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STUDIES ON BOUND WATER
IN THE FISH MEAT MUSCLE (I)

‘ Mlnoru A.KIBA
aonlty of F»lshcrles (Ha.koda.te), HokLaldo University.

1. INTRODUCTION

1. The :definiéion of Bound Water.:’
T,He ﬁiﬁibleﬁls of Bound Water bave !past time been studied from the standpoint

of Biology and Phjéiology(”, and also will have many interesting points in future
from the stand point of the applied field.
At first, Bound Water (or Living Water) wes defined as that a part of the
water in the 11vm0' bodies bonnd with the muscle tissues. The other water which
exigts freely in muscle is called Froe Water. This Bound Water has been considerad
as & -factor for psyobrotoleranty of living bodies, desictoleranty or maintaining lives
of 1wmg bodies. : ‘ '
... Lately it ha.s been considered in colloidal chemlstry and molecular theory that
hydmphlhc collmds such as protein or carbohydrates “Which are compo,sxtlons of the
body bind with Bound Water to form stable colloidal eystem, that is to form a
protoplasm. In 'bhl_S case, the first reason for the binding of water with the tis3ne
is as follows : the ‘nitroo‘en-, oxygen- and hydrogen-atoms in the protein containing
carboxyl-, hydroxyhc-— imino- and amino-radicals combine with hydroo'en- or OXygen-
atams of water alnd form hydrogen-binding. Therefore all protems ara considerad to
have Bound Water®, ) Aecordmg to the studies of Weidinger and Pelsor'® on
galatine, Bound: Water is water which exists within the myzel of gelatine and Frae
Water is water which exists between the mycels.
Thus there are many definitions of Bound Water. In a word, the idea of Bound
Water is different from the samples, the purposes of studies which investigators
employ. But since bodily juice has always a close relation with protein‘®*®*, tharo-
fors it is necessary that we have abundant studies in the problems of Bovnd Water,

when we discuss the protein in fish musecles.
2. The methods of estimating Bound Water.
Methods of estimating the amovnt of Bound Water which have been usad up to
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be date ere classified into threo groups.- But they agres that the amount of Bomnd
Water is the difference between the total water content and the Fros Water in the
ample. The total content of water in the sample is caleulated from the difference
of the initial weight of the sample and- the ultimate weight which is obtained by
drying_the sample for some time at 100°~11(°C.

Thera are some differant methods of estimating the amount of Free Water
according to various ideas concerning Bound Water. One of the methods is the
estimation of the frozen water contents from the assumption that Free Water will
L be frozen and Bound Water will not -be frozen even though the muscle is ke?t.at
some constant low tamperaturs such us -30°C. And another is basel on the assumn-
ption thet Free Water behaves as a solvent, but Bound Water does not do so. And
the rest is the chemical estimating mebhod

Those methods contained few other methods can be summariz ed as follows :

(1) Freering methods: {a) Calonmetrl\_.c. method®’; A saimaple which was frozen
at —20°C is put into the Calorimeter and Free Watar is estimated from the latent
heat of the melting of the frozen sample. (b) Dilatometric method®’; The quantity
of the ice (thié is Free Water frozen) in the sample which was frozen at —202C is
estimated from the change of the volume of the ice by the Dilatometer. (c) Diract

estimating method of the amount of water which is cquivalent state to fcet™,

(2) Solvent methods: (a) Method concerning the deprasis'ion of the freezin'g
point‘®’; This method is suitable when the sample is liquid. Free Water is

estimated from- the deprassion of the fleezm point in Centigrade degress ; when
001 M of ,sacéharosa is dissolved in 10 gm of- test solution, - if the tost éolution
is Fres Water only, & normal depression of the fressing point will bz noted, but if
thera is some Bound Weater in the sample, the deprassmn of fraezing point will be
_correspoudmvlv lower for the concentratod solutlon (b) Method concerning. the dep-
ression of the vapour tensmn“" Thls method is the sime in the prlnclple a8 bha
method concerning the depression of froezing point.
(3) Vapour tension method'”: This method is detﬁrmmed from tho ethbrlum
{ curve which show the relation bebwesn the amount of water contained in the 83 mple
snd its vapour tension. ‘

(41 Swelling tension metlxod"”’“) Th1s method is deto rmined from the equili-
‘brium carve which show the relation bstween the amount of water contained in tha
sample and its swelling tension.

(5) Chemical methods : (a) Cobaltous chloride method(‘”' A s;mple, which' was

added with cobaltous chloride powder or was steeped in the cobaltous chloride

— 157 —




solation and dyed to pink color is dried at the temperaturs of 25°~30°C, then the
sample will turo from pinkish blue to purs blue. At the time of changing color,
the amount of water in the sample is considered as tbat of Bound Water. (b) Copper
sulphate ‘method™; This method is determined by estimating the change of ‘concen~
tration of dilute copper sulphate solution into which a sample is steoped, (¢)"

Alcohol method™: This method is determined by estimating the change of the
.specific gravity of aleohol in which & sample is stesped. -

(6)- Method by studying of physical properties™; This method is determined
by studying the coefficient of friction of the surfuce, adsorptions-ability of the
surface and other properties concerning the state of the surface of a gel membrane
which hydrates with weater at various temperatures and the amount of Bound
Water is discussed. ‘ o

Recently Higashi and his coinvestigators'!’ have studied the degres of binding
strength of water by the electric method. In studying the various sspects of Bound
W’ater, the  electric method will have some greater significance for the studies in

Bound Water.
' I. HISTORY OF STUDIES ON BOUND WATER

1. Studies on Hydrophilic colloids and Meat muscle.

‘ S’tu'diés‘_on Bound Water “were at first done about the state of water frozen in
va;riouyé substance. But récently the water in hydrophilic colloids a,nd'mea't-muscle
has rather been studied from the standpomt of physmal chemlstly or physlology
than' from pure quantltatlve analysis.

Thoenes™ has studied the mest muscle tissues of dogs end other animals and
said that 20~20% of water in their tissues is not frozen and this unfrozen water
is Bound Water. He has slso observed thet ‘in childhood of snimals thers are larger
ancount of Bound Water in their tissues, but in old age Bound Water decresses.
Bardy™ has demonstrated the existence of unfrozen water in gélatine which was
Pronen. 4 . A - R
Moran™'® has observed that when myogen and egg-albumin ars frozen et ;2()“0,
50 0.48 gm and 0.31~90.38gm of watber in thess samples respectively per gm of dried
matter remained unfrozen.. He also has observed that when a disk ‘of gelatine gelis = §
frozen wery slowly, such as at —20°C, water which -exists in the neibourhood of the :
surface of the disk of gelatine gel is frozen and there remains 0.53 gm of water

unfrozen per gm of dried-gelatine in the disk. He has also observed that when the
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anuscle of cattlé. and ‘of ‘frogs are cooled gradaally from G °C, the amount .of the
afrozen water becomes constant at about —40°C, that is to say, 0.43 ‘gm of water
r gm of cattle meat muszle and’ 0.45 gm of water per gm of frog méat muscle
emnins unfrozsn, and he considered that these unfroszen water ars Bounid Water.
- Briggs™® hes obsnrved from vapour tension 'measurement of the gelatme gel that
esch gm of gelatine remains 0.33 gm’ of unfrozen water at —2(°C. Kinoshita®" has
algo obsaeved the existence of unfrozen” water in gelatine which: was frozen.
Kistler™ examined qualitatively the existence  of unfrozen water from the degree
of condensetion of frost that was formed from the fog in the tube which was
cooled by dry ice and he hes obtained the following resalt thist a certain quantity
of watber remsined unfrozen at even low temperaturs of —7%°C.. From the physiol-
. ogical =nd biological standpoints, Plank™ has advocatad so-called froszing phase.
¥ Ho hes devided into four phasas the freesing process of living things from —1° fo
—60°C, and he has pointed out the existence of biochemical Bound Water and collo-
dal Bound Water. But after that thers is no raoxamination about this ‘problein.
Thers are. meny studies on the hydrophilic colloid of vezetable juice from old -
time, but the literatures on these studies are omitted.®2” ’
" Beiss ™ hes said that the change of animel protoplasm during the refrigeration
f animal kingdom foods ere due to the variation of the. volume of Free Water and
- the dehydration of the colloidal Bound Water in tliem, and he observed that two
- factors influencing these changes are the velocity of freezing and the prassure on
cells, those factors are concerned with the temperature for freezing, various sizss of
jce crystals in mus:le, density of substance and thermal conductivity in ‘musales.
Recently Joslyn'® has discussed the relation between Bound Water and: irreversi-
. bility in the change of colloidal properties during the fraezing of foods.
2 According to the results of studies of each above mentloned investigators, in
£ the case of refrigeration of collmda.l mattars or meat muscle, the. possibility of the
; existence of Bound Water which is independently isolated from Free Water has
E been practically shown. And we know that in the casa of yfn%ra.hon of foods

Bound Water- has 1mp0rt°nt propertles

2. Bouud Water contained in the meat muscle of

- marine animals. _ ,,
Thers- era’s few studies on Bound Watsr in -meat mussle of mayrine- animals.

Bigachi®® bes studied the variation of the amount of Bound  Wator of the squid
end flatfish meat in the coursz of drying at room teo 'npﬁmtuln using the method

of the depression of tlhie fraszing poimt and the calorimetric method.  According to
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his resdlts, the amount of Bound Water is 8 to 5 9% of the initial Wem'ht of the 1
fish meat muscle, but it gradually increases during the drying, and when the ratio:
of the drying, (Y/y,), reaches 0.30, the amount of Bount Wator of the fish muscle
becomes from 6 o 1095 of the weight of the dried fish muscle and ‘it has a
tendency to inorease in preportion to the degree of drying. Here W, is the initial 3
weight of the sample, and W is the weight after drying. Kawakami®"" bas ‘consi
~dered that if the same amount of water in fisb meat muscle a8 the amount of
water in fish meat muscle that is frozen to ice is" evaporatad by drying, the
depression of freezing points of both remaining solution should be the same, and:
hé studied the relation between ths depression of the freozing point and the
variation of the weight of fish meat musclos in the coursa of drying by using
carp meat muscle and obssrvad that his results was exactly equal to Finn's
resdlt * which shows the ralation bstween tha freazing point and the * amount -of
frozen water. From this peint of view- it will be assnmed the existence of Bound
Water in the carp meat mussle. ' '
As ‘stated above the probelms on Bound Water in the meat muscle are
discussed from verious ideas of estimating it from the standpoints of biological,
physiological and colloidal chemistry and meclecular theory. And in applied field
there had been many studies on this Bound Water, but we have not ‘yet romarkable
results contrary to our expection'®. ’
. The writeir has wished to study various properties of Bound Water in the fish
meat and to know the roslation bstween Bound Watar and protein of fish meat,
taste of fisb’méaﬁ, and the growth of micro-organisms, ete. and wished to apply

these results to the manufacture or processing of marine products.
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"‘@.. STUDIES ON ESTIMATING METHODS OF BOUND WATER

1. Examination of the comparison between the methods
- of cobalfous chloride with vapour tension method and
-with the method by electric resistance. - -

As stated above, thers are many methods for estimating the amount of ‘Bound
‘Water. Bot some of them have different ideas as to the principle of the estimating
method. 'Owing to the upper mentioned difference of the ideas, the difference’ of
freezing temperature of the water in the sample or the kind of added matters: in
i the. solvent method, from even the same samplé we can not always obtain' the same
] “result. The reason for the disagrevemeut of the resiilts was discussed from various
standpoints. Among thesédisz:uésions accofding to- Briggs’ theory®®®. the amount
of water contained in the sample controls the activity coefficient of water (ﬁhe

l'”

water-activity) “a” at the existing amount of the water.

ee. 99

The water-activity of the sample, “4”, is calculated by dividing the vapour

tension of the water in the sample p, by the vapour tension of the pure water at
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the same temperature p,, and these results are illustrated by a curve of the
relative vapour tension p./p, (a=Pp,/P.) and the weight of the amount of the. water
in the sample (the amount of water per gm of dried matter of the sample). This
water-activity may be taken a8 a measuring rod defining the physical status of
the water present in a system. When the water-activity is varied, it is an
indication of a corresponding change in the fres energy content of that water.
That is to say, the less the water content of the sample becornes, the less the

ec 99
)

value of the water-activity, “a”, becomes. -

The water-content—water-activity curve which indicates the relation betweon
the amount of water contained in the sample and the water-activity at the existing
amount of the water, forms an identical continuous curve from the same sample
even by various estimating methods. Because the various thermodynamic methods,
for example even if vapour temsion method, the method of the depression of the
freezing point, Calorimetric method, Dilatometric method, SWelliﬁg tension rﬁe’thods,
are only & means to oblain the water-activity in the sample.

As the estimating method of the amount of Bound Water, baside the above
stated methods of thermodynamic methods, there éife some methods by pura
chemijcal operation, for example the cobaltous chloride methods by Hatschek or
Oyagi. In these metlods the sample can bz handled at room temperature; and t’he
operation is simple and convenient, so that thess methods have bsen employed
among investigators of Bound Water. But thess methods have still some problems
to be reexamined. Because in thess methods also, they ars svitable or unsuitable
for some kinds of the samples, and there is an individual error, that is to say,
the turning point at which a pure blue color from pink color of dyed sample in
the course of the dehydration a$ temperature from 25°~30°C, is different according
to the individual investigators. : _

The author has always employed this cobaltous chloride methods for estimas-
ing the amount of Bound Water in fish mest muszle. And he has found some
suspicious point in these methods, then he has wished to try to resxamine various
conditions. By the comparison of the rosults by the cobiltous chloride method
with various other thermodynamic methods stated above, the author wished to
make the significance of quantitative estimation of the amount of. Bound Water in
th‘e_Sample clear. , ’ :

The author will report here the results of the comparative examinabion of the
states of water about thé same sample by the cobaltous chloridée mathods, vapour

tension method and the method by elestric resistance.
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: (1) Experimental ‘Methods.
(1) Sample -

As sample the avthor has at first used the gelatine which has been employed
for the study of Bound Water, and has compared the results from the gelatine
with results of fresh fish meat ‘musclé: Hatahata (Sandfish; Arctoscopus
japonicus 'STEINDACHNER), Hokke (Atka Mackerel; Pleurogrammus azous J ORDAN ‘et
METZ) and Yariika (A species of squid; Loligo bleeker: KEFERSTEIN). 'The
samples of gelatine are one which is on thé market (water c;)ntenf; 13.04 9,
ash 0.74 95) (The author calls it Sample No. 1) and one (water content 17.95 9%,
esh 0,69 %) (Sample No. 2) and the other which was purified by the Second
Faculty of Engineering of Tokyo University (water content 18.66 94, ash 0.43 %)
(Sample No. 8). These gelatines were supposed to be manafactured by acid treat-
ment. The water solutions of these gelatines were pH 7.4

(1) Cobaltous chloride methods. ; -

The author has employed both the methods by Hatschek and Oyagi. Both
these methods are the samé in the principle of the estimating method. That is
to say, the sample dyed with cobaltous chloride turns from a pink color to a pure
blue color at one point in:the course of “the" dehydration of the sample, and the
. amount of Bound Water will be known from thie difference of the total content of
. water snd the amount of Free Water which was estimated at the point of the
change of celor. ' ’

(A) * Hatschek’s method 1*

Mix 10 gm- of the sample of gelatine (as dried matter) and 6 gm of cobaltous
chloride (CoCl,e 6‘H-,O)- and add an adequate amount of ~water to the mixtura
ond ‘dissolve it by heating. Pour the dissolved sample into a wooden cylinmdrical
vessel  (dia. about 3 cm, height about 0.7 cm), which is laid on a metal plate
having a smooth surface. S '

After the cooling and Solidifying of the gelatine, remove the cylindrical vessel
from the metal plate, and dry gradually by standiog it in the drier at 25°~380°C.
Then the color of the cylindrically shaped gelatine turns gradually from pinkish
rod to violetish red and then fo bluish violet from the outside of the cylinder
of gelatine. After. the: color has turoed homogeneously to pui‘é‘ blue, cut off
cylindrically (dia. about 1 om) the center part. of dried blue colored gelatine. Put
this cylindrical gelatine into a weighing bottle, and weigh the weight of bottle
with the sample, W, and then ‘dry {+ further in the drier at 100°~110°C until

obtaining the constant weight, W,

— 163 —




In the case of estimation of the amount of Bound Water of fish meat musﬂle g
by using the Atka Mackerel meat, the author has employed the same method as
above stated: Grind the tish mest, mix this fish meat with the definite
quantlty of cobaltous chloride. The following procedures are the same a8 the .'
gelatine. In the case of fish meat, the using of cylindrical vesssl was expenen-
ced to be unsuitable, because the meat shranken by drying falls off trom the
vessel.

" The (’a.l('ulatlon by Hatschek’s method shows the followmg

(a.) The amount of water in the blue colored sample (gm): W W,——W

‘ . The weight of dmed matter of the sample in  the blue colored Sample
(gm) G=W, x— C vg  Here “g” is the weight of dried mabter in the

sample taken after the preparation of the sample. C is the Welght of

“added cobaltous chloride without crystal water.

The percentage of the amount of Bound Water in the dmed mabter of the,
_1oow .

WG . -
The amount of Bound Water per gm of the dned sample (gm):

i W1 —Wg
-G = Wax— C+g
The amount of Bound Water per gm of the dried’ sample which was mixed
VV1 —Ws
W:

sample :

with cobalteus chloride (gm) :
(B) Oyagi’s method ),
Cut the air dried gelatine or fresh fish meat in slices about lem square, and

dye to a pink color by steepmg the slices in a 109 cobaltous cliloride solution.
After 24 hours, take out this sample and absorb the solution ‘attached to the
surface of the sample with a filter paper.  Puti this sample into a " weighing
bottle or on a watch glass which has been previously dried and then weighed,
and the  initial weight of the meat is obtained as 'W,, Then let this sample
alone in the oven from 25° to 80°C, and dry uotil it turas to pinkish blue
from pink color and then to pure blue. At the time of changing to purs blue color
the sample must be weighed - rapidly. The weight at this changing’ point of the
color is obtained ss ‘W,. Then dry further this sample for several hours in the
oven of 109° to 110°C and obtain the constant value of the weight of the sample,
Ww,, accmdmg %0 the usual method. The calculation is shown.as follows :

(8)- . Porcentage of the total amount-of water in the dyed sample : W—"v;lv—’x 109
A

" (b) Percentage o{' the amount of Free Water in the dyed Sample W"W—W‘ x 109
0

(¢) Percentage of the amount of'Bound Wa*er in th'A dv=d sample WIV\—’WZ x 100
[ Co
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(@) The amount of Bound Water per gm of the dried matter containing
: Wi—W,
Wa -

In Oyagi’s “‘method, the weight of the dried matter (W1thout cobaltous chlonde)

- cobaltous chloride without crystal water :

£ the dyed sample is not calculated. ‘So the author shows the amount (gm) of
‘Bound Water per gm of the dried matter contammg “cobaltous chloride as the
veight of the a.mount of Bound Water per gm of the sample. The author has
caloulated the weight of the anhydride of cobaltous chloride which penetla.ted
¥ into the sample when the sample was stesped in 1094 cobaltous chloride solution
rom the ihcraaSing difference between the weight of the dried matter of the
riginal sample and the weight of the dried matter of the sgmple which was
yed in cobaltous chloride solution. The author has thus obtained the weight
gm) of Bound Water per gm of the dried sample, and compamd the results by

- Hatschek’s method with Oyagi’s method.

(m) Vapour tension method.

The main part of the -apparatus
Fig 1. A Ellinaling eppanalu of Vo Zoic used for the vapour tension method
consigts of oil-manometer (M), sample
bottle {C), distilled water bottle (D)
which runs parallel with (C) by bend-
ing the glass tube attached to (D)
from the A-B line and exhaust cocks
(), (b), (c), (@) (Ses Fig. 1). Bottles
(C) and (D) are submerged in the same
AB thermostatic vesssl (T). Put 5~10
gm of the sample (in the case of the

.'#

- e ppy—

%/

-

sample of gelatine, golahlue gel containing 809 of water is ground and added
E into (O)-bottle) After (C)-bottle is atlached to the apparatus, open (s)-cock and

. (0)-cock, close (b)-cock and (d)-cock, drive the air pump (guaranteed vacoum 0.1

i mm Hg), then open - (b)-cock slowly. Aftex air in the apparatus is- exhausted for
about 5 minutes, close (b)-cack and (a)-cock at the same time. Raad the equilibrinm
pressure belween the vapour tension p,, of purs waber in the (D)«bott.le on the
scale of the manometer (M). After the estimation of the equilibrium “prassurs,
open {(a)-cock slowly, then open (b)-cock and let air fill the apparatus. Take out
the (C)-bottle from the apparatus and wipe grease attached to the mouth of tha
bottle with absorbent cotton moistened with toluene, and then put another cap
on the mouth of the bottle and weigh the weight of the bottle with the sample,
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W,.. By repeating this treatment, after some time of exhausting of air fro'u; the
apparatus, estimate the equilibrium pressures of P2 Pss Ps-- - -p, and weight of
samples, W, W, W, ... ny 8t the pressures of p,, Py; Pe--- ~P. respectively,
At last, after drying of (C)-bottle containing the sample, weigh the dried matter
of the saﬁple, W,. TFrom these results the ﬁeighfz of the total amouﬁt of water
in the sample at each estimating time is calculated. -

| For the correction from the pressure by_'oil manometer to the prassure by
Hg manometer, the formaula px:p,;——0.07l4py_‘iS ascertzined within the range of
the temperatures between 5°and 16°C. Here p,is the vapour tension of the Water
in‘tlle sample (Hg. cm) at the estimating temperatdre +°C ;P s the vapour
‘tension of pure water (Hg. cm) at the same temperature ; 1),, is the pressure
read (cm) o_ﬁ fh_e scale of the oil manometer. o

(IV) The method by clectric resistance (50 cycles resistance) . :

- For the estimating of electric resistance of gelatine, the sample of gelatine
containing various amounts of water, is dissolved and then these sol are pou'l'ed
into an insulated wooden box (A) (44X1.5x1.0 em). (See Fig. 2, A).
: ‘ }7 2 z - m Lt an Two copper 1?01@5 are .thrust
: A&&Qp&&ﬁw’lc ' : through one outside wall of the.
tolimaliin of elochice wacslance . box, and then cooled and solidified.

(The length of the pole - thrust
into the sample is 07 cm, the

diameter of the poles is 2.3 cm).

Then this apparatus containing

A the sample is placed in a desiceator
A

of 16°~16°C in which electric wire

(B)

is arranged, and the electric. resis-
tance was ‘made by Fuji Radio Co. and its cycle was 50, and its type was
Wheatstone’s bridge. - ) .

In the case of the estimation of the electric resistance of fresh fish meat,
two copper poles which are fixed to the insulated bakelite plate are thrust
through the fish meat filet (4x2x2 am). (See Fig. 2, B). The distance
b.etw,ee‘n the two poles is 1.5~3.0 cm. The length of the pole thrust thé‘ sample
i 0.7 ecm and the diameter of the polé is 0.75 mm. In tho case of the dried
fish ‘meat, the temperature of drying of fish meat is 20°~30°C, and then the
sample which was thrust through by the pole is placed in the desiceator at

15°~16°C for some time before estimation of the electric resistance,

f— ]66 —




9) Experimental results on gelatine.

(1) Results from the estimation of the amount of Bound Water in the

gelatine by cobaltous chloride method wers compared with the rosults

from the vapour tension method and method by elevtric rssistance.

Table 1 (Fig. 8) shows the veriation of the amount of Bound Water in the
ample No. 2 of gelutine estimated by the cobaltous chloride methods (Hatschek’s
nd Oyagi’s methods) at intervals of 30 minutes.

Table 1. Exjerimental course which show the variation of the amount of Bound Water at

intervals of 30 minutes in the drying of the sample No.2 of gelatine by the Cobaltous
chloride Methods. (Hatechek’ s anad Oyagi’s Methods) ) )

3 Hatechek’s Method Oyagi’s Method
Drying . Gin of water | Percentage of . . Gm of water | Percentage of .
time in Wz}ght per g of |the amofnt of t]g’n{pff W%'ght per gm of |the amonnt of t’é; bl
led dngl matter | water (gelatm atare sample dnf:d matter | water (gela.tin atu}::
samp which mixed | containing G . b wh'ch mixed | containing o :
(8m) | yith CoCls. | - CoCle) (0 | @ | gih Coll, . CoCls ) (C) .
0.9310 1.10 52.1 0.6027 "~ 835 893
— — — 03211 7399 80
0.7714 0.743 42,6 ~0.2032 2.15 683 -
p— o— — 0.1702 1.64 2.1 25
)| 0.7408 | (H.B.P; 0695 410 o5 0.1756 0948 487
JR— — — 0.1201 0.863 4463 )
0.6998 0.580 36.7 — _— — ~
) — —_— — 0.1151 0.785 44 .
0.7 06752 | 0525 345 0.1096 | (0.B.P; )0.699 41.1
5 | —— — — ~ 0.1079 0672 | - 401 300
0.6556 0.480 324 0.1036 0.606 378
— — — 0.1009 0564 3606
0.6498 0.468 3519 .| 70.1008| (0.0Pz y0.564 3606
— — — 30°c | 70.0780 0.219 179 | 100
0.6332 0.430 30.07 . 0.0645 0.00 0.00 ~ .
_ — —— T 0.0645 0.00 0.00 110°C
80 | 06332 0.430 30,07
1 06330 | (H.C.Pyg 0.429 30.02
05501 0242 1946 | 100
04884 0.103 933 o
. 0.4429 0.00 0.00
{15 | 0.44%8 000 0.00 HoC

The signs of H. B. P, or O. B. P, shown in Table 1 (Fig. 3) arc points at which
the color of picces of dyed gelatine that wera treated by Hatschek or Oyagi’s
method respectively, turns to purs blue from pink color in the courss of drying
at 30°C. At thess points of H. B. P, or O.B. P, the amount of water estimated
in the sample is rocognizad as the amount of Bound Water. But as. shown in
. this. experiment thers ars other points of H. C. P, or O, C. P, which ars rocognized
a8 the apperent constant weight of water in the sample in the course of drying ‘
at 30°C from 1 to 3 hours after the appearance of the point of H. B. Py or O. B. P,
(Bach sign such es H.B. P, or H. C. P, has small type figure 2 under the letter
P on the right; thess figur:s show the No. 2 of the sample employed. Those -

~
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suthor has called the amount
of the water estimatod ot B. P,

(H.B. P. &» O.B P) the max-
imam value of the amount of Bound Water and the one at C. P, (H.C.P. or O.C

P.) the minimum value of the amount of Bound Watsr,

Here the author has compared the amount of Bound Water at the points of
B.P. (H.B.P.or O.B.P) and C.P. (H.C.P. or O C. P) with the results from

the vapour tension method and the method by the electric resistance.

Table 2 shows the amount of Bound Water in the sample of No. 1, No. 2, No. 3

of gelatine by the cobaltous chloride methods,
Io considering the differonce between the values of the ameunt of Bound

Water in the sample, the dificrence is owing to the kind of the sample and the

ioitial amount of water in the satwple.  The estimation of the amouat of Bound
Water was made by Oyagi’s method in Experiment 1, 1, 1, IV, and V about the

sample of No. 1 gelatine, air dried sample of No. 2 gelatine, bone dried sample of

No. 2 gelatine, air dried sample of No. 3 ‘gelatine, and bone dried sample of No: 3
gelatine respectively. 1In experiment VI, the suthor has. tried the following
treatment according to Hatschek’s method :  After the addition of cobaltous

‘chloride to gelatine sol having various amounts of water, the mixtures were

poured into ecach cylindrieal wooden mold  and solidified and then the soli-
dified gelatine was dried at 2G°—

<

30°C, the center of the eylindrical dried

gelatine was cut off cylindrically at the timo of turning blue of the sample. As
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Table 2. Estimating results of the amounts of Bound- Water in the fample No.l, No.2 ajld NoJ3 gelatite by, the cobaltous—chloride methods. (Hatschek’ s and Oyagi’s Methods.)
- - " . . Calculated from the values at blue point
P:;cgntage t:f Percentage S:tll(:-:}:?fd dt;‘ry?il::lgu;? ;;'126380-”3 Pthg appearent constant point (C. P.) in the (2]; Psz)« iél glfaﬁ (i):] 1"5; O‘fa ﬂl‘re{i“% ?;l
oun " Iini 2 . ) ~ . 1 8 O (]
;a';:tal of thfe ;m:l (Minimum Values of |Jhe amount of ‘Bound Water) amount of Bound Water.) .
unt of Tot , |Gm of{[Bound]] - Bound " T " {Gm of Bound' T
Experiments Samples Water in  [yWater after |Fercentage of | Percentage of |Water|jper. gm%mt:f Bgu;il’:ﬁgegggozngfi Gm of- CoCls [Water. per gm%mt of Bound Pt;:centage of] Remarks.
. the amount of|, the amount of -dified Mer bl ¢ Bound  Per gm of thel of dried ater per gm the amount '
the original ireating with Free Water of Bound Water matte!r which | of dri o ‘?\’atéru'n the| Mixture of matter which of dried . | of Bound
sample beforel (oCl,. [after tl(‘;:(t’ilng at‘t.enl-l tégsgling was eixe‘d m;;itftriné sumﬁlemof ® | gelatine and | was mixed - m;ﬁ::i erf W:;:;pllen (t)li}a
used. with ' wit 2 . w:th(» ,iogl, “ (&) gélatine—gel. CoClsg . mt]zg’(:(;ch ®) gelatine.
: e ) , A Volume, and
@ L 1304 8387 | . a7 5.10 ofp1e - (0500) 333 Colealated , Weightogft%e-
. ol : : ptt : ep in 10% 2
Experiment 1.| Sample No.1| (2) 13.04 8503 80.04 499 ol3s. 530> (34.6) s e — — _— Solution. (1)1% 1
; : : : x0.13 clm 60.15gm)s
. . X0.
. average  13.04 84.45 79.40 505 ojp2s 0515 (340 L e
) 0.00 82.74 74.79 7.9 -ofhss ©612) 38 ) 0254
Sample No.2| (2) " 0.00 82.93 74.63 830 0 €0.648) (39.4) 0.250)
. 3) 0.00 83.00 74.29 8.71 0j512 (0.680) (398) 0.247> .
Exp. I | (bone dried | @) 0.00 83.07 75.71 736 oj3s (0:581) 36.7) 0252) - — —
sample) : —
av. 0.00 82.94 7486 808 | ol (0630) (385) 0251
: ) 17.95 8951 84.03 5.48 0 0849 (45:9) (0.385) 0.710 CLI5D) (572>
Sample No.2| (2) 17.95 88.92 83.12 580 0 (08115 (4435 0355) 0.665 (1.030) (5145
wir dried | 3 17.95 8931 8290 641 o) (0:949) . C48.7) €0367) 0.766 (1210) (548)
Exp. I | (air dri @ | 179 89.30 82.75 655 ol 0.969) C49.1) 0364) 0699 1.097) (54.6)
sample) : ’ : A .
av. 17.95 89.26 83.20 6.06 05640:C.P/y ) 08%4O0CPs)|  (472) (0368) ~ 0.710(0-BP/3)| 1.097(0.B.Ps)  (546)
o . W) 0.00 85.5 80.00 550 03727 5%, | 3r.n €036) . 0.453 €0.710> (41.5)
Sample No.3 g ; ) E)
Exp IV | (bone dried | &) | %% 845 35 5.15 0333 (0:497) 332 (033) 0385 C0575) (3655
sample) |~ o, 0.00 85.0 79.67 ' 533 0355 "(0542) 35.1) 0345) 0.419 (0543) (39.0)
. 18.66 86.1 81.42 4.68 . 0337 0.552) (355) €039y 0.645 (1.055) (52.6)
Sample No.3 () ; 495 77 4 3
Exp V | (air dried | @) { 1866 87.1 80.71 639 04 0.677) (40.4) 0275 0419 (0575) (365
sample) .. 1866 866 81.06 554 0413 - (0616) 8. €033) 0532 C0815) 446> o
' Hatschek
| 8563 8235 75.49 686 0.389 0516 34.05 0.247 0.484 0.643 39.2 esti;c:fgf ofh’:ﬁe
Sample No.2| (o) 73.43 69.74 56.44 13.30 0.439 0.567 36.20 0225 0.484 0.626 5  pmounoft Bound
. R & ater e
Exp. VI | pour into the (3) 6222 56.20 39.00 1720 0393 0500 3330 0214 - 0.493 0.627 385 veral kinds of -
X 0544 0 : gelatine by his
sl drying mold)| &) 52.44 4820 25.94 2226 0.430 it 3520 0.210 0531 | 0673 402 aneth ine b "{11},‘:
) P, OGP, . ] etermined that
o, _ —_— — _ 0413(H.CP/2 )0.533(;; CPy) 34,70 10224 049((H.BP’y ) 064AH BPy)  39.1 these gelatine
) 85.63 8235 7483 752 0.426 056 36.1 0247 e%g?hseg of
Sample No.2| g 7343 69.74 57.16 1253 0.416 350 0.226 Boun% X&er per
—_ —_ -— m o ied sam-
Exp Vi |dried on the | {3) 6222 56.20 - 3851 17.73 0.405 0.220 gsp]er of gelatio ]
[ y 0.405 0210 (30.4~34% to the
watch glass) | 4 52.44 4820 27.20 21.00 Tt
7 I ! 0413 ‘ at the blue
av. — — et — —— | turning point.




he Experiment ¥, the author has employed the Hatschek’s metbod of preparation
f sample and Oyagi’s method of estimation as follows: Small piece of gelatine
[ cel (the weight of about 0.5 gm) which was added with cobaltous chloride
I’)owder was laid on the W‘ahch-ghss, and was dried at 25°~30°C, and the amount
{ Bound Water in the sample was estimated. In each experiment, each estimation
was carried out in duplicate or triplicate.

In Table2, the percentage of the total amount of water in the sample after
- treating with cobaltous chloride (which is written in 5th columo of Table 2) is
showp as the total amonnt of waber in dyed sample after steeping in cobaltous
i chleride solution in the case of Oyag?’s method, and is shown as the total amount
- of water in the sample after adding with cobaltous chloride to the sample of
_gelatine having various amount of water in the case of Hatschek’s method
raspectivoly.

Table 8 and Fig. 4-1 shows the relation between the vapour tension of the
waber ian the sample, p, (estimated tempersture was 13°+ 0.5°C) and the water
content of the samples; Fig. 4-2 shows the rolation between the water-activity
of the samples, "a”, and the weight of the amount of the water per gm of the bone
dried gelatine of the samples, “g”. This relation was obtained from the results
obtained by the vapour tension method on No.2 sample of gelatine, and No. 2
sample of gelatine to which was added cobaltous chloride (the weight of cobaltous
chloride was 0.213 gm per gm of dried matter of the mixture). Table 4 and
Fig. 5 show the relation between the electric resistance at 50 cycles of frequency
and the total amount of the water in the above stated No.2 samples.

In Hatschek’s method the quantity of cobaltovs chloride covfaining 6 molecules

of crystal water to be added, is about 5095 of the weight of the dried gelative.

() Discussion of rosults on gelatine.

(A) Discussion of results obtained by cobaltous chloride methods.

(») The comparison of the amounts of Bouud Water between sizes and
kinds of samples of gelatine by Oyagi’s method.

In Experiment 1 of Table 2 which dealt with the sample of No. 1 gelatine,
various shapes of gelntine baving varied volume and weight were employoed, and the
experimental results by Oyagi’s method shown much the same amount of Bound
Water per gm of the dried matter of these samples end shown the mean value of 0.325
gm per gm of dried matter of s2mples. As shown in Experiments I,1,I7,the amount of
Bound Water in different kinds of samples of gelatine were recognized to be different.

In conclusion, the amount of Bound Water in various sizes of the sample of
’ .
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Table 3. Estimating results of the vapour-tension of No.2 gelatine having various amounts of water at 13°C. (po =1.1231 Hg.cm)

' . . Bample No.2 of gelatine containing cobaltous chloride. v
g
Fample No.2 of gelatine {The weight of CoCls was 0.213gm per gm of bone dried matter of the mixture.)
gm of water va . . I _ ] . .
pour-tension | water-sctivity Igm of water per gm of water per| vaponr—tension water-activity
cont!x‘:tatg % psrrignggﬁgzge in Hg. em. of the samples wateirno;Btent gm of bone dried 'gm of bone dried| in Hg.cm. of the samples
A e &) (p) 13°C a=(p/po ) 13°C o mixture (g/z ) I gelatine (g2) | - (p) I13°C -2=(p/pe) °C
750 94 3.0] gm 1.112 ¢m 0.990 978 2% 45 gm 565 gm 1.097 cm 0.977
66.4 1.97 1.109 0.987 88.0 733 93] 1.098 0.977
60.75. . 154 1.102 1 0.981 80.6 4.15 5.26 1.076 0.958
55.80 126 1.087 0.968 658 1.92 2.44 1.029 - 0916
39.70 0.66 0.989 0881 - 596 148 1.88 1.001 0.891
30.50 0.44 0.886 0.789 56.6 -1.30 1.65 1.029 0.915
21.20 0.269 0.707 0,639 48.55 . 0.945 1.20 . 0.938 0836
1980 0.246 0518 | 0461 - 45.00 0820 1.04 0.927 0.825
15.30 0.180 0.196 0.174 3685 (B.P) 0.584 0.741 03816 0.726
1520 0.179 0.163 0.145 3398 . 0515 {0655 0.727 - 0647
13.20 0.152 0.041 0.037 31.04 0.450 0.572 0.674 0.600
g : 3040 . 0436 0.554 - 0,600 0.534
29.50 0.418 0.531 0.6C6 - 0537
| 29.40 0.416 - 0528 0509 0.453
g 2365 0310 03% 0.317 0.282
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;' gelatine were almost the same-value within the’ range of 0.1~U.6 gm of the sample,
L but the amount of Bound Water was different accordmg to the kinds of samples of
gelatine. : '

(b) The compar'ison of the amount of Bouud W_afef between the air dried

SamI;le ‘and the bone dried sample at 110?0.' (by Oyagi’s method)
k. As shown in Ex‘per’imeﬁt‘ I, 'm,‘ and Experiment IV, V of Table 2, the amount
L of Bouad "Water dé-i;e‘rmiﬁed bsr Oyagi’s method in the air dried sample was larger
L thao in the bone dried same sinﬁple in' a drier at 110°C. In this case, the total
f amount of water in the air dried sample after steeping it in -cobaltous chloride
‘solution was “grenter than the bone dried same sample in drier at 110°C and the
degree of the swelling of the former was also greater than the latter. These results
liave already been recognized by Lloyd and coinvestigators™®. And these facts per-
baps due to that gelatine which has been dried at 110°C in drier lost water which
mugt. have been present as Bound Water in the gelatine during steepng in the
cobaltous chloride solution. Therefore the fact that thers is some difference acoording
to the kinds of sample, is perhaps caused by the different conditions of drying in

the process of manufacturing gelatine.
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() The comparison of the amounts of Bound Water determined by
Hatschek’s and Oyagi’s methods. -

As shown in Experiment ¥ and IV of Tsble 2, the amount of Bound Water
which wes determined by Oyagi’s method was recognised to be somewhat larger
then that of the sume sample by Hatschok’s method. This is recognized to be
due to the different drying mechanisms in both methods.

In Hatschek’s method, the quantity of snhydrous cobaltous chloride Was mezan
0.224 gm' per gm of the 'dried matter of gelatine containing cobaltons chloride
powder in's definite proportion as shown in Tible2. Thet is to say, the quantity
of “the dried matter ‘of the geletine was 0.776 g per gm of the s2me sample.
And in Experiment § in -Oyagi’s method, the quxntity of anhydrous cobaltous
chloride which penetrated into the sample of gelatine was mean 0.368 gm per gm
of the dried matter of the sample of gelatine which was submerged in 1094 cob.)-
tous - chloride. soltition, That is to say, the quantity of the dried matter of the
gelatine was mean 0.632 gm per gm of the same simple.

Therefore if we show the estimated axlount of Bound Water per gm of dried
‘matter of golatine containing cobsltous chloride by Ogagi’s method as the amount
of- Bound Water per gm of the dried matter of golatine by Hatschek’s method,
we must divide the estimated value from Oy.gi’s methoed by the quantity of
dried matter-of gelatine per gm of the dried simple. contsining cobaltous chlogi de,
~for exam;pie by the mean: value 0.632 above stated, a8 o factor. The anthor has -
given tho valuos thus obtiinod in pirenthesis in the Lith column of Table 2.

From thoss results by the comparison of the ‘methods of Hatschek ahd Oyagi,
the author has obtained the following conclusion that the values of the amount of
Bound Water at the points of B. P. and C. P. by Oy.sg‘i’s method are larger then |
values of the amount of Bound Water at__’th'e_ points of B. P. and C.P. by Hatschek’s
method. That is to say, the amount of Bound Watoer determined by Oyagi’s method
is greater than the emount of Bound Water determi.u_ed by Hatsah»ek’s method.

- .{d) The comparison of the values of the amount of Bound Water obtiined .

by Hatschek’s reformed. method and the old ‘H:tsohek’s method.

The values of the amount of Bound Water obtained st the respective point of
€. P. in the ‘two - difiexent treatments by Oyagi’s and Hatsohek’s methods are
almiost the same, as shown in each mean value of Experiment W end Vi of 1able,2.
If the purpose “of employing the drying mold in Hatsohek’s method is merely o

means to obtain homogenaous ‘drying of sample, the suthor thinks that it is better '

to employ a reformed Hatschek’s method above stited, because the Hatsshek’s
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method (old) needs a comparatively larger amount of sample and lo nger time for
the estimetion of the amount of Bound Waters The reformed Huts:hgk’s method -
is the most sirhple in treatment of symples. Morcover the rosults (Experiment Vi
of Table 2) obtained by the prosess of .the reformed Hatsshek’s method agreed
with. the value by Hatschek’s method (old), so that it is a useful method. to
 determine the zmount of Bound Water in samples. o o

() The comparison of the amount of Bound Water between the- difierent

© ini hal concentrations of gel of geletine in the Hatsochek’s method..

The suthor was unable to re"og,mze any - difference inthe values of the amount
L of Bound Water in the ‘sample of gelatine of which init:il concentrations ars differ-
ent in ‘the Experiment V. But he "was able o recognise the followiug difference

froin the wesults of Experiment VI that the less the water content of gel of gelatine
E pocotnes (i. €. ‘the larger the econzentration of gel of gelatine), the less the ameount
of Bound Wator-is estimated. - The difierence of the amount of Bound Water in
k. gamples of gelatine having different concentrations of gel hag been recognizad by- Jones
and Gortoer'®® according to the diletometric -method, and by Frick®” acoording
E to the method by estimating the dielectric constant. They agread_that the larger
i the concentration of gelatine becomes, the less the amount of Bound Water in gelatine
becomes. The fact that by the cobzltous chloride method which is bompietely
differont from the dilstometric method snd method by estimating diclectric constant
in their. principle, much the same result wes obtained as the results by the
B 2uthor’s method, is very interesting. Therefors in Hatschek’s method the same

£ sample huving different water content at the time of s:xmpling shows not neaessdnly

¢ the sumoe result.

.(B) "The comparison of results of the estimated amount of Bound. Water
by vepour tension method and cob:lteus chloride methods (Hzttsoheh’
and Oyag’s methods).
’ In Fig. 4-1, the curves | and [ show the curves of the depression of vapour
f“ténsion in proportion to the decre2sing of the ‘wator content -of the simple of No. 2

- golutine, end ‘the s:me sample to which was -edded cobaltous chloride, respectively.
H.B.P, (H.B.P,%), H.C.P, (H.C.Py/) and O.B.P, (0.B.Py), 0.C.P, (0.CP)
' which are shown on- the curves I and I indicxte the points which show. the
L maximum value snd minimum value of the amount of Bound: Water caloulated from
the values estimated at B.P. and C.P. according to the Hstschek’s and Oy,dgi’s
methods respestively. Mean . values which were osleulated from the amount of

Bound Water per gm of dried matter of gelatine containing cob:ltous chloride are
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ertten in the 8th:and the 12th columns of Experlments i and IV of the Table 2

and are plotted on the curve I.
As shown on the curve I, the vapour tension decreased. at first gradually ip
pr‘o'portioﬁ a8 the total amount of water in the sample decreased, and it decreased
more rapidly at the points showing the Bound Water content of the sample ééti;
mated by cobaltous chloride methods. . ' .
In fact, when the water content of the sample of gelatine containing cobaltous
chloride reached 36.85%; (at neighbouring point of O.C.P,’) as shown in the 5th .
column of Table'3, the sample has been observed to turn to pure blue. .
When the observed values of ‘the amount of Bound Water in the sample shown
on the curve I are converted into the values of the amount of Bound Water per gm of
dried gelatino without cobaltous chloride( as shown as mean values in Experiments ;
I and IV in 9th and 13th columps of Table 2), the points showing the observed '
valiés on -the curve I will be able to bc tramsferrad to the curve I. Points which |
were transferred on to the curve I from the curve I are shown as H. B. P,, H. C. P,
and ‘0. B.P,, O, C.P, respectively. - '
‘Tt is clear from 'Fig. 4-1 that these points on the curve T give the values
which ‘are 'consiﬂercd ag the ameunt of Bound Water in the sample by means of
the cobaltous chlorxde methods éven befora the sudden depression of vapour: tensnon

happens. .

The _relation between the points on the curve I and T caa bo undérsteod as
follows : for example, when wo added cobsitous chloride to the geiatme whmh has
the water content as much as O.B.P, on the curve I (the quantﬂ;y of cobaltous
chloride (CoCl,. 6H,0) added to the dried gelatine is 50 9% as stoted above), the
water content of the gelatine which was added ‘with cobaltious chleride decrzasés to
the water content at O. B. P,” on the curve ¥, and the vapovr tension also delirasses
until the vapour ‘tension at the point O. B. P, on the curve I. In Fig. 4-2, the curve
I shows ‘the water-content—water-activity curve for No. 2 of the sample, and the
curve T shows  the water-content—water-activity ocurve for No.8 of the sample
to ~which was added -cobaltous chloride powder. The roason to believe that the
waber-content—water-activity ourve for the gelatine to which are added cobaltous
chloride will be :shown as the curve 1, is because. the quantity of cobaltous ;F‘
chiloride which ‘pénetrates into the sample in the ease of Oyagi’s method is almost ]
equal to the quantity of cobaltous chloride which is added to the sample in the
case of Hatschek’s method. Thus points of B. P. and C.P. which were obtained
by the cobaltous chloride methods were plotted on the curve I in Fig. 4-2.
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he water-content per gm of dried ‘gelatine is shown on the ordinate of Fig. 42,

Egherafora po‘ints which wera plotted on the curve I can be transferred horizentally

In Fig. 4-2, the water activity "a” corrasponding to the range
d Water in the gelatine
chloride methods was

ton to the curve I.
.{of the curve [ which is racognized as the amount of Boun
iwithout cobaltous chloride by means of the cobaltous
’between 0.95 and 0.85.

. . However, the water-activity
hich is racognized as the amount of Bound Water in the gelatine to which: is
added cobaltous chloride - decroasad to between 0.85 and 0.5, becauss the water
activity decraased owing;to the existence of cobaltous chloride in. the gelatine.
The water-content —Water—activity curve was formerly dis-ussad by Katz™,
g0 and lj‘aaently by Higashi"’, but it is difficult
e is the boundary of Fres Water and Bound
differont from the stand points of

*3” corresponding to the range of the curve I

,Morah,‘” Brooks!*® or Brigg
b 1o decide what range of the curv
ater, besauso the ideas for Bound Water ars
jology, Colloidal chemistry and Molecular theory respestively.
However, as & characteristic of the curve of 8 shape, the _Ws.ter-éontent——
ater-sctivity curve has generally three parts, A, B, C. The part of B is a
¢ gontle grade and its range is 0.2~0.7 of the values, of “s” that is to l’?‘“}” the
f variation of the water-content of the sample of gelaizine is small. The part _of
_and C ara steep grade and the rauge of the part A is 1.0~0.7 of the value;s
£ “u” end the range of the part C is 0.2~0.0 of the values of "a”. o

(2) Dissussion of the amount of Bound Water from the standpoint of

Molecular theory.

In the dissussion of the amount of Bound Watar
Goragrog and Abitz®® and Katz and

from the standpoint of

Molecular theory ascording - to Herman,.
Darksan® who have examined indepandently tha galstine - contiining various
mounts of watar from the defrsstion by Xy and Sponsler, Bath and Ellié}“‘“
who have examined the hydrition of wator fasle:mles of amino acids which are
latine, it -is consideral. that 0.5 gm of the wator-contont is
s of golatina. Accorling to Adair and
yqbivity, snd

components of ge
at least necess.ry . to constituts molesule
Callow®, the amount of Bound Wator is indepsndent of the wator-
it takes a definite value of 0.5.

Briggs®™® said that ‘when the water-aabivity
to that water-astivity dos not ast a8 a golvent.
palation of wabar-sontant —watar-astivity of gelatine. and other
and analyzed his rasults by the equation of

*” is bolow 0.8~0.7, water

corresponding Racently Bull®®

has examined the
various high -molecular compounds,
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B. E. T.°® He_has discussed water whose activity is below 0.7 of water-activity “a”. " i

From analyzed result of the curve [ and [ in author’s experime'nfss using the ¥
equation of 'B.E.T., about 0.35 gm and about 0.7 gm of the water-contont per
gm of the dried gelatine respectively were considered to be nevessary to saturate
each hydrating point in the molecule of gelatme "But the author will in detail
report elsewhere. - »

Here, however, the author wishes to have an opportunity to say the following:
about 0.35 g of the water content per gm of the dried gelatine in the.cese of
the curve ], and about 0.7 gm in the cese of the curve E‘.corrs-spoud respestively
to about 0.7 -of the water-activity "a” . :

From "thinking thus, the amount of Bound Water at the pomt -of H C. P, on
the curve | by means of Hatschek’s method will give the approximate value of 1
the amount of Moleculer. theoretical Bound Weter. The amounts of Bound Water
at the point.of. O. B. P,, O. C. P, and H. B. P, are Bound Water having some weak
binding strongth, that is to sy, it has more or less properties of Free Watar.

(b) Discussion from the standpoint of colloidal chemistry on Bound Water.

" Next the author will discuss from the standpoint of colloidal chemistry. In

the oage of the determination of the ralation of Watei-oonfeﬁt—-wa‘ter—a.c-ﬁvity by

the method by the depressiqﬁ of freczing point and the calorimetric method the.

' Wa.ter-actlvmy “a” varies a;cco'rding as fhe varietion of ﬁ"eeziin'gpoint of the sample

(T”K), and the water-activity of the ssmple is celculated from the following

equation (1) under the assumption that colloidal metber has gener.ally no heat of
dilution®™;

log 2= —0 004211 (273.1-T’) + 0.0000022 (273.1-T") - - - -(})

From equation (1), the reletion between the water-activity snd froozing point

of pure water will be calculated as Tuble 5.

That is to say, the less the water—wtrvxty of
Table 5. The relation between

" the water—sctivity ‘and freezing
. point of pure water.

Water—acnnty Freezmg pomt . .
. v g C becomes the approximate value of 1, in proportien

. the sample becomes, the lower the freesing point
of the sample is, and the value of the Watemﬁvii:y g

0.9526 . . =5 . 88 the. firsezing point approaches to 0°C. . -
0.9071 —~10 )

08630 |, 15 v
08290 20 - to the law. of true solution, the values of the weter—

Assuming thet watér in the sample.conforms 4

. . activity corresponding -to. various freezing points
(shown s&s. Ta.blo 5) are plotted on. the curve I of Fig. 4-2, where they eio shown

&5 points of 8, b, ¢, d. From the. position of these points, the author knows that
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esich value of the ‘amoumt of Bound Water corresponding t0 esch value of the
: water—a,ctlvmy ghows the range extending over the water-contents per gm of bone
dried gelatine at the points from "a” (water-activity 0.9526) to “d” (water-activity
£ 0.822). (That is to say, the points corrospond to fraezing points; ~ 5%~ =20°C).:

In estimating the amount of Bound Water in the gelatine or other colloidal
matters by solvent methods (e. g. method concerning the depression of the
froezing point) or by Froesing methods (e.g. Calorimetric method, Dllatometrm
method), the water-content of the samples corresponding to —5°~—2(°C. in the
former csse and to —20°C in the latter case respectively, were obtained. The
amount of Bound Water in the samples aocordmg to the cobaltous chloride method
is the wa.tcr-oontent corrssponding to the same range of values of water-astivity
es the methods ststed sbove. In a word, the velucs of the amount of Bound

Wfter in the semple estimetad by various methods ere almost the same.

The water content =t points of O.B.P,;, O.C. P, Whlch were obtumed by
Oyagi’s method and plotted on the curve [ of Fig. 4-2 and the water content at
point of H.B.P, which wsas obtamed by Hetschek’s method and plotted on the
curve [, eare %00 lerge &8 the smount of colloidal Bound Water. But in Oya.gls
method the weter vontent per gm of dried matter containing eobaltous -chloride is
oonmdcrvd ¢s. the amount of Bound Weter in pure gelatine es. above ste.ted (H {][)
(B), so that if the -water-content of 0.564 st O.C.P, in the 8th column of
Experiment I in Table 2, and 0.710 at O. B. P, in the 18th column of Experiment
I in the same Tuble are plotted on the curve I, the point of O.B. P,” will be
situated neer the point of F B. P, and the point of O. C. P.’, will be sltuated
-neer the- pomt of H,C. P,. : ‘
However, smee the \u.ter content whlch was looked upon es: the smount of
- Bound Weter in goletlne secording to the Bstschek’s method sgroed with the
- weter: contont which “wes looked upon ss the srrount' of Bound Water in gelutine
acocrding o verious other methods, Hatschek hes proposed thet his method
- should be. emp10yed for the estimation of the amount of Bound Wa.ter

‘The suthor hss gone & step farther end explains es follows : This tzgreemeﬁt
s due to the fact thet the amount of Bound Water in the samples is water
heving the same weber-sotivity. ' ~ :
The weter content at the points of O.B. Py’ a.nd 0. C. P,/ arc shown as prop-
ristely as the smouunt of colloidal Bound Watsr from the idea as stoted above.
In & word, the values which ars obtained from the cobaltous chloride methods

ara considered to agree rather with the values of the smount of colloidal ‘Bound
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Water than with the value of’ t‘.h‘e emount of Molecular theorstical *Bound 'Wa.ter,
However, whether the amount of colloidsl Bound Weter is always' lerger then
the smount of Molesulsr theorsticzl Bound Wetor cannot be determined until the

meanining of moleculur theoratical Bound Wat:r is sstiled.

(() ‘The 1nfluence of addition of s:lts to thc gample in’ the estlma,twn '
of thé amount of Bound Weiter. :

When the curve [ of Fig.4-2 is comperad with the curve I of the same
Fig., the Wa.ter-actlnty of the former is smeller than the water-activity of the
latter 2t the same Water-aontant bocauss the curve ][ is inﬂua;iced. by the‘
addltlon of cobaltous chloride. ‘ L

If cobaltous chlonde which wes 2dded to the sample d1ssoc1at'\s 1099 end if v
thraa " ions - (viz. one ion of Co** and two ions of CI~) er> dissocietsd from one
molecnle of cobaltous ohlomdc, ‘the curve [’/ ‘will bs 'bhcor'—\tlca.lly formed from the
carve [ acoording to our caloulation as well as: to Briggs a®

" The theoratical curve of wets r—**stwlty water—mntcnt is shoWn 28 2 dobt°J
line (1 /—curve) in Fig. 4-2. v

The water-content “g” per gm of dried geletine corrssponding to Vt.’.].'lOllS
watéréﬁctivifies “a” 1s measursd from the curve [ of Fig.4-2, and the fraazing
point (4C) of watar et each webaira etlwty "2” i8 calculitsd by equstion (1),
'thess values are shown' in the 1s8t, 2nd end 3rd eolumns of Table 6. _ .

The ‘values in 4th column of Table 6 are the water-conbent “8” per gm of
the. gelatme thh cobaltous chloride added =t the szme watvr-activityﬂ_as the
curve J. ' '

The quentity of cobaltous chloride in the sample is 0.218 gm per gm of u]lO
dned maiber, 8o that 208><10*3 Mol of cobaltous' chloride is equivalent to 1 gm
of ‘the dried gelstine. ‘ ‘ . e '

L3
’lhereiore the weler-sontent which s necessary for showing freszing point

corresponding  to various wase sctivities “a” in the cess of dissolving the
quaniity of - cobalbous chlomde a8 BJafed above, is calculssad- from bhe followmg

equatxon (2). :
W=3x 208x10—34x103x1.86 C --___;__;'(2) ‘
The P sults obtained from the equatloh (2) ara shown in the 5%h column of
Tublo 6 B Lo e

The 6th column  of Table6 shows the total amouns of hydratad: water in

gelatine and hydrasod water dissolved in cobaltous chloride, Each waber-activity
of hydrsted water in both mwburw.ls i8 the s:me, The wats -activity of this
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"Table 6. Calculatcd results of the 2mounts of water (gt of water per gm of bone dried

gelatine) at ‘the each water—ectivities in the system of No.2 gelatice,- cobaltous-éhlo,

ride anl water. (Temp = 13°C, po =vapour tension of pureswater=1.1231 Hg. em)

. A (obs,) ! — B (obs,) | W {calc) AW el T (A7 W)/B
: : . ' |Gm of water per Theoretical amo~|
Water-ac Freezmg gm of bone dr?:dGm of water per Gm of water Pellant of water (g\'ml Ratio of the
. . gelatine for the |[gm of bone dried gm of dried ‘lof water per gm 1 d
tivity point | system of No.2 | gelatine for the C.Cle wihch of bone dried ge| ©*¢ 20
_ o |gelatine and wat- gygtem of No.2| oLl wihe s latine) for the | obs..(1’curve
a=p/po 4C  |er. (enterpolated | J ..o "), |2ble to hydrate [system of No. 2 in Fig. 4—2
o from I curve in | BE3tN6 2. ith- CoCL ‘gelatine, CoCly. | '@ FI& )
Fig. 4—2) and water. With Wolls - | and Water.
0.95 52 1.15 —e 2.3 — —_—
0.90 10.8 0.76 1.80 1.074 1834 1.020
0.85 16.6 0.56 1.255 0699 1259 1.002
0.80 226 0.456 0-990 0.514 0.970 0.980
0.75 29.1 0.380 08C8 0399 0.779 0.965 -
0.70 36.0 0.330 0.700 0323 . 0652 0.932.
0.65 433 0.2% 0634 0.268 0564 0890
0.60 513 0.270 0586 0226 . 0.496 . 0847 -
055 “59.8 0.253 0552 0.194 0.447 0.810 -
0.50 - 69.0 0.243 0.523 0.168 0411 .. 0.786
045 79.1 0.232 0492 0.147 0379 - 0771
040 90.1 0.221 ! 0.465 0.129 0350 0753
0.35 102.6 0.213 i 0.438 . 0.113 0.326 0.744
0.30 116.8 0.2C6 0.410 0.099 0.305 0.745
0.25 1340 0.198 0.383 0.C86 0.2%4 0.769
0.20 1482 0.189 0.363 0.078 0.267 10736
0.15 174 0.179 0.322 0.067 10245 0.761
0.10 210 0.165 0-267 0.055 0.220 " 0824
-0.05 270 0.128 0.185 0.043 071 - 0925
. average
0.848. . .

ated weader is considersd as the water-aotivity of the system
of gelatine, cobeltous chloride and water. The 7th column of Table 8 shows the

comperison of theorstical velues which esre caloulated ‘as sbove stated and the

tosal emiount of 'hyi’-.

obgerved values.

According to Tsble6 end Fig 4-2, the theors tioal'.curv'e snd the observed
curve 2r> the same when  the velues of water-sotivity “a” ars in the fange of
1.0~0.8, but when the values of water-sctivity “a” arasbelow 0.8, the ratio of
the theoratioal value to the observed value of Wate ~content is’ belo'w' 0.95.

Thersfors it is seen that curve I’ slips gra.dua.lly down from tho ourve .

But it is a .noteworthy fact thet the deprtssmn of the fr“ozmg pomt of bho

‘concentrated electrolyte solution is noi necessarily: proporulona.l with the inersasing

of its coacentration, os often obse:rved. Theat is to say, th__e ‘.hlg_h concentr.zted
solution of electrolytes shows ususlly abnormel depression of freezing point

(ebnormal depression of the water-activity “»”). For example Rudorff*™ has esti- -

" mated the freezing point of verious kinds of high concentrated solutions of cobaltous

chloride, and his results ere shown in the Ist and 3rd columns of Table 7.
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Table 7.. Relation between the freezing point (or water-activity) anl the amount of hydrated
water in the various concentration of cobaltons-chloride (CoCls . 6H:0) solution. (Rud orff)

W (obs.) . W (ealc.)[ , ) Ratio of |I
"Giflo vy omotyug L (40 | W ol &/l | Ve | B o [ommoni
100gm of |Pper 0-2f706 Freezing | activity a per 0?706 Freezing | activity at obs. of ioni-
Sl . N L RN ¢S P B U R

10 '5.18 2,05 .0.980 5%6 2.24 0.978 1.092 2.74
20 271 450 0.956 258 4.28 0.960 0.952 3.15
30 1.88 735 0.930 1.58 6.17 0.941 0.840 357
40 147 1035 0905 - 1.]12 7.9 0.926 0.762 3.94
50 1215 1380 | . 0.874 0.84 955 0911 0.692 432
€0 105 16.80 0.848 0.69 11.04 0.899 0.657 4.56

The 2nd column of the Teble 7 shows the amount of water “W?» which ig
edded to .08 x 103 Mol of cobzlious chloride %0 propers the concentrition of
cobeltous chloride solution used by him,

The values in the 4th oolumn ars shown s ths valuss of water-astivity
corrssponding to the measurad fraazing points from the equation (). W’ in the
6th column and A’ in the ¢th colunin of the Table 7 ars the water-contens and
freezing point (4C) raspectively which sr: caloulaiod theorstically from the
equetion (2). The values in the Tth column of Tablo 7 ar> shown &8 ths ratio
of theoreti_cal valde to obssrved value, Accorling %o Table 7, when the watar-
activity “a” is bolow 0.956, the r.tio of Cale./Obs. bacomes gradually smaller,
and when the water-activity is sbout’ 0.85, the ratio is about 0.66. On the

'eontr.xry, in-order to make.the theorstical value agras with the obssrved value,
the pumber of ions, 8, shown in the equation (2) should apparantly be incraased
mors than 3 in proportion to the increase of the concentrition of the cobaltous
chloride solution, But the mors the concentrition of the electrolyte incraasss,
the less the elecirolytic dissolubility becomes, 80 that the number of ions neze-
88.Ty i8 not considered . mors than 3, ‘

Afberall, in hign- concenirased cebaltous chloride solution the fact of abpormal
deprsssion of froezing point (or the fact of abnormal deprassion of vapour tension)
is observed s woll sg the presence of Bound Water in colloidal solution. Thers-
fora - the theorstical value does not agrze with the obszrved value, that is to
83y, tho curve [’ in Fig. 4-2 does not fit in with the practical casz, and when

. the ..wa.ter-a(-tivity “a”. is balow 0.9, the Wa.*ter-content-water_-activity .curve
which will theorstically agroe with ‘the obsarved value slips from the curve T’
¢8 shown in Table 6, so that, this curve is proparly considerad ag 8lipping. down
to the right hand of the curve I’.and [ at the Same amount of waser. (slipping

down at upper position at the samge water-activity.)
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In Fig. 6 the curve [ is the system

4 ‘m%%ﬁ"‘“ o of gela'l_:ihe_ gﬁd watar, the $c"urve I is
1 Z‘;f “ ' m&m"’ -the systom of golatine, salts and water,
| : : and the curve [/ is the curve which
‘| 4 W(W%¢W - will théoretically- agras with the curve
| Fouec:Bou %9’?""*"“ I of gelatine containing cobaltous. chlo~
‘\ Yeunwe ,;‘“’““ w’W‘é o ride. - The water-activity (or the frees-

- ing point £C) of the hydrated water
in gelatine and the hydrated water in

salts sra supposed to be the sime even
after - the mixing of gelatine with
cobaltous chloride as siated above.

= Now, the suthor calls the point A

| which indicates the water-content per

0 . gm of dried gelatine corresponding to

the water sctivity a, on the curve [ ;

from A against e-axis (abscissa) with the curve I and [/, he calls B and C
respoctively. The watar-activities corrasponding to B and C ers 2, and a,. The
euthor calls the points of juncturz of sircight lines of a,<B and 8,-C with
the curve I, D and E respsctively. As the ordinate of Fig.6 indicates the
. water-content (gm) per gm of bone dried gelatine, the water contents at. the
" points of A,B,C ers of courss the same. Therafors, when a definite: quantity

~of cobaltous - chloride is added In to the system of gelatine and water having

water-content corresponding to the point of a, of -the water-activity, the water-

activity “a,” drops theoratically to "a;” by influence of the existence of thesalt.
If the curye J agress with the curve [/, according to the idess of Newton and
Gortnert®® or Hill‘®> that Bound Water does not act eg 2 solvent, the. W.a..ter-con‘tent
between the points of C and E will be Free Water and the water-content bebwean
the points of 2, and E will bs Bound Whater, but the water-ctivities of both
weters will equally be a,. | |
Howover, ‘the curve [ doss not agraa with the curva [7; the system of
gelatine coﬁtaining ‘galts and water is shown =28 the curve [ .2s above statad,
so thet the normzl deprassion of water-sctivity (1,-»8,) (the deprsssion of fraszing
point according to Newton and Goriner; the de-praséion of vapour tension according

to Hill) doss not taka place, but the water-sctivity drops prictically: to a,.
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From' considering these phenomenon, if there is a definite quontity of Bound
Water in a system at the point of &, of the water-activity, (supposing that
gelatine combipes with' water having a definite binding strength corresponding
to the water-activity of gelatine), all the quantity of added cobaltous chloride
will combine not only with Froe Water in the system, but also with a part of
water bound with gelatine. But it will not combino with all the water corras-
ponding to0 the water-content betwesn the points of C ond E which will ba
copsiderad e Froe Water, in other words, it will combine practicslly with Froo
Water corresponding to the water-content between the points of B and D. The
reeson for this is thet the stronger the binding-strongth of Bound Water for
gelatine becomes in proporbion to the deprassion of tho water-sctivity, the less
the strongth of hydration of the added cobaltous chloride bazomes, This fact is
also owing to spother reason, that not oll of the sdded cob.ltous chloride takes
a part of the hydration, that is to say, o pert of it procipitetes s solid in the
system, end the rzst alone hydrates with hydratable water (2.g. water correspouding
© to the water-content between the points B and D) end indiczbes the water-achivity
“s,”. 'The rest of the wstcr which is not bound with cobaltous chlorido is
water combining with geletine, this weter indicates olso the same activity “o,”.
So that whole system indicates the same water-activity "a,”. That is to say,
the system of geletine and salt solution consists of the following thrae systoms
at eutectic point of the mixturs of the samples. (1) Gelatine and water which
combines with geletine, (2) Salt and water which hydrates with salt, (3) Praci-
pitated s2lt, ‘ ’
There are probably some questions about the consideration of salt and
gelatine that ars unable to be explained from the suthor’s experiments, but the

suthor intends to explain these question by further experimentsl rosults lator on.

(C) Results from the estimation of the amount of Bound Wauter in the
geletine by cobaltous chloride mcthod end these rosults were comparad
with the results from the method by electric resistance.

The curves [ end [ of Fig. 5 show the reletion between the water contant
of No.2 ssmple of gelatine and the same sample containing cobaltous chlorida
{the same sample as employed in the estimation of vapour tension) with 50 cycle
resistance respectively. The. ordinate of Fig.5 shows logarithms of values of
electric resistonce (kilo-ohm), the abscisss shows the waber-content (%) of the
gamples.

As’ shown in these two curves, the less the water-content of the sample
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' becomEs; the less gradually the clestric resistance desre~gg, bub the electric
regigtonce 8%aris. gradually incra:sing ot 70~80% of the watorc-ontent, The
alectric. rosistance inerassss suddenly: from the weter-sonsens &% the point of
0.B.P,, but it is difficult to measurs guch low frequency of olaztric resisiance
.s that bolow the water-oonten’ corresponding to the point of H.C. R,. This
fact will be undorstood by the following considerations : a8 statod at (B), the
velue of the gmount of ‘Bound Water estimatod by cobaltous chloride methods
gives the emount of colloidel Bound Water, end it takes a pars of the affinity
of intermolesules, apd it doss not =act &8 2 solvent of s:lts or other exigting
gubsiences in the’ gample, ~ On this gubjest, Robinson'® has shated thet the
prester the amount of Bound Water is in tho sample, the less the elestric
conductivity basomes.

The less tho weater-conbent in .the gelatine containing cobalious chloride
pesomes, the higher the concentration of electrolylte besomes. As shown in”the
carve [, the increasing of elestric condustivity. and the desra:sing of elestric
resisbance &rs 836D in tho first course of the desraising of waler-sonient of the
gample. But when the conceniration of gel incraasss farsher, and Fres Water in
the total amount ol watar of the sample deurazses, thai is 0 say, the amount
of Bound Waber proportionally incre2sss (This fact is clewr from cxpsriment IV of

Table '2), it is considerad that thers is s point which shows the maximum amoun’

of Bound Water in the course of incraxsing of tho concentration of gel. At that

point, the clestric pasistence desraigss to the minimum point
With the dexraasing of Wa.ter'-eo.nten'b in the sample, if the stata of "Wa.’cef
‘bvezvomeé to m‘ole;‘ulm" Bound Water {rom the colloidel Bound Water, the. elestrié
rasistanco is considerad to inara:ss suddenly. The curve [ shows thet this expla-
nesion is right. ‘ ' -
As shown in the curve-I, the deprassion of clextric resighance of the first
ghap in sccorlencd with the deara:sing of waber-contant is consideral to bz
owing to0 the incra.s3 of the concentrzsion of clectrolyte from the raxson thas the
*gample has 0.562% of electroly‘ﬁe es NaCl in esh, and the samplé wes no’ igo-eloatric
protein. Frick® has investigated the rslation batweon the gel concentration
end diclestric constznt (&) in the Wide"r.mg'e of wave lengths, his'result was thet
the dielestric constant (&) is the meximum ‘2t 409 of the concentr.tion of g‘,'el‘.
" Recently, Tekeda®™ hes Jdis-ussad Frick’s rasult au‘d ‘hes concludod tha:b' the
docraasing of dielestric constant (e) is owing to tho decraasing of tha amount of

Bound Water. As stated in (A), Newton end Gortner ™ have” investigated
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on Bound Woater in gelatine by Diletonietric method and the present ‘suthor has
inveétigated the same subject by Cobaltous chloride methods and they have
zlidm,itted that the grester the concentration of gel is, the less the amount of
Bound Water becomes. From these results, the fact thot when the total
amount of water decreases below 6095 in the sample, the electric resistance
increases, is owing to the decrcasing of the amount of Bound Water, Because
water which hes strong binding strongth rests only in the sample.

Sheppard, Houck and Dittmar™ have investigated the electric conductivity
of gelatine. From their result, it: was clear- that the geletine shows the
mipimoum elecfric condactivity at its isc-electric point, and the less the amount
of water in the sample becomes, the less the electric conductivity becomes, and
the relation between the water conient of below 2095 and’ the logm-‘i"bh‘m of
eloctric conductivity shows a straight line. The sothor hes considerad that when
the total amount of water in the sample is below 209, the electric resistance
incroases proportionally to the decreasing of the amount of water. :

At lest, the fauct of the deercasing of electric resistance at the initial
decressing of water-sontent in the corves of Fig. 5, is explained from the physical
consideration besides the upper mentioned consideration as follows: when the
concentration of gel incresses, the so called “water-channel” which is temporarily
charged with electricity will be formed between myocels of gelatine, anc therefore
the_electrio conductivity will increase and the electrie resistance will decrosse

When water which existed in mycels (this is considered as Froe ‘Vaﬁ-r)
évaporates out in accordance with increasing of the concentration of gel, that is
to say, when only Bound Water romains in the sample, the eloctric rosistance is
considerad to incrzase. '

From coonsidering thus, c¢ven if the’emplo;'ed sample weas isoclectric protein,
th‘e electric resistance will be considerad to decrease temporarily at ‘Ehe»iuitial
decraasing of w-atex-éonteut in the curves of Fig.5. But this consideration will
not yet be conclusive by the suthor’s results at this time, » _ A

It is of interest that the physical state of water in the sample can be

determined from the estimation of such lower froquency of electric resistance.

{3) Experimental results on the fish meat muscle.
(1) Results from the estimation of the amount of Bound Water in the
fish muscles by the cobaltous chloride method weras compered with
the results from the vapour temsion mcthod end the method by

eloctric rasistance.
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show the variation of the amount of water at intervals

Table 8. Experhﬁéntal course which i
of fandifish meat muscle by the ecobaltous—chloride (

of 30 minutes in the drying
method. (Oyagi’s method)

S T—

; i Drying time Weightl of gmGg}“(iifriZ; %;J&Z Water-content Temperature
i, ; sample which was mixed with n 2 o
f J Eil 2 hrs. : . ,‘(gm) cobaltous-chloride (gm) n % .( )
| 5 0 0.1561 f 5.99 : 85.7 .
f 0.5 0.0651 | 1.91 i 656 250
: 10, -0.0514 [ 131 i 568 -
.i d 15 0.0413 0.86 - 46.3
i 20 00372 - 067 (0.B.P) 40.1 ~
25 0.0360 ’ 0.62 382
‘ 3.0 0.0340 053 346 o
¢ 35 0.0304 | 037 270 i . 30C
y i 45 0.0302 : 0356 (0.C. P) 263 |
i ; : 1 .
Pl 50 0.0251 0.130 1ns 100°
55 0.0223 0.00 0.00 . -
! 6.0 0.0223 0.00 0.00 ~ o
|

Nl L o DL —

R e R G T R

i

if
'

) Table 9. Estimating results of the amount of Bound

and a Sqiud meat muscles by the cobaltous—chloride' metheds.
(Hatshek’ s and Oyagi’s Methods)

Water in the fresh Atka Mackerel, Sandfish

.

Sandf ish

Atka Mackerel A species of Squid
(HOKKE; Plourogra- { (HATA-HATA ; Areto- (YAﬁeﬁ-lKA; oligo
mmus azous JORDAN scopus japonicus bleekeri
et METZ) -STEINDACHNER) ) K@'FQSTEIN)“_ B
oo, Bound Percentagel i of Cod Percentagayys 2 20" Percentage
of dried mat- o of dried mat- o of dried mat- of
ter -which was the amount ter which was| the amount ter which wasthe amount
ixed with | of Bound ixed with of Bound ixed with of Bound
" Couly. | Water. | WA | Water "Cocly. | Water.
The maximom | . .
value of the 0961 gm 0.670
amount of 499, 40.1 —_ _
Oyagi/s BourgBV;ater (O-B Pa) (0.2 Py )
at O.B.P. . ) .
The minjimum (1)0417 294
Methcd | value of the 0372 0356 {2)0.536 34.9
amount of ' 27.1 26.2 average
Bou;:do %VaPt.er 1 10.C.Pa) - o \WOC.Py) 06177 . 323
at 0.CP. (0-C.Pc)
. 0.420 50 .
The maximum (H.B Pa) 29.6
Hatschek’s| Value of the [The amount ofl'lg}e (;vo%lght
Bound Water 2
anount of N g was 0221 —_— —_— —_— -
Method \gm) per gm of . :
Bound Water dried sample ggxmotpgl;i ed :
| at H.B.P. 8 (?é?;g)m‘ matter of
i mixture,
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Table 10. Estimating resnlts of vapour-tension of Atka mackerel meat m:iscles having various amon.its of water at 15°C.
(po =12788 Hg. cm)

(Cobaltous—chloride added t) the semple I. The weight of CoClz was 0.221gm
Atka Mackerel mest (ssmple 1.) Atka Mackerel (I[) 'p_e_rhg'm s chlorido added 1) tie sam
: _ ~ B(obs) ~ W (cale) A (obs} | (W+A)cale. \W+A)/B
Gm of -water]| Vapour | Water | Water Gm of water ; Vapour| Water | Freezing “"Theoretical
. Water | per gm of sension %MVt |oontent | PEF M of Gmrogz%ertenfsion activity point Gm. of w.ater Gm .of water w:::]elgu(ngtmof)f Ratio of
content| bone dried | of the| bone dried | bone dried | * |of the o which will | which was | 40r ner gm | cale. and
% meat [0 HE-om,egl % | matter of melat Hg-om' o les|  (4°0) be able to | enterpolated lof bone dried
in munscles eat muscles Ots.
? muscle (P 15C | (8 15°C mixture (g2) I;Pg (2" 15°C hydrate from gr—a mwhicl}]: cOnt~) s
1) (2) ) with CoCle curve aining P(lﬁoCIg
v sample.

783 361 1274 -| 0.996 38.1 0616 0.792 0.956 | (.748 293 0415 0.38 0.795 1.004

60.0 150 1.194 | 0934 | 258 0.348 0.447 0.763 | 0.597 51.7 0.235 0.223 0458 1.023

39.3 0.646 1.079 | 0.844 188 0.231 0.297 0623 | 0.487 712 0.171 0.169 0340 1.145

254 0.341 0932 |-0.729 17.8 0.216 0.278 0514 | 0402 89.9 0.135 - 0.146 0281 1.010
173 0.209 0.691 0.540 15.1 0.178 0.229 0439 0343 1045 0.116 0.141 0.257 1.1210
12.9 0.148 0.317 | 0.405 144 0.168 0.216 0374 0293 119 0.102 0.138 0.240 1.1110

10.9 0.122 0256 | 0.210 13.1 0.151 - 0.194 0371 0290 120 0.1013 0.137 0.238 1.228

10.0 0.111 0.130 *| 0.102 } — —_— | _— —_—— —_ e —— —_— average

1.092
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Table 11. Estimatiog results of vapour—tenéion of the fresh Bandfish
“and Squid-meat muscles having various amount of water at 15°C
(po = 1.2788Hg . crn)

Sandfizsh meat muscle A gpecies of tquid meat muscle
. Gm of water ‘Water Gm of water| ‘Water
‘Water | per gm of X:sp%‘g activity] Water gm of z’:g.)gr activity
content | bone dried |, Hl om| Of the | content ‘I;g;e dried ;- Hl: of the
in % | matter m lgs"C sample | in % | sample i %5.3 ssmple °

ws) | PPV @niso @ [P PClemise
726 266 1.110 0867 | 80.13 403 1.272 0.995
444 0.79 1.090 0.853 70.06 233 . 1.208 0.945
31.1 045 1.042 0.816 55.88 1.26 1.102 0.862
179 022 0.870 0680 | 4231 0.734 0.978 0.765
15.2 0.180 0.745 0.582 34.50 0.527 0.894 0.699
131 0.150 0.574 0.449 | 28.17 0.392 0815 0.638
118 0.133 0.388 0303 | 22.30. -0.287 ' 0710 0.555
9.84 0.109 0.261 0.204 1640 0.196 0503 0.394
9.11 0.100 0.175 0.137 13.26 0.152 0.327 0.256
8.16 0.083 0.155 0.123 1127 0.127 0.144 0.113

Table 12—1. Relation between the electric resistance
at 50 cycles and the total amount of water in the
fresh Atka Mackerel meat muscles,

Percentage | Gm of water| Distance of poles and electric
of per gm of resistance in Kl

total water | dried matter
%) (gm) 15 em 2.0cm 30cm
80 4.0 0.450 0520 0.710
703 236 0.410 0.470 0.550
48.4 0.937 0.450 0,630 0.760
38.2 0.618 0.650 : 0.870 1.150
300 0.428 - 102 . 145 22
245 0324 1 55‘ 75 | 100
202 ;. .0253 160" | 160 170
14.8 {0174 | 1000 over i _— —
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Table 12—2. Relation between the electric registance at 50

‘cycles and the total amount of water in the fiesh
Squid meat muscles, (Pole-distance was 15¢m)

Percentage of total water (%) Electric resistance (KN
79.86 ' ’ 0.77
58.6 1.07
335 25
26.0 . 15
22.98 ) 25
2235 35
2026 : 46
18.65 90

. 158 . . 360
130 - 700

§
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ration of weter from the fish meat is of
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rough, therefora the evaporation of water
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sttsehek.’s method with fish mest nuscle than with gelatine,
(B} The comparison of the results of vapour tension with the results
of cobaltous chloride method.

The ‘curves 1 and I of the relation between tho water-content and Vapour
tension of fish meat muscle shown as in Fig. 8 are the curves for Atka Makoye]
meat and for the same meat containing cobaltous chloride (0.221 gm of cobaltong
chloride per gm of dried fish meat) respectively.,

H.B. P, 'and O.C. P, are situated before the sudden chenge of depression of
vapour tension on the curve T. Each sign such #s H. B. P, or O. C. P, have sma]]
type figure “a” uvnder the letter P on the right, those figures show the kind of
fish, e.g. Atka Mackersl. Thosa figures that follow are the same. H. B, P, of
the curve I which indicates the amount of Bound Watcr will ba transferrad op
to H.B. P, on the curve I, when the amount of Bound Waser of Atka Mackera]
meat will be calevlated for the same most conteining no cobaltous chloride. This
point of H. B. P, of the curve I corrasponds to the value of the smount of Beund
Water of 0.539 gm (35%) per gm of dried mest which is written in the 8rd columy -
in Table 9.

The amount of Bound Water which was estimated by Oyagi’s mcthod is
showa by the amount of Bound Watcr per gm (g’) of sample containing cobaltous
chlbride, therefore as shown in the sample of gelatine, O, C. P, and O.B. P, of
the curve T will be transferred 'Vertioally on the curve 1.

' As shown on the curve I, according to Oyagi’s method, the maximom amount
of Bound Water will bo seen sas about 499 of the water-content (at the blue
point) and the minimum amount of Bound Water will be soen us about 7% of
the water-content (2t constant point by drying ut 3L°C).  According to Hatschek’s
method, the maximum amount of Bound Water will be seen s about 3595 of
fhe water-content.  O. B. P,, 0. C. P, 20d H. B. P, of the curve I are situsted
on the curve of which the 4vap0ur tension beging to decrosss gradually.

4 The curves 1 and I in Fig. 8 sro curves of the water-coutcut——vapouf tepsion
for Szndfish and Squid ragpectively.

The amount of Bound Water of thése samples by Oyagi’s method whichi wers
written from the 5th to the 8th columns in Table 9 txs shown g O. B.P,O.C. P,
and O.C. P,on the curves Il and IV respectively. As seen in the cvrvos I and IV, the
vapour tension decrosses suddenly from the blue turning point (B.P.) and it
‘decreescs suddenly from the constant point (C. P.), ss well &8 in tho cuss of Atka
Mackerel meat above. -

In Fig. 9-1 the curve I is shown ss the curve of the waker-content—w o ber-
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ity of fresh Atka Mechersl meat containing no cobaltous chloride, and the
wrve L. is shown as Atke Mackerzl meat contzining cobaltous chloride.
In the cesa of Atka Meackeral meat containing cobaltous chloride, the boundary
Bound Water and Free Water at the blue turning point (H. B. P,) is seon as
;65 of the activity of water in the fish muscle. But the value of the amount
-of Bound Water on the curve I will be determined as the water-content corras-
_.ponding to 0.8~0.83 of . the water-activity when the point of H. B. P, of the
‘corve T will be traensferred horizontally on the curve I in order to show the
“amount of Bound Water in the fresh Atka Mackeral containing no cobaltous
. chloride. . , o , o
' O.B.P, and O.C. P,-on the curve 1 show the amount of Bound Water (g’)
per gm of the dried matter containing cobaltous chloride, therefors the points of
0,.B.P, and O,C. P, must bz tronsfarad to the upper positions on the same
curve respesiively. _ ‘ ‘

" In general, according to Oyagi’s mothod the meximum amount of Bound
Water will be determined as the water-content corrssponding to 0.95~0.9 of the
water-ackivity “a” at the point of B.P. and the minimum amount of Bound
Water will be determined as the water-content corrssponding to 0.85~0.8 of the

. Water-activity at the point of C. P
In the cese of Oyagi’s method and Hatschek’s method the points of O. B. P,
©.C. P, 2and H. B. P, ars situated in the range of 1.0~0.8 of the water-activity
on the curve 1. ' ,
Hera, the suthor knows that the values of the amount of Bound Water
. which wers estimated by cobaltous chloride methods do not agrze with the vealue
of the emount of the molecular Bound Water, but rather agrae with the approximate
‘value of the amount of the colloidal Bound Water as in the cass of gelatine. That
is to say, accordiug to the cobaltous chloride method, we can not estimats the
- amount, of Bound Water when the waler-sctivity is below 0.8-0.7, even if we
.e'mploy the value 2% blue turaing point or at spparent constant point in the coursa
of drying. - '

the curve IV of Squid a8 in the cess of Atka Mackersl moat,
calculated values for the Atka Mackeral meatr containing 2 known quantlby of

dase of gelatine, "Thesz calculatad values ara shown from the 11th to the 14th
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The euthor hes the s2me conclusion on the curve @ of Sandfish me.d'. and_
- The curve 1/ (dotted line) of Fig, 9-1 shows. the curve of the theoratmally.

cobaltous chloride from the curve 1 of the same fresh meat s well 28 in the.




columus of Table 10.

In this csse, the quantity of cobaltous chloride per gm of the dried matter
of Atka Mackerel meat containing cobaltous chloride is 0.221 ‘g, therafors 2.18 x
10~% Mol of cobaltous chloride is equivalent to 1 gm of dried fish meat: The
amount of hydrated water to cobaltous chloride at exch water-activity is calculatoed
by the equation (2) as well as in the case of the sample of gelatine above.

As shown in Fig.9-1, the curve 1’ which wuas theoretically formed as above
stated, agrees perfectly with the curve I which was observed by experiments.
The r:tio of the theoretical value to the observed value wusg 51.092 on the
average. But us described in the case of the szmple of gelatine, the theoreticzi
curve 1’ does not fit with the actual system of cobaltous chloride and water,
because when we compere the observed value with the theoretical value in the
system of water and cobaltous chloride, the observed values fur the water-content
of the system ere determined &s lower water-sctivities in the same water-coutent,
Here suppcsing that there is a curve which fits the practical case, the suthor
éalls it as the curve 1”7, Therefore the curve of the observed value for the fish
ment containing cobaltous chloride (the curve I) is situated under the supposed
curve, I”7. For this reason, not all of thes molecules of the added cobaltous
chloride hydrate with the water in the fish meat muscle by the presence of
Bound Water, but a part of the added cobaltous chloride precipitates as solid,
and the remainder of it hydrates with water in fish meat muscle in the pre-
Cetermined quantity. The hydrated water with cobaltous chloride indicates the

same water-activity of the water which is hydrated in fish meat mus:le.

(C) The comparison of the results by the electric resistence with the
results by cobzltous chloride method. ‘
As seen in the relation between the water-content in Atka Mackerel and

Squid meat and electric resistance of 50 cycles which is shown in Table 12-1, 12-2

and Fig.10-1, 10-2, 2s well s in the ocase of gelatine, the electric resistauce

decrezsss more or less in the initial decreasing of the water-content of the curve,
and begins to incresse at 55~609% of the water-content, and it incrzases mora
and more with the decressing of the water-content afterwards. Below 209, of
the water-content, the reletion between the water-content and tho logarithm of
electrie resistance shows a straight line, and the electric rosistance incraases
suddenly at that water-conteut. -

That is to say, the electric resistance shows gradual incressing at the poinb

of B. P. by Oyagi’s and Hetschok’s wethods, and the point of C. P. by Oysgi’s
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method is situated before the gudden incressing of electric resistance. _
These facts will be understood from the reason that Bound Water does not
“act es a solvent for electrolytes, and the value given at C.P. by cobhaltous
chloride methods is probebly colloidal Bound water, as well as in the coso of
gelatine. » A - ‘
The decreasing of electric rasistance at initial decrossing of water-content. is
admitted clearly io the case of Atks Maockeral meat in Fig. 9-1, when the pole-
distances are 1.5, 2.0 and 3.0 om. _ , _ ’
Theso facts will also be understood as well as. in the omso of gelatine from
the reeson that the concentraion of salt sqlution_ in fish meat musosle inoreses in
" aecordance with the decreasing of Free Water end the so called “water-channel”
. will bo formed in the tissue of fish mest by the shrinking of fish ment in the

~initiel course of drying..

9. Conclusions on the comparison of estimation of Bound
Water by the cobaltous chloride ~methqu with the
vapour tension and the method by electric resistance.

. As the examinations of the estimation of the smount of Bound Wator, the
author hes estimated the amount of Bound Water in gelatine and fish meat
muscle by the cobaltous chloride methods, the vapour tension method, and the
method by ' electric resistance of 57 cycles, and these results obtsined were
compared with esch other, end the following. conclusions Wwere obtained.

(1) In the cese of the estimation of Bound Water in the samples by the
cobsltous ehloride methods (Oyagi’s and Hatschek’s methods), the suthor was able
. t0 estimate the amount of Bound Water at the point of B. P. (the blue turning
- point) end C. P. (the point of apperent constant weight in the drying at 3(°C)
on the besis of ideas for the Bound Water. The suthor has called the water-
_content at B.P. the maximum smount of Bound Water and the water-content at
O.P. the minimum amount of Bound Water. . A

(2) When the amount of Bound Water in gelatine and fish meat was estimnted
by the cobaltous  chloride methods, snd these results were comparad with the
values on the curve of water-content—water-activity obtained by the vapour tension
"method, the amounts of Bound Water per gm of the dried matter of the sample
ot the points of H.B. P. end H.C. P. by Hatschek’s method and 0. C. P. by Oyagi’s
method were ascertained to be the water—content in the sample corresponding to
above 0.8~0.7 of the water-sctivity, and these values will give the probable

value which has been considered before as the amount of colloidal Bound. Water,
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and the amount of water (8m) per gm of the dried matter of samples (vontaining
cobaltous ch]oride) at the points of O. B. P, and O.C. P/, will give also the valua
of the amount of collojds] Bound Water. T .

| () In the cobaltous chloride methods, cob:lious chloride which wes adde]
to the samples or which penetrited into the sample de-rosses the activity of
Water in the s:mple, '

The degree of decressing of the water-sotivity is difierent from the astivity
of water hydrated with the sample which is added with cobaltous chloride,
(That' is to say, it ig different from binding strength of sample with water.)
In this case, when we suppose thet water which is hydrated with cobaltous
chlo ride shows the same water-2ctivity o8 water which ig hydrated with the
sample, the hydretion of cobzltous chloride which is added to the sample is
restricted in accordance with the incresasing of binding strength of the sample
with wazter, but all the quantity of the added cobaltous chloride does not $:ke
@ part of the hydration of water in the s:mple. -

(#) In the reéults of the eatimation of the smount of Bound Water, the
elestric resistance deoreases in the range of from 80% to 50~609, and it bagins
increase ot .sbout 90% of water-sontent.  The elestric resistance gradually
increases at the point of B. P. which was considered %0 be shown as the ‘maxi-
mum  amount of Bound Water (the water-content 50~399%) by the cobaltous
chloride method, and it incresses rapidly at the point of C. P. which was consj-
dered to be the minimum amount of Bound Water (30~209%) by the same method.
At below 209 of the Wwater-content, the relation between the increasing of
elestric resistance and the water-content showed a logarithmic straight line.

(3) From the results of the estimation of the amount of Bound Water in

. gelatine and fish mest by the cobaltoug chldride methods, the following fasts

are shown. ' ' '

(*) The awmount of Bound Water per gm of dried matter is almost the same in
the sample (gelatine) of. 0.5~0.1 gm in size in the euther’s experiment.

(b) The amount of Bound Water in the eir dried gelatine is greater than the
bone dried gelatine.

(¢) The amount of Bound Water is different in the kinds of the same sample. .

(d) Oyagi’s method gives a greater amount of Bound water than the Hatschek’s -
"method,

(e) The greater the concentyr.tion of gel of gelatine inaresses, the loss the amount
of Bound Water becomes.
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