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INTRODUCTION.

Tanning, or the process of meking lesther from the skins of
énimals, is perhaps one of the oldest arts in the history of
humanity. It had its birth wher man discovered that the skins of
the animelg which were his victims in the chase were of no use to
him unless they were treated in some way to freserve them. Although
of scch ancient origin. the leather industry has progressed ﬁut
Slowly, and has been peculiarly reiuctant tc make use of the ap-
Plicable perts of our modern scientific knowledge. It is.cnly
Within comparatively recent times that the‘artmhas been snything
but an empirical, rule;of thumb process, |

While a'superficial.consideration may not reveal the fact,
the process of tanning.is netertheless one which is peculiarly
concerned with bacteriological problems. The very object of
the‘procedure, Whicﬁ is to so modify the skin that.it will not
be destroyed by micro-orgenisms, is sn expression of.sn empirically
Tealized bacteriologic‘fact, namely,-that‘éertain bacteria have
the power of digesting'proteins. If there wefe no proteolytic
hacteris, it would nardly be necessary to subjeot hides'to'such
Qlaborate procedures in order to make them usable. The whole ques-
tion of tsnning, then, is seen to be resolved into the one fundamen-
tal bacteriological problem which hay be expressed- to what degrees
is 1t necessary to modify hide substance in order to make it absolute-
1y resistant to bacterial action, and how may this be accomplished
With the retention or impnovemegt of the elasticity and impermeability

of the skin? These considerstions of course take no accountiof'the

More mechanical‘proﬁlens of suitably modifying the density or porosity
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0f the hides - - | _

But this is not'thé only role that bacteria play in tanging-

All through the process, f;dm fresh hide to finished leather, micro-
Organisms of one sort or another eonstantly endanger the quality of
the product. It is possible that in certain stages their activities
May be helpful rather than injurious. We do not know with any degres
of exactitﬁ@e, for instance, what part the soluble bacterial enzymes
Play in the so-called "mellow lime iiquorst"

In a1l these stages of the process a knowledge of the physiolqu
of bacteria may be expected to assist in controlling their activities,
With éonsequent improvement of the quality of the finished leather.
Our xnowledge of the physiology of bacteria is by no means in an ad-
venced state, but certain laws and principles have beenbevolved which

‘giVe us the power of controlling to & lerge extent their érowtp and
 sctivities. It is the purpose of this study to investigate the
bacterisl phenomena of a particular phase of the conversion Qf‘goaﬁ-
8kine into leather, namely, the soaking process, and to show'héw_ -
“these phenomena are affected by the épplication of the above-mentioned

Principles.
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I.

THE SKINS BEFORE SOAKING.

A+ The Types of Goatskins,

~ Before investigating the bsotefial phenomena of the sosk,
it is necessary to examine the condition of the skins as they are
received at the tannery. Most of the goafskins tanned in this
Country are imported, and it is therefore ﬁscessary that they
be cured in some way before shipment. The manner in-which this
curing is carried out has a great bearing upon the bacterisl growﬂh
in the soak, as will be shown later,
_ Depending upon the method used in curing, goatskins may be
Classified in three mein groups, which are: (1) Sun Cured,
(2) Dry salt cured, and (3) Green salt cured. In the following
work examples of each class were inVestigated namely:

le Sun cured skins. | |

'.2.‘Dry salt cured skins. N

3. Green salt cured skinss

,s. Deccan skins.
be Cawnpore skinsa.

The first two classes are stiff and brittle, and in a highly
dehydrated condition. Both of these types of skins are dried in
the sun, but thd dry salt cured skins are rubbed with & native salt
(Khari Salt) which consists chiefly of soqium sulﬁhate. Tﬁe two
typss"pf'gresn saited‘skips.examined sre very similers They come

) from the districts of Ihdiaﬂindicated by fhs names. The salt used

1n curing these skins is largely sodium chloride, &s the material

- ‘ ,
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seraped from their surfaces contains about 50 .percent of this salt.
) Vhen ten-gram pleces of each'of these -skins are sheken for

ten minutes in two hundred cc. portions of sterile distilled water,
a8nd the water then exesmined for those faetors whieh influence bac-
terial growth, the results shown in Table I are obtained. The
figures represent the averags of sixteen different skins of each kind,

- many times repeated. It should be noted that the number of babteriaA
veries widely from skin to skin, but the figwes represent very ap-

Proximately the comparative numbers on the different types.

Table To
Type of Bacteria = Grams Sur- Grams NaCl .pH . Percent
Skin, per gram - face Nitro- per 100 co, Moisture in .
- ' of Skin. gen pex ‘ Original
) E 100 cce Skin,

Sun - .
Cured 91,000 0.00748 0.0283 7421 12,00
Dry Saelt , - : o
Cured .4, 763,000  0.00715 0.0465 7T.44 12,40
Decaan 4 ‘ ‘ ) "Q:L‘. \ . K
Green Sg1t 379, 000 0.0493 - 1.2160 7.24 30,74

red ' ‘A
CaWnpore ,
Green Sslt 133,000 0.0481 ' 0.80956 8.656 31.09
Cured .. - ’ ' , ‘

It is seen that the dry salt ocured skins are the most heavily
°°ntaminated with bacteria° the sun cured skins the 1east while the
8reen saltedlskins.occupy an intennsdiate position. The soaks of

. the green salted skins contain far more nitrogen and sodium chloride

‘fhan those of the dry cured, as 18 to be expected. The reason for

\
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the sun cured skins being the léast_contaminated‘is obvious, since
‘they are the most highly dehydrated, and since the direct rays of
ﬁhe Sun are among the most effective bactericidal asgents known. The
Question arises, however, why the dry salt cured skins, which are .
éFbJeeted to the same general treatment, should be so heavily con-
t&minated. A-bacteriologioal examination-df the salts used in curing.'.-

the gkins gives interesting infomation.
Table IIX.
Bacterial Content of ths: Salts Used

~in Curing- Goatskins.

Type of Salt. Bacteria per

Gram of Salt,
Khari Salt
(Unused) ~ ° . 297,800

Cawnporé Salt
(Used) - 121,600

Deccan Salt
(Used) 152,400

It should be noted that the Kharl salt was a fresh sample,
While'both‘the Cawnpore and Deccan salts viere those scraped from
Bk@ns. It thus appears that the native salt used on the dry éélted
-ékinS'is itself heavily conteminated with bécteria, and when it'is '
rubbed into the skins in the process of curing, the 1attef are actu-
811y inoculated with millions of bacteria which vwere not present

 °ris1na11y, qu which, fufthermare,vare well adapted‘tb growing in
the Presence 6f the salt, Many of these.organisms are acti&ely pro-

t°°1ytio, as 1is shoﬁn by the fact that when'qoagulated blood serum

Blants are inoculated with mixed cultures from the ‘salt, the .coagu-

|
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‘ leted brotein is almost completely digested in the course of 48
hourg at 37° Co
This particular salt (Khari), as noted sbove, consists chiefly
0f sodium sulphate, which, aside from.its dehydrating capacity,
hasg bractically no toxicity for skin baoteriac This is shown in
Fisure.l, in which is plotted the growths of mixed cultures from sun .
8nd dry salt cured skins in sodium sulphate broth at 5700, It is
‘88en that growth occurs in one day through 10 percent of anhydrous
Sodium sulphate, and in three days through 16 percent, the limit of
Sqlubility. It 1s evident that sodium sulphate inhibits growth,
other than by its dehydrating action, very slightly, if at all.
It geems not improbable that the sodium sulphate actually exerts
Some protective influence on the skin bacteria, by reason of its ‘
great dehydrating capacity. It is well known that the increased re-
8lstance to destructive influences of spores over vegetative forms:
1s to be attributed largely to their dehydrated condition. It seems
reaSOneble to agsume that the sodium sulphate exerts its dehydrating
Power upon the skin bacteria, as well as upon the skin itself, If
‘8uch 1g the case, one would expect that the bacterial flora of skins
treated in this way would be more resistant to destructive agencies,
Such gg Sunlight; than that of other skins not so treated. .Attempts
to demonstrate this experimentally, hhwever, gave negsative resuits,
°“ing to the lack of a suitable. method. One erperiment may be cited,

hOWGVer as 1t demonstrates in a striking way the intense germicidal

POWer of the sun's rays. Three tubes. were prepared, conteining ten
| cca. of 15 percent solutions of - the following selts: sodium chloride,
ﬁ Magnesium sulphate and gsodium sulphate. These were sterilized, to--
8°ther with one of physiological salt solution, and eech of the four
Was inoculated with 1,200,000 btaphylococei per cces They were then

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D)

L

Fereent S ac//(;//; Svjpbsle
' -

= 3 =

0 7

Fop.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Doys [re vhbstion SF I2°C,



o . -l

exposed to the direot rays of the sun for two hours, at‘the ani of

Which time they were a11 found to be sterile..
Aside from the bacteriological evidence: presented above, certain

technical difficulties contra-indicate the use of sodium sulphate in

fhe curing of skins. The precipitation of calcium sulphate in the

skins during liming mey be cited as an example,

Ba The Bacterisl Flora of Cured Goatskins,
While 1+ was not considered profitable to attempt to identify

811 of the bacteria found on the skins, ce:tainvstrains were iso-

lated and studied. Brief'desériptions of & selection of these

Which may be consgidered as fairly representative of the bacterial

flors of goatskins are given below.

Strain 1. Isolated from sun cured goatskin.

Agér colony: White, spreading, branched, viscid.

| Morphology ‘Slender Gram negative bacillus, rather 1arge"

hany forma slightly curved. Rounded ends. Occurs singly and

'in pairs. Aotiveiy_motile.
Cultural: Uniform turbidity in broth. Blood serum rapidly lique-
fied. 'Obligate‘aerobe. Non-fermentative, '

Strain 2, Isolated from sun cured goatskin.

Ager colony : Round, White.

Morphology: Short, thick Gfam negative bacillus, occurring singly,

in pairs and éhort chains. Rounded eﬁds, Spores sub-terminal,

smaller than rod. Actively motile.
Culfufal- Broth tufbid with some sediment. Blood serum rapidly -

liquefied. Obligate aerobe.' Dextrose and ‘sucrose fermented with

acid production.
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Strain 9. Isolated from dry salt cured goatskin.
Agar colony: Round, lemon yellow.
Morphology: Short, thick Gram negative bacillus. Many forms almost
coccoid. Occurs singly and in pairs.
Cultural: Uniform turbidity in broth. Blood serum not ligquefied.
Non-fermentative. Culturally inert. Obligate aerobe.

Strain 10. 1Isolated from sun cured goatskin.
Agar colony: Spreading, branched.
Morphology: Slender Gram negetive bacillus of variable length.
Square-cut ends, Arranged in a parallel fashion. Occurs singly and
in pairs.
Cultural: Uniform turbidity in dbroth, with later pellicle farmation.
Blood serum liquefied. Obligate aerobe. Non-fermentative.

Strain 1ll. Isolated from sun cured goatskin.
Agar colony: Round, lemon yellow. .
Morphology: Very short Gram positive bacillus. Arrangement very
similar to Stephylococcus. )
Cultural: Broth uniformly furbid, Blood serum not liquefied.
Non-fermentative. Cul?urally inert.

Strain 13. Isolated from sun cured goatskins.

.-Agar colony: White, round, raised.

Morphology: Medium sized, slender Gram posifive bacillus. Rounded
ends, Some long filaments, Occurs singly and in pairs. Spores
sub-terminal, same diameter as rod. |
Cultural: Broth turbid with heavy pellicle. Blood serum liquefied.
Facultative aerobe. Dextrose and sucrose fermented with acid pro-

duction and reduction of litmus,
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Strain 1;. Isolated from-sun cured goatskin.
Agar colony: Irregglar, fimbriatet' _ | ‘
| Morphology: Medium sized Gram negetlve bacillus. Rounded ends.
cultn;alg Broth oniformly turbid, becoming clear with heavy
Pellicle formation. Blood serum liquefied.' Obligate aerobe.
Non-fermentative. |
Strain 10G. Isolated from ngnpore green.salted goatskin.
Ager colony: Round, raised, irregular. Yellowieh,‘OPeque with
darker center. ' | | |
Morphology: Gram positive bacillus, rounded ends. Spores'central,
same diameter as rod. Occurs singly, in paire and short chains.
Cultural; Uniform turbidity in broth. Blood gerum rapidly liquefieds
'Otliéate-aerobe. Indol negative. Ferments dextrose and sucrose
with acid production g . -
Strain 2CG. Isolated from Cawnpore green salted goatskin.
Agar colon&: Irregular, raised. Center opeqqe and structured,
Morphology; Grao positive bacillus; rounded ends. '~ Occurs singly,. .
ln poirs‘and'chaina,' Spores terminal to”sub-terminel;‘same diameter
as rod. '
Cultural: Broth turbid wlth.heavy pellicle, Blood serum liquefied.
Indol negative. Facultative aerobe.' Dextrose;'maltoee and sucrose
fermented with acid and slight amount of ga8e
Strain 3CG, Isolated from Cawnpore goatskin.
Agar colony: Flat, spreading, fern-like. Opaque and creamy.
Morphology: Gram positive bacillue wlth rounded‘ends. Occurs
singly. . Spores sub—terminal,-seme diemeter a8 Trod.
Cul tural: Uniforﬁ turbidity in broth. Blood serm liquefied. -
Indol negative. Obligate aerobe. Ferments dextrosé wlth 8light

acid production.
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Strain d CG. Isolated from Cawnpore green salted goatskin.
Agar colony: White, irregular, flat, spreading, cottony.
MOfPhelogy: Large.Gram,positive.bacillue.occurring in chains.

Engs elightly rounded. Spores“sub-terminal, same diameter as rod.

Cul tural: Broth uniformly turbid. Blood serum liguefied very

Slowly. Indol positive. FPacultative aerobe. - Dextrose and maltose

fermented with acid production. .

In considering as & whole’ ‘the flora of the skins, the points that

are importent are: (1) their salt tolerance, and (2) the relative

Proportion of their number which are proteolytic.

In Figure 2 is shown the growths of mixed cul tures from the

various skins, in sodium chloride broth at 37°¢C, .The bacteria from the

dry salt cured skins are inhibited least by the salt, probably be-

‘cause they sre ‘best adgpted to growing in e highly dehydrated medium.,

Thoge from the sun cured skins are inhibited most, during the earlier
Period of incubation, since. they have had no chance for salt adapta-
tion.

The percentage which are proteolytic of the total number of
organieme, of course veries widely £rom skin to skin. It is certain,
however, that a large percentage of the bacteria found en goat skins

"~ are actively proteolytic, since from 30 to 70 percent of those on

‘the dry cured skins werse found to be so, and from 37 to 80 percent of

those on green cured skins. Proteolysis was judged by the digestion

of coagulated beef serum.
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II
THE SOAKING OF GOATSKINS. -

. The first tannery process:to Which skins are subjeoted is
termeq "soakingﬁ. ‘This consists in allowing tne skins to stand in
"eter or a solution of some chemical for & certain period of time,
whi?h varies considerably uith_the-individual tanneries, The ob-
Ject_of the process is.to:remove the blood, dirt,‘salt, etct, which
&re on the hide, and to properly soften and rehydrate it for the
unhairing-treatment; It is obvious that the bacteris which are
on the skine will multiply when placed in this environment and it
is the study of this growth with which we are at present concerned.

Relatively few investigations of the soaking process have been -
earried out from a bacteriological standpoint., Various observers
have isolated and identified certain organisms from soak waters,
but the first quantitative bacteriological study of the soek is :
that of McLaughlin and RoOkwell (1924), who investigated the soaking
of heavy hides. They later (l925) ertended-thiS'worklto calf skins.

lnvorder to apbreciate the influences which govern'the growth
Of bacteria in}soak waters, it is necessary to understand the
Principles which have been discovered to control the growth of pure
cultures. Let us then consider briefly “the factors which influence
the growth of bacteria in fluid cultures.
A, .The Growth of Bacteria in Fluid Media.
1. General'Considerations. | )
When a nutrient medium, held at a favorable temperature, is
_ inoculated with bacteria, and their numbers enumerated at definite

intervals thereafter,~at_least four definlte stages. are easily disr
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tinQuis_he.ble inethe.growth of the culture. These are:

(1) The lag neriod, or the period during which the organisms |
are not growing at their maximum rateo

(2) The period of logarithmic increase, during which the organ-
18ms are growing . at their maximum rate, according to the law of
Seometric progression. ‘

(3) The. period of maintenance, during which the number of
°rganisms remains constante -

(4) The period of decline, during which the number of organisms
decreaees.

' The mechanism of bacterial growth is best studied by coneider-
ing the relations of these Various stages in the 1life history of a
Culture, together with;another‘vslue, namely, the generetion time.
This may be defined as the:time necessgary for one complefe generation,

"A 1itt1e consideration suffices to show that this value varies with the
8tage of gronth,:cnanging during the neriod of leg from an infinitely
'greet value to afmininum one dnring the logarithmic period, then’
to infinity again during.the maintenance period, and finally to nega-
five infinity dnfing decline. For this reason the generation time
of & given culture is usually taken during the period of logarithmic
increase, or at its minimum valuee

| In recent years the mechanism of- becterial growth has been
studied in this way by several workers.A The first accurate measure-

. ments ‘of the rate»of growth.of becteriavwere underteken,by Buchner,
Longard,‘and Riedlin,'(i§87), working with the’Cholere vibrio, -Qhey
made,.however, no ellowance forllag. '?his_phane of growth was first
demonstrafed‘bj Mﬂller;in‘1895. Someynears later, Hehewerth (1901)
showed that the length of the lag period varied with the species end

‘age of the culture employed.
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: Barber (1908), after the -development of = his method_bf single
cell isolation, used it to study the growth and multiplication of a
8ingle organism, and showed that the period of lag could be completely
aholished, provided the organisms used for inoculation came from
cultures in their meximum growth stage. This.obeervetion has been
cOnfirmed by later investigations. ) |
Buchanan (1918) extends the number of distinquishable periods

in a culture to seven, which are:'(l) initial stationary phase;
(2) 1ag phase or positive growth acceleration phaee;’(ﬁ) logarithmic
growth phase; (4) phase of negative growth aoceleration;'(s) maximum
étationary phaee;“(G).phase of accelerated death; (7) logerithmic
death phase. | | | '

| During the maximum or logarithmic growth phase, the growth of

& pure culture of bacteria is expressed by the equation‘

'b-'ea I2n
‘where‘b represents the number of organisms at the end of a period
T, a the number at the beginning ofithe period, and n the number
- of generations during the period. Since this is & geometric pro-
gression, it will be represented by a straight line vhen the logarithms
of the baeterial counte are plotted against time.

The_nature and cause of lag have been investigated by severai
ﬁorhers, without, however, any very decisive results. Coplans (1910)
hee shown that the.length"of thie'period differs on:different medie ‘
anﬁ:under different conditions,. Penfold (1914) has given nine dii-'
ferent h&potheeee as to the cause oflieg;_none ef‘which he regards
as_adequate._'Ledingham and Penfold,(i914) have given a mathematical
analrsis of the lag phgse, which‘mas'subeequently elaborated by
Slator (1916,h1917). ‘Thetformer,authors showed‘that'the lag phase.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




ld -
Was adequetely represented by the eguation:
x? = k log Y

Where Y is the number of bacteria after a time X, the initisl
S8eeding being one. n and k are constants. Slator showed that this

equation could be .put in the form

whey | o , 2 =‘gKan-l : f'
- Where 7z is the "constant" of growth (dyyy) at any time X,

SUitauviy wuyusuing wus vvupvauue @ ouu u UHic Syuavavu vun wo made
to represent any period of growth. B -
The rather extensive experiments of Chesney (1916) working

with the Pneumococcus, led him to the conclusion that "lag is an -
expression of injury’which the bacterial cell has susteined from its
Previous enfirohment." Sherman and Albus (1923) consider that lag
is a period of "biological rejuvenescence"

Whatever may be the true cause of lag, it is at least certain
that' the measure of its length, together with that of the time
'required'fer aﬁé generation, provides one of the best ﬁeane of etudy~
idg tﬁe effeet,of various factors on the growth of bacteria.

-,‘ZQ'Fectore‘Affeeting The Growth of Bacteria 1nwF}nid Media.

The"ﬁrihcipal factors influencing the growth of'Becteria in
liquiad cul tures may be eﬁmmerized ee follows:s _

(i) The emounteahd type of the‘inoculum. It has previously
been mentioned that the length of the lag period and generetion time
has been found to vary with the species of bacteria, as is to be
expected; and also with the'previoue history of the culture-used for
inoculation. The influence of the amount of inoculum en resulting
Sroﬁth ie'not,eb oBvious,‘but mey be demonstrated by suitable experi-~

ments. In Table III and Figure 3 are shown the growths of a
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Staphyloooccus in mesat extract broth at 20°C,‘with various‘initial

Beediogso
. Teble IIT.
ﬁourszffer_ Visble Cells per coe
Inoculation 1 2 - >
0 .. 171,500 13,360 2,100
4 180,500 19,000 - 2,580
6 185,500 18,600 2,150
10 - 253,000 25,600 2,300

It is evident that the’larger the initial inoculation, the

Sooner.actife giowth bégins, or the shorter the lag'pering

| (2) The amount of nutrient meterial available. The following
Quotation is credited by Graham- Smith (1920) to McKendrick and Pal
(1911), who worked wito B. coli: "Every 1iving organism employs
- the nutriment which it has absorbed for two objects; first, the
meintenance of the individual; and, second;‘its reproduction. _As;
hoﬁeve:, in the case of those mioro-organiéms'ﬁith.whidh‘we,shall_
deal, the rate of multiplication is very fast, we may, for all
Praqticol.pruposes,«consider that the amounf ofhiood;stuff utilized
for their upkeep is negligiblg, and assume that the whole of it is
emPloyod in‘reproduction; If we accept this simp1ifying assumption
We ma& say that organisms in a test tube muitiplv;vby e simple con-

-Version of the available foodstuff into other organisms, and that the

Tate of multiplication is proportional to the concentration of the
foodstuff." - - | o ‘

Penfoid gnd No:ris (1912) have studied the relation of the con-

Centration of peptone-to'the éeneration time of bacteria, using
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B. typhosus. They found that below a certain limit (O 2%) the
vgeneration time‘is inversely proportional to the concentration of
Peptone used. . _ _ _ L

(3) The temperature of incubation. Lane-Claypon (1909)
Working with B, coli, B. typhosus and B. enteritidis, and
Graham-Smith, (1920),“working with a Staphylococcue,'haye made
quantitative.studies_of.the effect of'temperature upon bacterial
growth. They showed thet increased temperature, up to a certain
roint (the Optimum temperature) shor tens the lag period and the
8eneration time, - ' -

(4% The amount and type of inorganic salte present. The in-
hibitive action of salts~such as sodium chloride upon bacterial
Browth is well known. Hotchkiee (1923) has recently shown that
most . salte exert elso & stimulating effect, if present in small
enough concentration. _ _

The above may be taken as the principal factors important for
this discuesion:Which'1nf1uence the growth: of bacteria in fluid
Dedia. ' Other factors'of,course enter”in; such &8 the gaseous en-

Vironment, theipresence of 1ight, etc.,, but these will not be con-

Sidered here.‘

'B. .The Growth of Bacteria"in Goat .Skin Soaksa
l. Methods of Investigation.

In the experiments to be described below, the soaking med ium,
unleee otherwise stated, was sterile distilled water. The.containers
used for the experiments were orcinary Mason fruit jars;'and were °
sterilized in the autoclave before each experiment. |

All. bacterial counts. were made by the dilution plate method,
. in duplicate. The medium used was meat extract agar, of reaction

% 065 -to phenolphthalein. One cc., of a protein enrichment, obtained
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by filtering en infusion of meat through & Berkefeld filter, nas

&dded to each plate. The plates were incubated 24 hours at 57 C
ang 24 ‘hours at 25° C.; L ' , o
2, The Rate of Growth, . .- B o l
As has been pointed out above, the growth of Baoteria is best | H
studied quantitatively by observations of (a) the length of the lag |
Peridd, (b) the generation time. In soek waters, however, it is g

impossible to use the same criteria in judging lag as'haye been ex-

‘ : : ) ) | :
Plained above_for pure culture .work. There are many different species
of bacteria present, each with a different rate of growth, and each i
of these tend to obscure the clear cut picture which is obtained in “

Pure cultures For_this reason; the period of lag has been considered . %
|

in the following work, as the‘lengfh of time which.elapsés after the
Bking are put into thé soak, until one comﬁletelgeneration has teken ﬁ
Place, provided steady growth ensues thqreafter.’ihe generatiop.t#pe
nas always taken over a period.of about eight hourS‘immediateiy
following the end:of the lag period as thus defined.

In Teble IV these factors are_givenifor various types of skins,

I T ‘ Y
When sosked in the weight proportion 1:20 at 20 C. -

Table IV.
‘ : S , j
XKind of - Length of Generation
Skin Lag Period Time in ;
: ‘ in Hours Hours ‘ y
Sun Cured . . 14 - | 2 :
Dry Salt S - ?
Cured 9 %
Cawnpore ' ;
Green Salt 20 4 i
Cured : : !
Deccan . é
Green Salt 20 4 . i
Cured o : ' ;
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Por the purposeswof comparison, the lag periods-and generation
times are given for all of the skins 'at the same weight proportion,
1 120, This is experimentally the most convenient in the cese of the
’dried skins, and a higher'proportion of skin to water is very d4iffi-
cult to work.with, owing to their large surface area in comparison
to weight. ﬁighér propoftions are ﬁore eonvepiently obtained with'
the green cured skins, and will be desalt with later. In the present
°0mparison, it is to be noted that, when soeked at the same weight
PrOportion (1.20) the green salted skins have the longest lag period;
the sun cured skins the second longést, and the dry salted skins the
Shortest. Since the green selted skins contain the larger percentage
 of moisture (30 percent), it is obvious -that a shorter soaking veriod
‘Will be required. | | ' | 4

'8+ The Effect of Temperature.

In Table V-is giVeﬁ the'léngths of the lag periods at ‘different

temperatures for each class of salted skin.

Tgble V. | .
Temperature : Length of Lag Period in Hours
o Proportion 1:20
Dry Salt Cured. Cawnpore Green
| - | Salt Cured
169C. 59°F 24 -
209 68%F 9 | 20
25°C 77% 7 16
| so°c 86%F 2 12
' 4 8

2790 99 %
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The length of fhe leg period is seento be greatly affected by .
Change in tempeiature,‘incréasing temperature, up to a certain point,
- Shortening the'lag period. This is illustrated in Figure 4;

Table VI shows the effect‘of‘témperature upon the generation

time,
Table VI.,
Temperature | Genération Time in Hours
‘ Proport;on 1:20
Dry Saelt Cured Cawnpore Green
’ Salt Cured.
150C 59OF 4 —
2006 68OF . e 4
250C 7T7°F 1% 2%
| 596c 86 OF , 1 L2

- 3n0C 990F . 1 1%

The date of Teble VI is shown graphically in Figure 5.

The effeat of temperature is also seen in modifying the inhibitive

action of salt. This is showh in Pigure 6, where the growths in
sodium chloride at various'teﬁpéréfyresof mixed cultures from dry
selted cured skins are plotted. It,iS'seen thét increasing femperature
cbunteraqté<the/inhihitive éfféctjpf the salt. |

4. TheAEffect of Changing Eroportion of Skin to W@tefq

Skins of each class have been studied to determine the effedt

of verying the proportion of skin to soak water. No definite variation

'in the length of the lag period with changing proportion is found in

.the case of the dried skins, Thia is probably because the surface

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

et T IR TS




3

"

- Diy Soted))

Gererolzon Jrime jr fours.
N x>

o T jo Ir Ro 2= 35 T

/e )@oegyf_uxe (% e/?//.ég’ rodk
oy, 5 ‘

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




%
/7
/2

/0

Florcern? Sooii s . Chbrrafe
' 0o

\ .

QL
B o

v

=t % 3

.Dc?/s /ﬂcc/,éa//on
) /z}jf, 6.

=%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




, nitrogen is so Small. (See Table I)

\

. -20_

Table VII gives the variation

in Surface nitrogen with changing proportion, for this class of skins.

maﬁiéJvII.

Variation in Surface Nitrogen with Changing Propor-

tion of Skin to Water.

PrOportion Skin
to Water.

30

'20
10

H O
oe

(1]
o

Sﬁn'Curad Goathkin.

Grams Surface Nitro-
gen per 100 cce

'0.0044
10,0075
. 0,0084
0.01856

Grams Nitrogén
Dissolved per

1 gram Original

Skin.
0.00132
0.00150
0.00084

'0.00092

Teble VIII gives the variation of surface nitrogen and length

ofllag perlod in the caso‘of the gréen sélted'skins;

Proportion Skin  Grams Nitrogen

Table .VIII.

to Water. . per 100 cce
1 : 30 0.0086
1z 20 0,0481
1:10. © 0.1445
1:56 042030

20

20
18

16

“Length of lag . Grams Nitro-
period in hrs., gen Dissolved

er 1 Gram
%riginal Skin,

0.00266
- 0,00962
001445
0.010156

- The length of the lag period is seen to oe materially influenced -
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by the weight proportion change, incrgqsing‘fhe retio of skin to water
Tesulting in shorténing the lag period, Thié'iS‘the effect of in-
~°reasing the concentretion of nutritive substances (surface nitrogen)
5. The Effect of Milling with ‘Change of Water.
ny cured gosatskins are commonly}milled before soakinge Thé
10110w1ng experiments were devised to ascertaiﬁ the effect of this
milling and chenge of water on the subsequent bacterial phenomena of
the'soak. Pieces of dry salt cured goat skin were milled for the |
1engths of time shown, aiter which the water was changed end the-
gkinsg allowed tosogk at 20 Ce The results are given in Table IX.

Tgble IX.

i

Effect of Milling Dry Salt Cured Goat Skins
~With One Change of Water.

Before Soaking, 20 C, 1:20

Control Milled Milled Milled Milled
: 10 min. 20 min. 30 min. 40 min.
Percent Bacteria : o o
carried into soak. 100 60 44 24 17

Bacteiia;after . S S

20 hours. 100 a7 - 16 8 3
'Grams Nitrogen SR o '
removed per 100 .-, 0 - .0.269 06273 0,366 0.423
Grams Skin. - : _ : :
Length of Lag’ 9 12 12 14 16

Period in
Hmms. o

Inspection of the data in Table IX shows that milling the skins
with 6hange'of water before(soéking,gfqatly decreases ?he subsequent ‘
bacterial growthe This is the resultant of two causes; first, the

Wwashing off of the bacteris originally present on the.skin,-and, second,

N
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Gy e A l L w2le. , . |
the decreasing of the availablé'protein mgtte#; Figure 7 shows the
relation betweeh‘the length of time the skiﬁ'is milled and the number
of bacteria carried into the soak. Figurefé shows t@e effect of the
milling time on resulting bacteriél growth. The relation between the
Srowth'and the amount of protein washed out of the skins is slso
shown. N o |
lt.thus appears that, from'a bacteriological vlew—point, milling
is entirely adfantageous; that damage in milling can,consiét only
of phjsical\injury to the skin, and that the longer the milling fhe
smaller will be the resultant bacterial growth in the soak. On the
other hend, 1t has been pointed out thet the presence of salt in the
Soak assists in the proper swelling and conditioning of the skin. It
‘1s‘obﬁious, of_ooursé; that the longer salted skins are milled prior
to sosking, the lower will be the concentration of.salt in the soak.

é; The Effect of the Type ofWiater Uged. .

Watef used for soaking 1n'tanneries'?aries widely from place to
place, and it, therefore, seemed best to studyv?he.effect of the in-
dividual salts whidh‘are most commonly encountéred., TableX shows the
bacterial growth after 24 hours at 20 C. of sun dried goatskins
sosked in the proportion 1:20 in the various waters shown. Table XI
gives similar data for the green salted skins. The growths are caléu-

lated on the basia of a pure distilled water control. as 100.

[4
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Ta.'ble X.

Showing Effect of Various Salts on ‘the Growth of
Bacteria in Soeks of Sun Cured Goatskins.

24 Hour Sosk at 2o°c Prop. 1 : 20.

A1l salts used in concentration of 500 ppm. with
the exception of MgCo,, which was 100 ppm.

Bicarbonate Carbonate Sulphate Chloride Sulphide

Mg. 225 127 100 111 —
Ca.e 121 —— 100 116 -
Fe. SR— — 0.5" B e

Na - -— — ——— 9

"( ) Markedly alkasline reaction.
(+ ) Markedly acid reaction.

Table XI.

Showing Effect of Various Salts on Growth of Bacteria
' in Sosks of Deccan Green balt Cured Goatskinse.

24 Hours Soak at 20°c. Prop. l : 20.-

All salts used 1nconcentration of 500 ppm. with the
exception of MgCos, which was 100 ppin.

o | Bicarbonete Carbonate Sulphate Chloride Sulphide

e
f

Mg. . 170 f[ 120 110 117 -

Ca. . 105 == . 100 100 -
.. Fe. 4:7— - 1 15 ———

Na. " ;?‘ — -— — 2

() Mankedly alkaline reaction.
(+) Markedly acid reaction.
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It 1s to be observed that magnesium salts greatly stimulate
growth, while iron sélts reduce it.- Sodium sulphide is slso a marked
deterrant to growth, It is appa;ent from the,two tables that the
‘salts‘do not have as much‘stimulafory effeot_in the éase of the green
salt cured as in the cese of the sun dried skins. This is probably
due to the so-called “émfagonistic" effect of the salts already

present.

.. Summary and Conclusione.

1. FProm a bacteriological point of view, judged on the bac-
terial phenomena of the soak, the sun cured éoatsk;mé ére the best
cured, the dry salt cured the worst. | V

2. The Xhari salt has little or no gemmicidal effect upon
skin bacteria. _ ' |

3. The following factors are shown to bé important in the
soaking of goatskins. .

(a) The amount end type of inoculum, v

(5) The weight proportion of skin to soak water (in the case of

" the green salted skins).

(c) The femperéture of,thg soek water.

(d) The milling of skins before. sosking.

(e) The character of the water used for soaking.
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