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Health & Welfare

Preventing melanosis in shrimp
Saturday, 1 October 2005

By Hervé Lucien-Brun

Use of sodium metabisul�te, alternatives

The black spots of melanosis are a common phenomenon that can be observed in fruit and vegetables, as well as
seafood. Melanosis occurs in all crustaceans and is the result of a natural biomechanism that should not be
considered an indicator of inadequate postharvest treatment.

Melanosis has no impact on the �avor of shrimp and is not harmful to consumers. However, the black spots can
drastically affect consumer acceptability of the products and signi�cantly diminish their market value.

Bioreactions

Fast chilling and sul�te treatment after harvesting are key to
achieving quality shrimp products.

(https://www.aquaculturealliance.org)

https://www.aquaculturealliance.org/
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In shrimp, the black spots initially appear mainly on the cephalothorax, appendices and inter-segment membranes.
This is why melanosis is usually more severe in head-on shrimp products. After removing the heads for headless,
shell-on shrimp, care should be taken to thoroughly wash the tails to eliminate the proteases that could promote
melanosis.

Two biomechanisms in postmortem shrimp result in the onset of melanosis. One does not require enzymes, and in
the other, the enzyme tyrosinase is the principal factor. 

Enzymatic activity shows important variations during the intermolt cycle, but the main role of polyphenol oxidase in
the crustacean life cycle is probably related to hardening the shell in the intermolt cycle. The highest level of
polyphenol oxidase occurs during stages C and D of the intermolt cycle. When considering the texture of the shell, the
most suitable stages to harvest the shrimp are stages C and early D.

Stress can also initiate melanosis in shrimp, whether directly in�uenced by the general health of the animals or
wounds in�icted during harvesting. The mechanism of wound healing in shrimp produces compounds as a result of
the polymerization of quinine, which exhibits both antibacterial and antifungal activities. Nevertheless, the enzyme
that induces this tanning effect does not interfere in postmortem processing.

Melanosis factors

1. Key factors in the development of melanosis are:
2. The enzyme tyrosinase, whose action on tyrosine is inhibited at a pH of 3, a degree of acidity that would

denature the �esh of shrimp.
3. Oxygen, which acts directly on all oxidation reactions.
4. The presence of one or more suitable substrates, such as tyrosine, DOPA, and others. 
5. The in�uence of such external biotic factors as molting stage and species, and abiotic factors like

temperature and wounds. Low temperature slows down enzymatic reactions, but may not stop them.
Nevertheless, it is one of the aspects that makes early cooling of shrimp after harvesting so important.

Postharvest control
The harvesting process must be carried out as gently as possible to avoid wounding the animals. After harvesting,
the main problem is to avoid the onset of melanosis for as long as possible. Many techniques can prevent it,
including refrigeration, freezing, heating, dehydration, irradiation, or the use of inhibitors. Any such techniques must
not cause toxicity or affect the aspect, texture, taste, or �avor of the shrimp.

None of the acceptable processing techniques are totally e�cient at controlling melanosis. It is obvious that good
harvest practices with strict control of the “cold chain” is a basic key.

With certain combinations of temperature and stress, melanosis can appear in shrimp within a few minutes after
harvesting. It is therefore very important to avoid it, because once melanosis starts, it is irreversible. With adequate
processing techniques, however, it is possible to slow down or temporarily stop the phenomenon.

Freezing at minus-18 degrees-C does not destroy the melanosis enzymes, but stops their activity. Once the product
warms, they are reactivated. Even freezing has an insidious effect. When a product is defrosted, the bacteria that
colonize it can develop very quickly into a bacterial bloom that could be a factor in the onset of melanosis.

To be e�cient, cooking must be destructive. In most cases, shrimp are cooked in a 95 degrees-C bath for three to
four minutes, depending on size. Experiments have shown that to be e�cient, cooking should be at higher
temperatures and for a longer time, which severely affects the texture and taste of shrimp and would not be
acceptable to consumers.



1/20/2020 Preventing melanosis in shrimp « Global Aquaculture Advocate

https://www.aquaculturealliance.org/advocate/preventing-melanosis-in-shrimp/?headlessPrint=AAAAAPIA9c8r7gs82oWZBA 3/5

Inhibitors
Currently, inhibitors are the most widely used method to control melanosis (Table 1). As mentioned above, two
bioreactions produce melanosis in dead shrimp. The �rst is under enzymatic control, and the second depends mostly
on the substrates. Therefore, inhibitors must intervene at the enzymatic level, and more speci�cally on the substrate
or the intermediate reactions involved in the phenomenon.

From 1952 to 1970, professional shrimp cookers in France used boric acid to control melanosis, but this additive was
prohibited in October 1970. Benzoic acid was also showed to be ineffective in preventing melanosis. Currently, the
most used antioxidant is sodium metabisul�te. Sul�tes in various forms have been used in foodstuffs for centuries,
and sodium metabisul�te has been used to control blackening of foods like wine and tomatoes since the 1950s.

In the case of shrimp, many attempts have been made to replace sodium metabisul�te, but without success.
Metabisul�te acts with the intermediate reaction elements of melanosis, in particular quinone and sulfaquinone, by
reducing the oxygen available for oxidation reactions.

Prevention key
The use of sodium metabisul�te after shrimp harvesting must be done before postmortem mechanisms lead to the
appearance of melanosis. Once the mechanisms start, they can, at best, only be slowed down. To avoid a spectacular
peak of melanosis at the time of defrosting, the sodium metabisul�te should be used immediately after harvesting
and cooling the shrimp.

The postharvest treatment consists of dipping the shrimp immediately after harvest in two successive baths: �rst in
clean, chilled water and then in a chilled metabisul�te solution. Depending on shrimp size, the concentration of
metabisul�te can vary 6 to 15 percent.

The main problem with this method is maintaining a constant concentration of metabisul�te in the second bath. Part
of the initial metabisul�te is absorbed by the shrimp, but the main factor of variation is the dilution by the addition of
ice. It is therefore very important to de�ne a method of reinforcement that ensures the e�ciency of treatment
throughout the harvesting process.

To reinforce the bath, technicians usually just add more metabisul�te powder. This method is not very e�cient
because metabisul�te powder is not easy to dissolve in chilled water, and a large portion will ineffectively fall to the
bottom of the tank.

A few years ago, a team from IFREMER, a French governmental research institute, developed a machine that sprayed
shrimp with a solution of chilled water and acidic liquid sodium bisul�te. The result was considered effective, but the
negative effects of the sul�te vapor did not permit development to industrial use.

The black spots that indicate melanosis can quickly appear on
telsons and tails after shrimp are harvested. Prevention is the best
way to address melanosis.
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Treatment effects fade
Over time, the effect of residual sodium metabisul�te in tissues decreases to a point at which the melnosis
mechanism begins again. It is thus advisable to apply treatments strong enough to produce a su�ciently durable
effect, but not exceed the authorized residual rate of sul�te in shrimp �esh.

Sul�tes are not considered toxic substances, but are very irritant and can cause health problems for some
consumers, especially people suffering from asthma or de�ciencies of sul�te oxidase. As with any additives used in
processing, product labels must mention clearly that the product contains metabisul�te.

Standards concerning the authorized maximum rates are precise, but vary from one market to another. The United
States and Japan accept a maximum of 100 ppm sodium metabisul�te residue in shrimp �esh, while in the European
Union, the rate varies according to the size of shrimp (Table 2). Using designated control methods, levels must be
measured using tail �esh that excludes the shell or head.

Sul�te alternative
For several years, there has been considerable interest in identifying appropriate sul�te substitutes for metabisul�te
in food. To date, most research teams have only identi�ed the compound 4-hexylresorcinol, a derivate of resorcinol,
as a potential substitute.

Several derivates of resorcinol are industrially used today to control browning in vegetables such as potatoes. Used
for more than 40 years in cosmetics and pharmacology without problems, 4-hexylresorcinol maintains a GRAS
(generally regarded as safe) status.

Two commercial products contain 4-hexylresorcinol. In the European Union, 4-hexylresorcinol was temporarily
included in the list of authorized additives for seafood processing. Unfortunately, no o�cial agency followed up, so
the compound is currently not authorized in the E.U.

(Editor’s Note: This article was originally published in the October 2005 print edition of the Global Aquaculture
Advocate.)
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