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Foreword 

When 1 was Chief of the Fisheries Division, JCRR, before my retirement, 1 

had often had encounters with visitors from other countries who wanted to know 

the status of fish processing in Tai玩ran， especially those who were interested in 

buying frozen fishery products. The present publication will answer many of 

their questions. 

By far the great majority of the processed fishery products (including frozen 

products) in Taiwan is exported. However, with the increase in the standard of 

living in Taiwan , it is anticipated that more and more processed food products, 

including canned food and ready-to-cook packaged food, will be consumed locally. 

This applíes especially to 益shery products, which are highly perishable and some 

of the processed products, e. g. canned tuna and canned sardine, have already gained 

wide acceptance. 

This book does not pretend to be comprehensive. Some products are left out 

or only briefly mentioned. But it does give a good picture of the modernization 

of the fishery product processing industry in Taiwan as we l1 as the research 

activities that result in its improvemen t. 

T. P. Chen 
Advisor, JCRR 
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1. Fisheries Development in T aiwan 

WEN-TED CHANG* and JAN-LUNG CHUANG** 

In Taiwan the supply of animal protein food is largely dependent on the fishery and 
livestock industries. The Fishery industry is particularly important because it provides the 
largest part of the animal protein food and does not compete with agriculture as far as land 
use is concerned. 

Suitable Conditions for Fishery Development 

The environmental conditions of Taiwan are favorable for the development of fisheries. 
The Islands are located in the sub-tropical zone, between the East China Sea and the Bashi 
Channel, with the Pacific Ocean to the east and the Taiwan Strait to the west. The total 
coastline is 1,566.3 km. Along the east coast there is the Kuroshio current which is rich in 
many pelagic species of fish. Off the west coast, the continental shelf between Taiwan and 
the China Mainland provides excel1ent grounds both for breeding and feeding of many demer­
sal and pelagic species (Fig. 1-1). 

The socio-economic factors are also suitable for the development of fisheries. Traditional1y, 
seafood is considered as a delicacy. Therefore, the great demand for fishery products and the 
open access to everyone for the exploitation of fishery resources have formed a very attractive 
environment for investment. Meanwhile, the development of science and technolo缸， and the 
relatively low cost of labor have also contributed much to the fishery development. 

Classification of Taiwan's Fisheries 

Traditional1y, fisheries in Taiwan are divided into four categories, namely (1) deep-sea 
fisheries, (2) inshore fisheries, (3) coastal fisheries and (4) aquaculture. The deep-sea fisheries 
consist of all powered fishing vessels of 50 tons or more in gross tonnage. The inshore fisher­
ies consist of all powered fishing boats smaller than 50 tons. The coastal fisheries include all 
non-powered fishing boats (such as sampans and rafts) and inland fisheries other than aqua­
culture, while aquaculture includes culture of aquatic animals and plants in brackish and fresh 
water ponds, reservoirs, paddy fields, and mariculture. 

Fisheries production in Taiwan has significantly increased from 121 ,697 metric tons (mt) 
in 1942 to 810,475 mt in 1976 through a series of 4-year economic development plans suc­
cessfully carried out by the Government of the Republic of China. The average value of 
production during these periods was 3.25% of the gross national product. 

Deep-Sea Fisheries 

The deep-sea fisheries consist of distant water trawling and distant water tuna long-lining. 
The former fishes exclusively the demersal species, such as squids, lizard fish, hairtail, croakers. 
shrimps, sea breams. big-eyes. red :mapper, and gurnards, etc., while the latter is mainly for 
migratory species. such as albacore, yel10wfin tuna, bluefin tuna. skipjack tuna, Spanish mackerel, 
mar1 ins, sharks, etc. In 1976, there were 807 distant water trawlers in operatìon wìth a 

* Chief of Economic Research Section. Taiwan Fisheries Bureau (TFB), Taip前， Taiwan, Republic 
of China. 

** Fisheries Division, Sino-American Joint Commission on Rural Reconstruction (JCRR), Taipei, 
Taiwan. Republic of China. 



!'l , r!:( 

:.j ,.1 1c 1 

'"阿a

想學〈
Hoo竹，

4堅〈
體學〈
o 枷"。

4 

Il lllr的h

。
雄糾

Fig. 卜1. Inshore Fishing Ground of Taiwan. 

3 

total catch of 232，7位.2 mt of marine products, primarily for domestic cons泣mptÎo鈍，在;vhile 話。
distant water tuna long-liners were in operation, and landed 92,542.9 mt which were mostly 
frozen on board and exported at oversea base ports. The fishing grounds cover all of the 
three Oceans. The specíes composition of these 益sheries in recent years has changed little; 
the landing in 1976 was as follows: 

Tunas 71 ,728 mt; squids 24,690 mt; sharks 23,185 mt; Jizard fish 15,482 mt; hairtail 
13 ,668 mt; croakers 13,006 mt; shrimps 10,840 mt; sea breams 8,971 mt; big-eyes 
6,874 mt; rei snapper 6,247 mt; gurnards 5,915 mt; horse mackerel 5,628 mt; Spanish 
mackerel 5,261 mt; and marlins 5,159 mt. The individual catch of all the rest of the 
species was below 5,159 mt. 

Inshore Fisheries 

The inshore fisheries consist of the fisheries using drag nets, drive-in nets, gill nets, hand 
lines, long-lines, poles and lines, purse seines, spears, troll lines, torch-light nets and coral 
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raising Chinese carps, tilapia and clams. The area and production of various types of aqua­
culture are shown in Table 1-1. 

Importance of Processing Industry 

Fishery industry is understood to mean the extraction of animal and plant organisms from 
the water, and the processing of the material thus obtained for conversion into food for men 
and animals, and into medical and industrial products. * Therefore, the catching and rearing 
of aquatic products are only the fìrst step. The second step is the processing of these products. 
The processing industry is absolutely necessary for the completion of fìshery development not 
only for retaining the freshness and improving the quality of the aquatic products, but also 
for maximizing the utilization and value in exchange of this raw material, and hence, to 
maximize the capital return of the investment in fìshery. 

Development of Taiwan's Fish Processing Industry 

There had not been any signifìcant fìshery processing industry in Taiwan until 1966 when 
the fìsh catch reached 400,000 metric tons. The annual production of processed fìshery pro­
ducts from 1955 to 1976 is shown in Fig. 1-2. 

MT 

150,000 

100,OCO 

50 ,000 

O 

1955 

圓圓圓 edible products 
-4-• non-edible products 

1960 1965 1970 1975 YEAR 

Fig. 1-2. The Annual Production of Processed Fishery Products of Taiwan 

Fish production rais from 458,000 tons in 1967 to 810,475 tons in 1976. This rapid 
growth was responsible for the development of the seafood processing industry. Tn 1967, the 
total value of processed fìshery products of Taiwan、 was NT$ 854,996,000 (US$ 22,500,000). 
This has dramatically increased since 1972 to the total value of NT$ 8,180,883,000 (US$ 
215,286,000) in 1976 (Table 1-2). 

Taiwan's fìsh production, being in excess of domestic needs, has to rely on the interna­
tional market for its surplus. Except for 70 percent of our average annual tuna catch of about 
90,000 metric tons which is sold at distant oversea base ports in the frozen state, and live eel ex. 
ported in large quantity by air to Japan, most other seafoods are exported in processed or 
semi-processed forms. The export value of processed and semi-processed fìshery products has 

* Sysoe丸， N. P. 1970. Economics of the Soviet Fishing Industry. Translated from Russian by Israel 
Program for Scientific Translations ‘ Jerusalem 1974. Pl. 
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WeIl-Established Products 





11. Frozen Fishery Product Industry In T aiwan 

J. L. CHUANO* 

Frozen fishery product industry has recently become very important 10 Taiwan、

economy. ln 1976, the export of frozen fish吟'ry producfs was 51 ，你JO melric fons valued 
US$ 118 million. 
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In discussing this subject, it is necessary to start with Taiwan's ice-making and cold storage 
industry which has been playing a very important role in Taiwan's frozen fishery product 
industry. 

Background 

After World War 口， there were only several ice-making plants and some small-scale cold 
storages in the Keelung and Kaohsiung fishing harbor areas. Their functions 叭'ere mainly (1) 
to supply ice for fishery and non-fishery uses and (2) to store fish for further transportation or 
processing. This situation remained unchanged for many years until there was some surplus 
fish catch for processing. 

In the past, most of the fishing boats of capacity below 200 tons used ice to preserve the 
freshness of the fish catch. However, after 1968, èecause many 80-200 ton traw ling vessels began 
to install refrigeration systems, the annual consumption of ice for fishery uses remained about 
the same from 1967 through 1971. (Table 2如 1). The number of powered fishing vessels in司

creased from 10,247 in 1971 to some 12,000 in 1976; thus the quantity of annual ice con­
sumption for fishery uses again increased to 765,759 tons in 1976. 

ln order to exploit the international market for Taiwan's fish catch司 JCR訣， from 1963 
through 1972, extended loans to some 16 ice-making and seafood freezing plants. 

Table 2-1. Status of Ice Making, Cold Storage and Refrigeration Industry 
in Taiwan 1964-1976 

Year 
1964 1967 1971 

Item 

A. Daily Capacity of Ice Production (mt/day) 2,783 3,572 4,413 

1976 

4,802 

B. Annua1 Consumption of Ice (ml) (Tola l) 463 ,274 681 ,701 890 ,074 1,069 ,506 

For Fisher、 Uses 31唔， 832 481 ,734 498 司 570 765 ,759 

For ~on-Fishery Uses 148 ,442 199 ,967 391 ,504 303 ,747 

C. Freezing Capacity (mt/day) 106 278 517 2,273 

。. 1'otal Annua1 Quantity of Frozen Products 1,464 3,390 32 ,822 l 是 1 ， 162

Fishery Products 1,464 3,072 25 ,400 95 ,262 

Non.f'心 318 7,422 45 ,900 

E. Cold Storage Capacity (M3) 79 ,025 172 ,516 152 ,786 322 ,528 

* Jr. Speciali紋， Fisheries Division 0 1' JCRI去， 1'aipei, Taiwan. 
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The daily freezing capacity increa5ed from 106 ton5 in 1964 to 517 ton5 in 1971 and to 
2,273 tons in 1976. The quantity of the fishery products handled by local freezing plants ir卜

creased from 1,464 tons in 1964 to 肘，262 tons in 1976. 
The export of frozen seafoods started around 1967, and took a leap in 1972, when the total 

export value of frozen seafoods was 2.2 billion NT dollars (52 million U.S. dollars) (Table 1-2). 
In the same year, about 50 plants were involved in seafood freezing. This number continued to 
rise, and as of 1976 it increased to about 90. 

The capacities, facilities and equipment of the plants 

In 1976, the total number of ice-making, cold storage and seafoods freezing plants \vas 
629弋 among which some 90 frozen seafood plants had exporl licenses. The daily ice-making 
capacity was about 4,802 metric tons. The ice making plants of larger scale (e.g. daily produc­
tion of about one hundred metric tons of ice) were concentrated in the Keelung area (Table 
3-2). Those of medium scale were located in Kaohsiung, Taip訓， Penhu and Ilan areas. The 
total cold storage space islandwide was 322,528 M3, with a capacity of about 150,000 metric 
tons, and the storage capacity in Kaohsiung city alone was about 的 percent of the total capa­
city. Both ice making plants and cold storages were well distnbuted islandwide. 

ln 1976, the total freezing capacity was about 2,273 metric tons per day which was 3.7 
times that of 1972 (610 tonsjday). In Kaohsiung city alone, the total freezing capacity exceeded 
1,000 metric tons per day. Other freezing plants were mostly located in Kaohsiung prefecture, 
Keelung city, Penghu prefecture and Tainan prefecture. 

Tbale 2-2. Ice Makin皂， Cold Storage & Seafoods Freezing 1 ndustry 1976 
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* Frozen food p1ants not involved in fi 且bery product且 are exιluded. 











1~ 

Quality of the Frozen Seafoods 

Generally speaking, the quality of Taiwan's frozen seafoods is quite satisfactory. 
Because the raw material (cultured eel) is very fresh and the sanitation of the processing 

plants is good, the quality of locally produced frozen roasted eel is excellen t. The processing 
procedures of this product will te further discussed in the next Chapter. 

Frozen marlin, sailfish, cuttlefish, and squid are mainly exported to Japan to te served in 
the raw form (as sashimi). Their qualities are good enough to meet the importing country's 
standard. 

The quality of exported frozen locster and prawns is acceptable, and their foreign market 
prices are good. An agreement on the minimum export prices of these two products has been 
made among exporters. 

Frozen pomfret and kisu (Sillago sihama), although in small export quantities, are winning 
popularity among foreign buyers cecause of their good quality. 

Discoloration of frozen re小snapper and dolphin fish during storage may occur sometimes. 
The disappearance of desirable red color of frozen red-snapper is due to the chemical changes 
of the pigments, carotenoids, present in the fish. This may te remedied ty using antioxidants 
and proper glazing. Green discoloration in the acdomenal area of frozen dolphin fish may also 
occur. In order to keep the good quality of this product during shipment, the a l:domenal part 
of the fillet is always trimmed off l:efore packing into shipping containers. JCRR has supported 
local research institutes to study the causes and remedies of this 島reen discoloration. It is re­
ported that this is due to bacterial contamination (pseudomonas putrefaciens)*. However, these 
two frozen fish items are still well received by foreign buyers. 

The quality of frozen shrimp of medium and small size is not uniform. The main reason 
is that a large numter of small-sized shrimp trawlers can not supply raw materials of desirable 
freshness. It is still technically difficult to install freezing equipmunt on small fishing coats of 
capacity under 30 tons. 

Quality control of raw material at the purchasing stage should te thoroughly enforced by 
the plants. 

Prospect of Frozen Seafood Industry 

As a whole, the frozen fishery product industry has good prospects. Their export quantity 
and value wiU definitely increase by adding new export items every year. However this industry 
has its dark side-over-investment of the industry. The total freezing capacity of the 90 plants 
with export licenses is about 2,300 tons a day. If the volume of the frozen seafoods for export 
remains the same as in 1976, say 50,000 tons, each plant will te running an average of less than 
a month in a year. 

To solve this problem, the related governmental agencies such as the Bureau of Commodity 
Inspection and Quarantine, Industrial Bureau, the Board of Foreign Trade, Department of Health, 
and Taiwan Fisheries Bureau should first jointly set up a sound regulalion and inspection 
system to eliminate the poorly managed plants. 

Secondly, the local processors should profit by exporting more valuable prepared frozen 
seafoods instead of semi-processed ones. For example, frozen breaded shrimp, and fish steak can 
be processed for export. Better and more attractive packaging material should te adopted. As 
matter of fact the recent exportation of frozen roasted eel and fish dumpling is the first step 
toward this goa l. 

Meanwhile the plants should tryharder to exploit local markets and to store surplus fish 
catch for off-season consumption. 

References 

1. Fisheries Yearbook Taiwan Area 1975. Tai、九ran Fisheries Bureau. 
2. Fisheries Yearbook Taiwan Area 1976. Tai wan Fisheries Bureau. 
3. The Trade of China (Taiwan District) 1976. Chinese Maritime Customs. 

* CHEN, H. c., personal communication. 
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Transfer èetween two boxes is made by workers. The other kind of machine contains only 
one heating box with burners on both top and bottom sides. Heating time is contro l1ed by 
adjusting the rotary speed of the conveyor. Jn general, heating time is determined by the 
time required for making two or three scorched spots on the skin. ln order to prevent blocking 
of the gas hole on the burner and contacting with flame on fillets, pieces of heat-proof glass 
are placed tetween flame and conveyor or fi l1ets. After roasting, the fillets are transfered as­
eptically into the cold room or cooling tunnel until the center temperature of fillet is lower 
than 20oC. Every twenty of these fillets are packed in two layers into a small carton which 
is covered with PE* film inside, and frozen at -40'C overnigh t. Some factories transfer 
fi lIets into IQF equipment right after roasting. These frozen roasted eel are t l:en packed in 
cartons and stored at - 20'C ready for shipping. 

Sanitation for frozen roasted eel 

Frozen roasted eel is considered as pre哺cooked frozen food by the Ministry of Health and 
'Welfare of the Japanese Government, and the viable microbial count in it should be less than 
1 X 105 per gram, and coliform bacteria, Staphylococci, and Salmonella should be absent To 
meet these requirements, the processors in Taiwan pay great 以tention to the problems of mi­
crobiological sanitation in the product. H. C. Chen, supported by the Joint Commission on 
Rural Reconstruction conducted a series of investigatíons, inc1uding heating by microwaves 
and soaking in sodium chloride solution before roasting, to improve the conventional method of 
frozen roasted eel processing. The studies were aimed at improvements in yield and commercial 
value of the produc t. 

ln a preliminary study仙 it was found that insufficient heat treatment and recontamination 
after heating were the causes for bad sanitation condition of frozen roasted eel. Therefore, two 
methods were tested to improve the conventional method or to ensure proper heat treatment. 

Disinfectants used in the factories were also investigated to evaluate their effectiveness and 
subsequently to develop an effective sanitation practice. 

Modification of conventional metbod for processing frozen roasted eel 

1. Combined heat treatment by flame and microwaves 

The lethal effect on microorganisms in eel fillets treated by flame was higher than that of 
microwaves if results were evaluated under the same rate of weight loss(2). ln conventional 
flame heating for 5.2 minutes，嗎7hen the center temperature of the eel fillet reached 74'C , 

coliform bacteria were inactivated, while the total microorganisms encountered about a 5 log 
cycle reduction in viability, and the corresponding weight loss of fillet was 25~台. Heating in 
microwaves for 30 seconds, when the temperature index in the center of the fillet was 87 'C, 
inactivated the coliform bacteria while the total microorganisms were reduced only a 3 log 
cycle, and the corresponding weight loss of fillet was 25~話 The weight loss of ftame-heated 
fillet was 0.43% for every degree CC) increase in temperature within the range from 50' to 
80'C. For microwave-heated fillet it was 0.44~也 between 42' and 8TC. This difference is not 
significant within these temperature ranges. However, because of the decrease in rate of heating 
of microwave energy at high temperature, the rate of weight loss was more in microwave哺

heated 位llet than flame-heated one. 
By virtue of the above facts, heating by combined use of flame and microwaves is applied 

for frozen roasted eel processing. The combination of heating for 2 minutes over ftame following 
15 seconds in microw的res， for instance, can inactivate coliform bacteria and effect about a 4 
log cycle reduction in viability of the total microorganisms (Table 3-1). lts weight loss is 
24.35%. This combined treatment has almost the same effect in weight loss and microbial 
counts as that heated for 5 minutes by flame alone. However, the former creates a desirable 

* Polvethvlene film 
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roasting, eel fillets are soaked in 10% brine (pH 3.5) for 3 seconds and then heated in the 
roasting machine, and transfered immediately into IQF equipmen t. This treatment reduces 
weight loss of products at least 0.35%, as compared with the conventional method (Table 3-2). 
And the decrease in microbial counts is significant after freezing. 

Since the sodium chloride content in fillets soaked in brine for 3 seconds does not affect 
the taste of the seasoned roasted e叫， this modification is appIicable in the industry provided 
that suitable brine treatment is employed. 

Selection of disinfectants and sanitation practice in frozen roasted eel pro­

cessing factory 

Natural flora of microorganisms recontaminated on fillets during handling was considered 
to be the cause of microbial spoilage of frozen roasted eel(1). In addition to sufficient heat 
treatment, proper sanitation practice is required to prevent contamination. 

In the frozen roasted eel processing factory , sodium hypochlorite is generally used for disinfec­
tion. Other disinfectants Iike Antiseptol* and Tego-51 ** are also used occasionally. In order 
to evaluate these disinfectants, minimum inhibition concentration and effects of pH and organic 
matters on the microbial inactivations of these disinfectants were studied<的 In conclusion, 
sodium hypochlorite dissolved in water with no organic matters to bring about 100 ppm of avai­
lable chlorine can inhibit the growth of E. coli, Aeromonas hydrophila, and Staphylococcus aureus 
within 5 minute contact at 30.C. But the effect disappeared when the water contained 0.03% 
(w /v) fullcream milk powder. However, Antiseptol and Tego-51 with concentration not higher 
than 1/200, can inhibit the three microorganisms in water with or without the powder, the 
effect of Antiseptol being better than Tego-5 1. 

Facilities in frozen roasted eel processing factories, therefore, can be washed first by using 
detergent and rinsed by water with or without chlorination, and subsequentIy soaked or covered 
with 1/200 Antiseptol solution for 5 minutes. Final紗， the facilities can be washed by using 
chlorinated water containing 50 ppm available chlorine. The effectiveness of this sanitation 
practice appeared to be highly significant (Table 3“ 3). 

Table. 3-3. Effect of sterilizing practice on the survival of microorganisms 
on treatment table in a frozen baked eel processing factory 

Sterilization 

Before 

After 

References 

Survival of microorganisms (counts/cm2) 

Viable bacteria 

4.2x 10' 

O 

Coliform bacteria 

4.0x 102 

O 

1. CHEN，日. C. 1976. Sources of microbial contamination on frozen baked eel. Press of Kaohsiung 
Junior College of Marine Technology, 3, 183-197. 

2. CHEN，日.c.， c. Y. Wu刊 H.H. L肘， and C. Y. CHUNG. 1976. Effect of microwave and open 
flame heating on the microbial counts and weight 10ss of eel. Bull. Jap. Soc. Sci. Fish., 42(4), 
405-410. 

3. CHEN，日.c.，日. H. LIN, C. Y. Wu , and C. Y. CHUNG. 1977. Effect of pH and sodium chloride 
on heat resistance of microorganisms in ee1 bou i11 ion and ee1 fi l1et. Bu11. Jap. Soc. Sci. Fish., 
43(4), 443-447. 

4. CHEN, H. C. and C. Y. Wu. 1976. Studies on the disinfectants used in frozen baked ee1 processing 
factories. J. Fish. Soc. Taiwan, 5(1), 63時67.

* Antisept仗， effective ingredient: benzethonium ch10ride, manufactured by US pharmacenticals. 
料 Tego-訓， effective ingredient: dodecyl-diaminoethyl-glycine, manufactured by TH Gddschmidt 

AG. West Germany. 
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IV. Canned Seafood Industry in T aiwan 

J. L. CHUANG 

Taiwan has experience in seafood canning for more than forty five years. This 
industry keeps on expanding. The export quantity of canned seafood was 6，仰 thousand

standard cases in 1976, and is expected 10 reach one mi/lion slandard cases in 1977. 

Background 

Seafood canning was originally started by the Japanese in 1931 when tuna (both in oil and in 
brine) was canned mainly for export. After World War 口， the development of purse seining 
enabled the canneries in Su-ao to revive in 1961. These plants mainly produced canned 
mackerels an :l sardines for domestic consumption. The average annual production of canned 
fish was about 200,000-300,000 cases. 

ln 1970, canned crab an是 frigate mackerel (Auxis tapeinosoma) were first produced for ex­
port to U. S. A. an :l European countries. Later in 1974, the sluggish sale of frozen tuna due 
to low international market demand encourage:l the local canneries to buy the i nexpensive raw 
material to produce cannej tuna. Since then the production and the export quantity of canned 
tuna have increased year by year. 

The canneries, their facilities and equipment 

In Taiwan, there are some 240 canneries, of which seafood canneries number is 38. Ilan 
was the center of canned seafood industry since 1930's. After World War 11, many small-scale 
canneries were automatically done away with, and now there are only 13 seafood canneries left 
in this area. (Table 4-1) 

Recently Tainan and Kaohsiung Prefectures are becoming other centers of seafood canning. 
The seafood canneries in these areas are much larger and more modernize:l than those in the 
Ilan area. 

As to the facilities and equipment of Taiwan's canned seafood plants, many ofthem have 
400-ton co13 storages. The majority of the plants use Model 5 M & 301 automatic vacuum 
seamers (Fig 4-1) instead of non-vacuum seamers. Most of the retorts used are well equipped 
with the accessories which meet U. S. FDA's regulations for low-acid food processing. All the 
plants which process canned crab have horizontal or vertical roller type crab meat separators 
(Fig 4-2). Some plants which process canned tuna have automatic shaping machines. 

Table 4-1. Distribution of Seafood Canneries in Taiwan 1976 

Prefecture (Hsien) or City No. of Plant 

I1an Prefecture 

Tainan Prefecture 

Kaohsiung Prefecture 

Keelung City 

Other Prefecture & Cities 

、
3
n
u

、
3

弓
3
n
y

--

Total 38 
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1973. Since the living standard of Taiwan's consumers has become much higher, the local 
market of canned seafoods is expected to expand gradually in the future. 

Problems and prospects of Taiwan's canned seafood ind 組 stry

The local seafood canneries have long experience with fish canning. Therefore, not too 
many technícal problems are encountered by our seafood canning industry. However, Taiwan 

has to import tin plate from Japan, thus the local canneries have to pay an extra US$2 per 
box of tin cans as compared with Japan ‘s processors, who are our strong competitors for 
canned tuna in the American market. This is a drawback in our seafood canning industry. 

In the past, Taiwan's fish canning industry was handicapped by the shortage of raw ma­
terials. Now as our refrigeration and cold-chain systems have been c!eveloped and are able 
to adjust the raw material supply and to enable a canned seafood plant to procure raw 
materials from distant sources, the plants' working c!ays can be extended. 

The present development of canned tuna industry has encouraged the deep-sea tuna fishing 
vessels to bring home their fish catch and sell it to the local canneries. There is a promising 
future for Taiwan's canned tuna industry. 

LarEe purse seining has recently begun operation in the East China Sea and Yellow Sea. 
lt is anticipated that the quantity of raw materials such as mackerel for fish canning will greatly 
increase. This will further lend impetus to our canned fish industrj\ 

References 

I. Fisheries Yearbook Taiwan Area 1975. Taiwan Fisheries Bureau. 
2. Fisheries Yearbook Taiwan Area 1976. Taiwan Fisheries Bureau. 
3. Taiwan Exports of Canned Food 1972. Taiwan Canners Association. 
4. Taiwan Exports of Canned f700d 1973. Taiwan Canners Association. 
5. Taiwan Exports of Canned Food 1974. Taiwan Canners Association. 
6. Taiwan Exports of Canned Food 1975. Taiwan Canners Association. 
7. Taiwan Exports of Canned Food 1976. Taiwan Canners Association. 
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V. Minced Fish Products 

SEN SHYONG JENG* 

Introduction 

Minced fish products, especially fish ba恥， have organoleptic properties that are well 
accepted by the local population. They represent a type of food widely used as a staple 
dietary ingredien t. In Japan, the major minced fish products are kamaboko and chikuwa. 
However, in Taiwan over 90% of the minced fish products is consumed as fish balls. Usually 
fish balls are made into hot fish ball soup. Therefore, the consumption in winter time is two 
or three-fold larger than in summer time. 

The production of minced fish products in Taiwan has increased year by year. ln 1976, 
the production of this kind of food was 17,625 tons. This is the second largest processed 
fishery product consumed in the island, only next to dried fishery products. However, the 
production of dried fishery products has declined year by year due to the general economic 
well being of the people. It is expected that minced fish product may become the largest 
item of processed seafood consumed in Taiwan in future years. 

如Hnced fish product processors 

Fish balls in Taiwan are mainly supplied by house-hold processors. It is estimated there 
are over 600 processors in this island. In the corner of every large market of every city and 
town, there are one or two processors manufacturing fish balls. Besides 益sh balls these pro­
cessors also produce fried minced fish products (tempura). Only in larger cities are there 
plants manufacturing minced fish product on a larger scale. They produce kamaboko, chikuwa 
and tempura , besides fish balls. Even these 可lants" seldom have more than 20 employees. 
Therefore, it could be understood that although people in Taiwan consume a lot of fish ball, 
minced fish product is still not an industry like frozen and canned foods. 

恥farket

Among all the minced fish products consumed in Taiwan, over 1/3 was consumed in 
Taipei city\This fact demonstrates that minced fish products are more accepted in the cities 
than in village話，

Raw Materials 

In Taiwan , the principal species of fish used as raw material for manufacturing minced 
fish products are shark, lizard fish, pike eel and marlin. Shark (Fig. 5-1) is by far the most 
important specie丸 accounts for over half of the total raw material. It is because that (1) shark 
has the characler to make products having fine texture, (2) the fresh muscle of shark is not so 
liked by local people due to its ammonia ftavor. Shark is caught along the coast of Taiwan 
and from overseas. The shark caught along the coast is iced, while that caught from overseas 
is frozen for 1-2 month. To ensure the best quality of the finished product, the fish for 
manufacturing minced fish products must be as fresh as possible. Hence, fish balls processed 
from frozen fish are not as good as those processed from fresh fish. 

Besides shark. lizard fish and pike eel are also used to produce fish balls in some places. 

* President, Tai 以 an Provincial Kaohsiung Junior College of Marine Technology, Kaohsiun草﹒
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Table 5-1. Chemical Composition (%) of Some Taiwan Minced Fish Products 

Sample 

fish balls 

kamaboko 

water protein 

66.80 17.06 

81.23 16.44 

81. 00 15.81 

72.00 I 16.69 

79.54 12.54 

69.81 16.25 

71. 93 14.00 

Iipid 

3.34 

0.46 

0.39 

0.78 

0.24 

sugar 

3.09 

0.25 

0.33 

0.72 

0.29 

0.21 1. 78 

1. 28 1. 62 

71. 43 13.19 0.20 3 .43 

fr叫sh 圳川9 18.00 6.11 2.70 

ash 

2.44 

1. 86 

1.61 

1. 37 

2.74 

3.42 

2.81 

2. 多8

3.79 

starch 

4. 是2

2.07 

0.69 

7.33 

2.63 

5.04 

5.25 

salt 

1. 60 

1. 58 

0.75 

2.10 

2.64 

2.64 

2.80 

8.29 2 .44 

6.39 1. 95 

accepted by the local people. There is no resistance to this food. It is also because the raw 
material of minced fish product is no longer recognizable; therefore, the disliked fresh fish or 
low-price-fish can be used as raw material. This makes the price of minced products more 
reasonable. 

In order to have good quality and good future of minced fish prouc的， the improvement 
of processing method and study of using new material are most imporant. For this purpose, 
the best conditions to use smal1 shark as raw material to manufacture fish balls have just been 
studied by the author. A study of using other abundant fish to manufacture minced fish 
products is also underway. 
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VI. low-Moísture Físhery Products 

BONNIE SUN PAN* 

Introduction 

Since the last decade, utilization of fish protein from both established and potenti:ü 
fishery resources has been the center of interest for food scientists. Fish protein concentrate 
(FPC) for human consumption has been the main theme. The powdery FPC product is 
stable, dry句 high in protein quality, free from fishery taste and odors, non-toxic, water 
soluble, and readily to be used in formulating other food products. However, the lack of fun心
tional properties has inhibited its development. Others are those consumed in their own forms, 
sllch as smoked, saIted andjor dehydrated fishes, kamaboko, etc. The majority of those which 

fit in the latter category are traditional and native to the Orient. 

Fish Bits (Fried Shredded Fish) 

"Fish bits" is probably the most well-accepted fish product in China, Japan and Indochina. 
It is as popular to the Chinese children as potato chips to the American kids. In adèition, 
it is a convenience food and contributes considerably to the necessary protein uptake in the 
Chinese youngsters' diet. It has also become an export item gaining increasing market in 
Japan and Okinawa. 

A. Raw Material 

The raw material use:l for production of fish bits consists of low-price這 pelagic and 
shoaling fish species from the Pacific: lizard fish (Saurida tumbil) , big-eye snapper (Priacanthus 
tayenus) ribbon fish (Trichiurus lepturus), amber fish (Decapterus maruadsi), horse mackerel 
(Meg四laspis cordyla), and tilefish (8ranchiostegus ]aponicus) are generally used. Among these 
species, Iizard fish and big-eye snapper are favored, because they ha\e longer muscle fibers 
than those of other species. Thus they contribute better texture and fiavor to the end product 
than other species for production of fish bits. Despite the difference in muscle fiber, all these 
fishes are low in fat content(2 ,3,41. Tuna fiake as waste from canned tuna chunk processing 
has also been lIsed for prodllction of fish bits. 

B. Processing 

Since fish bìt is a 10\丸 -technology product, it is manufactured by well-established manu­
factures as well as by kitchen-oriented producers. Therefore, pronounced variations have been 
observed in processing methods and product quality. 

The general processing procedure includes handling and preparation, brining, steam 
stripping, debonin皂， dehydration, roasting and seasoning. 

I. Handling and preparation. Fresh or frozen fish after thawing is washed, deheaded, 
and gutted. Th記 \\aste is collected for production of fish meal or fish solubles. 

2. Salting. Fish is either salted in brine of 18' Be or dry salted with 3-5% salt (weight 
of fish). The purpose of salting is to slightly denature the fish protein and thus retain the 
integrity of fish ll1usc1e fiber when undergoing frying-roasting. After salting, the fish is 
washed to redllce saltiness. 

3. Steam stripping. Steaming of fish simplifies deboning, scaling and skinning. The salted 
fish is steamed at 100'C for 5 to 30 min until the backbone is readily separated. 

* AssoCÎate Professor, Dept. of Marine Food Science Taiwan Provincial College of Marine ScÎence 
and Technology, Keelung, Taiwan. 
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The proximate composition varies a great deal 協 ith manufacturer's specilkatio肘， because 
the Standard of Identity of this product 1isted only the ingredients aUowed and the adulterants 
prohibited(". The average of the proximate content from 20 manufacturers is listed as 
fo11ows: 

Table 6-1. Average Proximate Composition of Fish Bits (Fried Shredded Fish) 

Moisture 
(%) 

9.8 

Protein 
(%) 

37. I 

l.i抖d
(91白)

23.3 

h)2 
U口
%
7

/( Carbohydrate 
(%) 

21.4 
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T J:e lipid content of the fish used is comparatively insignificant, because it is only 1-2% in 
the raw material<的. Therefore, the high lipid content is mainly due to the addition of oil 
and shortenin各

T J:e carbohydrate content is a resuIt of the sugar added. Starch has been used as an 
adu1terant to lower the manufacturing cost. Howe\er, it is prohibited. 

Ash comes chiefly from sa1t addition and is less subject to the manufacturer variations. 

Fish bits are a good source of protein as shown by its high protein content of 37%. The 
quality of fish protein is maintained through processing and is demonstrated by the high 
availability of ly討ne(1) (Table 6-2). 

Table 6-2. Availability of Lysine in Fish Bits (Fried Shredded Fish) 

Product Total lysine g/ I∞ 
g protetn 

6.39 

8.47 

Avai出Msine lysine Availability % 

5.09 79.6 

6.39 75.5 

Fried shredded fish 

Shortened Fried shredded fish 

The 1055 of available lysine, as compared to the total Iysine is presumably caused by the 
browning reaction. 

It has been 5uggested<的 to add sesame seed to fish bits to improve 11avor and nutritional 
quality, because sesame seed is a good source of methionine and vitamin A( 3). However, the 
sesame enriched fish bits are not available commercially yet. 

D. Quality P揖rameter

Fish bits Ìs a product that does not require refrigerated storage. It is very stable when 
vaccuum packed. The major quality degradation is rancidity developed in improper storage. 
Both peroxide value (POV) and acid value were studied(7) to establish a quality index for 
product stabi lity: acid value was found in good correlation with sensory evaluation as shown 
in the followìng Table 6倍3.

Table 6-3. Acid Value and Sensory Evaluation of Fish Bits(1) 

Se軒 sory e\'aluation of fla\'or Acid Value 

益。od

的mewhat rancid 

rancid 

2.7 

4.9 

8.6 

Acid value is thus suggested to serve as the objective quality parameter. 

Dried Salted Fish 

Dried salted fish has been used as a food product for thousands of years. Not only the 
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ancient Chinese, but also the Greeks and the Romans knew the magic of salt in food preserv心
tion long before civilization. However, the amount of dried fish consumption has decreased 
as technology in food preservation becomes more advanced. Nevertheless, the simplicity and 
low cost involved in salting preservation has enabled it to survive through the ages. 

Round herring (Etrumeus micropus) is the major material used for dried salted fish 
manufactured in Taiwan. Between June and August, volumes of round herring are caught in 
the Penghu area. They are salted and dried under the tropical sun, which is the quickest 
way of handling such a large quantity of raw material. 

A. Raw Material 

Large seasonal variation is observed in the proximate composition of round herring as 
shown in Table 6-4(11\ 

Table 6-4. General Compositions of the Three Portions of Round Herrings([ l) 

Head-bone-fins Viscera Flesh-skin 

Aug. (%) Nov. (%) No\'. (%) Aug.(%) No\'. (%)Aug. (%) 

恥10isture 74 .4 74.1 71.2 66.8 73.8 74.2 

Protein 15.5 15.3 16.3 17.0 20 .4 18.0 

Fat 1. 7 3.0 5.3 11.7 1. 3 3.5 

Ash 5.5 5.1 2.1 2.0 1. 9 1. 6 

Total carbohvdrates 2.9 2.5 5.1 2.5 2.6 2.7 

Fat and protein in the flesh and skin are more subject to change than other constituents 
of round herring. The drying rate and the product quality are greatly affected by the fat 
content. The factionation of lipid also showed seasonal variation as shown in Table 6-5. 

Table 6-5. Fractionation of the Lipids of Round Herring Meat( lI) 

August (%) November (%) 
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46.5 

15.7 

25 .4 

1. 9 

10.2 

0.3 

3.5 

47.5 

19.1 

27.0 

3 .4 

2.5 

0.5 

* Per 100 fish，料 Per 100 g lipid. 

Nevertheless, the percentage of triglyceride remains constant. Free fatty acid, phospholipid, 
hydroca.rbon and cholesterol content varies with season of fish catch. Other data showed the 
unsaturated fatty acid fraction was more variable than the saturated fraction based on the 
comparison of fish caught in August and in November(I l). Therefore precaution has to be taken 

to prevent rancidity and autoxidation during sun drying when the fish has high fat content, 
particularly high in free fatty acids and high degree of unsaturation. 

B. Processing 

The whole round herring is eviscerated and salted (salt: fish 出 50: 300), then steamed and 

sun dried. The yield is 25 to 50%. 
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C. Quality characteristics and future improvement 

The content of protein, fat and 5alt in the dried 5alted fi5h is shown in the following 
table 6個6.( 12) • 

Table 6-6. The Chemical Composition of Dried Salted Round Herring 

Composition Content (%) 
叫一一一-

Moisture 41.0 

Fal 7.4 

Protein 36.7 

Sa1t 13.7 

Since round herring contains considerable amount of free fatty acid especially docosah­
exenoic acid (22: 6)(11), the dried salted round herring is vulnerable to autoxidation resulting 
in discoloration. Combination of antioxidants are being tested in the author's laboratory to 
eliminate the discoloration developed in drying. 

Mold growth has been found in the storage of dried round herring. Aspergillus glaucus 
and Penicillin are the major species of mold associated with the spoilage of salted round 
herring( l3). Combînatîons of either sorbate, methyl naphthoquinone, or butyl p-hydroxy benzoate 
and dehydroacetic acid have proved effective preventatives of mold growth in dried saltedherring. 

Commercial products that demonstrate microbîal stability without the addition of 
antimycotics are usually too dry to be palatable. However, it is possible to increase the 
residual moisture content and maintain the microbial stability by lowering water activity. 
Different solutes have been tested in the author's laboratory to reduce effectively the water 
activity of sa!ted round herring. Hopefully, the present low-moisture salted fish can be 
converted into an intermediate moisture food. 

Dried Shrimp 

Shrimp consumption has increased in recent years. U. S. consumes about one third of the 
global shrimp harves t. Japan's consumption of shrimp is about half of that of U. S. These 
two countries hold the largest shrimp export market of Taiwan. It is mainly the fresh frozen 
shrimp that Îs exported. Because of the increasing foreign market, the shrimp harvest in 
Taiwan has also increased accordingly as shown in the foUowing Table 6-7. 

Table 6-7. Harvest of Shrimp Between 1970 and1975{1的

Year 

1970 1971 1972 1973 1974 1975 

Har\'est，的 I 30 ,897 37 ,047 47 ,101 49 ,081 49 ,841 63 ,226 

Forty perc t'nt of the shrimp harvest is from the Keelung area. 

A. Production 

There are two types of processed shrimps in Taiwan. One is individual quick frozen 
(1 Q F) shrimps. The other is the dried product of medium and small-size shrimps. The 
former is chiefly for export while the latter is largely for domestic consumption. 

There are four kinds of dried shrimps: (1) salted and precooked small whole shrimp; 
(2) uncooked sf'iall whole shrimp; (3) salted, precooked and deshelled medium shrimp; 
(4) uncooked soft-shell shrimp. 
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B. Quality parameters of dried shrimp 

The microbial growth associated with the spoilage of dried shrimps are mainly mold and 
halophiles. The quality factor that determines the growth is moisture conten t. The extent 
of dehydration leading to di汀'erent storage stability was demonstrated by Gore et al,on. 

1、able 6研 8. Extent of Dehydration Leading to Different Storage Stabilities. 

Moisture Content 
(%) 

80 (fresh) 

50 (cooked) 

40 (cooked) 

30 (cooked) 

20 (cooked) 

一一

Storage before Spoilage 
(days) 

10-12Q C 2手30'C
Spoilage 

3 plltrid‘ high bacteria COllnt 

4- 多 \11 3 0仔-odor‘ high bacteria COllnt 、 mainly mold 

4恥 5 Ditto 

7 -10 :'\ 113 off odor、 high mold COllnt 

30-35 :'\H3 0何 odor‘ mold gro叭 th

Therefore, the moisture content of dried shrimp is kept 1:::elow 20 手ó to enhance the storage 
stability at room temperature. Sorbic acid and sorbohydroxamic acid have been used as 
antimycotics. The latter is more favorable due to its effecti、reness， wide pH range and low 
LD50 (0.7 mg/kg)(2 刊.

The texture of dried shrimp is greatly aπected by the cooking time. Prolonged cooking 
res :J lts in excessive dehydration and thus toughness. Lowering pH also leads to loss of ten­
derness(161. Addition of polyphosphate in cooking increases the tenderness in texture(叫

and pre\'ents the lowering of pH in storage(IS1. 

The color of dried shrimp is a function of the presence of three pigments: haemocyani口，

carotenoids mainly astaxanthine, and melanin the result of tyrosinase activity. Blanching 
and cooking eliminates the formation of melanin. The carotenoid compounds, especially 
astaxanthine, are responsible for the characteristic red color of fresh and driedjor cooked 
shrimps. However it is readily oxidized causing the color to fade. Ascorbic acid, BHA and 
liquid smoke flavoring ha問 found to be effective antioxidants(1的 ]n addition, they have 
synergistic effects(19\ 

The bad odor developed in storage is a result of degradation of free amino acids and 
nucleotides. Irradiation in UV light accelerates the undesirable reactions. Therefore packaging 
that prevents the transmission of UV energy is put in some commercial practices to preserve 
the flavor of dried shrimps. 

Dried skipjack stick (Katsuobushi) 

This product is produced by a combination of smoking, d吟 ing and mold-fermentation of 
skipjack fiesh (Its processing procedure is briefly described in "Fish as Food ,.(t Ol). 

In 1890, the Japanese fìrst introduced the katsuobushi processing techniques to Taiwan. 
However, it was not manufactured in large quantity until 1910 when skipjack fishing became 

more advanced 
The dried skipjack stick (Fig. 6-2) is mainly for export to Japan. The a、 erage annual 

export is abollt 900-1000 tons. The quantity of \ocal comsumption is about 300 tons a year. 
Due to the fast development in tuna and bonito canning industry, the raw material supply 

for katsuobushi processing has been limited in quantity. Materials such as frigate mackeral 

(Fig. 6-3) and round herring have been processed in place of skipjack to produce shavings, a 

substitute of katsuobllshi. 

Dried oyster and oyster sauce 

Dried oyster, a cooked-and-dried product, is one of the important ingredients in traditional 
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cooking. Using microwave for shucking hasbeen reported. However it is not used in 
commerical practice yet. In common practice, shucking is done manually, since short-time 
cooking results in ftavor loss and textural change. 

2. Washing. The oyster is dipped in brine of 2-3 齡， for 20 min and washed to remove 
the remaining broken pieces of shell, and filth. 

3. Cooking. Oysters are cooked with 4% salt (weight to weight of oyster) for an hOllr. 
The cooked oysters are sun dried after filtrations. The nectar, containing 卜12% 浴缸 is

collected for manllfacturing oyster sauce. 
4. Concentration. Concentration of oyster nectar is achieved under vaCUllm. The finished 

concentrate contains 25% salt. Sugar, 5%, and preservative, 0.05% p-hydroxybenzoic acid 
generally, are added to increase the storage stability. Water is added to adjust the concentrate 
to a proper strength. 

5. Yield. The yield of oyster sauce is 30%, that of dried oyster is 7-9%. 

Mullet Caviar (Dried Mullet Roe) 

Mll l1et caviar is one of the most popular and expensive traditional delicacies to the Chinese 
and Japanese. To be served at the table, it is first roasted over a small fire. Simllltaneously, 
small amount of rice wine may be smeared on the surface of the caviar to enhance the flavor. 
When slight scorches are formed on the surface, the caviar is sliced into 0.2 mm thickne5s. 

The quantity and value of mullet caviar production is shown in Table 6-9. The price 
has increased 7 times from 1958 to 1976. The total value also increased 6 times during that 
period. 

Table 6-9. Production of Mullet Caviar Processed from Local Catch 
in Taiwan from 1958 to 1976 

(Data source: Statistics of Fisheries of Taiwan Area)<9J 

YEAR QUANTITY (M. T.)* VALUE (NT$ 1 ，000)請，* PRICE (NT$!Kg) 

1958 

1964 

1970 

1976 

* MT: metric 1On. 
** NT$: 38=US$ 1.00. 

40 
112 

109 

35 

5,048 
22 ,814 

63 ,205 

32 ,650 

126 

204 

580 

935 

Recentl)\because of the economic value of the mullet caviar, Taiwan has imported 
considerable amounts of mullet , mainly for its roe, from the eastern states of U. S. A. In 1976, 
for instance, Taiwan imported about 640 metric ton5 of mullet for caviar processing. The 
caviar 50 produced is partly for domestic consumption, and partly for export to Japan. 

A. Processing 

Because of the limitation of raw material, the processing 01' mullet caviar in Tai札 an

remains a small fami句. business. The processing procedure is as follows: 
1. Raw mαterial. Female mullets are separated from the catch. Roes are then taken 

out and shipped for processing. 
2. Cleaning of roe. The blood vessels attached to the surface of ovarian membrane are 

thoroughly removed to prevent blackening reaction caused by blood during processing and 

storaιe. 

3. Salting. Fifteen percent of salt (weight to weight) is evenly applied on the roes. The 
latter are then piled up to about five layers, with weight on top for 5 to 6 hours. 
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4. Desaltíng. The over-sa1ted roes are desa1ted in water for 5 to 6 hours at room tem­
perature. Special caution is taken to keep the ovarian membrane intact. 

5. Pressing. The desalted roes are placed in rows for examinations. Occasionally, the 
membrane of the roe is broken in handling. Cellophane has been used 10 mend the broken 
membrane to ìmprove the appearance of the roe. The roes are then covered with dry c1oth , 
on top of which is a piece of board carrying some weights. The roes are pressed for 24 
hours. 

6. Ðrying. The sa1ted and pressed roes are sun dried, then cooled indoors and turned 
over until next day. It is sun dried again for 3 hours. The roes are again pressed with 
heavier weig悅， and sun drying is repeated for 2 to 3 days. At the end of drying, a small 
amount of salurated fat is applied to coat the caviar to give it a rich shining appearance. 

7. Packagíng. The final product is vacuum packed in transparent f1exible packag郎， and 
stored withτefrigeration at 于C. Rancidity and mold growth in storage are thus prevented. 

B. Chemical Composition 

As the ro的 are dried, the chemical compositions are changed accordingly. The composi­
tion at variou$ stage of caviar processing is shown in Table 6-10. 

Table 6-10. The Chemical Composition of Mullet Caviar* 
at Various Processing Stages 

Total Water 
Processìn皂 stage Moisturc solid Protein Fat Ash Salt soluble 

(%) (%) (%) (%) (%) solid 
(%) (%) 

Raw materíal 50.0 50.0 26.8 20.5 0.9 0.1 2.7 

Saltíng 39.5 60.5 29.6 22.2 5.9 5.2 9.5 

Desalting 57.8 41. 2 21.1 18 .4 4.8 

Dripped dryìng 53.2 46.8 23.2 19.9 1. 1 0.7 4.9 

Sun dryìn臣、 1st day 48.0 52.0 25.5 21. 7 2.0 6.1 

Sun dryìng ‘ 2nd day 40.5 59.5 26.4 

End producl 34.1 65.6 32.1 27 .4 2.6 1.0 7.6 

* Processed ìn Keelung. 

Variations in chemical composition of mullet caviar have been observed. The moisture 
content of mllet caviar processed in Keelung was found as high as 34~告， while that of those 
processed in Kaohsiong was 28%. Therefore, chemical composition is subject to changes in 
raw material and process method. 

Dried Fin (Shark Fins) and Dried Fin Ray 

A. Material 

Dorsal. pecloral, pelvic and tail fins of sharks are the raw material of dried fins. The 
maín species for processing of dried-fins in Taiwan are: 

Japanese gray shark Galeorhinus japonicus (Muller & Henle) 
。og shark Mustelus manazo Bleeker 
IIammer head Sphyrna lewíní Griffith 
Spotted guitarfish Rhynchobatus djíddensis Forskal 

Spolled guìtarfish is an excellent material because it has long dorsal fins. 
B. Processin幫

a. Drìed Fìn 

1. PreparGl ìoll. Fins are \\ashed and immersed in hot \\'ater (80ω90 C) liU lhe placoid 
scales can be rubbed otf easily. The temperature of hot waler has to be under 100'C, or the 
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Table 6-1 1. The Nutrient Content of Dried Fins (Shark's fins) 

Nutrient Content (%) Nutrient Content (%) 
一一一一一-一…一

孔10isture 13.76 Calicium 0.146 

Protein 83.53 Phosphorus 0.194 

Fat 0.28 Iron 0.0152 

Carbohydrate 0.20 Potassium 0.177 

Energy /100 g 345 cal 

Quautity and value of dried-fins in Taiwan near the last ten years are listed as follows: 

Table 6-12. The Quantity and Value of Dried Fins in Taiwan (1965-1974) 

Year Quantity (M. T.*) Value (Thousand NT抖的

196-5 129 18 , 112 

66 151 14 ,281 

67 160 10 ,057 

68 179 18 ,686 

69 787 24 ,249 

70 258 38 ,379 

71 116 28 ,007 

72 109 26 ,465 

73 89 24 ,031 

75 95.5 28 ,459 

* .\1etric ton 活*?叫T$ 38 = US$ 1.00 

It is apparent from the table that the quanuity of dried fìns manufactured in the last 

de;;ade has been reduced. However, the value per unit weight has been doubled. 
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VI I. Agar-Agar Manufacturíng 

GIN-CHEN CHEN* 

Introduction 

The manufacture of agar-agar in Taiwan is little known in the world. There is very 
liule trade of agar-agar with foreign countries, and it is scarcely reported by the technologists 
and the agar producers. The agar indJstry in Taiwan began in 1944, when the supply of agar 
from Japan was very limited during the period of World War 11. In the recent three decades, 
except for a small quantity of special products used for medical and bacteriological studies, 
almost all the agar consumed is produced in Taiwan, which comes up to 150 tons annually. 

Before 1960, Taiwan's agar industry depended on several species of Gelidium naturally grown 
on the rough rocks along the northern coast of Taiwan. But the Gelidium seaweeds are now 
no longer the principal raw materials for manufacture of agar in this island. The industry is 
now chiefiy supported by the Gracilaria seaweeds cultivated in brackish water ponds in southern 
part of Taiwan with total area of about 400 hectares. 

Our agar-agar products are classified in three items according to the different final shape, 
namely (1) agar sheets, (2) agar strips and (3) agar powder. The latest wholesale price at local 
market is NT$250 (US$6.58) per kg for agar sheets, NT$358 (US$9.42) per kg for agar strips and 
NT$300 (US$7.90) per kg for agar powder with jelly strength of 600 gjcm2

• Due to its warm 
weather, Taiwan has no place suitable for manufacture of agar outdoors, and there has been 
no bar-shaped agar product which is st i1l commonly produced in Japan in the winter season. 

Harvesting of GeIidium 

Seven species of Gelidium and two species of Pterocladia are recognized as important agar­
bearing seaweeds in Taiwan, which can be used direζtly for manufacture of agar without alkali 
treatment before extraction. G. amallsii, G. japolliCl仰， G. latiusculum and G. plalliusculum are 
mos t1y grown along the northern coast of Ilan County and the eastern coast of Taipei County. 
G. kintaroi and G. yamaiae are usually harvested from the northern coast of Taipei County. 
G. pusillum and P. 關lIa are grown only along the coast of Kee1ung City, but P. telluis ran皂白
from the northern coast of Taipei County through the coast of Keelung City, the eastern coast 
of Taipei County to the northern coast of llan County. 

These seaweeds grown in the natural conditions are traditionally collected in the spring 
season by women and children, who live in the coastaI fishing villaιes， by wading at low tide. 
Only when the price of the seaweeds comes up to an attractive level, wi1l some fishermen join 
the harvesting of Gelidium using rowboats and simple diving apparatus. After being brought 
ashore, the seaweeds are roughly divided into three assortments: (1) the Iot of seaweeds con­
taining about 70% of P. telluis, (2) the lot consisting of a mix of G. amallsii, G. japollicum and 
G. latiusculum, and (3) the Iot containing mostly G. killtaroi and G. yamadae. Then they are 
sun-dried and sold to persons who deal in dried seaweeds and have some warehouse and facilities 

in the coastal villages. 
According to the Taiwan Fisheries Yearbook, the annuaI production of Gelidium gradually 

de::reased since 1970 from 464 mt to about 100 mt due to the development of both the te:hnique 
of agar making and the Graci/aria culture industry in Taiwan (Table 7-1). The diminished 
demand and price of Gelidium greatly discourage the coastal fishermen from harvesting sea­

weeds today. 

* Specialist, Fisheries Divi ， io口， JCRR, Taipei, Taiwan 

F 
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with the long axis perpendicular to the direction of the wind. Preferably a windbreak should 
be erected on the windward side. 

Planting stock: 

Although four species of Gracilaria of economic importance are recognized in Taiwan, due 
to its adaptability to a wide range of environmental conditions, its high cropping rate and high 
jeUy strength of the dried seaweed, the G. [01月(en'oides is most extensively cultured. 

The cuttings or tom sections of the Gracilaria are usually used as planting stock. Each 
plant is either tom apart at the base by hand or cut into pieces, which are planted uniformly 
on the bottom of the pond. It is important to plant only healthy stock. The healthy plants 
are those which (1) feel elastic on touch, (2) possess many shoots or stems with tips of reddish 
brown colour, (3) have heavy or thick stems, (4) feel brittle on being bitten, (5) have straight 
ends, and (6) are free from adhesion of detritus and other foreign materials. 

When it is necessary to buy t l:e planting stocks from other farmers, trucks are used to 
transport the planting stocks ear1y in the day or in the cool of the evening. They are fre­
quently sprinkled with sea water on the way and covered with wet straw or gauze to minimize 
evaporation. Perforated pipes of plastic or bamboo are inserted into the bottom portion for 
aeration to prevent over-heating. Upon arrival at the destination, the planting stocks are im­
mediately put into the pond , 

Pond management: 

About 5,000 kg of the fragmented plants are planted in a pond of one hectare in size. 
Too 10w a stocking rate will result in profuse growth of phytoplankton. P1anting time is 
usually in April. They are usually fixed on bamboo sticks planted on the bottom or covered 
with old fish nets to prevent them from drifting to one side or one corner of the pond. 

The depth of pond water is generally 20 to 30 cm in the months from April to June. 
With the increase of temperature after June, it is increased to 60 to 80 cm. Frequent change 
of water is necessary to maintain the proper salinity as well as to provide the nutrients for 
the growth of the Gracilaria. During the dry season, some water should be introduced every 
day to avoid undue increase of salinity due to evaporation. During rainy days, the pond water 
should not be changed, sometimes for as long as a week, but if the salinity of the pond water 
drops too 10w, introduction of water of high salinity is necessary. 

Since Gracilaria do not tolerate temperature below 8'C, the depth of the pond water should 
be increased when winter sets in, or they may be moved into wintering ponds, which are deeper 
and protected with windbreaks. 

About 500 to 1,000 MiIkfish per hectare (size of 150 g or more) may be introduced at the 
ear1y stage to control the green algae (Enteromorpha and Chaetomorpha). They will consume 
the Gracilaria after the green algae are gone. When this happens, efforts should be made to 
remove them by netting them at the water inlet where they congregate. 

Many Gracilaria farms stock their ponds with grass shrim阱， Penaeus monodon, or crabs, 
Scylla serrata, to obtain additional income. 

Harvesting, drying and packaging: 

The Gracilaria are harvested once every ten days from June to December. Harvesting is 
by hand or by the use of scoop nets. They are uprooted and washed in the pond water to 
remove the mud, detritus, sand and snails that adhere to them. 

After being thus cleaned, the Gracilaria are spread uniformly on bamboo screens or plastic 
sheets (usually placed on the sides of the ponds) to be dried under the sun. Sometimes they 
are spread on a concrete surface to dry. The drying ratio is about 1: 7, generally 10,000 to 
20,000 kg of dried Gracilaria are produced from one hectare of pond annually. 

The dried Gracilaria are packed in gunny sacks in quantity of 100 kg each, either for ex­
port to Japan or sold to local agar plants. 
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Inspection of ra w ma terials 

The quantity and quality (solubility and jelly strength) of agar extracted either from 
Gelidium or Gracìlaria varies according to the species, the growth stage and the environmental 
conditions (the place where the seaweed grow). In order to judge the value of raw materials, 
the following method was found to be adoptable for inspection of dried seaweeds as raw ma­
terials for agar-making upon completion of several experiments carried out by the Taiwan 
Fisheries Research Institute with the support of JCRR in 1969. 

Step 1. Alkaline treatment: 

a) Gelidium do not need this alkaline treatment. 
b) Put 100 g of the dried Gracilaria into a 21-beaker and pour 1,500 ml of 5% NaOH 

water solution to cover the sample of the seaweed, then, use a waterbath to keep the seaweed 
immersed in alkaline solution at a temperature 92 :1: 2'C for 60 minutes. 

Step 2. \\'ashing: 

a) Put 50 g of the dried Gelidium in cool water to be washed thoroughly for removal of 
such palpable matter as adhered mud, calcareous incrustations, shells and sea salts. 

的 Take the treated Gracilaria out of the heated alkaline solution after completion of 
Step 1, then immerse it in running water with continual agitation for 30 minutes. 

Step 3. Acid treatment: 

a) Immerse the washed Gelidium into 750 ml 0.1 N CHaCOOH-CH3COONa buffer solution 
(pH 4.78-4.8) for 30 minutes, then drain off the solution thoroughly. 

的 Immerse the washed Gracilaria into 1,500 ml 0.1 N sodium acetate buffer solution (same 
as above a) for 30 minutes and drain off the adhered solution thoroughly. 

Step 4. E.xtractíon: 

Put the acid treated sample of seaweed, eíther a) Gelidium or b) Gracilaria, ínto 21-beaker 
with 1,500 ml water on an electric heater to keep a temperature of about 100'C for extraction 
of agar. It is necessary to adjust the heater carefully to avoid violent boiling and to stir the 
seaweed frequently during this process. 

It takes 30 to 60 minutes to complete the extraction of agar at the point when the sea­
weed becomes pasty. 

Step 5. Filtering and congelation: 

Right after the completion of extraction, pour the liquor (the solution of agar in water 
and the soluhle impurítíes) ínto 21-beaker through four-fold gauze filter. The remaíning sedi­
ment has to be tied up ín the same gauze used for filtering and pressed slightly for collectíon 
of additíonal filtrate. 

After CJ內lpletion of filteríng, the pressed sedíment in gauze should look like a dumpling of 
bean paste. Imperfec 
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water in the wet agar by means of centrifugal force or static pressure. 

Step 7. Calculation on ratio of agar yield: 

Weigh the agar obtained after Step 6, then take one to two grams from it for analysis of 
moisture content. The ca1culation will be as follows: 

w(l-m) x = ----;:;，;--.~.~;_ x 100 
W(l-M) 

X = percentage of agar yield against the quantity of dried seaweed used. 
W=weight of raw material used as sample in grams. 
w=total weight of agar yield from sample in grams. 

M=ratio of moisture content in raw material. 
m = ratio of moisture content in agar yield. 

Step 8. Measurement of jelly strength: 

Weigh 4.5 g of agar-agar after the drying process of Step 6 is completed. Place the agar 
into a 500 ml-flask and pour in 300 ml distilled water, then heat the water to keep it boiling 

until the agar is completely dissolved. The vapor from the boiling water must be condensed 
and returned to the flask so that the solution will contain exactly 1.5% of agar. 

Make a record of the time used from the time the water starts boiling until the heating 
stops soon after the agar is completely dissolved. It is indicative of the agar solubility. 

When the agar solution ìn the flask becomes somewhat cool (about 45'C), pour it into a 
rectangular vessel (L 15 cm x W 5 cm x H 5 cm) and place it in room temperature till the next 
morning for complete congelation. In case of necessity, remove the heat of the agar gel by 
placing cold water around the outside surface of the vessel, and keep the temperature of agar 
gel as near 20'C as possible before measuring its jelly strength. 

In the end of this Step 8, the apparatus for measuring jelly strength of agar gel, which was 
introduced by the Japan Agar-Agar Producer's Association, is commonly used in Taiwan. The 
jelly strength of agar gel is usually indicated by the maximum perpendicular weight on a 
square centimeter of plane surface which does not break the agar gel in 20 seconds. 

Manufacture in commercial plants 

Six plants listed in Table 7-2 and several family producers not in list are engaged in 
manufacture of agar with total daily output capaçity estimated as 700 kg. The equipment, 
facilities and the processing methods adopted by those plants are different from one another, 
due to the different form of the main product of the plant and the varied experience in 
technology or business. 

For instance, the seaweeds washing facilities are different from one plant to another. For 
obtaining clean agar solution after the extra,ction, some are adopting pressure filters, or using 

hígh-speed centrifugal machines, and others ~mly depend on sedimentation. In order to produce 
agar strips, some use. air freezing rooms in their plants, others make use of the brine tank in 
small ice-making plants to freeze the agar gel strips piled up inside the 300lbs-ice cans. 

The processíng of agar sheets is 位mpler than that of other products. It can be made in 
a fairly big plant and also in a household. It is not easy to give detailed explanations on 
the various processes for manufacturing each form of agar product in different production scale 

respectively, but as an example, the processing method mentioned below is now in practice 
for making agar powder in a commercial plant in Taiwan. 

Step 1. Alkaline treatment: 

An agar plant in Kaohsiung prefecture uses only dried Gracilaria as raw material for manu­

facture o.f the powder product. 
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packed in PE恥sacks in quantity of 100 g, 500 草， 1 kg and 10 kg separately according to the 
request of the customers. 

Export of alkaline treated seaweeds to Japan 

The export of alkaline-treated Gracilaria to Japan has gradually increased in recent years 
due to the increased production of Gracilaria in Taiwan and the improved technique on quality 
control of the treated seaweeds. 

The dried Gracilaria and Gelidium exported in 1976 was 581 MT, valued at NT$13 million, 
and the dried alkaline treated Gracilaria exported to Japan reached 232 MT, valued at NT$16.6 
million in the same year. 

The wholesale prices of the dried Gelidium in June 1977 were: NT$47 per kg for that of 
the best quality and NT$32 per kg for the medium quality. The dried Gracilaria is still 
cheaper than Gelidium in the local market. The local price of dried Gracilaria was NT$16.5 
per kg in June 1977. 

The 且lkaline treated and dried Gracilaria, which containes over 30 宇宙 of agar with jelly 
strength of over 500 gjcm2, is now exported to Japan continuallyat a price of US$1.70 to 2.00 
per k忌， FOB. 
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VIII. Chlortlla Industry in T aiwan 

c. S. CHEN* 

Introduction 

Increasing overseas trade and large profit of Chlorella products account for the rapid growth 
of the Chlorella industry in Taiwan in the past three years. During the period of 1973-1977 
the number of Chlorella plants in this island increased from three to twenty eigh t. The 
Chlorella boom made it one of the most rapidly growing industries in Taiwan's industrial history. 
Chlorella was originally developed as a protein source for human consumption. Ho叭叭 er

the situation has changed since its versatile biological activities were discovered. Nowadays 
people are more interested in its new utilization such as health food, diet food, food additi、e

and so on. 

Historical 

Professor Lindner in German for the first time attempted to use Chlorella as food and 
animal feed during world war 1. The research was followed by Hader, a German profe鈍。几
during world II. After the war, Chlorella research was extensively conducted in German, 
U. S. A. and U. S. S. R. Owing to shortage of food, Japanese scientists began Chlorella research 
as early as 1949. Dr. Tamiya developed an open circular system for mass production of 
Chlorella. The project was extended to commercial production in 1957, sponsored by the 
Japanese Government and Rockefeller Foundation. 

Chlorella research in Taiwan was first conducted by the Academia Sinìca and Taiwan 
Sugar Research Institute in 1957. Commercial production of Chlorella was started by Taiwan 
Chlorella Company in 1964. However, Chlorella products were not generally accepted by the 
public because of high price and digestion problem. 

Since 1957, an increasing number of scientific reports have suggested that Chlorella contains 
a wide variety of biologically active constituents, and that these constituents are good for 
human health improvement. As a result of these reports, Chlorella buyers increased very 
rapidly, especially in Japan. Later it was found that Chlorella could be cultivated at lower 
cost in Taiwan. Therefore, Chlorella production in Taiwan has prospered since 1973. 

CuIture and Prod uction of Chlore/la 

Chlorella live in freshwater and is a single-cell green algae. It is autotrophic and spherical 
or slightly flattened in shape, very much the same as human erythrocytes. 

Three species are usually used for industrial production, namely, Chlorella rulgaris, Chlorella 
pyrenoidasa and Chlorella ellipsoidea. 

Culture methods of Chlorella are either open-type or tank-type. The former has reen 
mostly used in practice. This method needs a concrete pool and stirring system as shown in 
Fig. 8-1. 

Chlorella is grown in a pool containing culture solution under solar il1umination. The 
culture solution may vary from plant to plant. In general it contains per liter: urea 0.6 g, 
potassium phosphate 0.3 g, magnesium sulfate 0.3 g and ferrous sulfate 0.05 g; neutralízed to 
pH 7.0 with acetic acid. 

本 Research FelIo叭， Jnstitute 0 1' Botal吟， Academia Siniι品，只ankan息 Taip叭， Tal 、、 an.
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Table 8-3. Standard of Chlorella Powder 

Viable bacteria < 10. per gram 

E. coli Negative 

As <10 ppm 

Heavy metals < 3ppm 

Chlorella growth factor 3-5% 

Crude proteins 50-60% 

Crude lipids 6-10% 

Car bohydrates 22-35% 

.\sh 7-10% 

\1oisture <5% 

Chlorophyl1 3-4% 

Crude fiber 3-5% 

are sold domestica11y. Table 8-1 shows amounts of Chlorella exports each year. Table 8-2 
shows Chlorella production of some countries. There seems to be danger of over production 
of Chlorella in Taiwan from Tables 8-1 and 8-2. Table 8-3 shows the general standard 
of Chlorella powder that meets the requirement of Japanese companies. 

Utilization 

Chlorella is rich in protein and vitamins. The chemical composition and vitamin content 
of Chlorella are shown in Table 8-4 and 8-5 respectively. In Table 8-6, the chemical com­
position of some popular crops and Chlorella are compared. The protein content of Chlorella 
is even higher than soybean. Table 8-7 shows the composition of essential amino acid of 
Chlorella and wheat proteins. Content of a11 essential amino acids except sulfur containing 
amino acids is similar to or higher than the standard composition. 

Table 8-4. Chemical Composition of Chlorella 1 

Crude proteins 53.6% 

Crude lipids 6.31% 

Fiber 10.33% 
Starch and others 19.28% 

Ash 10.14% 

Table 8-5. Vitamin Content of Chlorella (per gram)l 

、 itamin Bl 

\itamin Bz 

i\ iacin 

、 itamin B6 

Pantothenic acid 

Folic acid 

\ itamin C 

\' itamin B12 

Provitamin A 

1. 0-3.5 mg 

3.6-5.3 mg 

11.9-24.3 mg 

2.3 mg 

0.8-2.0mg 

3.8-9.9 mg 

40.0-46 .4 mg 

2.2-9.9 (μg) 

的，∞0-104，∞o (I. U.) 
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