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INTRODUCTION

The stocks of krill (Euphasia superba Dana) in the Southern

Atlantic and Antarctic 'fIaters occur as vast swarms especially

during the austral summer months (Everson, 1977). These stocks

provide a potential source of valuable protein for human

nutrition and it is currently predicted that commercial

exploitation may we'.L 1 occlir →by the 1980's (Eddie, 1977) . It

is possible to reduce krill to a protein-rich meal suitable

for animal feed, however with a protein resource of such

high biological value (Matsumoto et al., 1976) the greatest

rewards are likely to be from a product suitable for direct

human consumption (Grantham, 1977) .

The meat contained in the tail portion is edible and for

human consumption it is necessary t 。 separate this mea t _from

the chitinous remainder 。 f the body. Ideally the proteins

should not be denatured and the desirable firm texture and

sweet shrimp-like flavours should be retained. Undp.sirable

changes in the extracted meats can be minimized by freezing

the peeled tails as commercial-style fish blocks. These frozen

blocks would appear to be acceptable in international trade

and could be processed by a variety 。 f established techniques

e.g. fish stick production.

Many of the problems associated with the processing of krill

for direct human consumption are due to the size and extreme
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perishability (Kryuchkova 品 Makarov, 1969, Hempel et al.,

1978) 。 f this species. Krill have the appearance 。 f a small

shrimp with an average length of approximately 50 mm and a

width of 6 rom. Separation of -the tail meat is difficult with

a small animal and even with complete separation the yield

is 。 f the 。 rder of 20 龜 . During processing the appendages Le.

legs, antennae and eyes are readily detached and the exo 申

skeleton too can break up giving small chitinous pieces. The

presence of chitin in extracted meat is undesirable as it

gives the product an unpleasant gritty texture.

Within a few hours of catching krill rapidly deteriorate.

Visible signs include loss of the natural pink colour, increase

in opacity, the exudation of a greenish-brown liquor accompanied

by softening and typical 。dours of spoilage. The powerful

proteolytic enzymes found especially in the stomach and

I'\epatopancreas are the-reason for most of these rapid changes

(Noguchi et al., 1976). In addition the flesh contains a

eqJaelqdA44roapls

proportion of highly unsaturated fatty acids. During

the desirable sweet and shrimp-like flavours are

lost and after a neutral stage the flavour becomes *sour.

At present the most promising techniques for the separation

。 f tail meat are roller peeling' (Hale, 1976, IFOP, 1977) and

frozen attrition, although 。 ther novel approaches have been

tried (Grantham, 1977) . Roller peeling is an established

* The flavour is also affected by the green phytoplankton
consumed by krill which causes undesirable bitter flavours
in krill products. A method for removal has been reported
(Nichiro Gyogyo Kaisha Ltd., 1976).
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technique used by shrimp industries throughout the world.

Frozen attrition is as yet unproven commercially and the

process subject to patents pending. T 。 acquire additional

information on the roller peeling of krill trials were performed

on a West German freezer trawler in the Scotia Sea and Antarctic

waters during the 1977/1978 season. The trials were inevitably

1 imi ted by the duration of the trip and the availabili ty 。 f

krill.

MATERIALS AND METHODS

peeling was carried out on board the chartered commercial

freezer trawler "Julius Fock" using equipment originally

designed for the shrimp industry (supplier: Skrmetta Machinery

Co. Ltd-. New Orleans, La. U.S.A.) . In the process krill are

taken by a continuous belt conveyor from a storage tank contain-

ing sea-water to the p�eling unit. The unit comprises nine

inclined rubber 早 coated roI"lera 9f .2 m length and 75 mm diameter

set parallel and making rotations in alternate opposite dir 已c-

tions. Inserted beneath and between these rollers are metal

bars 。 f 16 mID diameter. As the krill move down the peeling

unit the shell is gripped by the 芸ubber-coated rollers

causing extrusion of the tail meat. The exo�skeletons fall

into a waste chute and the tail meats are sluiced down the

rollers by sea-water from a series of sprays set above the

rollerS. The flow of krill down the rollers is controlled

by rows of spring-loaded plastic "hammers" mounted on a
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spring-loaded f1.-ame performing a vertical reciprocating

movement. The extruded flesh is conveyed to a separation

unit consisting of ten pairs of inclined metal rollers of

length 1 m and diameter 32 rom, each pair rotating at high

speed but in opposite directions. The flesh is again sluiced

down the rollers by sea-water from sprays and small pieces

。 f shell pass between the gaps of the rollers set at 0.8 to

0.9 rom. In the trials
AM-

etrOD
ι

er tne flow of sea-water and the

speed of the reciprocating frame were constant unless other-

wise stated. It was found necessary to have an operator

manually controlling the rate of feed of krill to the peeler.

The krill were caught in the Scotia Sea using a pelagic trawl.

Measurements for average length from the head t 。 the end of

the telson and ratios of males to females were carried out

on each batch by biologists on board the trawler. The amount

。 f feed present in the krill was visually assessed by the

green colouration bf the thorax. At the time 。 f catching the

krill temperature was that of the surrounding sea-water,

approximately O � C. Usually batches 。 f 15 kg of raw krill

were processed unless higher throughputs were being invest-

igated when batches of up to 50 kg were used. Batch weights

were checked using a spring-balance to within 主 0.5 kg and

yields measured on a beam-balance to within :I: 5 g. An approxi-

mate 150 9 sample of the yield was weighed to within 土 0.3 q



475

on a hand-held twin pan balance. The usual problems

associated with weighing 。 n a moving vessel were encountered.

The sample of yield was taken to determine the effectiveness

。 f the peeling and separation processes. Counts of unpeeled

tails and pieces of shell were made and the presence 。 f eyes

or stomachs commented upon. The 旦 separation method used was

suitable because of its simplicity and relative rapidity.

A chemical estimation for chitin would have taken at least

12 hr and could only be performed with difficulty 。 n. board

a commercial trawler. With the method used it was possible

to evaluate product quality and make comparisons between runs.

A portion of the above sample was cooked in aluminium foil

dishes over boiling water and the texture and flavour

described. Before cooking it was necessary to wash the tails

-
in fresh-water to remove the salt taken up during processing.

Although. other flavorous substances must have been removed

enough residual flavour.was left to provide a valid assessment.

RESULTS

1. Influence 。 f delays at ambient temperatures

2. Influence of throughput

3. Influence 。 f storage at elevated temperatures

4. Influence of surfactants
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cases was
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Influence of surfactants

influence of surfactants to alter the adhesive properties

shells investigated by dipping the whole krill before
was

Two detergents used, each at 0.4 龜 concentration,were

mixture of anionic and nonionic detergent, and
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Dehyquart LDBF a cationic detergent (lauryl benzyldimethyl-

ammonium chloride) . After dipping for 10 min the krill were fed

directly to the peeler-conveyor to minimise removal 。 f the

surfactants.

TABLE 4 Influence of surfactants 。n 但且拉里

Treatment
Yield of

peeled tails
車

Product Quality

Unpeeled ta-ils
per 100 g

Shell
per

s
eq

c
eo--op1
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AnionicjNonionic
Cationic

12.1
11.9
12.7

10�7
6.9
3.0

80.0
61.1
39.3

Average krill length 46.4 mm, no feed present.

The surfactants could be dectected in tasting.

DISCUSSION

The effectiveness of the roller peeling process for krill must

be considered not just as total yield but also in terms of

successful removal of chitinous contamination. A product with

a proportion of unpeeled tails or segments of shell has an

unpleasant gritty texture. Theoretically the maximum yield 。 f

tail meat for the kr ill processed during these trials was 18-22%

(based on the rati 。 。 f equal numbers of whole krill to extracted

meats), however, none of our trials could achieve these figures

without an unacceptable proportion of unpeeled tails and shell.
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Due to the design of the machine used it would not be possible

to achieve the theoretical maximum yield quoted. An estimated

6 祖 of raw material was lost at the sides of the conveyor belt

as the krill were taken to the peeler unit. A similar proportion

of extracted meats was flushed out in the waste water 。 f the

peeling unit. It was not possible to measure this loss due t 。

the construction of the machine and because it was operated

on a moving vessel.

Interpretat�on. of the limited data on the influence 。 f delays

before peeling is made difficult by the additional effects 。 f

stomach contents, stage 。 f moult and variations in throughput.

nos--

rasa--

PmOCA
between the different tables (relating t 。 different

。ays) not valid because 。 f these va 主 iations and; too,

because of the differences in the movement of the ship.

In general, it would appear that the product quality, in terms

of shell content, is imp;roved by delays up to 8,5 hr, but there

is a concomitant loss of desirable flavours dur 封19 this period.

with the machine used throughputs of 。 ver 30 kg/hr gave an

unacceptable proportion 。 f unpeeled tails and shells. It was

found that a steady flow of krill t 。 the peeler was necessary,

otherwise the peeling �apacity was temporarily exceeded. Krill

could pass down the rollers on top of those being peeled and

emerge unpeeled. The steady flow of krill was achieved by an

operator controlling the amount and distribution of krill
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on the conveyor leading to the peeling unit.

The low yields obtained after storage at elevated temperatures

were surprising as krill so treated could readily be peeled

by hand or machine. It would appear that the adhesive properties

of the shell and flesh were radically altered causing loss of

flesh between the rollers. _As the desirable flavours were also

lost this approach is unlikely to be 。 f any commercial

signifi.cance.

Cooking altered the physical Gharacteristics so radically that

the krill could not be peeled successfully. This was unexpected

especially as cooking is standard practice before peeling

brown shrimp. Further work 1S necessary here t 。 e+
』a

nHJ
-1

.
令
LSevn.1

this anomalous behaviour.

Attempts to alter the adhesive properties of krill by the

adsorption of surfactants did not improve peelability and the

additives could be tasted in the product.

CONCLUSIONS

Using commercially available equipment roller peeling of krill

1S technically feasible. Freshly caught krill should be processed

within 8 hr of catching to minimise the loss of desirable

flavours, although a short delay does facilitate peeling. In

general a throughput of 30 kg/hr gave an acceptable product

with the minimum amount of shell, however the rate at which
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krill enter the peeling unit must also be controlled for

optimum peeling.

The yields obtained and the throughput achieved in these trials

will. not be representative of what may be possible with

equipment constructed specifically for krill, therefore any

calculations of economic estimates based on this data are likely

to be misleading. A machine designed specifically for small

animals may give better yields by minimising losses during

processing. Further improvements would be obtained by

mechanically controlling the feed rate to the peeling unit and

by using fresh-water for sluicing the extruded tails.
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