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CHEMICAL AND ENZYMATIC HYDROLYSIS OF FISH SCALES 
C. R. Fellers, N. 1. Lemack, and G. E. Livingston* 

INTRODUCTION 

Fish scales, a byproduct of the fish-processing industry, normally are wasted. 
Their only commercial use at this time is in the preparation of pearl essence from 
scales of some species such as herring. The scales, which are removed mechani
cally from the fish, are washed away by jets of water, and eventually find their way 

to the harbor, where unless tidal flows 
are strong they settle to the bottom and 
become a potential nuisance. 

Attempts to process the scales in 
fish -meal driers have been only 'partial
ly successful. The scales mass in large 
balls which are difficult to dry, stick 
to the equipment, and clog the driers; 
and some scales are drawn up the ex
haust Slack. Attempts have been made 
to find other uses for the scales but 
apparently without success. 

This general project is designed to 
attack the problem of scale disposal by 
determining if the scales may have val
ue as a source o t protein in the diets of 
farm animals. 

There is some reluctance on the 
part of the fish-meal manufacturers to 
handle the abrasive raw scales, owing 
to their poor grinding properties. A 
more suitable form for commercial 
handling therefore is to be desired. 
For this reason, the study reported here 
concerns an investigation of the opti-

FIG. 1 _ GROUND AND WHOLE pOLLOCK FISH SCALES. mum conditions of hydrolyzing the 
scales of ocean perch (Sebastes marin-

~S) for use in animal feeding. Hydrolysis also may alter the nitrogen. comp~unds 
n the scales physically into a more palatable form and perhaps chemIcally mto a 
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EXPERIME N TAL AND RESULTS 

Seven 5-gram samples of dried scales from ocean p rch were hydrolyzed by 
refluxing them for 10 hours in 250 milliliters of the following solutions : (a) water 
(b) 10- and 5-percent sodium hydroxide, (c) 33- and 5-percent sulfuric acid, ' 
(d) sodium hydroxide solution at pH 9. 7, and (e ) sulfuric acid solution at pH 3.8. 
The extent of hydrolysis, as measured by percentage reduction in amount of insolu
ble solids, was 52.4, 57.B, 50.B, 52.4, 57.2, 47.6, and 4B.4 p rcent, respectively. 

Since these acid -base hydrolysates resulted in yields of only about 50 percent 
an investigation into the value of enzymatically hydrolyzing the scales was sugge~t
ed. Five grams of scales was added to 250 milliliters of a 0. 20-percent solution of 
pepsin adjusted to pH 1. 7 with hydrochlorJc acid. The mixture was placed in an 10-

cubator for approximately 20 hours at 37 C. This treatment resulted in 98.5-per
cent hydrolysis. 

Since this treatment produced nearly completed hydrolysis, it was desirable to 
investigate what ratio of scales to pepsin was best for optimum hydrolysis with 
minimum amount of liquid. Five grams of scales was added to 250 milliliters of a 
O.l-percent solution of pepsin in 0.1 N hydrochloric acid; 100 milliliters of a 0.2-
percent solution of pepsin in 0.1 N hydrochloric acid; and 50 milliliters of a 0.2-
percent solution of pepsin in 0.1 N hydrochlorbc acid. Each mixture was placed in 
an incubator for approximately 20 hours at 37 C., after which time the hydrolysis 
was 96.6, 97.6, and BO.O percent complete, respectively. From these data, it was 
evident that the best solution to use would be 100 milliliters of a 0 . 2 -percent pepsin 
solution in 0.1 N hydrochloric acid containing 5 grams of scales . 

Initially, some concern was shown because of the large amow1t of sodium hy
droxide needed to neutralize the hydrochloric acid. This requirement would result 
in a dried hydrolysate containing relatively large concentrations of sodium chlori~e, 
which might possibly affect the palatability of the scale hydrolysate and, thereby, 
the nutritive value. 

Three hydrolysates were prepared in order to determine the final salt content: 
the first was unadjusted; the second, partially neutralized to pH 4.5; and the third; 
neutralized to pH 7. O. The percentages of sodium chloride (calculated from sodium 
content), of crude protein, and of ash were 2.B9, 3B.6 and 39.7; 4.14,35.6 and 44.6; 
and 5.42, 33.3 and' 59.4, respectively. It was thought that the most satisfactory hy
drolysate might be the one neutralized to pH 4.5 since it was lower in acidity than 
the unadjusted hydrolysate and lower in salt content than the fully neutralized ma
t erial. Subsequent investigation showed, however, that this hydrolysate was the. 
least desirable, owing (1) to its highly hygroscopic nature, which made drying dIf
ficult, and (2) to the odors formed during further processing. As a result, the com
pletely neutralized hydrOlysate was deemed most desirable. This hydrolysate was 
not hygroscopic and was easily ground. 

Since a less expensive economic proteolytir{eagent than reagent-grade pepsin 
~as d~sirable, the effectiveness of Proteose 15_ for hydrolyzing fish scales was. 
mvestlgated. Proteose 15 is a purified form of Rohm and Haas Rhozyme B-6, whICH 
currently is used to facilitate the concentration of fish solubles. The optimum pH 
for Proteose 15 is reported as being 7, Digestion at this pH would eliminate the 
need for acidification and neutralization with resultant formation of salt. 

. Five-gram samples of scales were hydrolyzed in 100-milliliter solutions of 
varlOUS concentrations ranging from 0.2 to 1. 0 p ercent of Proteose 15 adjusted f~~_ 
pH 2.1 to 7.0. These mixtures were placed in an oven at 600 C. (the reported,op 
mum temperature for pro,teose 15 hydr0!1sis) overnight, and one mixtur~, which e 
served as a control, was mcubated at 37 C. overnight. Visual examinatlOnoftheS 
mixtures showed that the hydrolysis was quite incomplete. 
~MANUFACTURED FOR ROHM AND HAAS co., PHILADELPHIA, PA. 
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The results indicated that the best solution would be 100 milliliters of a 0.2-
percent pepsin solution. containing 5 g7ams of scales: Use of this solution resulted 
in 98-percent hydrolysIs. At completIon of hydrolysIS, the solution was filtered, and 
the filtrate neutralized with sodium hydroxide. The water then was evaporated, the 
hydrolysate was dried, and not being hygros copic, was ground easily. The result
ing material was a fine, soft , white powder, for which the percentage analyses were 
as follows: moisture 1.8; crude protein, 34.0; calcium, 10.5; phosphorous, 5.5; so
dium, 1.2; sodium chloride, 3.1; potassium, 0.2; and ash, 60.1. In addition, the 
scales contained 0.177 milligrams of riboflavin and 0.2 micrograms of cyanocobala
min per 100 grams of hydrolysat e. 

SUMMARY AND CONCLUSION 

The yield from the hydrolysis of scales from ocean perch was only about 50 
percent when the scales were hydrolyzed in water and in different concentrations 
of sodium hydroxide and sulfuric acid. The scales were 98.6 percent hydrolyzed, 
however, when 5 grams of scales was added to 250 milliliters of a 0.2 -percent so
lutio~ of pepsin adjusted to pH 1. 7 with hydrochloric acid and incubated for 20 hours 
at 37. C. This extent of hydrolysis was not affected when the volume was reduced 
to 100 milliliters of the 0.2-percent solution of pepsin. 

A need for complete neutralization of the hydrolysates was indicated when they 
tended to resist dehydration and produced repulsive odors. The completely neutral
ized hydrolysate was not hygroscopic and was easily pulverized. Hydrolysis of the 
scales under different conditions with Proteo se 15 was found to be very incomplete. 

5d; This study indicates that the best method of preparing scale hydrolysates in 
small amounts is to place 5 grams of scales in 100 milliliters of 8- 0.2 -percent pep

t. ; Bin solution adjusted to pH 1. 7, and to incubate for 20 hours at 37 C. This method 
U : resl'llts in about 98-percent hydrolysis. After hydrolysis, the solution is filtered, 

; and the filtrate is neutralized with sodium hydroxide. The water then is boiled off, 
• and the hydrolysate is dried and pulverized. The resulting material is a fine, soft, 

a1 T white powder. Sufficient quantities of fish -scale hydrolysates will be prepared in 
t t this manner for use in future animal-feeding tests. In these tests the biological 

vvalue of the hydrolyz ed scales will be compared with that of the raw scales . 

i 
at 

d 
• '. " , 

'. ' ' ' ; 
. , 

- " : r 
( 

PACKAGED FROZEN OYSTERS 

Research has shown that frozen oysters packaged unglazed but 
overwrapped have a storage life of about 6 months. Frozen oysters 
glazed with water and with weak brine were still acceptable after 
8 months. The best frozen stored oysters were those which had 
been packed in a tin under an l8-inch vacuum. 

--Southern Fisherman, April 1956. 


