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THE FORMATION OF MAGNESIUM-AMMONIUM-PHOSPHATE CRYSTALS 

IN CANNED SEA FOODS 

VI. Influence of the contained substances upon the growth of tre formed 

MgNH4P04·6H20 crystals in test tubes 

Eiichi TANIKAWA, Yoshio NAGASAWA and Takashi SUGIYAMA 
Faculty of Fisheries, Hokkaido University 

I twas stated in the previous paperl ) that the growth ~f the stru~ite in the canned 

sea foods will be influenced by the various substances contained therein. If the juice of 

the canned food is an approximate true solution such as pickle in the canned crab, num

erous crystals will be rapidly formed in the can and will grow to larger ones. But, if 

juice in 1±e canned food is a colloidal solution such as the juice in canned saury in which 

the skin of the fish is changed to gelatine by the processing, fewer crystals having smaller 

shape will grow in proportion to tbe viscosity of the juice. 

The authors have studied hew tl:e crystallizing and tl:e growth of tl:e struvite in test 

tubes will be influenced by t1:e contained substances. 

1. Influence of the addition of gelatine 

1) Experimental method 

Two-one hundredth Mol magnesia mixture and 0.02 Mol sodium phosphate solutions 

were prepared as well as in the previous paper2). After 7.5 cc of sodium phosphatesolu

tion (0.02 Mol) was poured into each test tube, various amounts of gelatine were added 

and heated to dissolve in a water bath kept at 60°C. Seven and five-tenths cc of magnesia 

mixture solution of 0.02 Mol were added to the above stated sodium phosphate solution, 

and thus solutions containing gelatine in the ratio of 5, 3.3, 1.7, 1.0 and 0.67% re

spectively were prepared. Those solutions were heated at 100°C for 20 min. The solutions 

were cooled to room temperature. The· formed· crystals were observed under a microscope 

or by naked eye. 

2) E-xperimental results 

Results obtained ar~ shown. in Table 1. 

As seen in Table 1, the larger the amount of gelatine contained in the solution, the 

more remarkably are influenced the velocity of crystallization and the velocity of growth 

of the crystals. In the mixed solution of the chemical constiwents which was heated 

and stored for 50 minutes, when the solution contains 5-1. 7% of gelatine, it becomes 

gel, and when the solution contains 1% of gelatine, many crystals were already formed. 

The size of the formed crystals in the solution containing gelatine is . generally sma\ler 

than that of those formed in the solution without gelatine. When if gelatine was plenti

fully added to the mixture, after 50 days the crystals having no regular faces grew to 
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Table 1. The crystallizing states of Mg~H4P04·6H20 by addition of gelatine 

Concentration _I 
of gelatine (%) 

::a~::~tjml e form 1 

size (I') 

E E E 

1 

-E-I-E-

3.3 1.7 1.0 0.67 

I 
form 1 14 days 
size (1') 

C C 

800 x 300 200x60 , , -, 

form C~ CE DE D C 
50 days 

, 

, size (I') 51x5 .25 X20 380 x 1700 123-510 31 x 130-300 
x 

410-1800-

Note: Signs which are described in this'- table shoW' tile states of the formed crystals as follows. 
C=!X)lumnar crystal, D=eolumnar crystal separated, E=amorphous 

become pretty large crystals. But, there were a few that were visible, and aimost all of 

them 'were microscopic. This fact agI-eed with the earlier finding1 ) that the canned fish 

meat containing fish skin such as mackerel, salmon and saury have microscopic crystals. 

After storing of the solution at 37°C for 10-15 days, the visible crystals were formed in 

the solutions containing from 1.0 to 0.67% of the gelatine. At concentrations of the 

gelatine above that upper mentioned, smaller crystals having irregular shape appeared. 

Accorqingly~ it may be said that the smaller the amount of gelatine the solution contains, 
. - I'; , 

the more regular ?fe the shapes of the crystals which are formed. However, when those 

crystals, formed from the soiution containing gelatine are compared with the crystals, 

formed from the solution containing no gelatine, the shape of the former is seen to be 

more irregular than the latter. A few crystals formed from the latter are separated; many 
. , 

of them gathered to make large crystals. 

2. Influence of the addition of glycerol 

Glycerol is colorless and odorless, and it is miscible with water in any - proportions. 

The authors have tried to employ glycerol to prepare solutions having high viscosity like 

colloidal solution and to estimate the influence upon the shape -and size of the formed 

crystal in the solutions to which it was added. 
1) ExPerimental method 

Ten cc portions of 0.02 Mol sodium phosphate solution to which 5 and 1 cc of glycerol 

respectively were added, are' poured into separate Petri-dishes and then 10 cc of 0.02 Mol 

magnesia rriixture solutidn was added. Those solutions are stored in a thermostat kept 

at 37°C, and the shape and size of the crystals formed were observed at definite time 
interVals. ' 

2T' Experimental-results 
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Table 2 shows' the results. 

Table 2. The crystallizing states of MgN1I4P0406H20 by addition of glycerol 
-

~c , of glycerol (%) 20 4.8 0 
Leaving time (hrs.) 

I 
form I) D C -

0 
size (p) 76x17 87x19 48x6.4 

I 

form D D D 
20 

size (p) 305x77 12Ox53 96x34 

form D D D 

50 size (I') 312 x 116 308x98 270 x 104 
number (per cc) 5000 367 112 

Note: Signs whieh are described in this table show the states of the formed crystals as follows. 
C=columnar crysral. D=columnar crystal separated 

As seen in Table 2, immediately after the solutions are mixed, the size of the formed 

crystals is not remarkably influenced by tl::.e solution having various concentrations of 

the glycerol. 

However, after being stored for a long time, the influence of tl::.e concentration of 
glycerol upon the size and the shape of the crystal appeared remarkably. That is to say, 

a few crystals of large size having regular surface were generated in, the. higher concen· 
tration of the solution.' On tl:e other band, comparatively more crystals of small size hav

. ing irregular surface appeared in the more dilute solution of glycerol. Those results may 

be explained by stating that when two solutions containing no glycerol are mixed, the 

components of the two solutions react immediately and form tre crystals. 

However, when the solutions containing glycerol are mixed, tl:e reaction between the 

components in the two solutions will not occur completely, but only partially, and ionic 

components which have not reacted yet in the solution are gathered to react around the 

nucleus of the crystal formed at first; resultant larger crystals in smaller number are 

formed. In this case, the stabilization of the su};:ersaturated -solution in the colloidal 

solutions will also be sufficiently considered in the case . of the formation of nuclear 
crystals. 

3. Influence of the addition, of agar 

The authors have observed the formation of the crystal when agar was added to the 

mixed solutions of various concentrations. 

1) Experimental method 

Each 10 cc portions of sodi1:m phosphate solution of 0.02 Mol were poured separately 
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into test tubes. to which 0.3, 0.2, 0.1, 0.04 and 0.02g of agar were.respectivelyadded. 

The test tubes were heated at 70°C. 

Ten cc portions of magnesia mixture were respectively mixed into the above described 

test tubes. In those test tubes, agar is contained re:,--pectively to the amount of 1.5, 1.0, 

0.5, 0.2 and 0.1%. Those test tubes were plugged and stored at 37°C. The changes in 

shape and size of the crystals fonned in those test tubes were observed at definite in

tervals of time. 

2) Experimental results 

Results obtained are shown in 'table 3. 

Table 3. The crystallizing states of MgNH4P04'6H~O by addition of agar 
.~=====~-=-~--=--=-= .. -c=--~=-= ... =-- .~~~~~--~----.------.. --.-.-----~.~. --=-=-=-cc:=======--=;-'. -= ... ------=~ 

Concentration 1 

of agar (%) 1.5 1.0 0.5 0.2 0.1 o 

~'7 i::~:)'--·· 1 :X88 ';X34 ~:3O ~:., r·-:-:-19-----j--;-X-3-8-

CE 

158x76 

C 

218x79 ·1 : C,,) 1 :XlSJ I ... Cx88 :X16 '::821 
-~-----.~~---~--~------ ~---~----

Il2OO
Cx

]ro 1 ':X88 ":X1OO ;':791 
form 

13 
size C,..) 

CE 

214x75 

C 

260x79 

. . Note:: 5igrts which are described in this table show the states of the formed crystals as follows. 
C=columnar crystal, D=columnar crystal separated, E=amorphous 

As seen in Table 3, the condition of, growth of crystals fonned, the number and the 

shape of the crystals showed some differences with the concentration of agar added. 

The higher the concentration of agar was, the less in number and the larger in size the 

crystals fonned. The surface of the crystals was somewhat coarse. Those phenomena 

will be also explained by the statement made in the previous article of this paper. 

4. Influence of the addition of edible oil 

As stated above, the fonnation of the crystals. MgNlLP04·6H~, is considered to 

occur easily in the so-called true solution which has small quantity of various mixed 

matters in the juice of the canned foods. However, even in the canned salmon Of which 

the juice has a somewhat larger amount of oil, the formation of the crystals has been 

observed. Here, the authors have examined the influence upon the fonnation of the 

crystals resulting from the addition of edible oil. 

1) Experimental method 

Oil in the canned salmon (silver salmon) was isolated from the juice in a separating 

funneL This oil was used as' edible oil. 
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Each 10 cc portions of sodium phospahte solution of 0.02 Mol was poured into test 

tubes' and 1, 0.5 and 0.25 cc of the salmon oil were respectively added to those test tubes. 

They were heated at 70 cC. Ten cc of 0.02 Mol magnesia mixture were added respective

ly to those test tubes. Those mixed solutions have respectively contained 5, 2.5, 1.3% 

of oil. Those solutions were heated at 37 cC. The number, the size and the shape of 

the crystals formed were observed_ 

2) Experimental results 

Results obtained are shown in Table 4. 

Table 4. The crystallizing states of MgNH4P04'6H20 by addition of oil 

~ I 

... 

I 
of oil (%) 5 2.5 

Leaving time (days) 
1.3 

2 

--.~ 

6 

13 

. 

size and form 31 x 19 (C! 

I (fl.) 3 x 1 (E) 

appearance white and muddy I 
size and form 3000 x 500 (D) I (fl.) 3 x 1 (E) 

few crystals were 
appearance sticked to the wall 

of the vessel 

I size and form 3500 x 1000 (D) 

I I 
(fl.) 3 x 1 (E) 

I 
few crystals were 

I 
appearance sticked to the wall 

of the vessel 

49 x 14 (C) 

I 31 x 19 (E) 

white and muddy I ... 

124 x 26 (C) I 31 x 19 (E) 

formed crystals were 

I 
gathered at the bot-
tom of the vessel 

149 x Zl (C) 

I 31 x 19 (E) 

formed cryatals 

I 
were gathered 

,.. 

360 x 27 (C) 
x 25 (E) 38 

white 

130 
38 

and muddy 

x 38 (C) 
x 25 (E) 

crystals were 
gathere d as the 

branches form of 

150 
38 

x 38 (C) 
x 25 (E) 

crystals were 
gather ed as the 

branches form of 

Note: Signs which are described in this table sbow tbe states of the formed crystals as follows. 
C=columnar crystal, D=columnar crystal separated, E=amorpbous 

As seen in Table 4, in the solutions containing larger amount of oil, the formation 

of the crystals was slow and the crystals were smaller in size and fewer in number. 

However, the crystals formed grew gradually to larger shape attaching to the side wall 

or sinking to the bottom of the test tube. 

On the contrary, in the solutions containing smaller amounts of oil, the formation 

of the crystals was rapid and the crystals were small, but numerous. The crystals formed 

grew more slowly than in the above mentioned case. The size of the crystal was small. 

5. Influence of the addition of materials which decomposed substances from protein 

In order to ascertain the influence of the viscosity of the solution upon the fopaation 

of the crystals of MgNH4P04 '6H20, the authors have added gelatine, glycerol, agar and 

edible oil to the mixing solution described in the previous article in' this paper. Here, 
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the authors have examined ¢e influence of the addition of material which was decomposed 

substances frem protein upon the formation of tl:e crystal, MgNH4P04 -6H20. As the 

decomposed substances, from protein, vepton* of various concentrations' was used. 

1) Expert'mental method 

Each 10 cc portions of sodium phosphate, solution of 0.02 Mol were poured into test 

tubes to which 1, 0.2, 0.1, 0.04 and 0.02 g of repton were res):ectively added. Those 

test tubes were r..eated at 70 0 e and 1.0, 0.2, 0.1, 0.04 and 0.02 g of pepton was re

spectivelY dissolved in those test tubes. TIen, each 10 cc of magnesia mixture of 0.02 

Mol was mixed to each test tube. The concentrations of pepton in those test tubes 

were 5, 1, 0.5, 0.2, and 0.1%. TIe test tubes were plugged and stored at 37°e. The 

changes in the size and share of tl:e crystals formed were observed. 

2) Experimental results 

Results obtained are shown in Table 5. 

Table 5. The crystallizing states of MgNH4P04-6H20 by addition of pepton 

---~~Con~ntration _ I I I 
- of pepton (%) - 5.0 1.0 0.5 0.2 

Leaving -~ I 
time' (days)' _______ 

0.1 

I
, - size and forth I 12 x 2~ E ) 26 x 12' E) I 19 x i5C C) 19 x 20: C) I 19 x 12C E) 

- (1'-) , 4 x 3 

o I appearance ' ,---1_w_h_~_~~d~_~_d_~W_~-,-'~_d_~~_d -:-1_W_~_i~_ed_~_~_d_+-W_~_'~_d_~_~d_J W~~d~~d 
21 size apd, form I 23x38~C) llx4.5~C) I S5x53:C) 63x67~C) I 76X59~C) 

(p) 54x38CE) 50X26 (E) 38x26~E) 

----s-i~-~ ~a-n~d-f;rm'~' -----'1-5-S-X-3-S-( C-)--+1-3-0 -x-15-~-C-)---'--1-1-90-x-15-0-C-C-)lm~ ~ 79: D) -I ISO x s4~C) 
(P) 35x29:E) 180xlOO:E) ~ CD) - (C) 

6 

appearance ~
ormed crystalslformed crystals1few crystals few crystals Ifew crystals 

were gathered'iwere gathered Iwere sticked were sticked to1were sticked to 
at the bottom at the bottom to the wall of the wall of the the wall of the 
f the vessel of the vessel the vessel vessel vessel 

I size aC~}orm 1170xlo(r-c)"1-3~~19:C)1180;11~~C) I 270X70~D-)J-;-20X93~C) 
13 I--------'------'-----'-----------c-------+----

1 appearance I no change I no change I no change I~ no change J_ no chang: __ _ 

Note: Signs in ( ) are the same as the other tables. 

As seen in Table 5, the differences in the size of the crystals formed were observed 

according to the concentrations of the solution of pepton. In above 1% of the c)ncentra

tion of pepton, the more irregular and smaller crystals ger:.erated. The crystals have had 

no regular surfaces at initial period, but after two days they were observed to become 

to have crystalline surfaces. In below 0.5% -of the concentration of vepton, after the 

* Pepton used in this experiment was that customarily employed in bacteriological study, Terauchi pepton. 
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mixing of solutions, numerous minute crystals having regular surfaces generated imme

diately. 

After the crystallization, the crystals obtained· from the solution of the concentration 

below 0.5 % were observed being attached numerously to the side wall of the test tube_ 

However, the crystals obtained from the solution of the concentration of pepton above 

{l.5 % showed the powder-like precipitates (this is a mass of gathered crystals which iu-e 

recognized as microscopical crystals of 10 -- 20 JL). 

In the pepton solution, some gathered crystals were re~gnized in the course of the 

growth of crystal after the crystallization, differing from what occurred in the solutions 

of agar and gelatine. Those states of the crystals were observed in the pepton solution in 

the various concentrations. Those states were observed earlier in the higher concentration 

of pepton than in the lower concentration of pepton. 

Discussion 

From the relation between the viscosities of the juice of marine canned foods and 

the formation of the crystals of MgNlLPO"6H20, the authors have ascertained that in 

comparatively larger viscosity of the juice, crystals of smaller size (microscopical size) 

were found, and in smaller viscosity the crystals of the larger size were found. However, 

the relation between the juice in the canned food and the formation of the crystals can 

not be explained by the viscosity of the juice only. There are many factors influencing 

the formation of the crystals, e. g., the difference of the amount of magnesium, phos

phate and ammonium in the juice, the quantities of the juice, the components of the juice 

(decomposing products of fish meat protein), movement of the juice during the heating 

and cooling of canned food. 

The fact that the size of the crystals is small in canned mackerel, saury and salmon 

having large viscosity of the juice of the content is considered to be due to large quantity 

of the juice and to the convection which occurs at the cooling of the canned foods. 

Thus the stirring of the juice at the time of convection makes the size of the crystals 

small. This fact agreed with the fact that when a mixture of magnesium, ammonium 

and phosphate is cooled by stirring, the size of the crystals becomes small as described 

in the previous paper.3) 

Summary 

Gelatine, glycerol, agar, edible oil and pepton were respectively added in order to 

ascertain the influence of the viscosity of mixed solution upon the formation of crystals. 

According to the results obtained, if the viscosity of the solution is large, the crystals 

will generate slowly, while in a solution of low viscosity, the crystals will generate rapidly. 

However, the growth of the crystals after their first formation is rapid in the high vis

cosity solution. After long storing period, there appear few, but large crystals. In the 
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low viscosity solution, the velocity of the growth is slow; the crystals remain of small 

size. 

These results are the same as the results which ensue upon the addition of edible 

oil .. .Apart from the substances such as gelatine glycerol and' agar, having colloidal pro

tective characteristics if pepton having lower molecular weight than the gelatine is con

tained to an amount over 0.5 % , the crystals formed are apparently floury, but are 

actually a gathering of small thick columnar crystals as revealed under micros;;ope. If 

the pepton is contained to an amount less than 0.5 %, many crystals attached to the 

wall of the vessel. The gathering of the crystals after the formation will occur irrespect

ive of the concentration of the solution. In the solution having high concentration the 

crystals will be formed more rapidly than in the solution having low concentration. In 

the solution containing pepton, the crystal is small in case of high concentration, and is 

large in the low concentration, differing from the cases of the concentration of gelatine, 

glycerol, agar or edible oil. 
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