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Abstract 

Anchovy Engraulis japonicus, a small unutilized fish, is a rich resource or fish protein and 
oil. The utilization of anchovy protein and oil was studied. A non-bitter fish protein hydrolysate 
was prepared by exhaustive hydrolysis with proteolytic enzyme. The end product gained by 
spray dry was a protein-rich white powder with the appropriate ratio of essential amino acids. 
The results of a biological evaluation on rats indicated that the hydrolysate had a high nutritive 
value. The product may be used as a protein supplement. Another non-bitter fish protein hy
drolysate was prepared by partial hydrolysis with proteolytic enzyme. The spray-dried product 
with a seafood flavor may be used as seafood flavoring. Polyunsaturated fatty acid concentrates 
were prepared from anchovy oil by using the urea addition and molecular distillation methods. 



Introduction 

Anchovy Engraulis japonicus is a small, unutilized fatty fish. It is a rich 

resource of fish protein with a well-balanced amino acid composition, and fish 

lipid high in polyunsaturated fatty acids (PUFA). It, however, falls easily into 
decay, and is difficult to process for human food. 

The trend in the utilization of unutilized fishery resources is toward direct 

consumption as human food. Unutilized fish as well as fish processing wastes 
can be used as base material for food products and food supplements used in 

different nutrition programs (Yanez et al. 1976; Lalasidis et al. 1978; Mackie 
1982). The usual method is hydrolysis by which enzymes are added to pro

duce protein-rich food for human consumption. Lack of functional properties 
and a bitter taste have, however, inhibited the use of the hydrolysates as hu
man food (Hevia and Olcott 1977; Lalasidis and Sjoberg 1978; Vega and 

Brennan 1988). Lipid mediators derived from omega-3 fatty acids have been 
suggested as beneficial in the prevention and/or treatment of major diseases 
affecting human health (Gordon and Ratliff 1992). The present experiments 

were undertaken to convert anchovy protein into protein products suitable for 
direct addition to food systems, and to convert anchovy oil into PUFA 
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concentrate for use in medicine and health foods. The comprehensive utiliza
tion process for anchovy protein and oil is also discussed. 

Materials and Methods 

Raw Material and Enzyme 

E. japonicus, caught from the Yellow Sea in February 1990, was supplied
by the Qingdao Marine Fisheries Co., China, and was frozen at -18'C until re
quired. The analytical data of the raw material is as follows: 16. 70% protein 

(N x 6.25), 10.82% fat, 1.31% carbohydrate, 1.40% ash and 69.75% water. The 
enzyme used, purchased from \Vuxi Enzyme Products Factory, China, was neu
tral proteolytic enzyme from Bacillus subtilis (AS 1.398). 

Exhaustive Hydrolysis for EAPH 

The processes of Mackie (1982) and Vega and Brennan (1988) were the 
bases for the preparation of enzymatic anchovy protein hydrolysates (EAPH). A 

homogenate was prepared from frozen anchovy by thawing, mincing and sus
pending (in 1 volume water) successively. The homogenate was hydrolyzed by 
0. 7% w/w of enzyme (based on the amount of protein of the raw material) at 
S0"C, pH 7.0 for 12 h. After the enzyme was inactivated, the solution was 
treated by adsorption method with 40% w/w (as above) active carbon and 
masking method with 2% w/w (as above) 13-cyclodextrin successively to re
move the bitterness (Lalasidis and Sjoberg 1978; Helbig et al. 1980). The clear 
aliquots of hydrolysate were analyzed. In the biological evaluation experiments, 
the EAPH used in the tested feeds was produced by spray-drying with a \Vuxi 
QZ-5 spray drier (China) in a pilot-plant production. 

Partial Hydrolysis for EAPH 

The process of partial hydrolysis is similar to that of exhaustive hydrolysis. 

The anchovy homogenate was limited hydrolyzed with 0.1% w/w (as above) 

enzyme at 40'C, pH 7.0 for 1.5 h. The hydrolysate was treated with 1 % w/v ac
tive carbon. The clear aliquots of hydrolysate were analyzed and spray-dried. 

Sensory Test on Bitterness 

All the taste evaluations were carried out according to the methods of 
Lalasidis and Sjoberg (1978) and Helbig et al. (1980). The bitterness scores of 
hydrolysates were graded on a five-point scale (0 = no bitterness; 1 = weak 
bitter aftertaste; 2 = weak bitter taste; 3 = bitter; 4 = strong bitter taste; 5 = 
extremely bitter) by a panel of 10 trained members. 





204 

live carbon and masking with !3-cyclodextrin. The end product was free from 
bitterness (bitterness score 0.5). The yield of soluble nitrogen was 89.80%. The 
spray-dried product from the pilot-plant production was a line white powder 
with a pleasant odor containing 88.26% protein, 6.89% ash, 0.38% fat and 3.82% 
moisture. The amino acid composition was well balanced, and the content of 
essential amino acids was higher than that of EFPA used as a reference from 
Yanez et al. (1976). The product had a high content of free amino acids 
(62. 70% of total amino acids) (Table I). Synthetic milk-like beverages were 
prepared with the product, and stored at room and refrigerated temperatures 
for several weeks with no evidence of de-emulsification. As a protein supple
ment in cake formulations, the product could replace wheat nour with no 
change in cake volume and texture. EAPH may be used as a food ingredient 
or additive. 

Table 1. Amino acid composition (mg• 100 mg-1 protein).

EAPH EFPH 

Amino Raw 
acids anchovy a b C 

Asparagine 9.21 8.63 3.41 8.66 13.9 
Threonine 4.11 3.73 0.25 3.62 3.7 
Serine 3.97 3.30 1.48 3.08 3.5 
Glutamic acid 13,62 19.30 8.87 19.03 17.7 
Glycine 5.47 4,87 2.31 4.88 3.9 
Alanine 6.51 7.57 5.85 7.45 5.7 
Cysteine 0.35 0.25 0.54 0.25 0.8 
Methionine 3.65 3.18 2.68 3.48 3.4 
Yaline 6.60 6.58 5.36 6.48 trace 
Isoleucine 3.75 5.58 5.05 4.58 4.4 
Leucine 7.51 9.93 8.88 9.80 9.5 
'fyrosine 2.94 2.47 2.48 2.50 3.4 
Phenylalanine 3.97 3.37 trace 3.18 3.2 
Lysine 7.53 10.05 6.24 10.09 11.8 
Histidine 9.15 3.38 2,66 3.20 1.4 
Arginine 8.47 6.66 5.76 6.62 6.5 
Tryptophan 1.46 1.19 0.88 1.19 1.3 
Praline 1.23 trace trace 1.90 trace 
T 99,50 100.00 62.70 99.99 94.1 
Elf 38,77 43.61 46,79 42.42 39.6 

a: from exhaustive hydrolysis; b: from exhaustive hydrolysis (free amino acids); c: from 
partial hydrolysis; EFPH: enzymatic fish protein hydrolysate, from Yanez et al. (1976). T, Total 
amino acids; FIT, Essential amino acids/fatal amino acids (%). 

EAPH from Partial Hydrolysis 

The degree of partial hydrolysis was 31.86%. The hydrolysate gained by 
partial hydrolysis had no bitterness (bitterness score 0.5). The yield of soluble 
nitrogen was 41.1 7%. The spray-dried product was a powder with a seafood 
navor containing 93.10% protein, 0.52% fat, 2.28% ash and 2.17% moisture. The 
amino acid composition was also well balanced. The amount of essential 
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Discussion 

In the present experiment, the exhaustive hydrolysis of anchovy protein 

gave a high yield of soluble nitrogen, a well balanced amino acid composition, 

and a high value of free amino acids. The hydrolysate had a strong bitter taste 

which was eliminated by using active carbon and �-cyclodextrin. The end 

product had a faint marine taste and odor. In partial hydrolysis, the protein was 

not fully hydrolyzed to avoid the release of bitter-tasting peptides, but the yield 

of soluble nitrogen was lower than that of exhaustive hydrolysis. The pro

cesses, especially the exhaustive hydrolysis process, which have been proven 

practicable in the pilot-plant production, can be used in largescale industrial 

production. In the nutritional evaluation experiments, all feeds had the same 

composition except for the amino acid composition. Results from the animal 

experiments indicate that EAPH with a high nutritive value was easily digested, 

absorbed and utilized; and that it had a supplementary effect on wheat pro

tein. With these properties, EAPH can be used as a protein supplement in a 

variety of foods, especially cereal. The molecular distillation process is sug

gested for the production of PUFA concentrate which is not easily oxidized in 

a vacuum, and production cost is lower. More studies are needed to assess 

the pharmacological effects of PUFA concentrates on humans. 

Table 3. Analytical results of PUFA concentrates (%). 

Urea addition Molecular distillation 

Raw 
oil a b C A B C 

Fatty acids Cl4:0 7.1 0.8 0.7 0.9 15.5 I I 

Cl6:0 18.6 I I I 31.4 1.5 1.2 

Cl6:I 6.9 8.2 6.3 0.8 12.1 0.7 0.5 

Cl8:0 3.7 I I I 3.5 2.3 2.0 

Cl8:I 12.3 14.6 3.8 0.8 12.0 5.9 6.0 

Cl8:2 3.6 10.6 8.1 1.9 3.5 1.6 1.6 

Cl8:3 I. 7 4.8 3.8 1.5 1.5 1.6 1.0 

C20:I 2.3 0.8 I I 1.0 4.9 4.4 

C20:4 I.I 2.0 3.0 3.2 0.5 1.2 1.6 

C20:5 9.5 16.7 26.4 30.7 4.2 9.8 15.8 

C22:I I I I I 0.3 10.6 10.4 

C22:6 17.2 18.4 34.6 39.3 3.5 38.3 54.3 

Other 16.0 23.1 13.3 20.9 11.0 21.6 1.2 

EPA and DHA 26.7 35.1 61.0 70.0 7.7 48.1 70.1 

Yield 25.2 22.1 19.0 53.3 45.3 20.5 

Iodine va1ue 120 160 280 320 86 220 320 

Color L value 38.2 69.2 71.3 70.6 85.0 68.7 72.0 

a value 8.9 -8.6 -9.3 -9.5 -14.1 -JO.I -9.4

b value 3.2 7.5 7.3 8.1 5.6 6.4 7.9

a, b, c: from processes using 1.5, 2.0, 2.5 urea, respectively. A, Saturated fatty acid fraction from 
first stage; B, Concentrated PUFA fraction from first stage; C, Concentrated PUFA fraction from 
second stage. 
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The reserve of anchovy is rich in the East Sea of China, the Yellow Sea, 

and other parts of the West Pacific. It is estimated that the anchovy catch in 

these areas can reach up to 500,000 tonnes,year1
• This resource has, however, 

not been fully developed and utilized. The processes proposed in this paper for 

preparing EAPH and PUFA concentrate are practicable: anchovy protein can be 
processed into EAPH for use as a protein supplement; anchovy oil can be pro

duced into PUFA concentrate for use in medicines and health foods; protein 
residue and fish bone can be used as raw materials for fish meal; and oil resi

due can be used as a fish oil product. In this way, the anchovy resource can 
be fully utilized (Fig. I). 

3. Centrifugated at 10,000 rpm
�------�---...I---� 

4. Concentrated or
sprayed dried

Fig. 1. Flow diagram or utilization of anchovy. 

Acknowledgments 

This work was conducted under the Comprehensive Utilization of China 
Anchovy Resource Project supported by the Science and Technology Commis
sion of Shandong, China. We wish to acknowledge the Marine Drug and Food 

Institute, Ocean University of Qingdao, for help in the biological evaluation 
work; and the Qingdao Marine Fisheries Company for help in conducting the 
pilot-plant production studies. 

References 

AOAC. 1984. OfficiaJ methods of analysis. Association of Official Analytical Chemists, \\-ashington, 
D.C. 1141 pp.

Ackman, R.G., P.J. Ke and P.M. Jangaard. 1973. Fractional vacuum distillation of herring oil me
thyl esters. JoumaJ of American Oil Chemists' Society SO: 1. 




