways to describe absolute color. The Commission Internationale de l’Eclairage “Lab” system of
color notation measures the absolute color of a sample on a three-dimensional scale of value, hue and chroma.

The color value or lightness has a scale of 0 for pure black to 100 for pure white. The hue has two components that
distinguish opposing colors. The �rst is “a,” which represents the red-green scale, and the other is “b,” which represents the
blue-yellow scale. Chroma or saturation indicates the amount of hue: positive a toward red, negative a toward green,
positive b toward yellow and negative b toward blue.

The different models of color space notation have various advantages and disadvantages. However, if required, they can
be interconverted from one to another using a series of mathematical calculations.

Background color response
In an experiment, Penaeus monodon shrimp were housed for six weeks in black or white tanks, and fed identical diets
containing 70 mg/kg astaxanthin. Absolute color was then measured for raw and cooked animals from the black and
white treatments. The color changes associated with cooking and the effects of background substrate color are de�ned in
Fig. 1.
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Animals from the black or white tanks could easily be distinguished when measured raw, and the differences between the
two groups were accentuated once the animals were cooked. Animals from black tanks scored much higher on the red
and yellow scales compared with animals from white tanks, which re�ected their visible color. Despite this color
difference, total levels of carotenoids were the same in the �esh of animals from the two groups.

Importantly, evidence from these color measurements indicated that the mechanism of color production was likely the
same in animals exposed to either black or white tanks. It was simply the amount or amplitude of color that changed
between the groups.

The �nal colors of the two treatments corresponded to subjective color scores of 24 and 31 on the Salmofan scale for the
white and black treatments, respectively. This equated to scores of 5 and almost 11 on the Australian tiger prawn color
chart, which has a scale ranging between 1 and 12, but the Salmofan is the internationally recognized color score
standard.

Mechanisms of pigmentation
Using methods developed in this study, protein-soluble blue pigment was separated from the insoluble material in
hypodermal tissues of animals exposed to either black or white substrates. There was a major difference in the amount of
soluble blue pigment present in the shrimp tissues from the different treatments (Fig. 2). The blue protein was identi�ed
by western blotting as a carotenoid-binding protein known as crustacyanin.

The soluble and insoluble fractions from this extraction were further analyzed for the amount and type of carotenoids they
contained. The soluble fraction contained approximately 80 percent free astaxanthin, and the animals exposed to black
substrates contained much more free astaxanthin than the animals exposed to white substrates (Fig. 3). The insoluble
fraction contained over 90 percent astaxanthin esters, a more lipid-soluble form that may play a role in the storage of
carotenoids in tissues.

The total amount of carotenoids present in the insoluble fraction was the same between the two treatments, and the
majority of the carotenoid present in the tissue was found in the form of astaxanthin esters. These data indicated the
observed color change was exclusively due to subtle changes in the amount of free astaxanthin in the soluble protein
component of the hypodermal tissue, and these changes were unable to be detected unless the carotenoid types were
separated and quanti�ed.

Fig. 1: Changes in shrimp color associated with cooking and in response
to environmental cues.
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Fig. 2: Amount of color protein in extracts of shrimp hypodermal tissues.
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Perspectives
Combined, these data clearly demonstrated a number of things. The blue protein came from the color protein crustacyanin
binding to free astaxanthin, and there was less of this protein and less free astaxanthin in animals exposed to white
substrates. The majority of astaxanthin present in hypodermal tissues was found in the form of astaxanthin esters, but
this was not affected when animals were exposed to black or white substrates.

Most importantly, increases in the amounts of free astaxanthin in association with increased levels of crustacyanin had a
profound effect on cooked shrimp color. This revealed the protein as a critical element in the deployment of carotenoids in
shrimp tissues, that accumulation of this protein is triggered by exposure of animals to black substrates and that these
changes in hypodermal proteins underlie improvements in overall shrimp color.

Editor’s note: This article was based on “Mechanisms of Colour Adaptation in the Prawn Penaeus monodon,” an article
recently published in the Journal of Experimental Biology.

Fig. 3: Differences in levels of free astaxanthin in soluble tissue extracts
(bound to the color protein crustacyanin) accounted for differences in
color when shrimp were exposed to different substrates.
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(Editor’s
Note: This
article was
originally
published in
the

Quantitative measurements of shrimp color are possible using modern hand-held colorimeters.
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January/February 2013 print edition of the Global Aquaculture Advocate.)
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