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';The Action of Lime Suspensions on Steer Hide Halr.

| Ampng.the many problems presented by the liming process
}#hese concerning the keratinous portions of the hides or sﬁins
nge of considereble interest and importance. The hair shaft
;gnd/root and the epidermis with its associated tissues com-
,?riSe the bulk of such portions. Of these, the hair root and
‘the epidermis ere directly concerned in the unhairing setion
fééaurring during liming, eand studies of the chemistry of un-~
hairing should properly be made upon them. The difficulty of
uébtaining these tissues in sufficient quantity has, however,
fﬁéraed exre rimenters interested in this question to use the
hair shaft in most of their investigations. The results of
ﬂéubh studies are of much interest and value, yet in view of
ldirferenees in composition and physical state of the tissues

‘in question, their unqualified application to the behavior of
fthe epidermis and hair root is hardly permissible.

: Merriott end Merrill have especially studied the aetion
{éf the ordinary depilatory solutions on heir. However, the
fgreater portions of of thelr work deals with the action of
!sulfides and sulphydrates. The effect of unsharpened caleium
Vhy&r@xide suspensions on calf hair has been followed by Merri(.};{
Vbx means of nitrogen determinations., Marrioég) has considered

(l) H.B .Merrill and J.W.Fleming, Jr. Ind. Eng. ‘Chem., 20 21(1928)
2),8.&.Marriett, TeIeS.LoTeCs, 12, 281 (1928);Ibid, 15,25(1931)
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the source of the ammonie found in similar liquors.

| A cherecteristic constituent of hair is the sulphur con-
‘taining awino acid cystine, This amino acid, either alone
ar, 8s Bergmenn has shown, more easily when in peptide com-
‘ﬁ‘,bui'nati'en loses verying proportions of its sulphur as sulphide
;yunder the action of alkalies. The disulphide linkage of the
 eyst1ne molecule (HOOC.CH (NHa).CHs .5.5.CH, .CHNE,COOH) is also
f‘easily reduced to the sulphydrate fomm (HOOG-GH(EH.)%:BH) of
,“uystelne a property shared by cystine peptides. The amino
”[gmup of oystine and cysteine may be removed as ammonia under
the action of alkalies., Cystine apparently retains this une
f"{f%a;t,e.bility towards alkalies to a greater or lesser degree in
;;;’tftaj’ combinetions in heir.as, using the usual isolation pro-
i_lvfggéégure, Hcfmg)observed 8 marked decrease in the yield of
cyatine from helr previously treated with sodium carbonate
ii‘;;éiuticn. Marrioss obtained similer results with sodiun by
-'jié,:mxiae while Bergms(éx)l W. Kuster end W. Irigxzt and Marriotg)
’\,fbbsarve like behevior with sodium sulfide solutions.
~While sulphides have been repeatedly found in old un-
jfghgr@ened lime liquors, yet, as far as we are aware, no quan-
'ift‘fiﬁa‘tiva studies of the various sulphur containing products

formed during the ncrmel liming period from the action of un-

(3) W.F.Hoffmen, J.Biol,.Chem. 65, 251-4 (1925).

(4) M.Bergmann and F.Stather, Collegium, 109(1925) Ibid.
o 3&9 (1926)0 : .

. "5) W.Kuster and W. Irion, J.physiol. Ghem.,l&& 285 (1929).
{8) RH.Marriott, J.8.L.T.C., 9, 612 (1925).
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?ﬁharpéned lime suspensions on‘hair have been published. ®&uch
'ﬁistu&y would not only throw additional light on the bahavior
;@tythe sulphur containing constituents of the hair during
fiiming, but would also furnish a basis for the further study
 9£ the action of the va:ious sharpening agents used in the

beam house,

Experimental.

i u The ease of oxidation of the expected sulphur compounds
demanded the comparison of two 11ﬁing eonditions (a) exposure
 to air and (b) as complete exclusion of air as possible. The
vi@tter condition was obtainéd by boiling the lime liquors be-
’_:;@zée use, by "washing", the hair to be limed in & streem of
ﬁﬁitregen‘gas, and by carrying out the liming in en atmosphere
f@f nitmwgen gas in sealed bottles. |

: Throughout the liming process the liguors were agitated
1%?&53 daily. At the end of the desired liming periods the
]1iquors were filtered into nitrogen filled flasks while being
f§i@teeted from the aetion of atmospheric oxygen by a stream of
i#itrogen gas.

k ;‘ The limed hair was thoroughly washed as qulickly as possi-
 $lé with unboiled distilled water before subjecting it to the

1@ésired analyticael procedure.

;ﬁathOds of enalysis,
;iQ;Analysis of the lime liquors.
1. Total Mitrogen.
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, Total nitrogen values were obtained on 25 c.é. portions
of the filtered liguor by the Kjeldahl method.
2, Aumonie nitrogen.
 Ammonie was determined by distillation under vecuum in-

f;te excess acid. |

: 8. Total sulphur, ‘

| A volumetriec precedure we.s employed, ' The various forms
:'of sulphur were oxidized to sulphate, which was determined by
;}an iodometrie procedure given by Kolthoté?

4, Sulphur present as sulphide and sulphjdrate.

V A prooedure due to Kur%enaéker and Wbllégk was used,
The sulphide and sulphydrate sulphur was calculated from the
;ﬁifference in iodine consﬁmption of the lime liquor before and
after treatment with ZnCO, suspension, which removes sulphide
ﬁanﬁ sulphydrete as zine sulphide.

‘ : Results obtained by this procedure were satisfaetorily
géaheeked by distilling HeS from the acidified ZnC0;-ZnS preci-
”iﬁitate,obtained above into cadmium scetate solution and deter-
fﬁ@ﬁing the éadmium sulphide iodometrically,
f7 ‘5, Sulphur present as sulphiﬁe.
| Kurténacker and Wollack's proeedﬁré was again used here,

 ¢&6 result was caleulated from the difference in iodine con-

f;émytion of the liquor, (previously freed of sulphide and sul-

{7) M. Xolthoff. Volumetric Analysis, Vol. II, Practical
e Principles. p. 418.

;(') A. Kurtenacker and R. Wollack, Z. anorg. allgem. chem.,
o ‘ 161,201 (1927); C.A., 21,1941 (192'1)
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;Qfﬁhydrate by thé zﬁce. sugpension), before and after the ad-
' éit1sn of rormaldehyde, which forms an aldehyde~-sulphite com-
'f pénnd not oxidized by iodine.

6. Sulphur present as polysulphide,

- The estimetion was based on & procedure due to E, |
5fsehulek which Bodnar and Gervag have found quite satisfactory.
  By,add1ng the sample of liquor to a boiling bqrﬂm acid solu-
f tien containing sodium cyanide polysulphide sulphur is con-

. vﬁrté& to sulphocyanate which cen then be estimated colori-
;Qﬁétrically after the addition of ferriec ion as the red ferric
;ﬁﬁulphoeyanate. The conversion o sulphocyanate of the small
ﬁlamounts of polysulfide sulphur here dealt with is not as com-
i{plete as obtained by Schulek for larger quantities. The
, 99lysu1ph1de result s recorded, while low, may still be consi-
ff&eted comparative.

| 7+ Sulphur mresent as sulphate.

T Sulphur in this form was precipitated from the acidifieﬁ
ffiiquor by the addition of an alcoholic solution of benzidine,
ﬁ @ke'pree1p1tate of benzidine sulphate was filtered off, washed
 f&nﬂ titrated with .01 N NaOH in the usual manner.,

8’ Sulphur present as cysteine and cystine.

(10)
Sulliven's method was utilized., A 50 c.c. portion of

i}{-9) J. Bodnar and W. Gervay, Z.enel.Chem., 71,446 (1927).

© (10) M. X. Sulliven, Public Health Reports, Supplement No. 78.
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7 £&3 lime ligquor was prepared for anslysis by freeing from sul-
‘féﬁide and sulphydrate_with 5 ¢s0cs Of ZnCOz; suspension. To a
5‘59 ¢+¢o portion of the supe rnatent liquid (obtained by centri-
fuging), ecidified with 1 N HCl, 10 o.0. of 1 N HCL were added.
j,ﬁhe mixture was then diluted to 100 c.c., and examined for
' 6?steine and cystine by Sulliven's procedure, This method
 ﬁtilizes the red color developed by the interaction of
Pﬁﬁnapthoquinone-p—sodium sulphonate and e¢ysteine in the pres-
~enceé of sodium sulphite for the colorimetric determination of
féysteine. Cystine is determined by this method by first re-
 dﬁaing‘it to cysteine with sodium eyanide. Sulliéi%)has shown
the procedure to be highly specific. |
  ':9.‘Sulphur mresent as cysteine and c¢ystine peptides.

A mixture of 25 c.c. of the 1iquor and 25 c.c. of con-
eentrated HCl was boiled under a reflux for 10 hours, no at-
:fempt'being:mide to exolude atmospheric oxygen. The hydrol-
;éﬁate, after concentrating to 10 - 15 c.c., was made alkaline
*#eybrom phenol blue by the addition of 6 N NaGH,vdilutéd to

*59 C+C,, and examined for cystine by Sullivan's method.

Methods for the analysis of the limed hair.

7 1;kHyﬁro1ysis‘
The limed hair, after a thorough but repid washing with
 &1stil1ed water, was pleced in a nitrogen filled flask and
(11). M. X. Sulliven, Public Health Reports, 41,1030 (1926).

Ibid., 44,1421 (1929). Ibid., 44,1599
(1929).

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



-

 §¢nnected (by & ground glass joint) to a nitrogen filled re-
fflux condenser. With a slow stream of nitrogen gas passing
Tthrough the apparatus 50 c.c. of freshly boiled 20% HC1 was
iintroduced into the flask through the top of the condenser.
fﬂyﬁrolysis was effected by boliling the contents of the flask
 f9r tén hours., Hydrogen sulphide given off during the hydro-
 1?31§ was collected in a cadmium acetate solution which also
gsérvea as a seal to exclude atmospheric oxygen from the hydro-
 iyaate. |

The final hydrolysate was concentrated to 2¢ - 25 ec.o,,
'!é@olea, end diluted with distilled water to 100 c.c.

- 2, Totael nitrogen. ,
' A 10 c.c, aliquot of the hydrolysate was analysed for

 t¢ta1 nitrogen by the Kjeldshl.

%, Ammonia nitrogen,

A 25 c.c, aliquot of the hydrolysate was added to 100 c.
iq, of water containing'an excess of Ca(OH); and the mixture
ﬂiﬂtilled, under vacuum, into excess standard acid.

f 4,>Total sulphur. .

~ This was determined in a 10 ¢.c, portion of the hydrol-
‘yﬁgte‘by the’procedure mentioned under the analysis of the
VIimg liquors.

' 5¢ Sulphur given off as hydrogen sulphide during hydrolysis.
o The cadmium sulphide formed in the cadﬁium acetate sol-
fuﬁion mentioned sbove was determined iodometrically.

‘  6§ 5ulphur present as oysteine and cystine.
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| (12)
.These values were obtained by Okuda's procedure, which

- depends upon the oxidation of cysteine in dilute hydrochloriec
 :¥°id solution containing potassium iodide by the addition of
'"jﬁfandard potessium iodate solution. Cystihe is determined by
ifyﬁhis procedure after reduction to cysteine with ziné and hydro-
ékgeric acid. |

355%111:8.

L In Teble I is recorded the analytical results for lime
liquors obbeined by liming, at 1800.,‘six gram po:tions of hair
4n 500 0.¢6. of saturated lime water containing 1,5 grams excess
?7¢£(0378 per 100 e¢scs Of solution, The hair used in this ex-
,}ﬁrbriment had been elipped from a fresh steer hide, washed and
fi §1r dried. It had not been treated with fat solvents., These
 * 11&9 liquors were not examined for cysteine or c¢ystine, nor
 }taa‘the limed hair analysedQ The nitrogen gas used in this
'; exper1ment was not freed of the small amount of oxygen it eon-
f ktg1ned,

| : To enable ready comparison of the quantities of the var-
g iéu§,forms of sulphur present, 2ll results have been expressed
' §$~m1lligram atoms (one thousandth of a gram atom) per gram of
%ynﬁlimed hair.

o The irregular variation of the totel nitrogen results is
’ 7very maiked.' “This may pdssibly be due to uneven fat distribu-

(13) Y. Okuda, J. Sci. Agr. Soc. (Japen) No. 263, 1-3 (1923);
8. A. 18, 2014 (1924).
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'ftioh,‘as Marriott has noticed marked differences in the .nit-
:':Qgen eontent of sodium sulphide solutions which had acted

; ﬁpbﬁfaegreaaad,and undegreased goat hair. The ammonia Tre-
5’§ults a0'not'show this irregularity, but inerease with‘the
time of liming end With no signifioant difference between the
;Qtim'ltming conditions of exposure to and exclusion of air.

" The effect of these conditions is well demonstrated by
‘fthevsulphur distribution., The lower states of oxidation
Qfsulphide plus sulphydrate and polysulphide) are much nore
‘¥abundant in those liquors obtained with the exclusion of air
than in those to which atmospheriec oxygen has had access. The
fﬁiévérse 13 found in the case of sulphur present as sulphaﬁﬁg
(;Sﬁlﬁhate sulphur hardly exceeds experimental error at any time,
ﬂ$ﬁfk:uns higher in those liquors exposed to air.

:  The total sulphur content of the‘liquors increases with
* fhe time of liming. The increase’is quite rapid during the
 first’two days. Except for the one dey liming period, less
géﬁlphur is determined in the unexposed liquors then in those in
fé@ntaet with air. This may reflect a difference in the be-
fhaviap of heir under the two liming conditions employed, pos-

siﬁiy‘effected through the differences in sulphur distribution.

. However, at the end of a narmél'liming'period of five
:;agys, only about 40% of the sulphur compounds in the lime
; ;§quor have been accounted for, At this time the lime liquor

: @§§ removed from hair epproximately 20% of its sulphur,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In Table II is recorded the changes occurring in the sul-

,phur distribntion of the 8 day liquors, obtained in the above
;g;periment on allowing to stand, after the removal of the hair,
;ﬁﬁdar the noted conditions., The liquor obtained with the ex-
lé@ﬁéien of alr seems to be quite stable when kept under these
,;éndifions, but, on exposure to air, suffers a loss of sulphide
pius sulphydrate and polysulphide sulphur with & gain in the
suiphite and sulphate forms. This is naturally to be expect-
‘éd,kthough it is interesting to note that this gein dces not
eqﬁal the loss of sulphide, sulphydrate and polysulphide ob-
,served as is seen on comparing the summation of the various
rozms of sulphur determined. This difference may be due to
ghe formation of thiosulfaete or other substances not debermin-
éa_in the present analysis.

~ In Tebles III, IV and V are gethered results of & simi-
15: experiment performed on hair c¢lipped from a Domestic steerxr
hide. This hair had been washed, air dried, extracted with -
?ive or six portions of benzene at room temperature for seven
éf §ight days and finally air dried. Complete fat extraction
%ﬁé probebly not obtained by this treatment.
Kk The nitrogen gaa used to exelude atmospheriec oxygen was
rreea of oxygen by bubbling through three Truéz)tewers con=
taining alkeline pyrogallol (prepared according to Andeéigg)and
g;ﬁ)\TruOg, J. Ind, Eng. Chem., 7, 1045 (1915).
(14) Anderson, J. Ind. Eng. Chem., 8, 151, 133 (1916).
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Days
in
limes

8

Pest Limins~*€’s§es 1n Ealﬁhur histributien at Lime Liquera.4‘w

Limed in
presence
of

Post Liming
conditions

Alir Immediate analysis
oflliguer.

Anelysis of ligquor
after standing
exposed to air
for 24 hours.

Immediate analysis
of liquor.

Nitrogen

Anglysis of liquor
after standing
exposed to air
for 19 hours.

Angl yeis of liquor
after standing
protected from air
for 19 hours.

‘f’ Rssults exmresaed as milligram atoms cf sulphur in the 1ims liqner per gram of hair.: H,7?fi

Sulphide

Poly- Sulphite Sulphate Summation
plus sulp~ sulphide sulphur sulphur
hydrate sulphur
sulphur ,
a. b . - Coe d' - &*b*ﬁ:‘!ﬁ‘
009 020 .009 +080 0118
.008 +009 .014 «084 115
« 037 »078 «000 «017 +132
+006 005 +024 +037 078
«035 068 «002 +O11 +116
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i?:then éver heated copper gauZe, e procedure recommended by And-
oma.

: The determination of sulphite in the lime liquors was
~;f@mittad, but cysteine, cystine and thelr polypeptides were
' ,t@stea for by the methods described previously. Sulphur pres-
“»fbnt_in the liquor as sulphide and sulphydrate was determined
f  b§ distillation of the ZnCOs; - ZnS precipitate, as outlined
_ @bove, instead of by lodometric titrations. The limed hair

V“freﬁ!this experiment was also examined by the proecedure given.

Teble III presents the analyses of the finel lime lig-
J nQrs. The total and ammonia nitrogen results are still pro-
j bably‘questionab1e, and, in the absencé of & more extended
‘ fseries of determinations, will not receive serious considera-
; fﬁi@n~here.
1 ‘ ~The total sulphur content and its distribution agree
’f ﬁ1th that shown in Table I. The curing and partial defatting
f]‘ﬁndergcne by the Domestic steer hide heir hence does not great-
: 1$‘inf1uence its Sulphur losses in lime suspensions.
kv In no case was cysteine or cystine found, either as the
:Qamine acid or in peptide combination. As Sulliven's test is
"highly specifie this finding does not exclude the bpresence of
,. §ther orgenic¢ sulphur compounds. No substances interfering
f wiﬁh.the Sullivan method were present in the acid hydrolysed

‘;leme liquor as wgs shown by the saetisfactory determination of

ffa Hmown amount of added cystine.

,11;5) J. C. Andrews, J. Biol. Chem., 80, 191 (1928).
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Days
Liming

NS

Limed in

presence

of

Air
Nitrogen

Air
Nitrogen

| Analysis of Final Line Liguoss.

Mil}igramﬂatams'in liquor per gram‘éf unlimed hair,

To tal Ammonis Sulphide Pely? Sulphate Total Cysteine Cystine Cysteiné'
Nitrogen Nitrogen plus sulp- sulphide sulphur sulphur sulphur sulphur or cystine
hydrate sulphur , polypep-
sulphur tide
sulphur
+251 083 .008 - «046 «254 none none none
«204 +052 »018 - +004 «230 none none none
247 089 - «004 012 072 «276 none none none
191 071 .0l8 «077 . 006 o241 none none none
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Table IV shows the results obtained on the hydrolysetes:
fé? the limed and unlimed hair. The HeS given off during
;h&arolysis emounts to only 1% of the total sulphur present,
;bmt is higher for limed than for unlimed hair. Hair limed
iiﬁ the absence of air yields slightly more HsS than when limed
fin its presence. These values may possibly refleet differant
i@ggraos of chemiecsal changes occurring in the hair under the
 5631on of the different liming conditions.
o The ¢ysteine sulphur does not vary significantly with
»the liming conditions employed or from that found for unlimed
hair.
;( : The eystine analysis c¢learly reflect the action of the
fliﬁﬁ’ﬂUﬂPension' Only firty peroent of the cystine determin-
fed in unlimed hair remains after four or five days liming,
;Exmmination of the data shows, however, that the eystine and
i@ysteine determinations account for only ebout 50% of the

btetdl sulphur content of the limed hair.
| Teble V summarizes the date presented in Tables III and

;#?;’ The recovery of total nitrogen anmi total sulphur as

:bﬁbﬁn by their corresponding summations 1s not entirely satis-
{ﬁmcwry. A maximum loss of 84 of the nitrogen and 12% of the
fsulphur (ignoring the questioneable value) oceurred during the
menipulations required. Only 50% of tae total sulphur of the
:unlimed helr can be accounted for after five days liming, at
fuhigh time the remaining oystine sulphur constituteg  only 85
fte ‘37% of the totel sulphur content of the unlimed hair,
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Days Limed in

Liming  presence
‘ of

Unlimed, un-
hydrolysed hair

Unlimed,
hydrolysed hair

4 Alr
4 Nitrogen
5 Aiy
5 Nitrogen

Totel

Nitrogen

10,30

10,07

9.57

9.83

9.28
9.63

Ammonia
Nitrogen
(formed on
acid
hydrolysis)

753

763
.846

» 733
784

Total
sulphur

1.360

l.048

.718
1.107

«987
«945

Sulphur Cysteine Cystine
evolved as sulphur sulphur
Hg8 during the
acid hydrolysis

.003 072 .18
(?)  .005 063 .5684
.010 063 Wit]
.007 .066 439
.009 .069 .442
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, The action of unsherpened lime suspensions on steer hide
1hair, with perticular reference to the sulphur compounds ob=-
i;ained, has been studied. |
;W"' Exposure to or exclusion of atmospheric oxygen during
%}iming produces marked differences in the state of oxidation
iéf,Same of the inorgenic sulphur ccampounds formed,

; ﬂ, The dete obteined shows no other marked differences due
;te these liming conditions,

H The formation of polysulphide sulphur in the absence of
Lgﬁmgspheric oxygen indicates that some other substance present
gi§ 6apab1e of oxidizing the sulphides formed during liming.
’,  - No ecysteine or cystine, either as amino acid or in pep-
;ﬁgde'combination, is present in the liquors examined.

The cystine content of the hair is decreased 50% by five

ysiliming, the cysteine content remains quite oenstént,
~ Much of the sulphur remaining in the limed hair is not

:ﬁééasnt as cysteine or oystine compounds.
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