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Abstract：The peeled，headed and whole shrimps(Pandalus borealis)as well as the fish cake of 50 mm(diameter)×(7～

9)mm(thickness)and 50 mm×(14～18)ram were dried in a heat pump dryer at(一2～O)℃and 20℃．The results showed

that the drying characteristics of shrimp and fish cake were significantly affected by the handling conditions(with shell or

without shell。with head or without head)of shrimp and the thickness of fish cake．The peeled shrimp has the shortest

drying time and the headed shrimp is dried faster than the whole shrimp both at the drying temperature of(一2～O)℃and

20℃，and the drying rate of thin fish cake is faster than thick fish cake especially at 20℃．The drying characteristics could

be well described by diffusion model(MR=Aexp(一kt))．A series of empirical regression equations have been established

and these models indicate that increasing the drying temperature from(一2～O)℃to 20。C significantly enhanced the drying

rate and k—values，and the drying time decreased greatly．
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1 Introduction

Fish and shrimp represent one major source of pro—

tein to human beings in the world．Preservation is an

important issue for fish and shrimp because they are

easily perishable products．Drying has been proved to

be an efficient and cheap method for food preserva—

tion．It has been used to preserve fish and shrimp for a

long time in most areas of the world．In recent years，

the annual world production of dried，unsalted fishery

products has been 350000 tons，and the world produc—

tion of dried fish is 3140000 tons[1|．

Heat pump dryers(HPD)have been in widespread

commercial use since the 1970s．particularly in the

timber and food drying industries[2|．In the application

studies of HPD，it has been found that the eolour and

aroma qualities of dried agricultural products using

HPD were better than those when using conventional

hot air dryer[3～5】．Heat pump should play a key role in

fish and shrimp drying．High quality dried fish and

shrimp products can be achieved with this innovative

technology due to its low drying temperature and inde—

pendency with the outdoor air．Also，energy con-
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sumption is reduced because of high coefficient of

performance of the heat pump and the high thermal

efficiency of the dryer when properly designed．

Along with the development of heat pump drying

technology，it has become important for establishing

empirical thin layer drying models by experimental

studies．In the past two decades，many experimental

studies on HPD dried agricultural materials have been

carried out．Based on the three major models(corn—

pressor，evaporator a叫condenser model)，some

experimental models have been developed：6—9|．

In Scandinavia there is a well established fish drying

industry based on the application of heat pump drying

technology．The special low temperature and low hu—

midity capabilities of heat pump dryers are significant

there．This is possibly the most successful application

of heat pump drying[2|．There are two rack cabinet

dryers with heat pumping system which is used for cod

head drying in Iceland．But until recently few studies

on fish and shrimp drying using heat pump dryers have

been reported．The objective of this research is to

study the drying characteristics of shrimp and fish

cake，investigate the effects of heat pump drying on

the quality of dried shrimp and fish cake as well as

evaluate the application of heat pump in fish and

shrimp drying production．

2 Materials and methods

2．1 Equipment
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and fish cake could be well described by diffusion mod-

e1．From table 1 people can see，almost all the coeffi—

cients of correlation(R2)of these regression equations

were in the range of 0．970～0．998(except E一1，

0．9376)．So these regression equations(except E一1)

are applicable for the prediction of drying rate of

shrimp and fish cake under heat pump drying．

The former studies show that an increase of drying

air temperature can lead to the increasing of drying

rate constant(k)in the drying of many biological

materials E14—16】．The results of this study also demon—

strated that increasing the drying temperature from

一2～0℃to 20℃significantly enhanced the drying

rate and k—values(Table 1)．
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at different drying temperatures
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D一1：thin fish cake(7～9 mm)，一2～0℃；

D一2：thin fish cake(7～9 mm)，20℃；

E一1：thick fish cake(14～18 mm)，一2～0℃；

E一2：thick fish cake(14～18 ram)，20℃

Fig．5 Relationship curves of Ln(MR)一Drying time of

frozen fish cake at different drying temperatures

Table 1 Values of constant A。constant女

and R2 of the drying models

*The meanings of A一1，A一2，A一3，B一1，B一2，C一1，C一2，

D一1，D一2，E一1 and E一2 were the same with that in Fig．1 and

Fig．2．

4 Conclusions

’rhe results showed that the drying characteristics

of shrimp and fish cake were significantly affected by

handling conditions(with shell or without shell。with

head or without head)of the shrimp and the thickness

of fish cake．Comparing different types of shrimp sam—

pies，the peeled shrimp has the shortest drying time，

and the headed shrimp dried faster than whole shrimp

is both at the drying temperature of一2～0℃and

20℃．Similarly，the drying of thin fish cake is faster

than thick fish cake，especially at 2 0℃．The drying

time of all the heat pump dried shrimp and fish cake

decreased greatly as drying temperature increased

from一2～0℃to 20℃．

The drying characteristics of shrimp and fish cake at

一2～0℃or 20℃in heat pump dryer show that the

drying characteristics could be well described by diffu—

sion model(MR—Aexp(一kt))．A series of empirical

regression equations have been established and they

were found to be applicable for the prediction of drying

rate of shrimp and fish cake．These models also indi—

cated that increasing the drying temperature from。——2

～0。C to 20℃significantly enhanced the drying rate

and k values．
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