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. Lyophilio colleids play a large part in the make
~of biologioal tissue, The proteins bel to this system of
eolleids, - As the name of thia group o8, the colloidal
; olés have a very strong attraction for water, Maony ine
: uﬂsr have conducted experiments in the attempt to dif-
fats between that part of the total water in the eystem
which 1s not associated with ths particle, and that portion of
the water which is 1inked up with the colleddsl partiocle to ‘
form the micelle, Out of these mm has arisen the term
water®, which can be defined in alwmost as many ways u
sTe have hm different méthods of ;!b‘hcttn this pro

Undoubtedly there is a Mtto nam of foroe -nm Yo
holds the water and m particle together, The exact mecha= :
nism of this binding 1e¢ not whtay understood, (1928)
conuidexs 1t as a surface p “while Moran (192
the ldes of the formation uf a eoular mhx between the
~water ani the particle,

. In this wtmmn unu«nmu'
th part of the water in the lyﬁu is incapadle of
ith frozmen,

\ mon motm-nrk wag to try to determine the
« ¢ of the nm in cod musgle, The phase of the problem

. dons| during the summer of 1931 can be divided inte two uﬂim)‘
fire}, the amount of bound water in cod muscle at -20°0,3 AT
¥y, the effect of the time eof -tam- at «20°0, on m
asoun't of bownd weter,

A m:s»m» method wog “ to MIQ the :
t of bound water in these experimenta,  Prsvious workers
w used this method to Mmiu the amount of Bound wator in
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philis colloidal sy tuu Thosnes 6925) worked with 781t
tine gels; ~ Robinson (1928) adoptod Theenes method for his

experiments on the fokileuup et the. ;ﬁr-m:u colleoise to

the winter hardness of insects, John (1931) modified

inson's experimental orocedure m Mh the temperature at

which unbound water is completely frozen in & blocelleid, A1}

these methods ure based on the idea that the amount of the water

frozen out at any tempersture may be detemined by measuring the

heat required to roise the eystem from that temperature to some

tamperature above the freesing point f the system, provided that

the lg'oﬂ'iﬂ heats, latent heat of fuslon of water, and the

freesz point of the system are known, knowing the mt

of the u%ar in the state of o0 2t o 4onuu temporature

the total water content of the system, the bound water, hfu the

difference between thess two values, may be oaloulated,

method of ealoulating the amount of m water will be cluriy

m hur in this vevors, . -

3 ' . The method uaed is a calorimetrie eaq. the heat measure=
ments were made in u Richards adiabatic ¢slorimeter, The ealori-

meter proper was a oopper vessel holding about 750 grams of water

stirred by an up and down stirrer, The outer mulnor wag an

. @axthonwars vessel about dx sﬂ‘!m upueitr stirred by four

teo=bladed pmﬁlem ot

m temperature change in the inner bath was read by &

Beckmann thersometer placed im %the outer bath, The tesmperature
adjustment betwsen the inner and outer bath was obtsined by
means of a thermocouple system of such sensitivity that a differ-

‘snoe of 0,00%1e¢, hm the two bathe proomced a deflection of
- one millimeter on the galvanometer scale, The abeclute tempera-
ture of the outer bath was rm by & tenth dagree thormometer
placed diractly in ttq

The sample of t:ah wae ma ;a 2 brass container f!ttu
ﬂﬁ: & tight sorew cap, The weight of the container was about
35 grams, It could hold fyom 10 to 15 grems of fish musole,
The heat oapacity of the container was Aﬂmim over = mo
vm:na for theee mmu.

The low temperature bath weed teo ma; the uu‘u o
the initial temperature, about-2000,, was a Dewar flask, Suse
pended in thies flagk was = goppsr tubs into which fitted the ocone
~ taliner hﬂld!n% the sample, This kept the container from dirret
~ oontaqat with the cooling solution, The bath liguid wae an
- ethex-C0, mixture, which could be controlled to Q.1°C, The
nwa was stirred hy & strenm of dried air, : .
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m tupmm' of the low muwhno bath was detere
mined by & teluens thermometer gradusted in degreca, It was
calibrated against a platinum rnsatunn thmmur.

The 4nitial temperature of mi mph was not known %o
hﬂu than 0,5°C, The error in this weasurement way be even
greater than this, a# the toluene thexmémeter conld not be
totally immersed { By gt solution, A cork fitted into

m?artMMtnukmthhilMcsmwu :
within & to 4 tnoh of the cork, The thermometer extended
“through the cork so that the menisous of Mbhmm juet
sbove the surface of the cork, The tar could not be
ealibrated until tha writer had rotu to ¥oG111 Unive nﬂp.
whers 41t was ‘z::ibh through the ti\dcnu of Nr, ¥, r Hampton
to use & oal ted platinus resfstance ﬂim standardize
the toluene thermometer, The thermomeser was found %o have s
correction of «0,99C, at «20,000, when ti was sot up in the shove

The mm of fish, vmm tain the mtsiur. was
allowed %o remain in the low temperat th for one hourj during
thie time the temperature of the bath | natnﬁlu to 0,1°0,

. - The mrmm was then umh&. the water in the
oalorimetsr being &t such & temperature that it would be close
to 20°C, st the end of the run, The inner and outer bathe wers

then dalanced 2o that the change in the Beokmann themmometer
reading did not mmmomvnu:{ouﬂd ton
mimutes, The gontainer was plaged in the rimeter and the
heat change followed uopiu the thermal balance dbetween the
twe baths, The la tial ¢ umt -gould be fellowed
to within $0,50,  After the ind two bathe vould
be held constant o §,020, When th mum. of the baths
remained constent to O,0U2e for ter utmm thn TUn Wa® Coms
sidered as aqlona. '

‘ Frseh cod n«h ws8 used 68 the experimental msterial,

' m tl“{ﬂm fil11eted after rigor had set in,  The genter’
mﬂm of the fillets from seversl fisgh were taken. Thess

A s wore chopred up in o meat chopper and mixed thoroughly,

@ chopped muscle was yapidly frozen in ocake forma in a small
,.bﬂu freszer, The frosen fish eakea that were used for
 mtorage sx erimente were wrayped im wax ‘sper, sealed in & tim

box, which was etored in the inner low temberature room st 2090,
'ﬂu wariation in the temperatnre in the room over the mrien of
. atorage wa.a about one Mgru. i ,
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Then the sample of fish was requir one of the
frozen cakes was up and 104. At the same time a ‘
eample wag taken for a moisture det nation, These operations
weres carried el!l in the low temperature room, <1 : '

The mxo of the fieh was snt into 4 vouhu mun
bostle, fitted with a tight grownd glase stopper, The stoppered
wiighing bottle contaiming the ssmple was ;laced in 2 deeslocator
in the low temjeraturs room, After the deaicostor snd the contents
had warmad up %o the temperature of the balance room, the weight of
the sample could be determined without the inconvenience of usm
asondensing on the coel surface of the weighing bottls,  The smmpl
wan dried to & eng}ut weight in an adr oven opout at 1090
It required abou ¢ for a sample -umax 2 to m& s

oome ta a oeuuat vdat.

s B s:.m uud}the axpreasion
X e T8 (1'3-’?;) - (mﬁmt (Ty=T2)

to calemlate X the welght of the free water (that utar vhuh u
‘frozen) in » ﬁeunﬂd« The reader ig referred to the

‘paper for the derivation aum the significance of the uylbelt

in the -:prmten.

u the derivation er thx- mmaln £t, John t.mﬂ
that the soeoific heat of bound water wae “one" over the entire
temperature range, Unfortumataly experimental n‘m ¢ for the
epecific heat of bound water ars not avallable rom the
thaoretical considerations the apeoifio heat 05 bom water
should be expeoted to lie between the values of the apecific head
of witer in the ligquid state and the selld astate, se the number

_of degress of fre of the wolecule of bound water will be less
than the number “ﬁ‘“ of fresdom of the moleculs of water in
the 11quid etate, 1f the present ides of bound water is valid, that
h, that bound ntn is some. tm M a surface phenomenon,

St. John failled to uu&m tbt the latent heat of
fusion of water changes with the temperature, As the freesing
point of a biccellodd will be lower than the freezing soint of
pure water this factor must be considered in the derivation of the

hon expresaion, .
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‘ The «umnn of m mnn to an),ouhto X uséd in
. thim work ie based on the expression of 8%, John; but & correction
. hae bhen made for the variation of latent heat of fusiomof
- water with the temperature, The umoma to the specifio heat
' of bouné water cannot be made, but in m: nrt the values obtained

for the bound water in cod muscle will ‘; comparative among
themselves, as at present the writer is o tmnm in the
effeots wbich certain controllable faotors en the amount of m :

Lound nm found in opd nmt.

The following mnu from thu data of :
ungum ﬁML for ﬂn cpuzﬂa w of emt mn used,

A n “ , ”:
‘ Z e s
-1” to .20. ; ts Q‘
QE@ to =300 ” g ,

' m- uzn e obmm ny extrapol the hut ea
. ourve af ¢od musole to 0,85°, assuming ”‘n %suu of X m{

/' ‘the ssmple ie warmed up to =0,8° Mou tiu ice melts, At =C, 80

: ::;‘ ice melts absorbing X oalories per gm. the latent heat of
on,

nw mui - point ct na mdt mt taken u -O.I-C
from m and Iangatroth (1929).

' \ The latent heat of !u&en cf water at -0,8 was nlml&tod
lm the mm :

i% 2 Oy = 61 m»,usitl)

which givn m umuou of the 1atmt mt with mpontm wm

A 48 the Jateat heat oi fusion :
Gy 18 the aversgs specific heat of ut"
- Oy ic ttn nnugo specific heat of ice,

2 | uto thp utmt M of fuﬁu of water ia giua by
o i D&nn m 0. ¥asass (3930} o be 79.% oalories ver gram,

verage OMID Nst of nﬁr between 0° and -3' is
.ﬂt «uuﬁn 7 i kS hm- and ", 1. Oook),

; ﬂ - spegific haat of 106 between 0° and <30 18
.M u!eﬁu l c- o 2 ll.mn and B. Manse, 1930),
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Mﬁ" 1.00 - C, “3 0-53 oal. /eram degree,

’l'nntaro Aat 0.8' u 75.9 uhrﬁu par m

The specific heat of the mmau was determined cxparh
mentally over the range from -20° to 20° and the mean value from
three experiments gave the specific heat as 0,086 ealorias per gram

mru.

: m hnoﬂac mr«cha was ‘used w. n!m‘u 1, the nm
of water in grams that was frozeu in cod moh at «2000C,

X = (0+') (’w T;) - % (TE- ?&’ - oW ﬂ; g

7\1' 0 5 (?2-?1)

_ To 11luetrate the use of thia -xproldea the ronmnc |
‘sxverimental dats is given - ;

The average freesing point of the sample, 11 = 0 800, .
. uuua t‘pmm of the sample, = Tow -69. ‘
" " . onertmm“r 22,67e o.

on the sbnlmt thmaur and 4,904 by tgo mhna

Tho final temperature of the calorimeter, 'mu 20,97°¢C,

on the absolute thegmomstor and 2,210° by the &8

Ths water oquvn«t of tht nlortuur, 0= R1, u,!onn X

ar
& m of water in tho ulozs,nnn, W= ?LS ’z grane,.

.

. * the container W =
8 ® % % asmple A = 9,200
* specifio heat of %he eontainer 8 = 0,086 a,lor!n
per gram degree, iejle :
The sdeeific heat of the mlo Wit
y . The ulﬂ fer X from thias dnh. h 952 grams,
samila contained 81,607 water - eo the baroentage of the tch!

wator that was frosen at -20° was 92, m vercen alﬂu
total nurummuofbpudnﬁnw%no 7. W :

The th table ghowe the experimental results _
at.am. ‘The reaults have been caloulated tm au -mm to
-pm nlng n- &!»n upnm;n, ‘
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' M«nm aﬂoﬁmu gu; of
mw-wﬂﬂ'u &ﬁg‘i;
e gy b TRl & Mean -
104 2 95. 5 95« =
108 91,3 gg; 1,6 5
- &:3* Rl 8‘2 :z
108 R WS % RO R
1A 9.0 g Ll
TR e 33. M
-nr R | 3 Z”

* Tho unm; temperature of tht sample inm thu oase
was -25°0, m- ny be the uua of the high value rmmu.

| The exverimental) srror in esgl individual) reeult ia

sbout 4%, The uwncertainty in detemining the imitial $Yempera-

ture of the sample by means of the télusne thermomater was the
causs for puch a lam error in the expsrimental technic,

From the nﬂtﬂ the peroentage ¢f the total water h
cod muscle that ig fresen at ~2090, ia between 90F to 9UE,
Therafore the ¢ of bound watex in cod musgle at »209C, ie
between 10f to 6% of the totsl water, This value agrees %o
within the ezpntmui error with the results of Ionu (1930)
who Teports um bound water in mamealiasn musole at -20°C,
iz not mors than Qf the tota.l water, -

It can ha seen from ﬂu #bove table that this mathod
does mnot indioate thut the amount of water frosem in cod muscle
varies with the time of storage over a periocd of four weeks,
This point w111 be useful to the investigator in further work om
thia problem, as samples can bs atored at -200C, without having
the atate of thq utn in the umnoh undergoing any chunge,

' !n futm ntk u ihh problem u would be desirable
%o investigats n ayom, related to Tish muscle, but more stable

and less complex, Mid lasd %o 1ntomtun oonoarnmg the
influence of
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morganio palts pr«ut in fiahw upn the amount of W utu.A

| fuch & uﬂn of inves! ﬁﬂut would require the omuu
of a permanent member of the etaff, who would have more time at his
umm to ;wrntun all the mmunuu cttdng out of this
r‘“‘ .

ar,u work of any type a.t the
I strongly recommend the mmo of o phun—

Also to mrt»n calorim
T 20 that nuuwont- nt

mumm Station,

be mo.de with m uﬁﬂ.dm. :

: um. water in freeh
_considered as bound

By uia( . mnmun um tm 90k o 9‘4 of the

od murele could be socounted for as ige at
. to 67 of the water in cod musole can be
water, This

to within the sxperimensal

| agrees
~ error, shout Wi, »ith Moran'e work on ths state of ‘water in hﬂ

tissus,
o

.
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