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THE FORMATION OF MAGNESIUM—AMMONIUM—PHOSPHATE CRYSTALS
'IN CANNED SEA FOODS
. VIII. The formation of the crystals during-the processing of the cans

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

1. The amount of the chemical components, Mg and PQ;, which dissolved
into boiling water ) '

In the previous paper IV, the amounts of magnesium and phospliate which were
present in various kind of canred foods, were discussed. It is known with certainty that
the process of boiling crab meat considera.bly'_ ,ixifh:jer_ioeé ;the cjuélity of the canned crab.
For example, tte quality of water used for boiling, or the boiling time influence the
color and elasticity of the meat and the generation of blue meat of canned crab meat.
Tte fact that water used for boiling has intimate relation to the crystallization of struvite
in canned crab is understood from the experience that many pieces of struvite (visible or
microscopical) generate in canned foods which were processed by sea water. In order to
ascertain the amounts of Mg and POs dissolved into the boiling water from the crab
meat during the boiling process, the following experiments were performed.

1. Dissolving amounts of Mg and PO, in new and old boiling water used
in preparation of crab meat

In many crab canneries, sea water is sucked up by a pump and is used for the boil-
ing of crab meat. The removed crab leg meat with the crust from the carapace is heated
in the sea water for 20 minutes. The same boiling water is used three or four times
without changing. - The water becomes dirty from the dissolving of the chemical
components. The authors bave estimated the difference of the amounts of Mg and PO,
in the boiling water in accordance with the differeace of number of times of use of the
boiling water.

1) Experimental method

Each 200 cc of sea water which was newly sucked up and once used for the boiling
and which was used successively three times for the boiling of crab meat, was taken,
and 20 c¢ of nitric acid and 2 ¢c of hydrochloric acid were added and hydrolyzed. The
hydrolyzates were diluted to 50 ¢c. Twenty cc of tke diluted solution was changed to
oxine compounds by the method described in paper II?, The amount of PO, was deter-
mined by the method described in American Official Agricultural Chemistry®’.

2) Experimental results

The amounts of Mg and PO, which were. determined and compared in the water once
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used or three times used for the boiling of crab meat are shown in Table 1.

As seen in Table 1, Table 1. Dissolving amounts of Mg and P;Os in new and old
the greater the number of - - . .. boiling water

times of uee is, the larger | New boilingwater | Old boiling water
are the amounts of Mg : '

and PO. dissolved into The]\?[glo(%? of 0.00049 0.00079

The -amounts of )
P.0s (%) 0:00074 0.0019

the boiling water.

2. The amounts of Mg and PO, dissolved in varioue kimis of ﬁatéir‘

The authors have determined the amounts of Mg and PO4 dlssolved in fresh water,
sea water and various salts solutions ueed in the boiling of crab meat.

1) Experimental method }

The leg with crust of crab which was caught off Nemuro in Hokkaldo and removed
from the carapace was brought in a tbermos container to the laboratory. Ten gram por-
tions of tke leg meat were boiled in dlstllled water sea water N/lO BaCl: and N/10
CaCl, solutions respectively for 19 minutes. After the boiling, the amounts of Mg and
PO, were determined in the filtered water from whlch the meat had been removed.

2) Expertmental results

The results obtained by the above described proceeding are shown in Tab‘.e 2.

Table 2. The amounts of Mg and P:0s dissolved into various kinds of -
boiling water

__Kinds of boiling | ,
© water Dist. Sea * Solution bf | Solution of
Dissolving water water N/10 BaCl: | N/10 CaCl:
amounts (%)
Mg _ 0.0028 0.0059 1 0.0028 0.0028
P.Os - 0.0109 | 0.0075 | 0.0045 0.0033

Note: Amount of Mg in sea water was 0.0027.

As seen in Table 2, tke amounts of Mg dissolved into -various kinds of solution
have no- difference by the kind of water of solution used for the bbiiihg‘. That is to say,
the dissolved amount of Mg in every kind of water or solution was about 0.0028%.
From' the results described in paper I, the amout of Mg in crab meat has been known
to be 0.106%. By the boiling of crab meat, tke loss amount of Mg in the meat was
known to be about 2695. Tkre dissolved amount of PO, is different with the kind of
water or solution for the boxhng, ‘the dissolved amount of phosphate was the maximum
in distilled water. .

The reason for the using of: BaGl.,- er ‘CaCl,- solutions for the boiling was that
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phosphate will be precipitated in the meat as Ca or Ba salts, and also to prevent the
dissolving of phosphate into the solution. In fact, the amount of PO, in the CaCl; or
‘BaCl; solutions used for the boiling was small for the reason stated above.

After the boiling in those kinds of water or solutions the quality and the color of
crab meat showed no difference by the kinds of water or solutions.

3. The amounts of Mg and PO, in the crab meat after boiling in the
various kinds of water and salt solutions

1) Experimental method

Crab meat boiled in various kinds of water and solution was washed once with dis-
tilled water and heated in separate Petri-dishes at 108.4 °C (5 lbs/énch®) for 80 minutes.
The heated dishes were cooled rapidly in running water; 6~7 g. of the heated meat was
employed for the determination of the amounts of Mg and PO..

2) Experimental results

Results obtained are shown in Table 3.

Table 3. The amounts of Mg and P:0s in the crab meat after boiling

Crab meat after boiling in
Samples
Dist. water Sea water N/ %glu}fiao(r:ah Ng?ugggh
Mg (%) 0.012 0.020 0.008 0.008
P05 (25D 0.050 — 0.079 0.093

As seen in Table 3, when sea water was used for the boiling, the amount of Mg in
crab meat was maximum showing about 0.0295. This amount was about twice that in
boiled meat heated in other kinds of water and salt solutions.

The amounts of Mg in the blocks of meat which were boiled in distilled water,
BaCl, and CaCl; solutions were small. There is no difference between the amounts of
Mg in meat which was boiled in distilled water and in BaCls or CaCl, solutions.

4. Amounts of Mg and PO in the separated juice from the crab meat
boiled in various kinds of water and salt solutions

" Determination was made of the amounts of Mg and PO, in the separated juice from
crab meat heated in various kinds of water and salt solutions at 108.4°C (5 lbs/inch®)
as described in the previous article.

1) Experimental method : :

A series of samples employed in Experiments 1, 2, 3, was used. Determination was
made of the amounts of Mg and PO, in 2~5 cc of the samples of the separated juice
obtained. The state of the crystals formed in the separated juice was observed.
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2) Experimental results
Results obtained are shown in Table 4.

"Table 4. The amounts of magnesium and phosphate in the juice separated
from the boiled crab meat, and the form of the crystals formed in the jiice

"The juice which were separated from the
Sample - boiled crab mez‘ltB :E; - T
Dist. water Sea water solution sol ution
Mg (%) 0.0062 0.012 0.0070 0.0020
P.0s (%) 0.024 0.110 0.018 0.0060
Form of white white white white
crystals flour-like flour-like flour-like flour-like

The amount of Mg in the separated juice from the crab meat boiled in sea water is
larger than that in other various kinds of water. The amount of Mg in the crab meat
thus boiled was about 0.012%. This amount was twice that in other kinds of water
and salt solutions, However, there is no difference between the amounts in the boiling
juice wken distilled water and BaCl: were used. The crystals of MgNH.PQ,-6H:0 in
every separated juice were white minute flour-like.

Discussion

In order to learn about the transmission of tte components of Mg which is a key
point for the crystallization of MgNH.PO,-6H,0 and in order to prevent to the dissolut-
ion of the components of Mg and PO, into the juice separated during the boiling of crab
meat by precipitating of the phosphoric acid as phosphate, various kinds of water and
salt solutions were employed for the boiling. By the boiling of the meat in distilled
water or CaCl: solution, the amounts of Mg in the separated juice decreased. The
amount of Mg in the juice separated from the meat boiled in sea water is surely more
than that in fresh water. :

Even if the amount of Mg is small in the separated juice in the latter case, the
amount is probably sufficient to form the crystals of MgNH,PO,-6H.0 as described in
papers II*', III* and V¥ of this series. In fact, crystals formed in the juice of the meat
boiled in BaCl. and CaCl; solutions were white minute flour-like,

The color and the taste of crab meat which was boiled in fresh water became worse.
Therefore it is undesirable to boil crab meat in fresh water. That is to say, it is practi-
cally better to use sea water rather than to use fresh water which is able passively to
prevent the crystallization. ' :
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II. Relation between the cooling after the sterilization and the formatlon
of the crystals o y :

In the previous papers of this series®®, the authors have reported their observations
of the formation of magnesium-ammonium-phosphate crystals in test tubes and the
growth of the separated crystals at various temperatures under mieroscope. The crystals
are easily formed in ranges of temperature both above and below about 50°C as boundary.
That is the maximum solubility of the crystal of MgNH,PQ:-6H:0. In this case, above
50 °C amorphous crystals are formed, and below 50 °C crystals havmg easily observable
shape occur.

The authors have observed the relation between the growth of the crystals and the
velocity of cooling. In order to determine whether the relation holds in the canned food
as well as in the test tube, or not, the authors have estimated the cooling curves after
heating process of canned food according to the conditions of the cooling process, and
have clarified the relation between the conditions of the cooling process and- the form-
ation of crystals.

1. Coolmg curves of canned foods after heating process

1 ) Experimental method

Canned foods, crab (half pound, flat), salmon (half pound flat), tuna in brine (half
pound, flat), sardine (half pound, oval), after the heating process were cooled under the
following various conditions. .

i) Cooled in running city water in a vessel of 6~6.5 ] —A~—cooling method (rapid-
cooling). This method is customanly employed in land canneries which have a large
amount of water. ’ '

ii) Cooled by sprinking with city water in the amount of 6~6.5 [ for 15~20 minutes.
—B-cooling method (medium-cooling). °This method is also used mostly in land can-
neries ‘or on floating canneries. '

iii) Cooled by air-blast by electric fun. —C-cooling method (slow-cooting). This
method is usually employed in floating canneries which have only a small amount of
water available.

The change of ‘the temperature in canned foods during the cooling process was meas-
ured by a thermocouple.

2) Experimental results

As seen in Figs, 1~4, it is evident that the temperature at the center of various
canned foods decreased logarithmically. : -

Here, for the purpose of comparing the cooling condition in the center of various
canned foods which are cooled by C-method for example, the authors have estimated
the value of the coefficient of. the cooling velocity (%) according to the following
equation. The obtained results are shown in Fig. 5 and Table 5.
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Table 5. The values of the coefficient of the cooling velocity =g ... e (1)

f iou d food:
______ of various ca@e_ ‘oods | O=T/T, -eer (2)
The values of coefficient . e ey

Canned foods of .the cooling velocity (#) Where T, is the initial

, temperatre of the canned
Canned - crab 0.0146 foods (°F) after heating -
Canned salmon ‘ 0.0191 _ process, T is the tempera- :
Canned tuna 0.0229 ture in the canned foods .

Canned sardine 0.0248 (°F) after cooling process,

t is the cooling time, # is
the coefficienf of the cooling velocity of the canned foods. ' C

As seen in Fig. 5, .the velocity of cooling of canned sardine is largest, followed in
order by canned tuna, canned salmon and canred crab. The heat conductivity of canned
crab is worst. “It is seen that a long time is required to complete the cooling. From
the view point of the difference of the cooling velocity, cooling by C-methcd may be
denominated tke slowest, while that by A-method is the mest rapid. In the case of cool-
ing by B-methcd, at the initial period of the process tte cooling velocity is as good as by
A-method, but in the final reriod it is like that by C-method.

Here, the time requiring to pass through ‘‘Zone of the formation of large crystals”
described in the previous papers® was calculated.on cooling curves as shown in Table 6. :

Table 6. The time requiring to pass through ‘‘Zone of the forfn_aﬁg_n of the
large crystals??

of capoinds i A-cooling B-cooling Ccooling™
Canned .-crab 20.0 (min.) 38.0 (min.) |- - 45.5 (min.)
- Canned salmon 17.0 28.0 26.0
Canned tuna 18.5 25.0 ~26.0
- Canned sardine 7.0 18.0 17.0

As seen in Table 6, in the coolihg by A-method, the time during which tke cooling
curve passes through ‘‘Zone of the formation of large crystals’’ is the shortest. ‘But,‘
in the "'coélir}g by C-method, the time is the longest, so the crystals formed are con-
sidered to be large and to grow until they become large ones. Ttese facts as actually
observed in the canned crab and canned salmon will be described in the next article
of . this paper.- ' ’
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2. The formation of the crystals in the course of cooling canned crab
by the various methods

1) Sample

The legs of crab mught off Nemuro,. Hokkaido were removed from: the carapace and
boiled with crust in sea water. The meat was taken from the crust, packegl in cans,
seamed, and ‘then sterilized. After éterilization, tke sample cans were cooled by A-method
(rapid cooling), B-method (medium coolitig) and C-method (slow cooling). The cooled
cans were brought to the laboratory and opened after 50 days’ storage at room tetnpera-
ture for observation of the states of the crystals formed.

2) Experimental method . :

Each part, juice, meat and parchment paper, in the canned crab was separated after
opening the can. The size and number of the crystals formeg in 0.5' cc of the juiee were
estimated on a Thoma’s haemacytometer under the microscope. The state of juice of
the canned crab was transparent or semitransparent and slight rough, so the crystals in
the juice were easily identified by the method described above. -

The viscosity of the juice, the amounts of volatile basic nitrogen; total nitrogen,
soluble magnesium -and phosphate in the juice were estimated by the method described
later. On the other- hand, the size of the crystals. formed ‘on the parchment paper was
observed by a low power microscope. : '

The determination of the viscosity: was made by Ostwald’s viscosimeter, the determ-
ination of the amount of the soluble magnesium was done by the .oxine method”, and
the estimation of the amount of volatile basic nitrogen or total nitrogen was carried out
by the usual method. |

3) Experimental results

Results obtained are shown in Table 7.

As seen in Table 7, the size of the crystals both those formed in the juice and on
the parchment paper was smal! and microscopical, but the number was large in the
rapidly ‘cooled cans. The size of the crystals was somewhat larger and the number Was _
éomewhat less in the slowly cooled cans, In. the case of the slowly cooled cans, few
but larger crystals were formed on the parchment paper

3. The formatlon of the crystals in the course of cooling of canned salmon
by various methods

1) Sample . : :

Some fresh salmon of which the mean body weight was 2 580 & and the mean body
length - was 59.5 ¢m was employed as the material for preparing the canned salmon.
The materlal was packed in cans, seamed and sterilized as usual. After stenhzatlon
some cans werevrapldly cooled in water in which ice blocks were put for 20 minutes;
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other cans were cooled most slowly at the temperature
at 25°C. The changes of the temperature in the cans
are shown in Table 8.

Table 8. Change of temperature at the center o.f.cans which
were cooled by various cooling velocity

Cooling time Rapid cooling Slow cooling

0 (min.) 91.5°C 91.5°C
1 66.0 91.0
3 52.0 90.0
5 43.0 88.2

16 33.5 84.2

12 29.5 L

15 26.0 81.0

20 - 19.0 77.5

60 —_— 55.1

2) Experimental method
Tke macrocrystals formed in the canned salmon
are generally smaller and fewer than those formed. in
the canned crab as shown in the previous paper®.
So the size and the number of the crystals were
- estimated for visible macrocrystals contained in a can .
of canned salmon by the.method shown in Fig. 6 from

Canned foods

l

3 d

‘i Meat Juice

5 l |

- Washing with water i)

g 1 - 0.5 cc of juice
g i is taken

g Meat Juice Juice Thoma’s

N Haemacytometer
© -.Size and number ) -

of formed visible Centrifugation Size and number

"% crystals on the ’ of microcrystals
% surface of the meat 1 1 are measured
9 were ‘medsured with Liquid * Residue (microcrystal)
9 magnifier 1

8 203 CCls added
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g |
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the commercial point of view. For ‘the

observation of the state of the microscopic
crystals in the juice, 0.5 ¢c of the -juice
was taken and the size and' the. shape
of . the ‘microcrystals “were . estimated by
Thoma'’s haemacytometer. Then the number
of crystals was calculated to' the number
per 1 cc of the quice." ‘
.3) Experimental results
The observed state of the formation of
the crystals during processes. of cooling
canned: salmon by various methods is showt
in Table 9. SR
. As seen in Table 9, the size of the

‘crystals either formed in the . juice. or - on

the meat was smaller, while tke number
was larger in the rapidly. cooled cans than
in the slowly cooled cans.

Discussion

As seen in tke resuits obtaired in this

.exreriment either in the canned crab or in

the canned salmon rapidly cooled after
sterilization, the size of the formed crystals
was smaller. and the number was. greater;
but the size of tke formed crystals was
larger and the number was less in the
slowly cooled cans. L

These facts agree with the experimental
results on the growing of the crystals in
the test tubes and with the observed results
on the growing of the crystals in the test
tubes and with the observed results on the
formation of the separared. crystals under
microscore reported in the previous paper®.
In the process of ‘cooling after the steriliza-
tion in practical canning, it is evident that
the amorphous crystals began to form at
70° ~ 50 °C due to the reaction among each

=<130=



Bull..Rgc. Fisk., Hokkaido Univ. - VI, 2

of -the components (Mg, NH,, PO.). of tte crystals. It is considered that crystals of the
regular form are scarcely. formed above ‘50°C, because at near 50°C the solubility of the
crystal is maximum, and the stabilization of the supersaturated solution will ‘_rgsult from
the presence of high moledular substances (e.g. protein). This fact that the regular
crystals. are:meely formed above 50 °C was practically seen during the process of vo’ooling
of. canped. crab by the microscopical.obsérvation of the crystals in the. juice of the can
at 60 °C .taken onto the slide glass:on which was a small -hot water ‘tank as shown 'in
Fig. 19, In the further progress of the reduction of temperature by cooling, when the
temperature of the canned feoods falls slowly in the range of 50° ~ 30°C which has been
called ::“Zone. of the formation of large crystals’’  in the previous paper?; the la.rger
and. the more regular crystals are formed and further grow to the larger Bneé. On the
contrary, when the canned-foods are cooled rapidly passing through the 50° ~ $0°C range
of temperature in a short time, the crystals will have no reserve to grow to become the
large crystals, therefore many small crystals will be formed. The similar formation of
the larger crystalsis considered to_occur during the storing of canred foods in the same
range of temeprature. ' So, the storing temperature should be kept below that of ‘‘Zone
of the formation of the large crystals’?, that is to say, should be kept below 20 °C.

ITI. Relation between the formatlon of the crystals and the freslmess
of the raw material

. Whether the drfference in the formation of the crystal may]be caused by: freshness
of the raw ¥haterial, or not has attracted much dlscussmn According to. Matsuike ef ali®
no différence in thé formation of the crystals was observed which could be attributed :to
the freshriess. ‘But, Nagai® said that the better the freshness of the raw material was,
‘the friore were ‘the ¢rystals formed in canned foods. Also; aocordmg to: the’ recent report
Of Yatriada and Fujii®; the size of the crystals formed in canned crab whichi. was made
from unfresh raw meat wa$ small and their number was few.

The authors have studled the relation between the formation of the crystals and the

1. In, the case of canned e;-ahr y

) Sampie
-Each sample of canned trab was prepared either from fresh matenal (volatrle basuc
m&ogen ‘was_about 7 mg2;). which was caught off Nemuro and was soon dealt with after
landing, or from unfresh material which was left at room temperature for 2.5 ﬂays (vola-
tile basic nitrogen was about 40 mg% ) after landing. After usual stenhzatlon, the
.eooling was dore at rapid or slow: velocities. The cans were brought to the -laboratory
-and opened after keeping at 10° ~ 15°C for 50 dayé‘.
. 2) Experimental method - )
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" Experimental method was the same as that described in the previous. article.
- '8) " Experimental results
" The obtained results are shown in Table 10. :

As seen in Table 10, no remarkable difference in the: state of the formatlon of the
crystal was observed. However, the crystals formed in the juice of the cans ‘prepare_d,
from unfresh raw material were larger than thcse from fresh raw material. -On;the con-
‘trary, the crystals formed on tte parchment parer in tte former ores were smaller than
the crysmls in the later ones.

Table 10. States of the formation of crystal in canned crab which were prepared from
= the raw material of various freshness

. ‘Freshness States of juice. . Crystals on perchment 8
of Vis- Soluble | Soluble | Crystal in juice I . [
material .| cosity | - Mg PO« " Size [Number Top - ‘Slde wauI Bottom'

(/1) |(mg2g) | (mgog)| () | (Jee) 1 Form | )y | ey | G

Rapid | Fresh | 2.2.| 3.0 | 59 |20x25| 8x10/ EC | none | nove |38x6. -
i i

cooling | Unfresh. |- 2.3 | 2.4 52 38x8  |24%x10°| EC none | 11x4 | 16x8

 Cooling
method

Slow | Fresh | 2.2 | 3.4 | 42 [31x15|31x10'| CE | none |57x25 | 40x25

cooling | Unfresh 2.0 ;.- 2.5 43 38x9 |25x10°| CE |38x2588x25|25x8

~ Note? 'E'f='amorph6us crystal, C=columnar crystal

2. In the case of canned salmon

1). Sample and method .

On a floating cannery, some canred salmon was prepared either from fresh material
of -half bodies which was promptly dealt with after catchmg, or from unfresh material
of the other half bodies, which was left at the temperature of 17 °C for 28 hours aftelj
catching. After usual sterilization, the cans were slowly cooled with showering. The cans
were brought to the laboratory and left at room temperature for 70 days and then opened.
Experimental methcd was the same as-that described in the previous article: '

2) . Experimental resuits . ' ‘

.The obtained results are shbwn in Table 11. As seen in Tablevll‘,i the number of
crystals formed in the cans-which were prepared from unfresh material was somewhat
less than that in the cans prepared from fresh material, but no remarkable différ_ence in
the size of crystals formed in the two types of material was observed. - '

Discussion

. Using canned crab and canned salmon, the authors have observed the relation between
the formation of the crystals and the freshness of the raw materxal "Some . dlfference
was observed between cans prepared from fresh and unfresh raw material. The size of
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State of the formation of crystal in canned salmon which were prepared from the raw material of variogs freshpess
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the visible crystals formed in the
canned crab prepared from unfresh
meat was smaller than that from
fresh raw material, but, no dif-

- ference in the size of .the formed

crystals ‘in the canned salmon was
observed. Also in comparison with
the cans prepared from fresh raw
materials, numerous crystals were
formed in the cans prepared from
unfresh meat. However, as seen

_in Tables 9 and 10, the state of

crystallization ‘was considerably
influenced by the velocity of cool-
ing, in comparison with the in-

-fluence of the freshness of the

raw meat, In the ~cans cooled

slowly, the formed' crystals were

larger in size and less in number,
regardless of the freshness of the
raw material.

If the conclusion is reached
that crystals larger in siZze and
fewer in number are obtained in
cans packed with unfresh meat,
it will be considered that this
occurs owing to the difference of
the amount of Mg in the fresh
meat and in the unfresh raw meat.
In the unfresh meat, the amount
of Mg decreases owing to the de-
composition and the fragillization
of the tissue. . = o

Ai:cordingly; the authors have
undertaken to determine the a-
mounts of magnesium contained

* in canned-crab and canned salmon
which, were prepared from the
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raw materials of various degrees of freshness. In the canned crab prepared from fresh
raw meat, total amount of magnesium was 0.037% and was .0.173% ‘in the anhydrate.
But, in the canned crab prepared.from: unfresh raw material, the amount of magnesium
was 0.030%- and was 0.151% in the anhydrate. In the canned salmon prepared from fresh
or unfresh raw_material, total amounts of the magnesium was 0.020% (0.0587; in the
anhydrate) in the former and 0.011% (0.0307% in ‘the anhydrate) in the latter. The
obtained results are shown

Table 12. Total amount of magnesium in canned food prepared
in Table 12. from the raw material of various freshness

As seen in Table 12,

Total amount 6f

a considerable difference Canned foods Tgftalhagmg%l; Ve in(z%};ymate ‘
of the total amounts of Fresh 0.037 | 0.173
magnesium was observed Commed | Untresh | 0.030 0.151
between  cans .. prepared . . .‘ :

from fresh and unfreshraw - , . Fresh 0.020 .0.058
material. The amountiof ~ Comed slmon | o Lgl01r | 0.030

magnesium contained in :
the can pre'par’edvfrom fresh meat was more than in that from unfresh raw material.
As the tissue of unfresh meat was fragile, the protein was denaturated as noted above.
The reduction of the amount of magnesium in the cans prepared from unfresh raw ma-
terial was considered to be owing to the flowing out during the washing process. Then,
the conclusion is that the state of the formation of crystals in the cans prepared from
the dlfferent freshness of the raw material is con81derab1y mﬂuenoed by . the reduction of
the magnesxum L ‘
., ol PR .
IV Relation between the formation of the crystals and the. difference
. caused by use of fresh’water or sea water for boiling dur-ing the
processing of canned crab 1 :

In the previous articIé of this paper, the authors héve observed that the amount of
Mg mdlcated the largest value both in the crab meat and in ‘the. boxlmg water, in the
case of the use of sea water for the prccessing of canned crab. In this paper the authors
report obqervatlon on the dlfference of the formation of the crystal of MgNH.PO..-6H.O
by the employment of sea water or fresh water.

1) Experimental method

Canned crab was prepared by the usual method In processing of the can, sea water
and fresh water were used for boiling the meat. After the sterilization three cooling
methods were used: rapid cooling (A-method), slow cooling (B-method) and very slow
cooling (C—method), as described in the previous article. The canned crab thus prepared
was brought to the laboratory and opened after 60 days storage. The conditions of the
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Table 13. The state of formation of crystal in canned crab which are prepared by using sea water or fresh water for boiling

Boiling water

Fresh water

Sea water

Cooling method Rapid cooling Medium cooling Slow cooling Rapid cooling Medium cooling Slow cooling
States Color discolored discolored discolored good good good
of :
meat Taste watery watery watery good good good
Viscosity 2.3 2.3 2.1 —_— 3.1 4.3
V. B. -N. (mg%) 38.2 31.5 10.05 31.9 30.2 26.1
- Total-N (%) 1.34 1.36 1.46 1.29 1.10 1.21
Soluble Mg (mg%) 3.0 3.4 —_— 3.4 1.7 6.4
Soluble PO« (mg2%) 60 43 — 46 45 —_
» 80x10t (E) 100x10* (E) | 1000x 10¢ 64x10t (E) 80x10* CE) ;o
Crystals Number 8x10¢ (C) 80x10* CCJ 40x10¢ (C) | 16x10* (C) 40%10¢ (C) 10>10% (C5
in Size () 11x1 (E) 16x12 (E) 10x3 (E) 9%x6 (E) 10x12 (E) 25x3  (C)
o # 20x25 (C) 31x15 (C) 30x9 (C) 50x12 (C)
Juice Form EC C c EC EC C
Crystals Top none none 300 < 100 none none 300< 100 - v
pafgh“n:m Side wall none 57 x 25 300 x 100 none 190 x 100 300x 100
paper Bottom 6033 40%25 A 8050 200 x 130 2000 x 1000

*asu[) OPIRROE “YSid 90 Iing .

2 ‘I1IA)
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crab meat (color, taste), the viscosity of the juice, the amount of volatile basic nitrogen,
total nitrogen, Mg and PO, were estimated. The determination of the amounts of Mg
and PO, was carried out by the method described .in previous paper.®

2) Experimental results

Results obtained are shown in Table 13.

As seen in Table 13, in the case of the use of fresh water for boiling, the canned
crab meat showed light red color as well as discolored, also watery taste lacking in good
flavor. On the contrary, when sea water was used for boiling, the meat was beautiful
red and had good flavor. In respect to the difference of the formation of the crystal,
in the case of use of sea water for boiling, in spite of larger amount of Mg dissolved
in the juice of the can, the size, shape and number of the crystals formed in the juice
showed no difference from that in the use of fresh water. However remarkable differ-
ences of the formation of the crystal were observed with the differences of cooling velocity
even in materials prepared with the same kind cof water (sea water or fresh water).
That is to say, whether in the using of sea water or fresh water for boiling, the more
rapidly the cooling was completed, the smaller the size of the crystal was.

Considering from the results obtained, it is better to use sea water for the bciling
for the sake of the color and taste, as no difference was seen in the size of the crystals.
Rapid cooling after the heating prccess must be reccmmended because the size of the
crystals keeps small,

Summary

When the various kinds of water and salt soluticns were used for boiling, the a-
mount of Mg dissolved was 0.0028% . There is almost no difference in this respecf among
the kinds of water and salt solutions. The loss amount of Mg in crab meat by boiling
was about 26%. The amounts of Mg and PO in crab meat and in the juice separated
by boiling were maximum in sea water being twice the values obtained in the use of
distilled water and BaCl: or CaCl; solution.

The velocity of the cooling of canned foods after heating process is influenced
according to the various cooling methods or to the kinds of canned foods. Temperature
of the cans falls rapidly in the cooling tank having a large amount of water but when
the canned foods are cooled by air-blast by electric fun, the temperature of the cans
falls slowly.

If the canned foods are slowly cooled taking a long time to pass through the range
of the temperature 50° ~ 30 °C, which is called ‘“Zone of formation of the large crystal’’,
the formed crystals are comparatively larger and fewer. But, when the canned foods are
cooled rapidly passing through the 50° ~30°C range in a short time, the formed
crystals are comparatively smaller in size and more in number.
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Thus, it is important to cool canned focds rapidly after the heating process.

In tke cans prepared from raw materials of different degrees cf freshness the differ-
ence between the state of the formation of the crystals was observed to be dependent
only upon the difference cf freshness cf raw material. However, it was observed that
the crystals fcymed in the cans prepared frcm unfresh raw material were smaller in size
and mcre in number. But, after all tke differences caused by degrees of freshness of
raw material were less than the difference caused by the varicus velccities cf cooling.

The authors have observed the difference of the formation of the crystals in canned
crab which was prepared by using sea water or fresh water and by cooing rapidly or
slowly after the Leating prccess. According to the results obtained, when sea water was
used for the boiling, the quality cf the canned crab beccmes better than when fresh
water was used.

More remarkable difference cf the fcrmation of crystals was influenced by the ve-
locity of the cooling than by the difference in use of the kind of water. Even if fresh
water was used fcr the beiling, the minimum amount of Mg was present - sufficient to
form the crystal in the juice; therefore sea water shculd be used, and tke product ccoled
rapidly to prevent growth of crystals to larger size. -
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