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gramm eines Au&riches einer 22stiindigen Agarkultur. Die wiiss- 
~ichwenm~ung wurcle getrocknet, dann durch 10 Minuten mit einer ,gesiittigbx \* mkarbonatliisung hehandelt, mit Wasser gewaschen und in konzentrierter Jocl- 

..,lliumliisung ringeschlossen. V. = 1000. 
Fig. 2. Lichtbild eines in st,arker JodlGsung eingeschlossenen Ausstriches eincr 

14l[igig:on Agltrkultur. V. = 500. 
Kg. 3. Entspricht einer anderen Stelle des PrBparates von Fig. 2. V. = 1000. 
Kg. 4. 5, 6. l’hotogramme van Zopfbildungen 

minor 6tiigigetr Ag8rrkultur. 
und Gleil3elverscillingungen ~118 

I)er Au&rich wurde mit, IJWOZ. Motphinliinung trocknrti 
CCIIIRS~ gewuschen und dann in der strtrken Jod-Jodkaliumliisung eingeschlossen. \-. 

; 1200. 
Pi?. 7. Au&rich von einer 48stiindigen Agarkultur, in starker Jod-Jodkalimn- 

iijsung photographiert. V. = 1300. 
Fig. 8, 9. Photogmmme eines Ausst,riches von einer 48stiindigen Agarkultur, 

tlc~,en 1lrlfs~11\\,e111ttll111g rnit einer lproz. Morphinliisung gemischt nnd rasch getrocknet, 
\vordetl war. N:~ch der Wassorspiilung wurde in der konzentrierten Jod-Jodknliumliis- 
ttng oingeschlossen. v. = 1300. 
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Observations on certain lactic acid Bacteria of the 
so-called Bulgaricus type. 

[From the Deprtment, of Bacteriology, Hoogland Laboratory, 
Brooklyn, N.-Y., U. S. A.] 

13~ Benjamin White and Oswald T. Avery. i 
With 2 plates, 4 tables and 1 figure in the text. 

The attempts to formulate a definit,e classification of the organisms 
producing lactic acid fermentations in milk have been rewarded with a more 

i 
I 

or less incomplete mea.sure of success. There still exists a certa,in degrcr of 
ronfusion rrgarding the biological relationships and identities of the more 
sommon milk-souring bacteria indigenous to western Europe and Amrrica. 

i j 
‘To the list of organisms a’lready isolated and described there ha,s reccntlp 1 
been added those constituting the bacterial flora of the curdled milks of 
Turkey, Kgypt, Bulgaria a’nd other east,crn countries. These milks cont.nin 
bacleria which, at least in so far a#s their activities in milk are concerned, 

j 

are unicl ue. 
A review of the various published descriptions of Kefir, Yoghurt, Mazun. I 

I,cbcn and fhc! less well known Gioddu draws :rttcnl.ion to the fact that ill 
Ihc mii~jori1.y of illStiLt1CffS the authors have dcscril)ed thr rtiicroiil,g:;irlisttls 
isolat,ed and sludied in each caso as separat,e and distinct bacterial entities. I 
I< u n t z c was t,he first. not only to draw comparisons between the diffr- 
rent organisms thus described, but also to point out further the poesiblr ! 
relationships existing between these partioula,r bacilli and the various species i 
of lactic acid producing organisms already described. During thr past two t 

yrars the bacilli from these milks have rrceived ml incrraased amount 01 
;(ttcnbion from bacteriologists becanse of their a,lmost universal employment in 
in combating 1 ho pulrefart,ivc organisms producing intastiniil ;iutoiritnxica.tiou. 

The bacillus isolated from Hulgarian Yoghurt and first, described by 1 
G r i g o r o f f of Prof. M a s s o 1 ’ s laboratory - the so-called 13 a c i 1 I II s I 

II II 1 g a, r i c n s or 13 a G i 11 u s 
I 

of M a s s o 1 - has bcrn t,he organism 
of t,lris type most. discussed, and has generally been considered as constith 
ling a new and distinct species. In this eonnect,ion however it is of interest I 

!I 
Zwelle Ah. ltd. 26. 11 



ulgaxicua type. 163 

blue or with the 
ot observed in the 

the Kbrnohenbacillus is to 

/ 

the title of B a c i 11 u s b u 1 g a I i c u s. 
to the author, produces a higher degree of 
bacillus, and although it shows certain other diff 

found further that many of these morphological features are included in the 
summary of distinctive characters of the group B a c t e r i u m c a u c a - 
sic u m (Kern) L. et N., as reviewed by L 6 h n i s , wo distinguishes’ 
s&general types, viz. - 

I. Milk coagulating, gas producing, B a c. c a s e i Freudenreich. 
II. f&ilk coagulating, non-gas producing, (B a c. c a 8 e i Leich- 

tion Heinemtlnn snrl Hef- 
meccas oultures of becilli which 

11* 



Isolatcrl fl,oul I,artol~ncilline Xl& obtnincd in l’nrin .Iulv 1!108. 
l&11 e(l Srptrm 1~ I!)08 from l~sctol~acilline ?vlalt r)rei&xl 1)~ the I’ranco- 
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XXIV-1 Isolated March 1908 from sour milk obtained from native Syrians in Brooklyn. , 
I\‘. Isolated bv and received from Prof. Ku n t z  e of I&zig marked ,,B a c  t. , 

Yoghuit, V&riot&t W“. 
- ., 

:h--I Isolated October 1908 from ,,Zoolak“, a oommercial Mazun prepared 1~~ 
Dr. 11 a d i r r i a n , New York. I 1 

xa-1 Isolated October 1908 from a commercial Armenian sour milk. 
1la--1 Jnolated October 1908 from Maeun prepared by native Armenians in New i 

York. 
al--I Isolated October 1908 from sour milk prepared by native Armenians in New 

York. 
K. isolated by and received from Prof. K u n t z  e of Leipzig marked ,,Kiirn- 

cheubacillus“. 
J?or purposes of convenience the cultures from Bulg. to W. will be referred to 

nti Type A, those from %5a--1 to K. inclusive as Type B. 

While it is quite probable that the above list includes strains having 
;I common origin yet these have been subject,ed to varying conditions of 
t~lllt.ural environment. In order to learn the influence of long continued so- 
IjliUy o\ilt.iv;~l.ion, of symbiosis with pasts, bacilli and cocci, and Of cd t.i- 
v;bl,ioti in diflorcnt; IUt!tliil~ the possibly itlen ieal slrains were 1.brkrclort! ill- 
rlnll,!ll. ‘l%~c sixteen cultures were cultivabed and sludicd simul(aneously 
illld ;LlW&yS UUdar idcnlioslly i lJldO~OUS oondilioiis. Iii addition t.0 the above 
some twenty different strains of similar bacilli were isolated from various 
sources, comprising commercial preparations from Germany, Franec, Eng- - 
land, Scotland, Switzerland and the United St,atcs, also specimrns of swr 
milk obt,ainrd from southern Siberia, Sofia, and from the natives of Arm- 
aria, Syria, and Egypt living in New York (%y. These isola.l.ioiis were ill:- 

eomplished during the course of the invest,igntion. mid the organisms t,hns 
isolated were coulpared as to their essential features with the stra,iiis a,h’cady 
studied. No new types were found and since none of these organisms showed 
ally significant v;lria,tions from those list,rd HO mention will be matl~ fnrthrl 
Ihan to associate them with the types included in the firescnt study. 

Detailed Featnres. 
I. Morphology. 

1. Whey lySU.‘) The following characbrifltics are common to all strains; wide 
variation in leugth, from 2 p to 50 p, breadth about 1 w. Nearly all individuals are in- 
tensely Gram po4tive and these show regularity of outline. They are straight to slightly 
rurved, with rounded ends and show no vacuoles or granules. All strains RIIOW invo- 
IuCon fnrmfl exhibiting vncuolos, often appearing as cnll)t,y cell membranes. These forms 
nre Gram neget,ive and vary greatly in both dimensions also in Form. All show a t,endenny 
to chain formation, some being arranged in chains of G  to 25 segments. The chain may 
vontain both Gram positive and Gram negative individuals. Gram negative nl~hcrical 
hotlies, varying from O.% + to 1 p are seen adhering directly t,o the sides of some (:ruln 
tlcgat~ive individuals in strains of Type J3. 

2. Whey. In t.heir behavior in whey these organisms cxhibit~some fcaturcs 
of decided interest. The tendency towa,rd degrner;rtion and involution is 
tnnrked. In the na,rly stages of incubation at 375’ or 44” the bacilli arP nni- 
form in size and intensely G  r a m positive wbiln in thr succeeding stagcbs 
IIIC irregular, vacuolated, inflatrd and rulll.nrcd forms prcdominatc~. ‘l’hrsc 
Ia tt,cr forms inraria,bly dccolorizr. Uetwnen the 18th and 24tl1 hour of irr- 
&ation at 44O the st,rains of type A develop a morphological Ilecnliaritp 
first noted by K II n t z R. This is the format,ion of oval to kidnry-sbnll~~d 

1) The whey, whey agar, and whey gelatin were prepared acrortling to (IIC n~ctl~od 
of Cohendy. 
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Ilotllll(~S ;I1li1(:h(d to il Sllli~ll Sk111 esfruding hO1~1 the dl SllhStance. AS tllr 
incul)iltiou is Indotigrd llicse i~otlulas increase in size, often me;~suriug 1 p, 
IO 1 p, iti Irllgtli, ilud their iucrc7isr whys ta~krs pln,ce at the c2q~cnSc of Ille 
wll ~~t'Ot0J)lilSltl. If is furthc,r 0bSrrVcd tllilmt without cxec?ptioll these l)(di(!r; 
iIS W(~II as thr pWPll1 bacillus i\re G r it m  negative. 
utidonl~tcdl~ b(a eonsidercItl il IrIle ~)lasmoptosis. 

Their formation may 

qllish(>d. 
Two forms may be distin- 

In one tlir StcJnl apparently Ijrnjects from the cell body, while iii 

l’~X:lltllllt’d  in ib IIil.II~iIlfi clrop ;II vwiorls Sl.ilgC!S of tl~:~~~lol~~!l~i~~~il iiloli- 
Ii ty \\‘iiS il(‘v~r ohrvcd. 

3. Nilk. Sinoc~ milk is lllr ~lillll~i1~1 Il~l~l~ifil~1 Of tllc~ hc:lclri;t~ 0I’ lhis pi’l’ti- 
(,111;11. ~1’0ll)l. IlIP 1iiorl~l~olo~ir;II I’o:llllrc3 wliidl lllcly IllilIlil’VSt. wllc!ll (:lIIIiViI,ll~(l 
iii I liis iiidiilui 11lily INI ~oilsitlr~rotl ilS c:oiislil,ulin~ 2 crilc7iori. f\s iii wlioy 
1110 ;lK(’ or I Il(l Ylill.rlrc~ Ii:is il li1;irkd irifliicric~cr ul)o1i 111~ Iorlll of l,Iic holwi:l 
III ~~~llll~ (7lllur~3 I lie I)iLOilli slio\\’ I.(~~lllil.l.ily ol’ oullirlo ;illlioii~l~ witlc v;rri- 
iI(iOlls iii I Ilvir l(~llpJll ill’0  oh~rvcd. Ill C’MII of 111e call,iircs ilidividuiils c.xisl, 
\I-Iios(L lni$li sc;1~rcely txcecds Lllrir breadth, while others show a decided 
lc~iltlcucy lo tlircxl formation. 
Irngl Il. 

TIlre;l.ds ma,y be SCCI~ which exceed 60 p. in 
It, is thc~reforc diffielllt t,o make auy definite stateInents in regard 

lo iIY(‘lXgP length. The breadth is more conshnt, vxying bd,wcru narrow 
liiiii(s. ‘I’llr average breadth is iLllOUt 1 p, although the longer forms are 
I IW~P shidor atid average aboul; U.7 p. There is less tcandency l-0 chain for- 
ni:llion llr;lll in whey yet. ClliLillS of 4 t,l) 10 segments Iiavc boon obsc~rvd iii 
c.df III’PS ol Qy! A. Type 13 shows louger and less st,raighl forms. In oldrr 
(diil1 iir(bs longer individuals }~rrtloliiillil~t,(~ iti ilmll slrains. When growii in xym- 
hosis nil11 g~asts and lhc mor(l trivial milk organisms 111~ tl(‘vclol~c,ri~c,~~l. of 
11~ loli~~~r loixis is roslric*l(~tl, 1110 I~iiglli av(~r;lging 4 lo H in.. As illiglil, IIV 
iiilt~rrl~tl 1  li(‘1.l~ is lilllo or Ii0 cl(~pl~or:tc:v ;rritl vtsry rilrcllv iII’(’ lio~lul~~ ol~sc~rv(~l. 

4. I~~I~us~ww. ‘1’1~: lhrt~senc’(~ of $)orc!s was ol~scrbd in 110 ras11. III the 
tlt~~!~ll~~l~il1 cltl forms (~d;liii li~l~lrl’ s!.il~illing ilrtqs il,l’(’ SwIl wllic:ll ll;l.V(~ Silk- 
g(‘SI(YI f II0 Oil1 ll1’(’ Ol’ sl)or(3 f0 SOlll(: ohrv(7s, il~llllOll~ll tllCy illI IISIIiIII~ 
ctruSith*rc~cl iIS Vil,CilOlCS. 1’ i f 1  ;I 1’ tl SllggC’SiS Ilw IliLlll!\ ,,luoidol~~s“. ‘l’ll(~ fi\Vl, 
11121  1  Il(‘S0 I)WtC~l.iil, \Vll(‘ll yollrlg ;Itd mosl, i&l iVC!, exIiil,i 1. :I IO\P tlqrc7* of 
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vitalii,y and resistance would argue against the possibility OF reproduciion 
hy spore formation. 

5. Ca,psules. Nothing to suggest the presence or formnt’on of caps111~s 
was observed. 

6. Sta’ining reactions. All strains are readily stained by the us& anilincs. 
a) G  r a m: - Young individuals invariably show intense staimng with this method. 

Older bacilli are more easily decolorized, and both doad and degenerate forms are aln-aya 
negative. ln those forms not intensely &ined there may be observed the presenre oC 
minute, deeply st,ained granules irregularly distributed t~hroughout the prot~oplarrn. 
This feature was found to be common to all strains. When cham lormution is presrnt 
llot infrequent-ly a tqmcnt is Reen uhich iR decolorizetl while the other elements OF tile 
~4min are dreply stained. I’urLher, 8ingle bacilli have I~cen observed which cxlrilrit color 
gradations from positive at one pole to negative at t,he other. 

I)) I, o e f f 1 c  r ‘R Methylene blue: - Sy mean8 of the behavior of the organisms 
~turlierl to this stain a separation into two types 8ecmf3 possil)le. The protoplasm of those 
of Type -4 is uniformly impregnated while that of Type 13 shows a distinct differentiation. 
The cell bodv is seen to contain a varvinn number of round to oval hodies or eranules 
having a di&eter equal to that of t.hG ce”ll and stained purplish red. These bo&es a1.e 
I’msent ~hetl~er oult.ivation has taken place in milk or whey. In the latter rake ~IICJ 
nrn more marked in the younger individuals, beoominy less tl&tinct and fewrr in nun) Iper 
as devclopnnm~f. 111o~rc~~3, while in milk Lhcy arc Lo 110 I’ound in old c:ullu~s. l’lI,‘W  
grauules have been olx3ervetl during varying periods of incubation and their presence 
noted at the end of 18 hours and after 21 days. Geurrally t.hey occur onlv in the minoritv 
of forms and are less conspicious in the l&ger indivi&nls.” 

c) N e i R s e I’ ‘8 stain: The granules just desoribcd arc intensely stained I)y tllix 
procetlurr. In Type A none of the strains has ever cxhihited the leasl af[inity for lhe 
l~olar stain. 

‘1%~ gra~~ules were noted by D ii g  g e I i in the 13 a c i 11 u s iI a  z II II 
and under the name ,,Kiirnchen“ have been described by L u e r s s e II autl 
K 11 II II. More recently iAs characteristic has hen discussed in dcta.il by 
K II II t z e who holds l,l~(~ opinion that their Ilr(‘sencc is 1)~ IIO tIlCit,IIS iI COII- 
staal; or perma~ncnl, c:l1aracter, and that their formation 1s tlq)cndant ul)on 
ro11ditio1ls of growth which may be lacking at timt>s. Flc therefore is dis- 
inclined I.0 consider this fea,t,rire a valid point 0T tliffc~rc:iitiatioii. In the l)rc- 
scrll. study, ON the ol.her Ilaud, no varia’l ion IIM over been r~oi.ctl. L~ourl.c~~ 
of l~hc: sixtecii strains have bec11 under observation during a period of d~ul 
sixtrcn lrionblis, io which Idme 1,lic influcncc d solitary cultivation a6 well 
as that of symbiosis has been noted. Nom of 1110 organisms thus observed 
has been  found to either gain or lose this character. On the ground of this 
evidence the presence of granules is tentatively held as establishing a milrk 
of dissimila8rity of type. No inquiry into the nature of these bodies has b(>cn 
attempted. (See plates 111, IV). 

11. C u 1 t u  r al I< c ;I. t u  r c 8. 
‘I’he majority of the cultural features dcscrihed by I, ii h  n i s as dislino- 

tivc of the group II a  0 t c r i u  m  c a u c a s i c II III a,re displayed t.0 a 
consk)icuous degree by all of t&e organisms st,udied. W h  freshly isol; ted 
from t.\n:ir nnturd environment - milk - they do not drvelop 011 iI,lly of 
ihe IISWI nr!lriout, nlrdia, even though sugar be present. Isolation Gill1 only 
IN! c~ll’rc:lctl by tlic cmploymcnt; of why agar ((J 0  II c II d  y). JSvcu II~IO~I 
lhis mediuol under the ol’timum conditious as i,o t,t:lnl)erature, etc. the growth 
is tartly alld feeble. This fact, combined with the appearance of the colonies 
is IIlukxlly characteristic. In the strucluro of the colonies ils rcscmblancc! 
is sceu to those of 13 a c i 11 u s iL n t h  r a  c i s , aid in a less dcgrcc to 
certain si.lXiIls of B a c i 11 u s s u b t i 1  i s. 
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1. wtlry agar plates’). TliC following description is qqdicablc to all 
I It0 I’qptrisrtrs sludic~tl with lhr c~xcrpliolis as noted: 

CGl,owth was first, noted at, the end of 24 hours at, 37&o. Colonies are then minute: 
$1) S~lrlare: at. 48 hours al)ouL 0.25 to 1.0 mm. diameter, irregular, filamentonn, curled 
11;1(. xi rnklg refractive: with low rnngnifirat~iorr the structure is found to consist of :L 
1,1:1:5 of’ c~lll+Yl IilnrnrntP, ofleo in parsllt~l strands, as in Anthrax colonies, often streaming; 
31 c l~~:~r~slu~v-nl. lingecl slight!~~ IGsh I)y reflected light, and showing bluish white flocks 
01’ islnn~lu more or lese rectangular in form. The medium is fllightly clouded immediately 
il lboul ihr lloillt of growth. No tenacity to the surface iS shown. b) Subsurface; hlinut;: 
u ooll,~ tufts, delicate not dense. comljosecl of hair-like processes radiating from the center 
1, I~ic,l~ in ~;rllo\risli by transmit,ted light,. Rxceptions: Strains &I--1, 7rt-I, 7~~2, Ix--J 
511ow :I tllstinct, entn,e, even periphery. 
t I)(’ medium. 

AL times t,he growth produces no clouding of 
Frequenl.ly the colony al)pears to be nucleated, the center is darker in &lot 

ant1 has it slight, elevation, IGng unlbonate in chnrncter. This feature becomes more 
:I ,‘1”UT”l~ 1,s dPYPlO}~f~IIICllt> ~‘r”grP”“rs. ‘I’hr n~~clcun mny he surrounded by a conll)amti- 
\,(‘Iy (.lr>lr ~.ollc and (his in 1~1’11 by 11 bluixlt white l’ilamcnlous border. No cllmtllogctle~i~ 
is oIIs:(Tw~I. .\ sour odor is nol&nl~lc after 48 hours incubation. (Set plates V. VI.). 

\VIlil(~ 1lW growth 011 why ;lgar Illrtlisllc~s 110 poinbs of lype cliflCl’Clltiil- 
1 iI til yl>I i I SCI’VI’S (0 clrJ’illit dy Sl!]~il~~l,lC tllPSt! OIY$~llislllS frt,lll ;l,lI I)il,Clpr;l, 
11111 irr~lll~l~~(l in 111~ grot~t~ I( ;I# C 1. (’ I’ i II Ill C it II 0 ih S i 0 II Ill. ‘L’ll’! r~wlll- 
1~l;lllW to I: i lm C i I I II S iI, II 1 II L’;t ‘: i s , Uld iii a W&.y t0 I< ils C i I I II S S II ]J - 
I ilili. :ll~llo1l~ll IICI~IIC 0lll.(lO il sliglil. tl~~~tW! by I.tl0 ltlol~l~ll0lO~y is 110 lIl0rv ’ 
1ll;lll ilrlcm3liiig. 1, II C 1’s (1 II illld K 11 Ii 11 consith~r l,lia,t; t,tre powt,h oi 
( IIP I: ;I I’ i I 1 II s II ii 1 g a t * i c II 5 in ljhe form of round regular uoloriies 
Iraviirg ;I srirool lr Ircrilrtrrry is diagnostic of Uris t,yt)r. In the prscrrt irist:mco 
i ( \ViIS ol~rc~r\c~tl tlllly ill llrosc~ SllXillS which Il:d Irrcrr suI)jocI,cd t.0 crrllivaliorr 
iri tbiiix ~IIIIIII~I~ ror il trcriocl ol ii gcx or IIIO~P. Silrco il. WiIR rrevu otxirrvcil 
iri I Ii0 ollrc~r org~r~rrisitrs of Iyt~ i\ iI, might. seem Ilid llris was in Casiia,l Or 
;lql~ird CllilYilCl”X. 

2. \YllPy ilg;lr StihS. ‘Ule growth first appears at, the end of 24 bows in the 
111~px 11:1rt of the stall as a woolly filament. At. the end of 48 hours the tlevelol,ement 
,~x,~‘rrssc~ tlownwa~~d, delirnte hair-like proccesses extcntl laterally from the line of growth 
;IIHI lhr m(l<lium I~comt~ slig(hly c~loutlrtl. After 3 tlnys incnl,.zl~on tllr grow(,h is Iuarketl 
:I I~rng I IIV rutire lint of inoculat’ion nrvl bec:omen nrborescent with tlcnse clondinp of Lbc 
il g:w. ‘l’llr surfa.re is scanty with liLtle spreading and is nearly transparent. i’urlhe~ 
incxl~ntion interisili?o l~hcse characteristics without causing the appearance of further 
rlistinguisllin~ htwes. 

Soar of tlrca strains strrdicd sl~o~~xl any marked vuiatiorr from Ihe 
;llJOv”. ‘]‘tliS gTO\Vttl WOUttt SCcIll t0 COllStit~UtC iL grOll]J C]lil,riLCtCriSt,iC. 

3. \\TllC1.V gC~lil.lill’! }Jlil,tCS. (lOo/o gelat.ine.) - Owiirg to l.ho comp-nti- 
\.cbly low iirf~rrl~:ilir~g iC’lll].‘C~il trrro trcccssilntcd, this medirlrti is troorlv ~‘li~]Jl,Ct,t 
I’or f Ir(l ~‘lltti\ilt.i~Jll iLli’] diflrrt~lllialioil of this C]&SS Of b:u.Afq+~,. in several 
0s twr~ittl~~llls tlrr ollly St,lilillS strowirrg growth were Mg, 1% M., Fa-1, 7:1,--l, 
:;I 2 illld IS-I, ;I~ll’l iii NI~l:tI CilS(! i\ft,CT IOUg incabat.ion iLt 25” l-0 27” tll0 
c~otorricls \VI’I’I’ rriirrrrfo, all IrOugh iI, microscopic CxaIllini~l.i0li SllOwCt] llrcir 
51l71~1lll~~~ to tw itll~llliCill uittr tjtiiLt of the whey-ngnr coloirif!s. No grow1tr 
\Y;IS c~lwcwcvl IWIO~P six tl;tys white atI frdrty isolat,eb Stril~ills failed to develop. 

4. \\‘twv gd;l~liiir~ slalrs. At lid. fro growt,tr WtliLl~l’VPr was olrsc~rvtd irr 
(110 t'il8l' ()I’ ih or’prrrisrrrs ol l,yt)o Ii. 
IO c,rrlli\:rtc> 1lr(~rir irr llris *rrirrrrAcr.. 

ilit IlOllgtl rtqlC:~].cd :I l.ll~lll]~lS WPI‘I lll~ltl~~ 
IAlrr, aftclr corrtirrrrc~tl crrtt.iv:~l.ion itr ltlilti 

2 diqlil 1t~tltl1~11cy llb\Vil~tl growt tr wu rrr;mifrstctt, which never rxcccdcd :I 
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faint tracing in the gelatinc. With the stra,ius of ‘l’ytle A, a distinct but V;I- 
riablc growth was obt,ained, which may be tlescrit~d thus : 

At lhe cud of from four to seven days at 29 a faint line is noticrtl nlong tllr l~~ar~lc 
of the stab. This appears as a finely beaded filament which on further incubation extends 
clownwald. In the lower half of the growth single colonies appear \Vhich are sphrrirnl 
and whitish in color. The bead-like colonies become mossy and from these myeelioitl 
llrojectionn rxtcnd laterally. When the colonies are closrly segregated t.llr growth al,- 
~lcars mnrk(dly arborcscent, while single heads nre I,r:~utifctlly ccllinatr. (See 16~~. I .) 

The grenlcsl ndap~ahility to this medium was shown I),y Lrtl, n. K. and 1’. K.. Sul,- 
face growtl~. gas production or liquefaction were never observed. The medium was not, 
c*loudotl. 

The fitimlrrltol~s character of these colorrica is iIIIn]OKOIlS to their “tJtJ”il- 
rance iii agar stabs and is dislinctive of the grout), illttl’Jll~tl IlOt Of tilt’ tj’l)t’. 
‘I’trr variniions Iloted are jrrobnbly rt~forihl’: to Cllltllrill ilrflric~tlcc3 atid tn;r! 
IW th~vctotd by tong crdtiva,l.iori. 

!-I. wtlc~y. At tl~e cntl o124 honrs at 44” a sli&t, (tiffuse clouding of 11x? m(dillm 
is ol~served. At. 37.V’ the appearance of t,he cloud may bc dcla,vcd until 48 hours or even 
later. Strains of the K type show the heavier growth. OF type A fja-1, ?a--I, Sa-2, 
IX---l and XXI\‘-1 ill‘? lho 

suspended particles collect 
in large flocks adhering to 

Pig. 1. 21 day whey gelatine stab cultures Led, 13. K., 

llle \~alln of the tu))es a.ntl 
I?. I~.. 1X-l. NaLural size. 

some ‘fall to the bott4m1 for- 
ming a grayish white sediment. Eetwccn the sixth and eigllth tiny the motlinm is tin- 
tirely clear, complete sedimertation of all suspended matter hav& taken l)lac*c. 111 
cultures of type I3 this lurbidlL:r persists for a longer time usually unt,il the twelfth lo 
fourteenth day. Xo pellicle is foATcd. 

Alt,trotrgh these vuiations rruy be ascritd 10 tlqpes d vigor, they iir” 
c:orrsl.;mt; iii edi 0;~s~ add tend to CI~l]~tlilSiH! ttrr 1 ype diffcrrrrtiatiorr iricli- 
cat,ed lay ttrr other described feat,ures. 

6. POt&tO. Slwlf.9 were cut in the usud way. In 8omr in8tnnre.s the politto w iis 
merelg washed in distilled water, in ot,hors immrrsrd in soda solutions of tlifl’rrel~t (!i- 
lutiorin for varying lengths of time. Therefore I~otlr atid, ncut ml and alkaline strata 
were provitlrd. The medium was heavily inoculated witI1 cithcr a 24 hour wlley r’u1Lul.e 
or a 24 hour milk culture. In repeated attempt-q at. 25”, 37.5” aud 44O no demonstral,le 
growth was obtaiucd with auy of the sixteen organisms. 

‘l’trfl rcsrtlts irr this case although confirttririg 1titb ot~sercil.liolls of G r i - 
goroIf, It i S t ilmlld I< tl 0 II 1’ y , ~1~llI.l (: 0 II ‘! II tl y , ill‘{: coirtr;rry t0 
l~trosc OtJ1ililll’d tJy Id II C r S S e II Nlcl K 11 II II , wtln tlrsrrit~‘r tlir growllr 
011 t~olal.0 il,S il, corrstarit, ;mtl ttist.irrguistiirr~ dlilrilCl.Cr Ol l.tlC IS IL C t I I II S 
II II I g iI 1’ i C II S. ‘I’lic failure to grow 011 this rm:(lirrm is irr ;rgrccnrcril with 
1 tic t)clr;rvior d organisms of the IZ a c t (’ r i rr iii c il ii c iI s i c ri rti groirt). 

7. klitti. When inoculated with young cultures and incubated at, 37.5” to 44” 
milk is rr~l)itlly coagulated into a firm sol&l curd by all the strains xt,udicd. 7’11~ conplum 
l~roducetl HIIOWP~ stightS variations due to the composition of the milk, untl to l,lu: an~ounL 
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Ohrvations on certain Lactic Acid Bltcteria of the so-called Bulgsricus t,ype. I71 

11 I. P h y s i c a. I am tt d b i 0 u lt c III i c a I P (1 ib t II r c 8. 

1. I~~ctrtiIcnl;tl.iotI. 

a) ~Vlicy it1 S III i 1 II tubes : 
ljrodIIcliot1 of fiilS. 

- Good grow(lt ot~smwl it1 htl1 artns. XII 

I)) Ollior tnrtli;~: - G r i g o r 0 f f statns blI:I,f, 111~ I< ;I c i 1 I II s IJ II I - 
g a r i c II s altxks tttattttit,e, sac(:ltit,rosc, ntaltosc n,nd lactose, but, not rlli~,t~I- 
11ow, tlulcitc or sorlJilc1, tJut the imturr of the ttirdiutI1 he ett1]Jloycd could 110l 
Itc ;iscrrta~it1txl. C 0 11 t? n d y obscrvrd tlic active ft!rttIcntn.tion of I;IC~OSC~, ni;Il- 
lOSC’, Sil~~CllilloS~‘, I(!VlllOSC ihlld lKlltiCUlil~dy dPSi,l’OSC. 
of tltP ptwt1t work I3 e r t r a II Cl 

Siticc tlir cotr~lhl.ioII 
Mltl II It C  I1 ib C t I< report tllilt t,llO (XI’- 

- hJ~lydtYl~fW fCl7tl~~tl~d tJy 1s ;I C i 1 1 II S 1) II 1 g ilm 1’ i (: II S ilr(’ dextrosc~, ttti~~ll- 
111)5(‘, ~;l.lilCl,OSr, l~!VlllOSC! ;lBtld hCtOS~?, while i1,r;l~lIitlOS~~, XylOSC!, SOll lOSC~ iItl(l 
Sil~~:Cllil~OSl iWC IlOt ;Lttwkcd. Munttil.o is Ilot trmsfortttcd iul.0 I;ic1 ic tinitl. 

III 1111~ prrsctif itIsl,:rtwo 1tI;I,tIy :t,ttcnilJts wrc 111;1de lo tliscovctr ;L sIIit;I,lIl(b 
tttdiiitu willt wlt iclt the actiott Of these bacilli IIJIOII 1h various carbohydratrs 
~iiltl bc sl,uclietl. Atiiotig the different ttrii.rintt t, subst;mccs tcslrd WOL’I! pep- 
loIt(! l~wl~awl Irotil Oil~SOill ;imtl of 01 IIr:r origiw, S(‘I’IIIIl WilmlAII‘S, I IIV tiir:diiitti 
Of 1: it r s i c I( 0 w and il similar solution of IGtcaseiu. Iti all cases there wa,S 
it tllitl.l~d ilcitl pduction from dextrose and la~ct.Ose, but the rrsults Ol)- 
fain4 wit,11 tltc olhrr carbohydrates were loo variable to warrant auy dr- 
fittilc conclusiotis. 

2. Illclol. Wli~y cr~ltiircs 01 differcut ages were tested by scvt~ral 1110- 
t.ltods. Ncptive rc~sulls were constant. 

3. ‘Tolrrnliou of acids. Since the tric7nhrrs of fyi~es A mid II lu~~dr~c:~ 
rxcc~ptioually lntge illll0lltltS 01 IilCtiC acid, llIc!ir tolrr;d ioti Swttis lo 1)~ IiitIi- 
kc] Only by t.lict tnitxitttuttt acidity produced in C’ilCll cil~se, lwyolid wltidi I II,&! 
i1r0 llllillJll! Lo illilixr fiirlltcr the rc3itluuttt Ol’ illl;ill.c~rt:d Sllgilt’ itt 1lt~ tttdiuttt. 
‘I’liis ac4tl folfml ion ttlil~y IN! tllil~tl~~ IIS,’ Or itt is0lii~fiti~ lllf3c~ 0rg;sttisttts 1‘rottt 
ItI;Ilori;Il c:otll;IirIit1g 01 licr I)il.C:l,tbliil. SIICII il sc~ljiiixlioti lll:ly IHI ;I~c:c:otlIljlislIc~tl 
by :idditig 10 llirt ttldilittl a f[llil~lll.il~ ol’ ;icaitl sill’lit+lll, lo ililiil)if 1110 tlI~vc~- 
1o~t~~tnrti1 III’ for+tI sppcirts. 
lactic ;rcitl t.0 C 0 11 0 11 d y 

l,tavil I’OIIII~ 1l1at 1.11~ ;dditiOn of 0.3b lwr WIII 
agar faoilit.ibl.d t,llc isOliLtiol1 of 13 ii c i I I u s 

I) II I g ib r i c ii s Ircltt the feces of ptiettls ;rft;cr t.ltrr;q)eulic acltitittistr;i,tioti. 
Marc rrcet~(ly 11 1: i II ~“1 a 11 11 aad 
lation of tlii’s or~attistn 

H c f f c r II 11 rqJort !,11c succ:c~ssf~~l isn- 
;*01n various souorcs by addittg 0,5 per ccul. glacial 

acetic acid to ~ILICOSC: bouillon. 
4. Vitality. III addil.iOtt to the 0bscrVntions oti Ihc Idi;bvior of thrsr 

bacilli iu ttrillc it ItliLdf? be further stated dial, their viblity varies iuvcrsely 
willi 111~ period of inculmtion trtrt~~o~a~l.urc, but directly with t.tto IcngSt.11 or 
Littrc! of spwid clill i\~itliOll. (Ml,iws iti lll;llt il,tld WllC!y diSJJl&y ;I gro;I,tw~ 
dqrec Of lottgcvity tliat1 do tliow in tttilk. 111 111~ forttier cits(t vinblr cull,urcs 
11evo bcc3t OlJtilittcd at the cud of three tnorttlts. 



1’111. (Y?lI( 
lr’alrl 

1X.21 
14.21 
18.11 
1 H.(X) 
IH.40 
17.!U 
lH.lJ4 
LR.20 
IH.12 
IS.02 
IfAll) 

Cnlnrllnted ror 
Xn(C,I4,U,), + 3 II& 

18.18 

C:Llculatect fo1 
X:II(C,IJ,O,), ! 2 II,() 

I%.!)0 



III 1111~ f‘;iw or ;I11 tltc~ slraitls 01’ lrltt‘ A 111th soltltiorts f~xltil~itc~fl t’~llilliOll~ 
(00 sli$li( lo itr 00 ;III~ Sigtlifktttcf~. ‘L’hr solul,if~tis hlll typca I:, OII tltfb ol.lirr 
IJ;llltl. slIo\~~~~l il ltl:lllicYl t~oliilioii IO (IIV right. ~Ilf~l?‘TOlY tlt’lltollSll’ilf il\A lllr 

~~~t~~~flitc~iiotl Of IIIV Iilt~~~l~-~lJlil14~~~ iIt’itl. 
‘l‘lll~ IyYSlillS sr’~J;ll’;rtc’fl )‘1.0111 s~~lvw~~~~t~~ll ~twfiotts froiii 111~ 24 IIOIII 

Vtll( JIt’(5 OF sfwitts 0l IJfJtll t\‘l)l5 Il;lti ill? Siltill’ cvJltlpoSiliott illld l’OliLlOl’\’ 
~IO~I~I’ ;I$ 1ltib itJiti:tl wysl;~ls.’ 

‘l’litb ~~:it~i;ttiotts itt lliis f~‘illtll’t’ of tllt~ ;ic.tivitv UT 1ltP IJitcilli 01 I Ill, IwIt 
1!1”‘” ;iw I~‘lt~it,li\‘t’lp twttsitlrwfl 2s ~ottslitltlilt~ 2 j.ul?ltw Ijoint 01 lyp clil’for- 
151il i;il iott. 

,\II Itoll~lJ I Ire’ IJ;tcilli 0l 1IrcW~ ty]Jl‘S Il;lvP littlib III’ II0 ill’lioll 011 1llP CilSthil~ 
iitltl fill itt ttiilli, pPf lllrv profluf~r il l)ittrlr, iwid titstc’ ;rtid oflor whif:lt iri;ty 
IJO I~III~ 1(J iitittttlf~ f~tt;ittfiiif~~ of ptwliti:ts ffrrrii~~rl iii 111(% f+lw~xgf~ ol’ 1l11w~ ,stilJ- 
sl;ittfw. ‘I’llis Ii(~f~itlinrily uiis litf~kiug iii ~ttltllrt~s 01’ l.vlJf’ It O~#iltliSlllS. 

I I, (uhr pt~~tl~f~ts. i; I' i g 0 I’ (I I r tI‘l)UllS 1 IIV C~J~llliltiOll 01 il ll.;\(Y 01’ ;\lf+l~llOl 
I,y lltv IS ii r i I I ti s  A iLIlt iIlk> S t 1‘ C’ l) t 0 I) it 0 i I I II s (‘. ‘his Slll~Sl~\llr*l~ 
\\ilS ;llSO I~llitlll IIy (; 0 II r I) I’ t , wliilt~ 1, II (1 I. s s (1 11 ;rritl I( II Ii tt tiok tli;t1 
2-i I IOIW IVIIP~ cttlttircs 0l lltta 13 II I g ;I r i c II s ntttl I~iit~ttcltt~ttl~ac~il)us gnw 
pJsilivc> iotlofo~ttt reaotiotts. 

A swics of rxpi~ritttettts ittaitttlcd thr rlistillatiott 0I tlw wllc~y (aflW hitit 
i~ll~~lliZittiOtl with sodiutn lXt%oltatc~) frolll 10 day tilillt Clllt~lfleS Of tIltI sir;rins 
of t.VlJc’s I\ ilttd 13. TItCw dist,illatdts dl cont.itinoti stlla~ll but apprf~c+~ldr iLtllUtttlt!: 
Of illl~OllOl III11 II0 ilCt!tOtl~ 01‘ tlldCll~d(‘. 

Id. 1% Itogrnicity. ‘I’lwsf~ 0rg;ittisttts ;iw ttoti-o;i.tlicJ~t!titf, ‘1 lo lllilll allfi 

~IIV ttsrtitl I:~l~ctrator~ ;thtu;ds. NU ttlttttwatd t>rl~f:(~ itt III:III 11;b\rf1 IJWII oIJs~‘I~v~ 
followitig 1111~ iitg&t ioti of liirgr ;1t11011tibs of wltoy ;III~~ tnilli (:uItwf~s. 

s II 111 III il I’ y. 

‘I’ II t’ IJ I’ i II (’ i )J it I (3 it ;I r ;I t’ t t’ r S (’ 0 Ill Ill 0 It 1 0 il I I 1 II 1’ 
s 1 I’ ;I i II H  s 1 II II i (1 tl ;I s I* II III lJ ;I r (1 fl 1 0 1 II 1% (a II ;I r ii C’ I 0 t’s 0 i 5 - 
[ i II ,* I i \‘ (3 0 I’ 1 II (1 R r 0 ii 11 II ;I, f: 1 0 I’ i ti III (* ;I II (* :I s i (8 tt t1t ;I s 
II 0 I (8 11 I, y  I, ii II II i S il I‘ (3 i\ S I’ 0 I 1 0 W  R ; 

S 1 1’ ib i It S 0 I I y lJ (’ s (; r 0 II 11 I’, ;I IA t (1 r i II III ~a ii it (’ it - 

f\ il# II tl 13. sicii III I,. 01 8. 

t i r r :I 1 V il L’ i ;I I) i I i I y 0 r V 1’ I I (i I’ It il I Y il, I’ i :I, IJ i I i 1 S 0 I’ V (’ I I 

f II 1’ Ill. 1’ 0 1’ III. 

J, P II g t Ii = 2 p t 0 50 p 0 I’ ni 0 r e. 
II I’ t’ il d 0 It = gc 11crally 

;I, II 0 ltt 1 p. 
( : II a i II f 0 r 111 il 1. i 0 n m a r Ir 0 d 

.i It S 0 111 (1 S t 1‘ iI> i It s. 
1, 0 11 fi (’ I il II tl S 1 C II d C r I’ r 

r 0 I’ nt s s 1: 11 II i It 0 I d t: r e II 1 - 
I II T f: 8 i 11 rtt i I I<. 

N 0 II - 111 0 t, i I I’ ( II 0 II - s 1’ 0 r II - 
1 ;I I i ti g. 

\! i ;I IJ I 0 IJ ;I, c: i 1 I i ii r c (; r ;h JJI 
~~osilivc, fl t3 a d a ii (1 i ti - 
s 0 1 II t i 0 ti f 0 r m s G  T a tn 
II c g a t i v c. 

I~ifIicull, lo cultivntc, 
g I’ 0 w 1. II i II tit 0 s t, ttt c tl i a, 
f c f! h 1 1’. 

I? r (1 s II I y i S 0 I iL I, f’ cl , g 1’ 0 W  1 It 
i R  0 It 1. ;I, i ii ii, 1) I t! 0 II 1 y 0 II 
III I: fl i ;t# c 0 II 1. ;I, i II i II g IV II fb y 
0 I’ Ill iB 1 ( , il I1 11 i I1 Ill i I I<. 

(irow rqually well under 
iI8 1’ 1’ 0 II i C il, ll d a, tt a e r 0 b i c 
0 0 II d i t i 0 II P. 

0 IJ f i tit u rti t c m I) c r ;I, 1 u r c f 0 I‘ 
g r u w t It i s 44°-45u. 14’ il i T 
g r 0 w t Ii a t 30°, s 1 i g h t D t 
65”. 11 0 11 c a t 200. 

C 0 I 0 ii i t: s 0 n w h e y iL g a r a r c 
r 0 II 11 d to irregular, 
grayish white, 0,5-1,5 
Jllnl., c II 1. 1 t: d , f i I a tti c n - 
t 0 II 8 s t. r II c t it r 0 , pcri- 
11 II t3 r y m 0 s t 1 y f i 1 a III e II - 
t 0 u s ) 0 f t 0 ii s t r c a III i n g , 
i ii i1 f c w c il s c s s 111 0 0 t 11 
;I II rl ct v t’ II. 

3 0 S II 1‘ f il, 0 C g 1‘ 0 W  t 11 0 II g C - 
I ;I t i II I! s t, ;I, b c II I t u t c s. 
A I 0 II g 1 lt f: S t il, II t, 11 (: 

I, I? I1 g 1 It = 2 p. 1 0 00 p, 0 I‘ III 0 I’ (‘. 
13 r e ?t tl 1 It =: 0.3 p 1 0 I .ZO il, 

(: h ii, i it f 0 I‘ III ii, 1 i 0 II II 0 t II II II - 
S II il I. 
I? il, \’ 0 I’ ;I I, I (! r 0 tl d i 1 i 0 It s t’ 0 - 

s it 1 t. i it t 11 fb :I# 11 11 c ;I 13 ;I, II (8 f’ 
0 f Ill 0 I’ c’ s I f! IL tl f’ I’ I’ 0 r III H. 

‘I’ II I’ ;I IJ s I’ tI f: I! IJ I III 0 1 i I i 1 Y 
il, It tl s lt 0 r tb )I 0 r ut ;I I i 0 tt i’s 
;I 1’ I’ ;I I’ I! II 1. I 3’ 1: 0 II s I. ;I II I. 

w  i t II 1 11 (’ I! x  c f’ JJ t i o II 0 I’ t II (’ 
(1 I.! il. tl it II fl i ii v 0 I II 1, i 0 II 
f o r III s ii \ 1 II a f! i 1 I i o f i II (1 
pr 0 II p a r c (; r a 111 LJ 0 s i - 
t i v e. 

‘1’ Ii c i ii f, c II s i t y 0 I( x I_ 0 w t II 
i s ttt 0 s t, I y s I i g II 1 ;I II tl i ‘: 
d I’ 1’ C II fl ;I# II i. 0 II t 11 I! I1 :I i II 1‘ 
0 I t II (1 tti t: d i II III. 

0 II 18 II (’ II S II ;I, I 111 C il, I IJ t’ It I 0 It 
in I’ d i ii,, ;I, s Wf!ll its Ill1 
IJ 0 1. ;I. 1. (I , II it, L’ 1, i (: II 1 ;t I’ I y i II 
I II 0 C il8 S f! U i 1 r P S It I y i’s 0 - 
1 il 1. P fl s 1. r 2 i 11 s ti 0 g r 0 w 1 II 
t il li f’ s 1’ 1 it l? f’. 

‘1’ 11 0 d i s i 11 c’ 1 i II a t i 0 it t 0 
g r 0 w i it t II (1 p r f’ s (1 it c: f’ n f 
L’ r 1’ 1: 0 X y g C II i s II1 il 1’ Ii (’ (1. 

F 0 r 111 iL II y I 0 I’ Ill S 1 it f’ 0 1) 1 i - 
tI1 II It1 i i 0 S )J f: t W  t’ t? II &” 
il 11 d !XJ”, t It C  It1 i 11 i 111 II 111 il f 
W, w II i 1 c 0 t It c: r 111 tb III b (b rs 
0 f t II c! g T 0 II 1’ a r P a tt I (’ t 0 
F; I’ 0 JV t 0 1 e r a, II 1 y w (! I 1 il t 
200 a, 11 d II 11 d e I‘. 

C 0 I 0 II i e s are w It i 1 c 0 I 
yellowish white, tttosl- 
1 y S Ill U  11 C r t II it, II I1 (’ il tl 
II r ;I J) i II. 

1’ f\ 1’ i p It c r y i 9 I: i 1, It c r c i r - 
c II 1 3 r , 0 v e II 0 r s i II II ii I 0 , 
1 0 tl f J il t t i IT1 C S I\’ i t II 
I‘ 0 0 t - 1 i 1~ 0 r ;I III i f i c ii - 
1 i 0 II s. 

s 0 1’ a 1‘ I i f~ II c 1’ ;I, c 1, i u II 0 I 
g 0 1 ;I t i II t! 11 :I s II f: v 0 r I) (3 (3 II 
0 II s c r v (1 d. 

‘I’ It t’ g r I ;L 1, i n 11 S t il tl Clll- 
1, II T l? s s II Cl w 1. y IJ i c ;I I I y 
II 0 s II 1’ I a 0 c: g I’ 0 w 1. II. 



‘I’ II lb g II 0 \I- t II i II IV II 11 y p r 0 - 

tl II (’ (1 s c I 0  II tl i II ,g IV II i c h 

tl i s ;I 11 1) c a, r s ill 0 to 14 
(I ;I y s I’ 0 1’ Ill i II g il, g I’ iIs V i S  II 

n h’i 1 0 ’ s 0 tl i III (1 II 1. 

‘I’ II (’ I ;I v t i c ;I i: i II f 0 r 10 I’ d is 
r i 1 II ,’ I’ i II il C L i V  C  0 1’ I il C’ V O- 

1’ II 1  il 1  0  r jr. 

.\ S III il I I (1 II il II 1  i 1 j’ 0  f \’ 0  1  i,’ - 
1 i I 0 ;I (2 i (I i s 11 r 0 (I Ii (: iI tl. 

S 0 ;I 1’ 1) r v c i ;I I) I (1 11 0 p 1 0  II i - 
z ;I ( i I) iI 0 f t Ii 0  c 11  r tl. 

S 0  II - p  ;I f. II 0  g  r II i (2. 

I\ I 0  II g 1 II (’ P 1, it I) I> II (’ 

x I’ 0 w  t II i s (: II II 11 i f 0  I’ III , 
1  II 1’ (’ it tl I i I( (’ 0  I‘ I, (’ II (I (’ tl , 
r :I, I. (’ I y s II 0 w  i II g II 0  I. i - 

z CJ ii t a  I p  1’ 0  ,i (1 c 1. i 0  ii s. 
A g ;I 1’ S t Fl II, :I S ;I I’ II 1  (’ , WI? il Ii- 

1  v d  c \r (’ 1  0  1’ c 11. N ;I I‘ r 0  H 
r 1  IJ b  0 11 0  r tl 0  t, I c d  g  r 0  w 1, II 
il I 0  II g  S t ;I I). ‘1’ Ii 6  IJ r 1: - 
s e  11  c e  0  f s 11  g  a  1 i II t, h  (1 
a, g iI I 0  r g  r I a  t i II c c ;I II s e  Y 
c 1  o  II (1 i II g. 

I II 11  0  II i I 1  0  n  , w h  (’ n  g  r 0  w t h  
t a  Ii f 8  1) I R I: C , 0  II I y il W  h  i- 

tish sctliiiieiit is obser-  
v 11 tl i ii 1, Ii 0  c I c: a  1’ f I ii i tl , 

\v II i I (! 1  II (1 il, d tl i 1. i 0 II 0 f 

tl I’ s I, I‘ 0 R  0 0 r I :I,(: 1.0 s v 1’ r o- 

tl II C  (! S  ;I8 \\’ (! il, I< 1, ,I S I, I‘ 0  II g. 
C 1  0  \I tl i 11 g  & S VI (! 1  1  iI S il II 
increase iii llie scdi- 

Ill e  I1 t. 
0  II 1’ 0  t il, t 0  il, S ;I I‘ II 1  (’ 1  II 0  L’ I’ 

i s 11 0 d r v (1 1 0 1) III 0 II 1 , a 1 
b  e  s t i f. i s  s 1  i g  II t. 

11  i 1  k i II g  (! II e  I’ il 1  i s 0 0 ;I g U  - 

1  a, t e  d  ni 0  r e  s I 0  wl y t II a, Ii 
II y s t r c 1) 1  0  e  0  c c i. S 0  iii iI 
i ii d  i v i d  II n 1  s g  r 0  w 0  ii 1  y 
s 1  i g  Ii t 1  y i II 1 11 i s 111 (’ tl i ii m. 

‘I’ II c 0  1) t i iii ii iii 1’ 0  I‘ c 0  a  - 
g  II 1  ;I, t i 0 II I i e s III 0 S L 1 !’ 

b (’ t w c p II 40” il, ll d  50’~ ’ 7  r () l 
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