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A b str a c t

T,A Study o ■’ Y east '’.r owth-Promot in g  S u b stan ces  in  ‘Yhite burar"*

barlow H. S a i l

The e x t e n t  o f  m u l t i o l i c a t i o n  o f  y e a s t  c e l l s  in  d i l u t e  s o l u t i o n s  o f  w h ite  

su cro se  cu jars In  shown to oo dopoiidont upon th e  sanount o f  a complex o i  y e a s t  

jrovrth-r rem oting su n sta n ces  p r e s e n t ,  R e l a t i v e l y  la r g e  amounts o f  su b sta n ces  i n  a 

,; i’ >n sayar may in f lu e n c e  i t s  use in  th e  m anufacture o f  b e v e ra g e s ,  ' o c . u i n  s i r u p s ,  

d a iry  prodnocs o r  o f 'u r  low su ar  corr.ont l j q u iu s  ;vhicr. a.-e n o t  i v a t  p ro cessed  ar.c 

which are  s u b j e c t  to  s n o i la y e  by y o a s t .  The ex~, ,n t  of repro a c t io n  o f  an inoculum  

o f  c e l l s  o f  * Known y e a s t  c u l tu r e  i n  a I d -p e r c e n t  s o lu t io n  ■ ■ ih sug'-r i s  used as  

for d eterm in in g  th e  r e l a t i v e  amount or y e a s t  growth-prorao tiny, subs Lances

p r e s e n t ,

The d i r e c t  m ic r o s c o p i c ^  c e l l  count t e c h n ic ,  u s in g  a haam acytometer, i s  em­

p loyed  to  ch;terrino th e  oxt*_;nt o f  y e a s t  c e l l  r e p r o d u c t io n .  iiacii sample o f  sugar  

to  be t  ;su  h i s  muoe up in  amount s u f f i c i e n t  to  r e s u l t  in  100  m i. a f t o r  s t e r i l i s a ­

t i o n  in  300 :nl. Lrlonmeycr f i a s x s .  «fnen c o o l  0 .5  t o  1 .5  m l. o f  a w ater sus- en s io n  

o f  a 24-hour c u l t u r e  o f  the t e s t  y e a s t  i s  anoeo to  r e s u l t  in  an i n o c u l a t 1 on o f  

app roxi.ii'i r e ly  5 f , o j 0  c e l l s  per m l. o f  Ire  t o s t  s o l u t i o n .  A H e r  71 hours i  he u b a t i f i i

a t  30° 0 .  th e  number o f  c e l l s  per ml. i s  determ in ed . The y e a s t  inoculum multi;-,le i s

recorded  a. the numoer o f  c e i l s  per nil. a f t e r  in c u b a t io n  d iv id e d  by th e  nuno r o f  

ce : I s  per m l. i n i  Li a l l y  p r e se n t .

Approximate ty 900 com posite  sampins o f  su - nr , r e p r e s e n t ! n r  th e  annual output  

o f  29 t o  d7 dom estic  f a c t o r i e s  cu r in g  a port oo o f  I I  y e a r s  were examined. many

samel m o f  su rr.r i.io  n o t  su p n ort th e  ;to rth o f  yco .st c e l l s  w h ile  o th e r s  supported

r,ra ro  1  . o f  v a ry in g  s i z e  c r o p s .  Thr t^ura ;e y e a s t  inoculum m u l t ip l e s  fo r  y e a r ly  

caiapai -n connos.:.to samples vns oov,voen 4*3 ano 1 2 .4  f o r  to e  l l - y  rir  p e r io d .  The r e ­

s u l t s  a l s o  show t h a t  th e  amount o f  gro.vth-nrom otin ,•; s u b s ta n c e s  may vary  between su o -

*  T h es is  fo r  th e  Degree o f  Doctor o f  P n i lo s o p ly ,  L'ichiyan S ta te  C o l l  a .;e, Hast Lansing

f lch iya n



cess iv<  s t r i k e s  o f  sugar. I t .  may a l s o  v a r y  i n  sugar from ti ie  same f a c t o r y  from 

year  to  y e a r .

T; yrour.s o f  samples a  r e l a t i o n s h i p  e x i s t s  between the r e l a t i v e  amount o f  

y e a s t  growth-promoting subs ^ a n c es  ano th e  amount o f  ash  p r e s e n t .  The ash o f  sugar  

does n o t ,  however, promote y e a s t  g r o w th .  A lth ou gh  th e  growth-prom oting f a c t o r  i s  

organ ic  i n  n atu re , there i s  n o  c o r r e l a t i o n  w ith  known o rg a n ic  n on -su gar  i m p u r i t i e s .  

There i s  l ik e w is e  no c o r r e l a t i o n  w i t h  the amount o f  th e  f a c t o r  and trie geograp hic  

a rea s  in  w* ic h  the sugar i s  m a n u fa c tu red  o r /  w ith  th e  m anufacturing p r o c e s s  em ployed.

The growth-promoting - f a c t o r  i s  l o c a t e d  a t  or near  th e  s u r fa c e  o f  sugar  c r y s ­

t a l s .  i t  i s  almost c o m p le te ly  e l im in a t e d  b y  r e c r y s t a l l i z a t i o n  o f  sugar from 80 p e r ­

c e n t  a l c o h o l  and may be r e c o v e r e d  from i t  b y  s e l e c t i v e  t r e a tm e n t .  In  th e  p r a c t i c e  

o f  sugar manufacture i t  i s  e f f e c t i v e l y  rem oved by th o ro u g h ly  w ashing the c r y s t a l s  

o f  sugar to  assu re  com l e t e  e l i m i n a t i o n  o f  the s iru p  f i l m  surrou ndin g  each  c r y s t a l .  

The growth-promoting s u b s t a n c e s  a r e  s t a b l e  to  h ea t  and a l k a l i  trea tm en t d u rin g  th e  

p r o c ess  o f  su ar manufacture and a c c u m u la t e  in  th e  f i n a l  m o la s s e s .

B i o t i n  was found to  b e  p r e s e n t  in  v a r y in g  amounts (0,Q?5.K* to  0 ,4 4 5 V * p e r  

gram o f  d ry  sugar) in a l c o h o l - f r e e  e x t r a c t s  which 'were prepared' by rec^ys'^ iisSal^tm '''  

o f  in d iv id u a l  sugar sam ples from 3 0 - p e r c e n t  a l c o h o l .
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V . • r i ’ -.o ■ ■. ' c i: U o r  to l r .  F. .

F; bit n fo r  ’. i s  inter* :~t no hel j f  o l  gu i f  trice throurfo’i t  t:;i t - t u c i y .  r .l-  

?u, the vrit-cr it- -oe'ly  Inte l t e d  to h* . ?v low , C hief, c u ltu ra l  

C if:' ici l . c :-.<•• re.: ivii-ian, jui---*. u of j .'rtcniT.ur-’l  a-. I;*.u*trir.l Chemi­

s t r y ,  ‘.'nittu u tef. ;.c. ^.rt^ent o f  ^ r L c v . l t i ir t  f o r  ale continued in t e r e s t

:.n ..i/ iuvr X-.n b lc  . AC/uiowled^o.-it In  •: lr-o :n«.ae to  L. f .

. t,vi« f t  a <'• 3/.- ;.l, biirv;. u : i  , r ic'rl tur,\l  . .o'  In.rjLtrir I Chemistry

for  o .e ir  e x c e l le n t  c >o x r  tion  •> . i le  c  on-.uc ti-V  t - in  nti-d/. The w rit­

er  i .  ( i- x  c i ,  11/  to t i e  ::u.m-ce"ent n- y; rr-oiiacl oi the ’tietdccui

<,v. vO.;;. r rhetoric-:' for the.li* c  ,-•) -f-r td on  in  M r^ l/in .:  ; 1 r^o nmbor o f  

", -ecL* 1 r- alee o f  finirhi-d rufr: r  • o- in ter n e d  t i  oe oroducte •
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i .  i;JX?>.)i;ucTr.in

T .e ' ' . I t r  * uc ro re  h r e ,  :ic-; in c lu d e  b e e t  : nr. o; r.fc, e r e  -rer:.' ;•£

tn«  -if:: r e  t  r, c bo c'.ionic 1 1 /  rure rn b e t i  nee:! th  t  i.re included In

t ; .e  11/ ‘’l e t .  ; r. • foo l eo’v<a - ' i t y ,  cu: i :   ̂ ,e che? --ect, on ct 1 -

o rv  n u i r / o r :  t  ie ,~r.crie:.tt ri.r-t rr i r  u see  i n  -.m. is t i t /  in  no re  food 

roouc f.r tm-.n : n /  o th e r  ->re v. red i n / r e  . l e n t ,  dec-■ u- .• u..; r-C'->nf.: in  lug 

1 ■ - a t  ion -  t:.*—s e lv e s  to  *■: ~ • c u l t i v a t i o n  : n-.i bu’ .1 .v . l in g ,  rr..nui"&c- 

W fin g  intc-ivi-tt; 'v vc- b-er; l i e ,  f o r  o r.,; , to  -<><’• »v«-r * nd r e ' !  mi-

;r  in. ru i’i ' . l e i e r . t l /  1 v v  : tii n t t t i» H  to i t  » r. i  • o r t -  a t  item  in

‘. 3rid eorfi;.’« rce .

Tie Vi.lu* • a uce of on. . r .in l;i-ro iien t in -re 10-  i oodr- i s

not to ion en ^ /y -g iv i nr- e fjcent, nor to it :  sweetening pron&r-

ty . • :• : urse.crv* tiv e  in v '.^r-C—iU. in in / foo-:c , It v  :: r.o ecut 1 from

Ue uv .idojino o; inti; I.nlno. flavor, c 'or, tu rgid ity  or koc in r  q u cli-  

• t j »  ' ■ f  'txgf’T- i ?  ■ t r ^ ly -  the- u r e t e r  ■ oreiMsrver-#- - ■ ■ ■ ■■ .....

T.->e u t i l i t y  o r  fcaj* r ,  l ik e  u.ny other j oo>i in ;;r sd ien ts ,  h* g c e r ta in  

Xir,ib< tionj. • \lc;i « re governed br t;.e reh&nce or vbueace o f foreign  

BUbetc.aeee. I t  ir ■- b-en obennreM t u  t  ir .o o r it ie e  r t y  o ften  be nreser.t 

in  "oo ingred ient: :in r e l t i r e l y  Large „;ur--:ti tier. / e t  not be of 

concern v-.e.n \.;\e uirrecfiecit is  u:.e»- lo r  : : e le c te d  food product* how­

ever, t t r . e e  o f  ■ z\oz .< r  i s  -u r it /  :/ j .reetly  1 i r  i t s  u t l l i t /  when 

uced in  the t-vre orodtiot. f-afr r i r  .-io exception to  th is  observetion*

Ti'.r- '..rorence of b^ctiri.-., f-t .• n*. -..ol-lr in :-uj;;-r -n . r.ubpt».nce8 which 

stintJL-ta their in rolationr .. re i  lln:?rr..tiv£. Tor inr.tence,



h.n: " ■ ; " - ' ■ -  •’ , •■■■•■ 1 r  1*- ;>f no

(.■ j ' i -.t*:i v .eo. h t- r  i- j o r i  >f a ‘;oeo . 1 r  o 'Vi-fc, hove-

r . v r ,  h* . u c . ■ l  l.’ r / o r  ran In 1 a . o \l\ .‘v ^ t  o f  bevor-- ~ ; r . f i k e - ' l r e ,  

t  . t  c fi.:r_ r  . r - 'n t iv o ! . ; /  ! • r v~r •• noun t u f  / :  •• t  ;,r  o*?th— w t  i a ;; r n b -  

.••'c in  ;• i r  c.i v  b" e r  . f n / v i - :  - ■•■r of • ,.< n .  :ior—

■ v . r ,  i t  ; ■ •1 I ; er i r  b".r t- ;c f . or,, r  f  >r t- .t  ’ ■ ita'.- r t u r e

t-o.Tr , t  i - i ' 1 r ;’j.. ..c t .  *• ' . i f :  "i.-.-.K in.no'-> c •...t.--"-irr t>*f ; i t h

• • ' l , r r  ; ■i t r - t r  : / t  n o  r  i t  r.o f  or t t t . - . r  - . .’t f i r  . t r c . ’ire

t t t :  o r u , o  r  n; o tv s r  ; r  , : u’.t: In - i  nr, i f  v n r ia p

; . t".. r r  -• f-1’' ; ■> i " • 1', .•>’ - ic. \ .• r e  .m b' e c i  to  r  ••oii-

• ■/ v •.■.». . f tT e  " i  t̂  . r : ■ r:y th -  r o r n j n /  ."-'hr* norn In r t i g t r

U - . ' i t  1 i w o r v  nee . I t  i f  •: t o  t i e ”. th. t I f  -.tor. ...'tin; o m i _ e r n b l e

. tte.ofci I'..o .. r tn r r  r r ,  -si! . f t..- t r t i ' f ,  o: s-wpt-.r .

e io :: t  i . ni<'- -v h :v e ,  £ )■:- r . . .  . r  . x r  or o r  -v ,  . c v?.i in to

ot : '/r i to o  ; i ,  r t ' t .  t  o n nno o f  - r > h i of’ /* . r t f  i n

nnvrio -ft  : ) l f  l i . .  ”o r -rovinnf. ̂ . > v  r-r v*- b ’-e- 1  ctnc-. r o v i  T-itr t i e

■ •>*' iw - t j r i i i i t r  .. i r o n  tne,,.._

1 1 : - i n t  o f  7 0 - fit o-..t.ri t.iton r* . / . . i r e to n t : ; .  J s n e s  ;i‘ -‘. t  X’t  (T7)

••■•ere io> • i r t  t  to c mr-tiJer s u t j e c t  fro-: toe  r t : n  ’ ■>oxnt o f  the commer-

c i : i  n. nu: • c rure  \ a  r  u, t o' ‘ : r ,  to r: ;  i t  bee '-e • font, i..; ?. th e re

-c-e  '.ihh’ "tncti!: j o t  e-cn t a r  bi r l o r i c r l  •-v»t ^ i t '  oh our- r r  of f ; e  rtoae 

t..—e , i . e . ,  b e e t  o r  erne r ,  -r. ir. t  thr • ?• t.iJ f^ r e n e e r  • e^e n o t i c e -  

b i ■■ ’ in  th .e ir  hk© in  Xoou .irohnc ts ,  or o c i r l i . -  beve-.r.: r,er.

T.ie .i- n- >rerei\to.i here . !. ■ ver.n’. t  o f  t h i ' -  rci- - e r e  o c t  inwi

in  t r e  l rb .o r . . to r i  r oi the hir« ... .if • '^ricni tar; i ■ a . In. n r t r i f . i  0 -e r . i -  

f t r /  of i r e  ;■ f t e r  . *-••• rf.e-.vt oh :■. r i c  1 nnrc:. I>arln^; t v.e course



— ** -■J

V • ■■ f ,  ■ . .. . . .  , ' .. ■ . ■: • o f

O'- t  • nr wz :;u_ r  •• err* receive*! : X" •. r cor.ductf d In

0 .•;.j'.a;cti a : !. . . . i  f  - o' .' it c •(.<• vn I *ic5 L: ’ ■ it.f: Ln.oo.r. Tue

• J' O-’ •' • -- "r: . • c r*. : tu  ' o - T n x n t  L;a L 'tni:. 1 - to r /

L;;:. n o o n -  i n  . I . . . ,  . ” . no- M : \  i: . :x i t ,n lo  .>rtion •:> o' tu.cb

' ■ ? i o  ), ■ .( dnnL^  . i a : . .  • I.;.., 1 . .e /  ot ro fu r ,ii£hed

; , i x _> 0..- Lt •. t - a i ..nr:.. L r . • .i.e.. a in xL./  . . .. £*. ted

0 „ ,■.  ..XOX- -. v, 0.' .  0 ! t .  . . . . .  . . 0 i n  .. X0 ... 1 .*  V  ... O i  i . '* “

; :.n,_o r o.. nn iT orr  ui:lo>. L: . . id c ixo-.ic. ; •

c.. j i t  r. . u . ”j ... r. t,i.;w ,.;.'U r l -c ~ „e • v; \ - K  *. b /  *'■>■ •... nuf. : f u r o r  o f

1 a l . :0 n.oii.6 .. oc . . . . i  .... :.ni. e v . . ' t i . : - .  o : Lit..:- -rtt.; t i o n  o f

. -■ _,/xic. ' <... Lv. L.ir. i\:s :a ito  o f  tic. v -..ere, in  t u r n ,  .vie i-.veil-

i .  x..r ' :r..» vT...' .: r r c j : - '  o f  f  c t : r /  c r , . , rn a n c e  no >••&• t.

(j .1 c L : i.. c *. j  a r - . t i o n t .

T 'if ; ^ r  L - j  a c t i v e ; . .  >f i  Ir  .T-rn r d .  o .crc*

1 . X' 'e- . I*. t> .  . r<*: ct i :  cnee. / to s t .  ,-ro .’t h -  r y u t -

■ l?i£ ■ im ox/nftaxre-b- 1 i f -  rws/ijtfi vdtlt* -..BUgax*.. • . ■ ... ... ....

i  .  To • e v e  I.-.-. • .*-T w d  1 o r  *Vi i ‘V t i n ; ,  t  .;;: b i o l o ; o i c L - .  ■ :u l i t y  o f

v 1 r.e '■ •:v X'.o b- xe.i on. t.' .- r f  ! ■ t iv< -  • -'our.t »f /»- :-t t h - .> r o n o t i n g

■..''of".!.* m < o

2 ,  f.o : f . - . .  t-..e '.ro urri;-,.o of, o i d e n t i f ;  t'-* , - , r o >:•!••;t t rig

Pul;-to.ao on* f  :naoi.

I ,  To ,'cter".’L".<- tT'o ti.)*.!?'..! -• \ .*• -reot'oop >l’ ‘\wc . ;:isb-

:u>. r- '.-I. if ot'-i -r -onorr. non-F-\ig«. r  sub?: t r  n c e f , er-'*fci‘ l l y  i -  r  o f  

.atovo’ o r i a i n .

5 . To .-uvf-loo nKt'.:o a f a r  one. r^r.ovt 1 o f  ri-ef cub: t* r.cer- " n r in g

to.e n u if .c to rx n ;  o ro c e s s .



C/:.i£ * ecu r

• ••irlny ■ c e n tu r ie s ,  r.i n* p c h ie f  * •-••c-c-t Coo- •. nouey. I t s

:v; L cer:•".•:!t b- e\ ne—r 01.y r oe y .■ i;. the 1 r . Z or. Irt .i  • tfciveloocd EU-

• r c. r : -  o f  .fie In.. run. - : -urce o, - r ; : . y z , r t . leau uner* s

r - ... I ■ " b.C. 1 if  o o v r .m  it,. c:,.c6 l.j>:vu:&. /*. :n ; •••> .-. t * .e - t  country

f,o co y.iD r c . ne * be . u. c r . '• ecus t;c\; I t  to the h e d i t e r -

r no: c nnunsri-. f? in  too i  ;d.le dclw-bvr- n : ■'’if; fo l io - ,  ore in t r o -

'ucc * i t s  e r f u c e  in  Cun-. n - V r  v e p t  Co ir  y a by l 6 fO, i t  / ■ d been 

intro.- ucc-t tut:; . i t  too ' or.t Tnui* n i r l o n i s .  In 1794, it:- cu ltu re  

to  l o u i f i :  Mi b>.-re i t  C o continued to  the yrereijt t i n e .

T f ’v* vo?; < . ■•v- r r e f i n e r /  in  h- . ioro  City -.3 e .r ly  e 1.619, vhdeh

rcrine.i ’’w  r:y : t  inoorten  £r>~ V <' > .r t  I n . l o t  * n • ”u 0;,. I.v the yocr

IT?';, ””i 0 ■ o 1 - e ,?• M e rec ted  • r e f in e r y  on 1,11  I t r c c t ,  if-re m

. --ro-’o; o cx  -ert vo < 11 e t . . f o r  r.-.r f i r s t  t i  e in  /rinricfc., sever­

a l t.r'i'c of -,uy r; b u t  if*, o in y le -  t ,ni ■ on bl e - r e f  ino.i l o n f  *;uju.r, crueli-  

ed Oity r ,  ;;rov>r  i:v-;v r :v or :  o f  roc ' Cfody. I t  i:~’ be:ieved  th; t  

3/ 7 - ?. v  ■ t i e  f i r s t  to "ott.b’’ i f h  scynr re f in  in-'. • ; . f p *■ r: te  ei.'Uu- 

-r ire  In . m r i c  . 11 :- -.ir--t .’n ' . r i o f r  c 1v c r t i : ,e:';c..t :• -• ter.feu in toe

lor.: 1. •< .. .y- lo r  .nuyurt I*7, T/yO, * f c l l o c e :

• f l l b l l l .  bO’flCE I* hereby y iven  t l t . t  lICloL-C 3r.Yi-iU) 
of ■*„-(•; Cit./ o f '.'oc\ iu.r urectfeil : • :e f in in v douce 
fo r  . e fin lrc; 11 ,; ortr. of * 'jl ~ r nd .;uyc.r—CenCy, f.ncl 
'c f* roen re i fr-ojo "iro c n.u ox'-erience . ■’ r t i s t  in  
! \ t  n y r tery .  f t  v.’.*ic:'. .efir.iii.y Couce- i l l  'Cerrons 
in C it ,’ ii-'i Country n - /  be d:v. l i e d  by vh.ole—e c le  
. r*-1 ’ e - U l e  i-itn  hot* -:uub;.fi - n., :-iiiS, le —idefined Louf



f r ,  © ; 1 : j l o ":nv  no fb.ux-ftui re ; n: iugi.r-Cnnuy,
•-t *■ ron-- u ic  t e s .*

V •<- Initio*. rnoeet.a o f  be yrro Try*:) te c  the c. n r tr a c t io n  o f  c u d i -

lioi;, : V' ficii .'ir*. ; ; t  b* 1.7v5, .-<e- York., d e l  ni.- ;.vjfi boston  

- w o  rc l ia in ,;  ' I , I f ;  vun.r o f  rn/: r  /e: r \  or uout 1 x r c e u t  o f  

t..r tot. . x -in t ~ conr-irec. «jiotm 11/ .

1  .v>v iaoov- t ’ hi;; in  r e f in in g  tech n ic  .• m  X" cbinary -ere  in tr o — 

t u v - v a n  t r- V r, ut. tr  •• ' ->.ri t 'x  nincteent:'. century -r.’ c ’; cn -h icJ  or© 

la •.‘“try  'V-’i x  r i,o iuoro.:: c I t 1? ut o f  reflura: r n. .nyfelo bo

V t  t o in try — . i o l  t  ir ee - fo u r th s  a t  tbe £ .3  b i l l i o n  retinas o f  

f-ucr:rt c.-nr x x  . in  too dniteci f t -  ter  in  r M l .  ^ome or tut- in v e n t io n s

:l o ’: W  to o - v.'-1 b i .V n e n t  o f  Fr.:n.‘ s r e c c c s i .y  "ra.cticer- .e r e  VI. t t ’ s

' ■. e.iyl.o* ■. Mch fc’j-: -I; uiec' :x.n ru. .1 oo./er, - nb \..j? vocuun yen

o .out-r.i in  1-j13. Toe iatrofn sjtion  . f  oof. era ctiie-crusbir.t; * . ch in ery ,  

ju ic e  f i i  t,r.- ti-'-u, ;.o t in n , pul •n iv . t io . i ,  cry:. U l l i x - r c , c e n t r i f u -

, 1 c • *; •• , r u w l:  tor, • Jo b  . re  .rLtrcucf eu by 'lerl ot (30) tn l i e  book

rT-x b. nuit •::+,... rt -.1 rbiay r* Iron tbs- Of r.e .V. b e e t 1*, x?re other ir.nova-

t i  -;nr o f  ir.'-ort* nee. :.lVo •■\xVric itibc" te " T a  f'Xeebb vy l''’’eVb’r itV ib -d f1 

t. .c in .u:..tr ■ *■:, r t  ©vcVtox-.ent o f  TsO-';-ern nting. ; :io V r v e p t in g  :u -  

c . .inory •

r our cf nc-—•nyu r  nc-ed?, i-hera re  :?<•u t  l ’v ) u l ' i - i r r i e s  t.nd 

f c torie". -■ ie>- r e f in e  i  /'ortel r .-2 ca y  r  nd/or yrocet'.? t iorert ic  Gug.or

•a re v ‘. ic  . ir  • ro*-;i in  T.nuif-ii rn. ,.nu i io r id t , .

BFVT flGi E

CugiT b e e tr ,  »-t; ynl;r r l s ,  rere cu ltu red  in  i uro e fr.rring the

e l i  •tueatb cen ter  .- . n,• toe  rirs?t beet-sug; r f - c t o r r  v:? r- c c V b l ic h e d  In

iu r t r i -  in  1 76 ; . -oieon inn v i l y  ru D sic isec  tae  infuntr:^ in  franc*





in  I '..'10 in j r  on to : : ’evi- to fix- .ort-- - a- af c..ne -"’in r : -c- to  - curing

i  n l o c . v  '■ o f  i ' v s  ; c ' '’.note b .  A .e !i'. e T  ? . ); m o t  Gtt-

c ■ ’ -.ic. ' ’ : a.' - v ■ .o i  o • , v  i:n.v " . . f o  e .  i x  1. c .’n i t - . . .  f t .

1.  c ■ tv- - -’.A ■. o f* .. - - .<;;■< i n  "t n  a n r r - i t s  i n

■ 0>'"f f o i l v  i,- -Os- in be - i f .-m a- , T il  in .-ic •> i  com-'in, between

’> t'O . nd bt'-'c. ' c '• r ■' in- n c L ’ £i ilxwc . f  ,t i -■ t  snocest’fn l

ex.y ' p A n * n; I- in. t  -f ■ c o i ' i  - r. i.v. r?- -i i f o n . i ;  in I bj,

. i v : a i. , f. ? •• ?-j . > • •; .. c l ri>- n o I b i - C -  -Xu n.ic.—

L - a .• ; ‘ - t  -- by t  ••<..: a c m - I v i n ,  . n c.y f  ,f: o ; n- mu.  b u r  i*  d

[ n c . •••■• to i l t xr > ' i ci - •  •; . vcrx A» o f  I f )  i. >u; on V > r 7  fo r

1- a n  s', i i - v  ■ ->n ax nont if)0 -i./s#

l'nf. tnjoct; ..eve-lo v*eut ■ a *r t  nu  ;• a.-e n t r y  v-. : ii .  cov-lcse

■ c -ur. ■_o ,;i  i: c..e i'encl noc^it ; f  . x i o i  o f  f t .  . . 0 ->■ 3 , .■ <xro t  -i . 'en t  .mi

i c f ; o  ,t non ,• J cc . i i f  "U, v r enc.*.:" i n a .-v.-t so- r f o r

xroctys L . « \ i r  r conn a 

'r ' . :•><?>-n t  -- f  tr-dfc--..’ -n;t .0 box xeaevnriny : j.y r iron e t  t-u.n-r

, ; l r i o t . ( < f1) i .a .y in-  b - o k  "To t  ’a  nu-

c . t •••'<- o f  no.  r  A'rnn t . C r » u .  ?:» ; i e r t ” • ) f  no x e o i ;  1 i  . o r t /  nor- i t  t i i c  

V h C e n t  x e v c f x r e ! ) ' ,  o f  f e r n  n» c  l i n e r 7  "Axicn . . i i .o  '.V-.ir t o  n n  -1 ,r;t c u e ’: o f  

t i c  - r . " x  . i r c c  i n  tn in r - lr ir , ,  s.-1 5cjc.in.-. n.  t-> ■ i n ;  o f  o r . r t f .  f t i i

.not. : . : . '  i - ’ c r i k  n t  • . e v e l o  •.o.c-nt i n  t: n • .n:r«-i;> t i c  . r c - in otL - .m _>f b e - t  s e e d s .

l t . ;ou,  - o A n n  • V)  -A xt ny  , r  i< \ f - i i i o .  t o  n . c i f i c  f o r t n v A e t f e r n  

s t i  t e - . , l'nf - e  i n  .no . e v i  . e n c e  ,. v>ii . . .  b i t  t o  to- ;  - o r t  i i o  b e l i e f  t h :  t  s t o d  

fro-" t . i i i .  4 ri.» u i i ',1 ?c o . - a c e  b o - i U i  • -u i i t y  a  r t s  t  , r : c y ; h o u t  t .-,c b e e t - g r c  

i u g  - t , .  t  o t:.:- 1 ; n * e v i . ' u t l y  i "  v j r t e . i  i ' r on i u r - j  ? e .  Txc  cn;.u c i t y  o f

in t .  e m i r  t i - i g  ;-:ug. r - c i o n i - . :  i c  i i r i t . c  . o n l  - car to c a c t i o n  o f

r ; . ;  r v.cett-.



.. t  ' rorne i . L p  L '» t  o , x  r u .  : r  I r  : u - - n r / .  71 . i f .  I -  ... r% o f

i Lv . '■ n - . . i r  i ;r  V ri; r  no r- • m? • The

-y- '■ r; a t  c. ‘V; r"\ , V 7 /  • t  t -  " J..5 Ivor. i ;j 7- b>: 1 f o r  7 ?

; •: i r .  i v  i - l f r ,  . -  \ i -M r . o r  1 -1 1 9 ,  1 ~ : n ;  1 9 ^.1 .

'l-.e 7‘ .'’>>• :iv: ” c ■■ n n>~". s . rLr.r r*jv~.r--l b r;  nehfcf o f  t r  food

.1 v.c I r  ro>* .X93'-1 . ; r te .  W be LL.,6r. ,9 1 9 . Thi-; 'licluae-- <-.>rn

r V' 1 * L ira  o f  i¥ .  i  ,3*>*3. Tie , •. .an t  o f  » i.cn ->• r;' *u r

.. i l r  v: ' .e 1- p.Iveb f o r  fa .  'av ; ; / ;  L L r r . c i ' i .  o f  *• -e i a r - a r t r r  in

'' 1 ̂  a •

7 ev l  v~f‘- - a n . :  r f  r  i r  rn? '•:• Kin L-r"u.-tr,' ' .Lea vureri in  ex—

*• '• :• or>e. a .e - L fu r t ; ,  o i l  Lion roan a, i n  1939. follow'.;;,. i r i s  i n -  

' 1 • cr , Li a- • , -«•- „ <. C r i o n r r / ,  <7 : a  n r : e-rvvr. '' jo-Lt,

;-'s l .-t.t . . . .  -9 i r  - L;. x r  t r i e  £ - a r m  \;. k i t . I t  i; e r t V n  to  • l a  t-v J

bast I,) . . -r c cr i  .a’ a i> »• i r  c '..rr.rv 1 ; i a  n tr r ,  . 11 . .<> rest. i n -

r.a ‘ -«--raent ir  a an.-mf in I  f '.-'a.i..' 0 Lu ■araerci- '■ c; tiug

a-ol lehr.en ts#

iL.fr nr.;,' . L Li: trj.brtio:'. . a' a r  m 1 v  .. nfri.ra.'tf on ir  rr.ort torus 

a -■-■yiy.i;, v«r 00 L ively , o- rnr .r  in r'.r L a i t e l  .rtrtn: for ' :« period



* rlT * 1. 1  , J ..i_ X • '?u. 1". ■’ .,VVV \  v \ ’I T ~ i  V ;G] * -; 
i ; . , i 1  i 5 : 9 ,  i - m o  . ’iD i S i i ^

;.j c , r ,~ I I  j !
. ■ fr r n - r -;. it A ’ ■ v:-r. e

x w t - j -3 1539 1940 1 M l

i , v m 1 ,0 0 0 1 ,0 0 0 1 ,0 0 0
.0 . Ji r ur: t a r t : .art- r a n

neet. : n.:.- r: r. cnricr'*'* ton? tons tons

Q;. l i f s r o i ;  10 ' -nfc ... X 15? 454 11 * b

C . Lor- o 17 . a 313 : 99

L • ; 9 117 145 107

" is  15 119 161 160 158

•>mu ru 5 99 143 163 111

nO.;-- •••'. 7 116 106 115 i l l

)• io  6 30 41 45 46

11:1  6 190 74 n *

•' y .v .in- 5 VO 91 93 79

f ■. . ■■ ■_ .• .'X©- -... ■■ 10d- . .459, ..., . 1.51, . .161

0? ne fM nrt

i Luri • 1 5v 65 94 96

Oo'-:iniMK 65 : 67 406 1.10 313

Tot> 1 :'"k et, c-ur .̂r 1,643 1,761 1,414

Tot;- L 0. »>.o Oun.r 471 314 419

'Juittr  ; i/ .tec 1,605 ; ,1.14 ; ,075 1,903

■*> . r i  ev. S. tar .. . 1 L t i  c t i  a c ,  1911, ' a l l : . '  It' tv, c  •; • .•* * k/ •) 4 j ..ric-altu

er af <> v.r' t i  r. 0 atari*-? in a t '- ts , I960

'* :ic 1 :•.'. i a : Iov? < nd 0m  io n , 1 er.ch, • :n ' Vuv.t v'■, T n . l ri' ,
1 . ’l . lo t . ’i, Mr. s.".. : n . ’.'ircor.sin , 1 e n d * •



Industry

Meat Products

f a i r y  Products

Canned and
P rese rv ed  P ro u u c ts

G rtin -M ill  products

li.-.kt r ? r c ~ u c t s

Confecti.UH-ry and 
b ela ted  Products

beverayec

’' i  sc  e l 1 1 neous**

i.f;gre^c te  Total

Consumption
{ l b s . )

52 , 200 ,600

341,148 ,674

624, 571,391  

51,506,887

1 ,  £ . > 6 , 0 1 « i  ,  jBtj

1 ,052 ,1 2 9 ,6 3 4  

567,^23,543  

4 4 7 ,866,044

4 ,6 3 4 ,7 1 1 ,8 5 7

0C6t
( lb s .)  

12 ,627 ,595  

1 1 3 ,O H ,935

201,28^,053  

i ; ,923 ,405  

3*3,127,660

2 50,732,537  

24,046,316 

0 ,4 5 3 ,3 9 9

1 ,079 ,012 ,493

♦Bureau o f  tne Census, 7 .  S. Zepc.rtr.ent o f  Co.rmerce, 

♦ ♦ F lavorings, v inegar , e id e r ,  ph ara ifceu tice ls ,  e t c .

Cane
( l b s . )

35 ,503,413

a 14, * 6 , * 63

397,716,035

26,713,602

74  ̂, k j-U , O e 6

736 ,  2ils, 104 

456,325,905  

424,115,139

3 ,2 4 6 ,6 3 2 ,6 5 6

■.£, 1939*

Corn
( l o s . )

4 ,134,592

10 , y O , O I 6

25,56?,298 

1 ,369 ,330  

130,673,392

25,12 3,593  

33 ,300 ,313  

15,2^2,006

305,066,703

Total Cost

$ 2 ,344 ,996

1 5 ,949 ,016

2 3 ,15S ,353 

2,349,301  

53,943,204

47 ,506,238

26,151,764

19,349,993

t i l l , 622 ,919

ieoort o f  Mured 14, 1941



-  11 -

19-3-1941 . re  ;'lvfe;i in  T. h ie  3»

Tr.e ■'.••xi-va~ t o t - 1 ~ l ; . tr i  button o f  o ,0 9 . . , 3 l t  tons in  1341 ir. the 

..L;eurt, :.-n r«iCO!'< . i ‘ -in . i } : vi M-e, in  c . “'> . if-on Mtn /r e v io u s  , ret 1*3 ,  

i c  •. ttritr.ited to Vic ccar.ui. t i  oi 1. r:;~ ?stoc-: ■ 1 Lc" b /  j  its inuue-  

v r ie l  lasers:, .s. I t  not -. i.oiui 1 \ i r :.' 'u r ia ;  1 / e .  r .  On the

ri;- c i  ■■".ii- r.i>uat - . in t r  ivu tM  in 1941 t  .* c> It . .  c-jusuM -tlon «••. P

i ,  veinM, M s  31 i^ c  i ‘- '■ i t o .  .;i .. ■ c..t orac c -n .ru m tlju  v< r w t  

i t  t.-ri- 11/ i-o t-.:r ;■» vi. t  tV-;a .i i a r  1943.



m , » -pX , j i.  ̂• r f . T . «* "'VvT '1 • '7 T ,; .

T;;F 3
.■ 9 :■ 0; -IX 0 / '  

X X  1913-1911
r-’,M7 T I x  X  :7 X.R FoR

Yc.\r

To'tf.l 
i - ' t r l  option  

( tons)

?r r.
, '. - • / i. .X s**.-
t l x , ) fei-r

■loti.l 
if* tr lb ntion  

.(tous)

Per 
. . .  . i u  
(lbs.,.)

IX '3* 1 / 7 7 , 3 3 3 91.3 1933** 6 ,3 7 7 ,5 0 0 10 1 .1

1 X 1 5 , ' ' i : , 7 6 ' 99 .9 1331 6 ,519 ,-X 0 100 . ;

1 <:? 5,1. 7 ,770 107.0 TO *1 C / ^ 6 ,633 ,975 101 .0

1 X 6 5 , 61 ■’ , 5» 3 109.0 19 36 6 ,70 6 ,1 9 5 1 0 1 .1

I X  7 5 ,719 ,*65 101 . 5 1937 6,671,10.' 1 0 3 . ;

iX;5 5 ,517 ,139 103.5 193=4 6 , 6 i ; V  63 1 0 ; .0

1919 5 ,716 ,171 106.1 1939 6 ,o 67,519 1 0 1 .7

1939 3 ,6 > 3 ,1 X 10 3 .3 1910 6 , 6 6 7 1 0 1 .6

1931 5 ,517 ,7? ; 9 9 .7 1911 0 ,  093 ,  3 H 0 '  *' x
X' .  *■ + *

1931 5 ,<35 ,131 9 3 .1

*3: • cts ;-b -nt i u. r ,  v o l .  ? j ,  , o .  : ,  I')??, v. 71

I ops X r  1933 to i m  0 Cr 1 'ioO T :-  v.n. • r . o c t lo " ,  <’►•riculturr.l 
C x n ? : c r v - :  t i . ' * ;  , n v - u s t r ^ v i t  . . ! '‘• I n i s '  ! . r n t i c r : ,  ■ .  I - e r r  rt-on t o f  

vie Xture



*¥• : - -

— 1 ? —

I I I .  ; bfbTE

...C'l :r.) ;n. ic:i In . / i i i - r - t ic  : t r l m t  .-oh* t i  ones r in ce

1 1 1 ', v ‘icr. ?■ "t'j'ir (4>) i’Lrr t  r e  oriei, t .o r e r o l t r  .1' ,..b‘ cl:.: s i s  ex— 

r t  ■ .'.V ■>:: / '  •' \ r  r t  i r  r i o o r - I - -  r  • : . L v v ^ .  i t c a r

k->! ;-v« *:'■ + 1 r t  T/,c ret re >f ■ in  :.r M M trofnceu i n t *3

! ; l i vn  M • r ,  . ‘ V i't. t« rr» tec  - ire r 1: i n  s t  m l ,

t i n  . n. i .• rr’d i l  t i  -n " era lM u . ; '.norl i'r .-••> tic.- l»r o f

■.’ .ir-v t t'.i'.' Let , - u i t i l  i. i f . r s  ’ ['o, tie i-n  erdr-t-^: . m r  -v ny v,v;r<s.ert3 

. c Tftrovorr. • »*e :• rJin.- t  n  r.rtz-i t in n e l  r-s idr-e'-erfr o f  ,/e-. s t .  ; r.ong 

1 .*: I rr  t >r.-:f.rs t.. V r te n r ’ r I t  1 l e f t  a .  l i e  Cn-rmn clie.nint,

t i c t i r  (41) t'ko, ir. I  ..>71., conc-crtel t i e  r ir t t ' in.t o f  F&staur vritl re— 

r-i t.< tec  -V illi .'.ic-. t i m  >.'•:• ferv.cnt.- tdou o l  ;;e-. fit in : • edio~ froo

I ' m  rd i  ro.;:c-n.--'ir orjr.nic r.ntt.vr. n- ;1 11 (u. to t e t  ti*- so re roFul te

-eu Ic ru h?< tc-i t . tenr* r f-i K.rinentn •. n, v ig o r o u s ly  ueuieu t i e  >os-

l-i : . d l i t /  o f  ootf. e Id ler  ^rov’t l  or ferm entation  in  , ;aiuen.l-r.c I t

r >lu tion .

O iler  -o r lc r -  ; 1: n r .-t i  1  r te u r 1 s n t t f  , , lv .o u g i  for the

f o l i o  si : w. r tn r  o f  centur? rue . %':■ Lw..b 1*:. -jr.'. r  fr.oe on sr/at;»etic

.10it' In. sec  :ti Ml. r<.-Gui.ti: o f  n  :-t.enr. i 'tr  rt rorr -ere -n o l ir  ;ed, hov—

«ver, M l lo ^ ir  to r  c r ; tr o v e r ;;•/ '•? t r c.f-i r leo r  ;. nd >.i e  .d*;, e, cr o f

raon h.. U e i l n - r  lor:;-;!, tc- cr i r : " r r b ' i  r,e~.- r> i-e> tneori.-.r r c :•>■ vding ; . l -

co': .o’, i c  ferr-er. ir t i o n .

IFFFC't -jf --M I  : 5'i IfOlTU

In '- ' i ln ierr ,  ( 5 0  r e n t  t i e  in > :-e -:t  in  t o U  i'Mlu o f  In­

ver t i r e  ti.ou ::.r c \ i r io r t in j  t u t  » y , o l l e t i c t i r . i b s t  n c f ,  . i c .  he f i r s t



foun to i-e orc.-ent la -n\-.1t ,-<t t*-.r, ;.tv. fiesî T*.- tea  ; s "bio**, w, e  neces— 

■•■r: i'.';-.- inilts';.-?, -.'.evexo vtent ox ye-xt in xyatncvic nutrient solu tions.

.1;. o'<a-:c»rVc.tio.> c . t  ^rovf. \:..s c t i v .  tt,.. l>v t i e  • ik i i t ic a  a' f i l t r a t e  

ft'ov. ■ i  i e.«.; /o  .-t  leu  h". U> u* uieve t.u t ,  ; ithough / e  I w i i la  ; row in

,'ii ... .C:t CO - e J i a  ’ ' i tuiD. lu X 1 :• uO‘. * . ICC* ,  1 < (' j t 'V i i l  J' fflfc.'lu i- UC• > v«t>“

Ovi • • *  -'li-' C - t .  . > ‘ 1 .1 i s , .  i -t : • -v Li. >j i:. l X i it ,:> '< -Itu Ihcclu ro zees e e r e -

v u  i. e .n ; c r x  a t.  t io n  in . it  -•euirn Ca.t-v; c h ’. a »v; t* r ,  sucrose,

■■■. : i i:•;: a: t g ,  .V-- c.duns c .- io r in s  . r- .Lours c -s ior i u», - d i e  1 * rge

•-eedin-.--- fid  ••roduce fpruouU :t c >»»clvir.et‘i tar- t  r.ro-wtn stimu—

1 ted , ,.ot : u. c xf •_ n inore: •?*? in V>*~ -v.sr.Ler of c o l l ’: used, hut by

:xr c ...r r  • th - :r :-notIn, '-.uhnt.-.-.nce u.ic:. c . e> . adeu .e.: 1.- r^e seed in g  were 

e-’ b v c :, .  Cro-'th o " 70 :;t in thi.-. - s ;s  ctivxtcu  by the : d .iition

o; .• f i l t r -  te iron boiled  ve-Ft; the evolution of c-: rbon. uioxide f-;xs 

nwrvin.-: -s . '-.enure of .-.ctivxticn. ii-iiers* otts on the e ffe c t  o f

H7.iT: r.t xron. m .  fo r  'c.it-- t io u  "-'ith s n r l l  s e e d in g f  . f  ycu s t  ere  rs

fa l lo w s j

ee • - - yefcet? ss3ui®ion..

T i.ie  
hoys

cc*C0,. cc*C0^ cc.CO,- cc.GO -̂ cc.CO,r si C *1

2 0 0 0 .5  1 .?  2 .5

3 0 0 1 .0  : . l  4 .7

4  o 0 l . r  3 .0  5 .6

come c r i t i c i s r .  h- e been oifere-.i rep/, rdinx the t i t l e  o i " 'iiuiers*  

orig in . 1 n. yer s  . l c .  ■»«. e "Uno n ou veile  nxiust.-. ncc infix-verna/ole e.u 

d* evelo  1 oor.ent Je ,U le v u re" . T' .ose c r i t l c i ?  h'.*; t h i s  t i t l e  b e liev ed



Ite

the tvorbe * nor;.:.- 1 •ieveloyr.un*,*' i?tvo*a_Lu a*, vc r-ren nred, rln..-e i t  •• r b««n 

i'r/.in. c.w t bioo io  .ic i ; b r o t u t c l /  a c c e s u .r ,  i to : f'-l I t-tt  cuvelo  r  t»nt

o :  .'\ ,f t u t  '.'iic.: . b r e  i t , -  I I ,  ' c ih c -  l t h . 7  ijc' . I k r y ' - u l t .  b e  .-ioeed

.-•c ■: -:*v til : .• hn? • i '.on : . . r. i • • . obe-rle: i l y  bee. .use

t- ir n L -it’ c^.-r; u i i i i  toe  f t c t o r  ber.tcr understood.

o b r -. e .. ::.r ;.in n: . ;-r bios  i 3 ’. i i c  V'ilaiv. rr ^i^eribn.. b ios  i s  

boiio-.ir:

1 . rolu','le in  e^ ter .

t .  i - i n o l n ' ’ h  i n  ; nr-o lu  •••' 1 ‘ c o b o l  - :» r* , r -  ':A . . ^ r c e n t  : I c o u o l ,

, ■•-•r. i t  tin,-. < ; orb, cxtr. atior..

3 .  b o ;  . rerent L- ye.- r t  ■ I t  ic tb m  not n inorr. n ic  aub-

f"j nee,

/I, bot ■.ief'Lrc"/sd by .. .1'I in. l o r  b- i_ .io\ir i-.i , 5 itfi'cent s c lu -

t l o n  o r . o U b r i . :  c i a .  b o  e r t r o y  it , ,  .■ b --t.rcen t t > ln t i - > n  Y...r n eces -  

i‘- ry .

3 . i'-ior aeer.ed to  l.e c:v .n;;ed b,- „• no-in . I f  hour b '11 ir.;.; in  1 .0  oer-

c'fiT'ir* o z ■'■■•■•■• .. ■ - ■... , -

6 . hot ;-reei i i t . : t - • by ltn .0 t eeti t e .

7 .  . 1- b l e .

i ,  Conte in»a in r.lebir*r> :-ent e x t r a c t ,  ccrmereii-1 oe-stone nnu in  

■a  *..•:• • a r t .

9 .  bio;* it: net -re ren t in  r-sch buos-te nces  * R urfti.,  i sn- rf {.tin,

•••nilInn, t/ror-l.ue, n u c le in  1- pop, ,-bonim:, c u in in o , thyrsuv. n u c le ic  e ld ,  

cr-e,- t in e ,  or y e o t ic  n. try?  t i c  t. i r e s  t i  on orounct? o i  l - irn ln .

i l J i « r p , e \  lane t io n  i’or an. n i f t o  -encen t?,. t  p x is te c  i^etween the 

r e a n lt s  obtained by One tour r nc Liebi,; ?.\.s b-sed on tbc - .njit o f  y e i e t  

ore - :. a tbe in ocu lu n . Vhero: s i tot feur need -xr.’t io n  ob yto::t ti-e isire
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o f  . ' i n  h e  C,  H i n d i ,  wocl o r - . r l l c r  - o m i t .  ’I -1i •- d i f f e r e n c e  i n  v i e  s i z e

o f  l- f. inoc* 1 ir or !•*•■•. to i ’ '1 -»• *:o V c r-'-h f i e !  ? • t  do ••• cco-mt iv,r the

f j  i l x o e  o f  ; r r ’ t:: i n  ; i e b i j  * s  o  -■prl“ i-n i r  b e c n u n e ,  ■••fen he- r c -K ro ted  ?i s -  

tcu r ’ c-. . ■>*.t 1.•:*.•!;t: , f  .lUi'.1 > t  i-uv■ t. •. • i i . i.-oiio to  r.utn- 

, «. r  >: nr  ’' l a  v - t  ■ o '  . i v r  •- ro' t h  • nr- t.!v t, our.: ••• s  e n f R  ! n »n h: e  n ts-

.. ri-:nT. o t id ia "  i r .  a. .fo.-. t u  Cft’. l ; :  '. ?-re v  x e n .

■’l l - ' i r i - - ’ vor-v, l i / .r  r%' nt or r ’ ; :> n t,o b? z  »*.«•. -fx •••■‘-joct o f  

"1, 0 :. c n'.T .rovnrrr  :,fcd ,u i ’;' " r ’ir.i, .*.•. ia.» n .I'.*' v - .  i no men th- t i c

-u hi;. , c; r r s —nve.c o f  ;'U..nf’u ~iU in  vbo in ora l ;a to freon •. net,

• l ; :o ,  toe  ln .f l .-^nce of }■■ v - i f ie y  •' r> tne  edix in. rrdicTKS. iYrrnbtch 

( id )  o o ',■ o ,"irr’t  •vorver to  c “u l io n . ’* -.lldier!?* voxcli'Fio:!1- V- 

l.n., th t  iir. Y’*-'■'•■: i.tr> ••.erf- c\w  to the .-I'erc-ace of to x ic  ;.ub: trucef in the  

c>.If.:”••..• ’r.-i, . This 1 ’I'don ■ : s- 1. t t r  rhr run by • Irr’.irch  ( -7h) *rh-.> b e -  

l io v eh  th> t  th« --rp:-ei)Cf -•*!’ co > -•->r It?  introduced in fo  the • •t-dif 

Ihrouyt o i o t i i l o u  v?c tt-.-r, : e rn-. -e-sted. by r crab;, ch. ( l /* ) ,  r^nld in h ib i t  

y c .■■;t  ;ro-vt;u I Ithoa. t . ind ite:; ** r one of '." ildierc1 i .c t iv e  o ' .’onents,

o-hle ;a coolirio .yoixoiera' run.aorxaf:; obne'f-vntioii. xo-^evx.r, he 

oriti. t*i'i.- iij -j t-o Oj i or  ̂ *o tiX ‘L.i.o*i » or i t  '-f»a t i l  • ftui* i'.a- Lier i n -

ve.-tiy. t io n .  The o o e s l b i l l t y  c'a,t . i l . / i e r s 1 t i o r  ccnmi,cr. c ted  the to x ic  

..r-fhtui. of c.j-yjr-c n-.- athfcr s v I t s ,  u<ai- •fx’o i t t in o  ^rowvn, expressed  

by certcd a  "orhs. •• i/i-'.if cii* e o i . i io n  ix > ,r .;in ;: t;*e lnfl\.ejuee o f  

i i e t :  on yc->. r t orov.to r fxrthe-’eh h'.en x  obo? rvo th. t  y c .  i t 1 .- l l o d  to  

• evol.o ■ In ix.xe r ::olationt' beci-ojr.c: o f  f.-.c •:•(. oo.'.ce o t  tr-.ces o f  n l — 

tn^.r-rLie ?:hich r* o jeeo  ured fo r  blueirif tha nuy-.r.

'-'il.iiers. x  s not rithoxt, ko - o r terr  o f  hir vie-rs f  or :OMid { l ) , 

l ? o r f ic fended hi" . y l.nc I ' l in o isch  . -v’ oth*.r loraon .-orkfrr *ho be', ieved  

t.o. t  io’.aurn vr- tnr r • r rc-r. • >>iriolo fc-r eox.c o i the. reso iite  :bt. in rd . He
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shoved th< t  vl to r ,  -r;ich ov r? •• r, in g red ien t  o f  th e  " ed i’.un, a t  fr e e  o f  

to x ic  rubs V noer. :k., d ic ' e f o r e ,  not . -.tor, V'it*.-inch suggested  

to. t  t.if s'u,'; r  used by d": rid contr.iTjf.-d £ub.'-ti-ncer *r.ica • ore •■'.oisnnouB 

to ye n t .

T o e  f i r s t  r r . c e  to rut~;.;r - c :u in g red ien t  i n h i b i t i n '  toe  be— 

volo /neiu , o f  jl-i r-t - 'oe- re to be by ' in-ticch . fo s r o r ic i j ,  (y?) in  1 9 0 3 ,

’ : e .• nother ' or:-;-.- r to recognize  the - r ? i L ! f  in f lu en ce  o f  in  u n i t i e s  in  

'.u:-;, v on /fr  f-t .-.r'V- th ,  tnouy'- unll.-u: ‘-Lnc-lsc i, bo rucoyni.-eb >. etim u-  

1 - v.ivt e .idect --uy r ir.ouritiess on /*.• rb .ievelo-rsfnt. lie r-- a ;. b le  to  

•be t e r ’.I.”? tb t  • Hi ft%.»ence e x is t e d  in the s t i rr.i.l,\ l i v e  t. b i l i t /  o f  srngi r  

b c  r e f - i i ly  : e terrirsiny th* srir.e of the yes >:.t cr-o • in  bunllc&te e x -  

-'frri-nento in  '-v.loh t .o sny-.r ri,.s the ors?.y v/.rl-- b l e .  '**»<•• com->o w it ion  o f  

. "evinr fo r  -,'W of h i-  ex.'eri-sente ( th ir d )  \u-s s c  fo llow s*

t e r  100  -.il#
KC1 0 .1  fjr.-m

0 .1  "
:-’Eeo A b .o i  -
c ; , ; i ( . - o , ) .  0 .0 2  *

■ ■■■■■■■ ''-0<«ia«rei'i:.b ■ :rei'ia««i : sug4ir. . .... ■ 5«0 ■ .., , .... . ....... .._

The conyon it ion  o f  the ediur o f  m o th e r  ( fourth) v; s the F-ir.e, except  

tb. t  'rare r..-. ec.u.rone r. s need. In the t -ird e x x rL -.en t  tbe'T v.- b no be— 

velo-R t.n t o f  c e l l?  -'',.r'-n~ the f i r s t  t?.o -.eexe, out . ftei* f o r t y  >k ye  U * re  

were ?64 n i l l i o n  c e l l e  i-i 103 -.1. o f  the -•ftcii.on. In the fou rth  ex;>erl- 

. ,er.t, in  x-hich the r-..r-c r-trengtn inuc.ilur. v ;• used, th ere  r; e no neveicx>- 

neat -h’.rin/; the f i r  fit V*ree ree-u-, but < f t e r  s ix t y  I..-/* there vere  220 

n i l  I ion c e l l s  in  103 “l .  o f  U o  "cdiun. In c . d l t i o n  to  en.anstr,: t in g  

tbtt - . i f fe re n c ee  in  in* b io lo y ic n l  < u- l i t /  o f  cug. r ,  hor:-ovicz contr ibu ted  

other , ir *  to the; cub <o c t  not only by irrnroving on tae  ncthodo fo r  e - t i -  

rr Lir.t. b-.o ororrer,! o f  ye ; t  develo  o.cr.f, but b. .•'In r-.tu-.iie;: o f  the e x te n t



• ̂  • V# * 1 ■ - . 1 •; . . .  ; f ro - .  0 r l  o l . :  :: o . o r ; :  0 Cei»f W.’.i'U

U . t  Li • ..J.-CO ■! J_: ait; 1 -i.. •■.. '■o r  . r  f o i i o v / s ;

p vv : -4-_5 . we :. o o ■ „ r o :  i  r  ; ., i a v . l  t e a  . r  ;. t.i ad
: ;..r. i. i*; • .In 1L.'. O 0. J i: ~.j .t .;. . t  tr. . uj  „ r ” ; .n -
i .4 f • ~ * -• iW'w. ... >‘l* a too i iv.:ac  a;;. ,...r . ■ ao r e : .....i.: 1 0  ̂ 1 :>0 ; e

» S » - ,. C1 b » > : W.J, » 1 . » - 10 u." ;Ha;V.io.aai . . v 1. .'o i: ; t  j u r t i f /  t..«- ; -
.. I* u i. . ->•;. ^ r  ,.;C :u l  vi i i c  U i ; :  , f  or. o t  cert.. o . u i c

.'Out.!! C ^  1 . ■*«. X. -•3 f ro : ;  ;u v ; « ( . ro  a n c u a r  . r / , .. L„ ;;,»Ut0. i t  . \ ; a t  bo
. J ' U w l  V v n -c. w wr. ..1 a t . ;  . i c  con.«ouai'a  , re of /oat i n f l u e n c e
.0; 1 .  , -o i : ‘ 9 j J  / e . . r . t  / r o o ' t i i .  T b lo  o r ; e ; .... ai.ic;.: t . .e  :: —
..rw . . . / t i c  .... t , - .. c. - .; o f  .0 ,0 ."

. f -.vr-. . r, IV albL:-‘i...b I.; I ‘ o ■. !. 0 c, ic  c'f- .jr.. .11

> . I t. ». V* Jw*.1' O . U.L *. • t *. - ) ...... j i wm » .* a *-• L 1 * , 1. -yi’ 0 £* I.;*! *1 ! V  ̂uJ JT JmO

11 no i r i t i s . ,  JU v/ • *£»'.;.; i i.. ■■ i v i'fJU H i  lo o t  inter;.-r I in tr.o ;; <-b-

J 0  u  . .  ..... .  l» • . ’. V _  ... * *.*« ll  v i  > II * i • '. •. . , . : c >  •  *• • I. ! .  I. * 11'  ̂ 1. * . . . . . .  I  * /

to-vc ..u ,. no-. : i £;'iific<. use bee. ucj i t  .-'.a a cu- ,;ertfcu ta- t  b ios  ni.~ht be

.. vita" La-, i.co irobc-bnucG. f  n.r-ber of it; vt-nti./ tnrr, r.uuscri.'.ob to ib is

weLLef; i’trb: •. an burla ( 1 6 ) la  ter  ;-: i. to. •. b it ex te a t  of.' yet r t

yro'vtii in  tv r-t : o luti..::?  a  usoa .-o ic . i- o f  l . c  v i t i a i n  b c ;n tcnt

o f  v i t t n i n - c  ■at- t t r i  I s .

. ti.lIJ.fcA8 .(jS'iOu .in ,1919* ;*•'.. s toe f i r a t  to  Eu.oeat toe to e s ib le  r e la ­

t ion s. 'i-' t . ' t  calf? t o  beto or , toe v it; .- ' in  nc bio? con o ler , : t  ; r e m i t

o f  t i a  ouri-.'.'V: tio;ir. n bn,-- r<aI ru i am La lo r  t r. u/uriicnvn crrtrnic crnr'ti—

to e n t  (or c..nistitucntb) o f  -art  - r re ; r t  erfr; e t a .  I t  1.; r sbovmi

* t'a • * i/ie  s'ibrtr.ncc ororootin,: t v  -::ro--tn o f  j z c z t  occurs ia  
t i e  >e ft- v:-ri In ■ t ' .osc  In «nlc.. viv: :j4 m: hi.r boo;; 1 jiaic;
rw n e ly  o ro te in - ir o e  pi 1.1., v?-mh t. £»:ru> c to s e  (K> tlb; ur<) ,  
yeoc-t, evji  /b in  <* ud ncrei t i n .  ?he r--ubet;.nce ir  none of t i e
cov .oner  i-nino ; c i i is  coatuiuo'.! In n c ib  li.tei't. o f  c; r e in  
■ i t ’a tryoto  -iifcrifc i.-ldfct'.. 1 \  o f: ooe ;n -;e nro xirtier. o f  » o lu -  
b i l l  t v ,  o r e c io i  cation. '0/  • i-ios >no tuiif.e t i c  f c i b ,  osor o t io n  on 
f u l l e r ' s  m r t i i ,  -iw. t  n f o b i l i t / ,  no beiu v io l’ T,ovf.rb oolo  ; nd 
-. Ik e l  i ,  . nei.rly  ■ ;• --e ;no" tiien-e ; t'o aortic 0 , • : t'cc- n  ter  
so lu b le  v ito n in e  ;-rui i.-i . cuiibiwn t»te too ouo. tf nces so it.r ,.s 
-«  r.n.}V: In w  no • • ivorce'it :-ro -‘- r u i e s . . . .  .Fr ,-»■ ti'.e cumul; t i v e  
evidence  o f f e r e e  00 o e l i e v e  ;.e fire ju p t l f ie t :  in ounciu-'irig 
f r  t .0 f; r - .*•• .rent-nt >cnonleu£ e i f  concerned t.iC substrfjaca



Hfc

v;* •„ • . /a. - :■ : i a- n-:«-' •- 'c . \  In • n i o r i
. j i. v . a '*."■*-* ..' „ •' i ’ I-' s ’’ „ ., »

' - *►’ - -C-- *11 I -   ̂ l -X  - ~ , ■ . t ;  . 1 - - „>' „ . . . . . . .

V i * .  . & j .  . w '  ■ . ■ wO :■<. .■ c i t ,  1 -j. v i  ^  r . i i i  , , o i . . ' f c S  n m . .  o .«i '  n —

v i i i c ’ . n  i / . c  . ■. - u v  a  r o l . a  w< iHv.  •’ / i t *  s . ;  r .  :•. j r . - f l e x  * *

'. . .■_ v . . : o c .  . . .  •. .-■ u u r - „ v _ : vo , . . o  >:i >  . i n ; , .  i a ; :  : n y

' . b e .  i ' ^ d / )  - 4. ■- ■'■ :•' • y . - n  . a . .  - v t  ^ . f  t - . a 1 t i c  • - ' r n b l c .  t t o r .  a : . ’ ; /  s

, * • v-t W*' . ft • - V i. •■ -' - J - - > 1 - - If   ̂ *• - ..*•

C .  . ' t . i ‘ : . ’. y c r t .  . l a i n . .  i n  n ; _ t .  : L-y ! . ' ; i  . I . ' ,  b i v t  i - a . . '  «_.C< j ’1 •-nfc

a n  x ;  : c a r t ,  i n  ' - - o '  1 ' L r / . v  n O t - o f  i. / t a .  n i

.*/. . 1*. . w 1 i.rf .*>v. * ^ j  i- . *L _ .* • . i .  j. .' i i . . .  J. i  X* ' '. ir j . *•« .*. ■ j . ». *  ̂‘ t

: :<■; .■*; d i ;  i *,. in ...a ; . . 'a  .j. .5-. eVcn.. \ ‘j )  i:v. t* ■. *ua.- .t y#.. r i

’ < :. I , I  ~,'.i a  ■' L L . . .  l  i t  . o .' C  l  ' 1  a -  . I  . .  ‘ ' n  b .  i. • " iC t- . t *

" T f v C  . . .  >-a-. a .Lr .~- . i  i n  f f - . i t l i  • j v -  t n e• b
u .o.. the- ’;ro~fc:i ak: • c t i v i t /  of  t:>.e - t  i s  so r tr ik -  

ii»;. tuf t, : - r/t. . r Li y  e . i t i c  biive*n i  ..eat «:-rgc.;dc ovb-
f.- c-.ncts . r... t  t vit-.-.-ins Tor norrr..-.! dev^lo 'KP«nt
or aai'i. Is."

tufct-e iana.itt. bit- .j;j tae bio a i io u ;  n-..ny taers. I  j l la v e d

i - . t e r .

Yr arttr ( i6 )  in  l jb b ,  v e v ifv f . i  tae ;u. iTiclt;,'c5 e b iL -

2 iorr;-"ny -.1; 1/.4 rei kroner.s.* '‘' i l l t r ,  (ti,) t.n.. •‘••cktit, ( 50) c Iso re—

I'-* a a b j t c i .  b .n / c-i %\w "*. ..'trr, oonctrn to  tac bn.iFn-nsf i l l  I t /  

o f  o ias  to i^ie aev e io :'-’acnt c f  a<;- : o, a i .i le  o to e ra  i e i c r i r o d  new

Tebia / ' . s i  ne-/. ao t e ’it, x a t i f f o  a-n -x b io r .  ' t i l l  oiat.r* / ttem yted 

to b.ecL’e -n tb.'.. i c o n t i t /  or u a .n - id en ti ty  of bios n.t v .e  v i u  a in  :5 coia- 

b on abnbior -a :• ue'e -ib n i  or ,uvUo 1. r- t»rri..io . .. c ■ rc .ra lt

of -fiti-t a tu a i tE ,  i t  a btc r - t  .no - a th. t  t . . t  -..a.tiv- nios t i f e c t  Cfumot

iar , sc r ib ed  to »tv/ .--nyie sub tt-a ice , f xi, t h a t  ^ i t .  * in  3 1' < c t i v i t y  i s



*“■ fc. v./

- -• * *- * ' • ' . , .  .. % - X w * • u*»t. I . O.- .it • v ■ .3 j. «)!'^

■■•a ■ "■■ ’’"•t ■- - - : jV'.r., . a .  eonourvr in  the

too - ' 'v . ''>> - . . - i , ■ i.n- u i-i .le i  ••;•-> o f

-> • • . t- ....... ■> /  i .• . , ) ■* \t •. *.i ».*. < .* i : *. *. t *: v o' *; i l  [)y

1 T- • ... .;-i. »> .'XI . • ,k..li i", .. l/t.O .w iu T . j.i'ij (a','} ; ’i i i  —

' • i-, h t  it . c c. i t  ( i t -0 ; V. o v . . . ’.I'i . c* ■ . ' S' s1,; • ;■• .,'ricc.i^u—

i.i i . . . .. ... v ..I * fj . . .  . -L 4 ■-* ‘. j. J * - 4. X. 1-1 *

1 ' • . 4 . J ■ — 1- j  ̂V X. } — ' • • .» »* *. |  • *. . M 1 • • . J *••'■. 4. .4. * . t . *1̂

; 1 .. A'.': „• . , i 1.) - •. C'u'. . 1 1 -t.i. . t . *V i  I Vl- on <J ii.enllhiC.- tlolJ

(.a- ■: ..■. j  t l u  -nr y c .  . - „ z .  in  n . . i c i  n  t.=vi>r-i ny

. i- , . c • i Lc Vi. t.utr. -iti... •.•..ii.A u. v t  ut-.e/i i  -nu f.tuuiml,

V c-. . - i. .i c ■ . ... c . i  .. wdi,.. ,4 in.. : v x v m i  v c . 'L - i \ .z r , i .  in —

t- *■■<;*• a !.-.4 V ;• 1 i t  ’ i .iV 1 ...i . j  J ... c . i m .  , ' ^u/ i  ■<;•:■ . re (I )  the

. T,r r.r . .. 1 ..10:' in it-. t.. i .  'ey v;ir5.auc invet

; ( ' )  v l ’/r'-t}',- • . • ;r a . i  t; oce .:u/'t t ; ( j )  .ilVt.rfincer in the

oh .iu i- ' i l i t .: ;  ; t :i: (i.) ta-i’-'ecogni1/.!: uttvicy oh .urc n v i t r i i i t e r »

... - . ■■ y  -.«• --yim -a£&  »j*ick- %.ni:l .n u n C M . W#... . ■. ..

■ p"- ■ +■'. ' i  y f  ■: r., o o i >i v ii;  in ..v ; v i t i n i  •• -'*• -chi « ic r  irteuj

. ■ '* (•. u: c t oN i  * *'. *' t i t  v i v  •. i\ z c yy> ! *•« i * i: to . t ir jo.rtint

■ ,ix 1. , }’i‘: 1: r jt * .**; £ 1 no ' J. V-. j w.. 1 —j. . j*■* j * . 1 i> v th.'!. 1.0 : ' • i  . ̂  i*otx.n

4 i  . >i'i . "hi \c i t  ;; lot. *:>,t vjx- nn-.. i f  t-I.- •• .-.vie--.- to iocuns

In e f t .  ' ' t‘c ■'! 4'i ;• '.t; .••jvt- 0. •TiouHi.:., ni'if.I ; . t l on i- ■> he li '.it o r i —

/ i n ,  C • i i i . 1 .  :i r.. *. I’T-i--; , ■ iV. : . i t  oh i-.otc : ic:, . ro .:n o«n to

lilf  1’ Itt-!C p. - l  rov:th <

h 1 i y ‘ IV t: jn V*..i vi/Or.Ti!

inooitAil, ’ • c i 1 i  “"I - tc-h 0 /  -V . t.cj ov. ( 13} hr'* i w  , *fM the

l i n t  'iT' . n .1. !> nC' *' ’-.rt t-_> ■ nt iju.if- oxoi- cti.vj.ty* Xt, i t  ’ .•© tnyi-.io—
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> i . io £ 7 . •r.iiFcenr ( v  ) r-nn- i n o s i t o l  to oo indits -wn; b is  Tor the 

- rorth  ol 11 .H r r '  vc-- :• t • -n - H i . ' " . ,  •-: -in o ;:u'! 1 (63) irfic-.T e  

t  ; t  roid ; ,roct‘T" f t  v ro ir .c i . i to l  - or c n .t ln u t . i  'd u c t lm .

Lo". ■ ">'■ ;■ 1.- "i Vr.<ir. ( l  ) f-.v.tn-; in o - l t . ) l  to uececr-- r-* for i  -e

i'j t: ■ ■ i  .ml ■/-v* o f  '1  r tr  H r  d j w j  V - i i i c  y«i r t .

IFF". Of j;* ill! • 'XuI. H  r  ■ T Oft* Tii

T j -.1 1 1.1-.,- ( v l v  uiii f^ )  s , ' tr - t  i: ‘1 l.\ i r ... n tur* 1 r .urces by

J.-'::- on n. t.;, {;?) In 1-j6 6 .  I hi e, : .m i  ;>h, utl n e n d t i c  v i -

t.c 5’i;s -u />.: .d  ..;ro-’ fch ■/ t o ■■-.cl a 'dvt;!/  ervnr tr. te-i by . ' i l l i  r s ,

. •* ■1"’'; ' ! • *•.(• "* r W. .. . p ( i.'9) »• .».* '-5* wr'. .• . v i . »... l *. .../ti. V t. ..Mi* S

ir>: ■ r e t  by J .  urea ■ of. i.-ri th. Toe/ f iuu . t  i t  v> B tb'fec Live in  

concent!'. ..i ■•nr. lo r  '>01 . >. r o f ,  c.' c r l t m v  :euiun, -hen

ro by • c / r i  n’t: r ice  o r a  vnieh  v„? urn Horse-S by f u l l e r ' s

•o r t; ..  I t  o ;i>unf in : ;i e  v a r ie ty  ol fno.n;, b>-l Lucre ..re i'cv.-

: o; ; ,/i r i t ! : / r  1: .at or ji:<- 1 'r i , , iu  i.h t  : ■ • .>•• un ud  crtu  - "•otent 

r.'uret o f  thl- d o t .  I t s  ir- o r t .u c e  in  t i 'u tr il lro  i ‘ v e i l  rtcojyiir.eu,

: .r -e r "'.tin.' e n r t c ln l  '* i't"' ■■eHaride*

T.ne .-inorletnje t.u rUir..; t. u: chenlct I i J e u t i f i c .  t io n  ;i i d / n i n e  

ve: ' l t d  I  rntdv i ’ro.v. Lh-> ^ft'ortr o f  r t l l i  -^s ■ v . cor u-ncnr ( 7 ,  61, 69) 

rho 'o' l^r'dno- it.* <::■ i l i ' ic  .1 ; o ^ u i '  to / •- •'‘-'Ij-« '̂-© ©. •**■

th e s is  o f  vlto.'iin 6j_ v e l f e c t e a  by " i l l ! . . n r  o'- cof-orhi-rt socn 1 i’-  

t ti' ie f .er-d rt .t ion  -t  it: true tu n . of t f  i - r d r r . I t  s i'ntmv! to  cmw

t.-in  i/r ini. io> riui . thi: zo ic  n u c leu s , t i e  s t r u c t u r . 1 f o r m ic  o f

t  di.ri'n c l o c i  > Oi/i..;, «..*•: LorrmBu ; r r uiTm.
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The re so n a te  o f  ,.e. r.t. to t a i  inc.- v< rl<- c t i t  ■ . i f f . - r -  tit c u l t u r e s ,  

i  H i-  ' • -j.’ . oe r:. ( 6 4 ) rc-(:o”uei* r. r - e d  resnxm te by "o ld  >roc*5f£p" n m  

ye-.. - 1  1 j .  5 ?-: o ’ I'.e i r - e r i c m  Tyre Cul t u n  C o l l e c t i o n ,  v o i l e  r e v e r e !  

i>v‘, r rft. ; i r  t- i 'v  to  r*-:. -on • r i o i l - r l y  v ,n  or t:r- r~ e c .-tu.it.ione

(5;-, 6 3 ) .  •• . c h u lv r , t  .ir. n . F rey  ( >  , \<j>) oot. erven  t-H. I ye- r,t f e i v

1 1  o.i i f  ore, t t y  v n ;  neo.. by Hoc- >r*.. enct t ;ii.-r.it»e .n n  uev e lo .j -

j . t i t  t i v e  .e to o t  f  r  - e i c r - d n i . i  w  I t  < •counts o f  t.vt> mine

 .......„ -;,i • i v r r ’f'r.u t i o n  u : r t*  oy t . - c i r  o r i  g i n . 1 -.et-ior. ‘ey .vc*re ;.bie

t'-f’ yr» Race, of t . 5  bo 4 . 3  aicro^r.r-r: -f vitoid;. o^.

L r f t t i  ..r o r tT i , :  t-. t ? ; . •? uv^ t h

Cr o-trllirjf- b io t in  r f ir :  t i '  >1 te- In t  -a torn .d it;- - e th y l

e, t;.r V  K5-. 1 no Tftuuia (33)» in  1936. Itr. i f  >1 t ior  tr  ;r toe y o lk

r rtfrr;ten tv ler-.yto/  r ie r  oi i‘r- r tion- tion; T/'dch

T*- f . ar r e c o v e r /  ;d  ! e t v  t o o  f l v <  o  r e e n t  o i  bo -,  t o t - .  1  ■ n r . t m t

•rer-ent. tee-- • e o l  ■ extremely 11 . r.r-mt om < o t In tu fcurr 1

r o u r c t v  • *  ... . L f f i e t t /  • td--.. -in. i t .  r e c o v e r / ,  (36)  we 6 c b le

to cot. iv. rut 70 rd lL ivr  nr of ory: ;b  :r . n o :  f i v e  /._ n  of >r.<. 

in tr  i >- r, - o: ve ncfin i '  o l - t c t  rinct- 'eveLr r-er.t o f  recovery

procesr.
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Three >r o f  *orfcer<? n u u i e i  . r*5. n.- .oed ; t,r or.'th-or*..••?<.>t in g  

nee •; ;.c . I .U v become i i e n t i f i c d  =■ r b i o i i n .  / l l i r o n  . -ui oo-

'* \ ■■ p ip a 1) * < - i i t ;" 1 S' , r ■ c i si. vs j t -  ~.o. a ̂  e IjcCtcri.? p

f . iiaobiun. r<- v ires  t.:e -.rv.-'t-ace o f  • --to~ts i \  ,• c >r ,v . i c i  r o b ta in -  

. ole  fro-; /«.• :. t ,  n '1 ma: .* •->• cs:.r't-rcii-'.. su cro se .  Tnis: ta o r ,  r . i c h

r.ve r n'.iv. to n- v*. .:u Auioc-; t ide. .  z ,,n c e l l  .-©s. ' i n t i ' -  , '■ t- .• u s i £ -

si' •-* ■ v C •>... 1 ; 1 . v e *.y , c’•><••';y ‘*t. . ; a o. ( ■ '

•or.  O’ c o t  •- i l ‘- ->n (i/7) ia  : ic-. cor: . ri;; )ar. n? ;;e --r. b e ' f l e e t  

o f  ,-t  0 '~bV> •'.la t i n  Miii coonryne !■: ir,f la. i e  t o o  taey  : *re i d e n t i c s ' l .

vccor. J too  , C /6 r r y  > xv. c:)eir^t;-i ( 6 ,  11,  .11, - , .13, * l r • 5) 

s -• cubrt,- nee o c cu r r in g  in  ye; c i  n*. l i v e r  v .ic:. w r c. <.LIe o f

th e  17 ..... 1 r-: .~.v .ro:~c. ■: ■: om’. i.I:'., f r  --m f  oc.: Lay la ry e  ..-t ju n ta  of

r, - e,';- ?. . i c e ,  f  ; n ' , r f o u n f .  to  occur in  o i l  r.; ‘'cc ie^  r t u  : i c d .  T h is  

u ;e ,  v o i d  • e j r i . , i ’.t-1 Ly . e r i t ’V-U-.\ w  v i t ;  .'In 7 ,  »v. : 1.. to r  

re c o ^ n i? eu  . "e .s tvv  o f  the  v i t _ . ' i n  ' c-vr. ;•!•• u< " c l y ,  l l ' t i n .  Tae 

t h i r d  T .a-i o f  -orl'U-i*:.: Lnrl'icoo ” i l l r  r  ,rr- cov, jr,-:orr (/»5, ^6) who 

; 'r . .c t i ' . ’U. ted 3* oc I I  i.utc Oioc I I ,  »• r.-l 3 loo 1113. • ’t.’ T5nr:ic (33)

" t tbe' id eh t l ' ty  ■'># I l l i  ••bif»tiu-..i«.ile .’«iuuv'iaK..-tu#-.sro-». .

- r t i  • s.: ol or/rtf-1 Line b io t in  fror  occ yo lk .

H (- l  ’x (37) r l o  "o toe  e-io iric;. 1 f  -nrrnil; o f  b i o t i c  to  be

CL̂ - a,-. 1m Virnefa;; (10) believe;'  i t s  ^ t n ; c t u r e f c r r . u l *  to be
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-•»<.>£ - j  ' *cL/, _ r..c'cl 1 elo>ctricv. . otv.ir: o r t  l:i •

.1,- • 'J'.i./. t-i. 1 * i  e l -  - t  .vVit. urc e f  nea.. r, net;. In I93t>, <11-

l i-  "<{? ( - ’j )  _ 1 .1-  v.nlti o.. t 'u t  \ t i . j  . fo r  v.*e su ; r.-tior.

. -... t l v i , . . ea .v -■ c i .  a . u-- r-j’j  o: 1 o v ‘ I ’ rcu1/  r .t:L . t .  In  l l & l  be

(C l)  • ,f ..-ntire :• : b; ; t  e.f v -.u totoen ic  c i a .

' 1 ' . ' i* "  ; i <. .Ir co^orK trs w .re  n o i e l y  rt*c •onnibif. i ' jr  t*.e i  ien—

vi . i.C« 1-.1 .! i 1 01# ) f  .t'3; 1C Cl.* * • 0 fiSl' i eri DiG it. C* .'*• rt 1 t’.lui c ted to

i f -  i-. .eu ui.fi c Lion ;.y -il.'.i. v.s (c. ) m o  rt.- ter- t... t i

n. n o  o  n>Lnt- a .  iiiL- t  in  i m  n tn tA en ic  ~ c id
inv£;- t ly -  t ion  I.- w.p f. ; t t .  1 l o "'uc.i in y T.int, i t r  s tru c ­
ture e t o r d n e f  o ~ f o m  i t  .•..; o .= u Ined in rurt  c rwiiti on.
I f  t ,  v  c i r i n ’c f u u  - ; ? -.m si and m e  n r /t io - .
io ^ lc .  1 1 /  . C l iv e  r ..a., f  ace o r- o/ni.. ;fcs i -/et. o f f e r s  ■v.ntotr.enic 

t i  - or i f  f i t ;  e r iv  tivrr. ( e x c tu a in g  e t c '  v- -e
• >r u l t j  ••‘•uf* o <t i.-.et is r uvdit4 cn vuc <• £ to  y i e l d  to e  o ir~
.'cct . - .'y -

l;.c <•• • t i t t le  I x'jrrmi- lo o  a .  l e i  or. to  ( to o  ..•> t r.u ,; f i

L- . C. - :»•. P tro c tu r .  i. : oraul. 5 or ‘ u r u , i " l f  -.ice l l y

c t i v e  c id  (con.-D.itu'l v iL i  nine.} i r :
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\ r,rL:ii t  .. m . •'.:<? '£ toe in.ou. t i j t  t i  ;r: iVifiuc.nce o f  \ .n -

tot ' .cn ic  c id  on ye< ut ;:root:. t i e  •GebrR'.;cr  't y r n rtx- ir. t«b usvu. 11/  

u.- f : ,  ‘iO’-cvcr,  i t  - o I.v.:nu W oe n i * - o r t  at u r . T . r i i l f o r  . i t  o f  

- rtr'  lag ttrtfed ny i 1111 ~ v « .it. . oun err (Co) i n i  ' In

•;... t f d l  ( 63) .  •UbrS-.-.cr ' f / e r *1 / c  f !  : -l.. a t  i r to be. • bli. to 

a- too t to n u t r i i i U  ’ t -  t'.a r. to , f  f ^ i t t o c i c  by otnor



ine ,r : u t o r  :: ?r u*. t i  v U c - t l o n .
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• ” • . u.vchv- ( 31.) '■ ‘ t /  {&.'■) in  1 ??;.  It- vlt-:. in

• c t i v i  I " r. L.iv<- 1. i t i r  in t; to , 1; r-- c ■.r_i b y

L r S r y v ,  ( :  j )  I c  1 .1 3 5 .  I t i ;  : - t  n o r . -  • - i ' . - V c l  u  y ?  .. t  yr t h  ■••• a

c y  -:i: c i n . ; t„ nc n ' /  on ; t : i • . <_•/ ( S ’) ’ .'in

n ’ i  1 (!.'•) i:i ih y i .  r: c .c* t  r’- r;r orer o ; in v i -

t  1- 1 V t : ; <.1. o n  , .  I t  ■ .v / s . i  .* > I " -  : 0 . . n ' r i i :  a  : . . - u r i

-f) is. UT-.  I ' . -  ; • i - . v 1.vri- ' : T -  t i l : .  i n  n o n ,  r ;

GH2 . o  H

H O

T ie  cry:.t/ 1 l in e  v i t - . r in  • r- * -n nr ; enultv: rt c o ’-. ronrr (h i )

■ ( l :  ) t  j o*‘ t o l i v e  in on ■ nt; -~n to  n . '- i i lu j: .

:i r -:1. I -■ ov er ;'o : o n  ivr  -m *. w  oht-iae-h, I f .  ':ec.ion u«t  

. ' i - i t  in }*Ji r r.utri'-itfn-, .v.-.rticv.l- r l y  .ntoth.enie •- o i n b ir t ir u  

Vin - i n  ‘ii/ c: r ;o Tiinr,’in.e oy yc- i  o'‘ r in ;. . t  1 <> t: * t  i t e

-- -.-‘•fct-.c i i  - in e /u n in e .

y i .. o ' i  i . .: i . ' 3 1 .-.I - .1 a . 1 .a .  . . . .  . i i r i

'h'-u. r ot'o. r on' nn;.f ;,rt re 'ortcb (61; v inn e f f e c t  the

'f-r» th: fii’ ili i-V> t i  . » O'.'f rci i.o ’it? c-ii ' ic; I c .m s t i -

t/U *. *1 1; t  ti-.cir r >le in  / e  . t rrutrition  ie  ■: 5^-cc.. Tne/
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.icati. -i. *- c l ’,:, .in: v l ' o o H l .  v in .  : orj**. jt.u.-r e.r;m.un«e

v  r- i s . . .  c / '"t-.cx: r^s Ird I c  V’t  T ie  • ei<., c. rot*. :e, c h o -

Lrie, cli ' \ ir>  , CJlc’-.ici.'ie, .leuttn'iv.s c x l . le ,  .11 ben:•». > s t  r. r. oeae

t-riv .-tiv \s  , - i i ir  > Terri" u Ti'.l.icnl.- v  Ivorun* • L-’, >ne ox  ;:.o;.c cos—

'■ n-.ir ' ■ i- . c t iv iT ,r In ; e ? r  i ;_tc ■ \ t - x c v i l e d  sore
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c i: ' to re  7 0 . f t  

U:< '' r.i* • b o t t l e

f  ' .  ' c t t .  i v L c l b ' . o  

7 :C :U .  it, 1: \ C.. t i i ' i t  C. £ 7 t l C l ’.; ,L :• l'.: I , •..(.* .. i‘0 c / C e l , .

a - i c  - l e t  i .  - e - . ' i  - ,n m m  ; ' ‘b e v o r - r e  • : f ’ i n  t :• i . : t  u - '

o ; >- . /. ■■oi:-. ;■*. ol iw - r -.tree I;... imm ■■ ,x I  „r

r  ■.. t , < - r i o v i e : .  o  r>. ,• m s m  I  •• - t i -:*.!, e t c  i n  o n  ; t  r m  L  i t i  - i o n

■ / i r -  i t i  ;n: tlv .. t i e r ■ In nur'.--r c l  cm, r  or a , i t c u e  iri-

, i c  t -  i i  t  1 . «c r r t e n t  • -  Li. i c  v r i m t  i n  . . i f ;  m  * %nt  « u r , {  rs

. n n ' t ,  r f Ce x“.\. \\ .:n i f i i . ace  .. .“'ori’i i. :>/ uamoicn

— i-- i s , & j  .  i i f .  i r  , r . o i e . t s u  L . .  t  >. • ; > o d

. ' i l f e r c - i t i  t i o n  e o n ,  in * t  in  ,n .  £ i  ot o:' ■- - t. y*. srl c r :  r- frotn r-j-

L o u i , . - » v '  • " ■ . ■ i n  r ‘ r  t n i ’ - n  1 '  :  •• r . - ,  . r r >  t m - T   e V e  l u o e m V t b c  " m i  t h  ,‘* r — ■ ■ -
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Table 4 , DEVELOPMENT CF YEAST IK MULTIPLES OF INOCULUM 
IN 1-15 PERCENT SUCROSE SOLUTIONS

SUCROSE YEAST
CONCENTRATION INOCULUM

PERCENT MULTIPLE
1 .0 1 .4
2 .0 1 0 .8
3 .0 8 .3
4 .0 19 .1
5 .0 1 9 .0
6 .0 1 7 .8
7 .0  - 2 2 .8
8 .0 ? 6 .7
9 .0 2 8 .2

10 .0 3 1 .4
15 .0 3 0 .8

In ocu la ted  w ith  50,000 c e l l s  
per m l.

o) 24

♦

1682 10640
Percent Sucrose

Figure 1 . Development o f  y e a s t  in  m u lt ip le s  o f  inoculum in  
1-15 percent sucrose s o lu t io n s . Inoculated  w ith  
50,000 c e l l s  per ml.
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• v y ■ ' r e c i t e y f. ■ ĵ_y“•. i L’ . O T 0 •. "L ro . r c v -
LuUfS fc I :r r i t c  t i .CO 3il ■t  ■ i. i i  n o t  r - - . ' - ' . i. w « t ? >* or, c i  ' i -

i r  f nr-,  ̂ y ■.icl: x y . . ~ x re. uv(.o . t  ■ C . jji'.y i P / 5 *•• r e c a t ,
lr: j. i'n ; - d e c  i;t V >1rr’if: CV_X l o  f i e C t„,i ( H i  n l . )

*'O- ■ a? vo 1 trie Co r . c e a ,.r if ■■ .. 1 a.  o., r i a o. r o . U d e
r, v! 1. - *,tl .'f» * ,4. , - 4 ■»~xi u ; J :, Yl>.  ̂ i c  ’ ’T- c i  , i i .  i 7 ’'or**; >.'?• i e ’i

« r*.r i. t-i*. ■■■/"Hit i \  t . 6 ; ' .tl  l t - v-r iV.." z  ■ V: . H »*', X ̂  T*

r  o , b i i l ' i c l  1 1; r1 oe Co V:• ' 30 ' . e 1 : r t j jv . l • r  :'
«;ro /  ; ' c o n c e n t T* ‘t’ (* t ,  V, . b ■ f,-' c  : e t i . x- ra.-LL

n * * r v i..- o f1 i <> ■> ... *_ vo. r’ i y  .1 t o  • «.;t: - : y-.v i f r t o n e  t c
;• ' a t  o f ■'; v* X4 ,v' ' :/■ ro>:■U g ;• r O'-ex . n e e d .  ‘I .I-- ■;-rc-ci ' i t ;  t e ,

I t f - •v i t : .. i ’A T c . ,..,i: o : t i • i t  i  : f ■•; ■ l  i ' I  (■
v o l ' :ace; o f  9 1  f rcet i X. \J 1 ICOo o l  i t  f i t . . .  1 /'■ O l - r )  , ;t.

0 n i t r - '' e ,  ;.o •■■ t ;:* ■- . . .  .r V .1. ■ a - ' . f o r

it i o c I I e o t- :*i  !..e- .V ■' -• i v»V X * -:-M H e r 1 a  a t . i t 1 f o l  r
e e  e r■v t ' 1 i :;o i  ■ c -  t - - r.; y A . . r -o r -

txo v , >■ ) 1 T r -  ■ 1 ( ,fnI. ' 1. V Xi* y i t '  i 'f * ' itfc) .

:.'io& I

i  ■ ■ ~vecx . i d i • ft . r- 1 ,1 ‘ I..t. , 4. *-• x ♦ + ** r* iri ■ v i i . .  i ' . r c e
r-v jcce*.ri V xj r t  i ■;. - t. “ V-v i" \ I'd. ; t. i u r e ,

L c t 'f fc . c* cii. H e  undi. ' .ro lveu r t .c i  '>ii t c  v .tich
O ’ * ̂  ' - i  a Vfc.i PC t«rb • 11. |S I ’ 1 ■ >r (Luc,. •) i - • r e -

.f c ,j 1-1 ic : i l l ’- t v.a b ;  o. r t ie r .  ' i t.- C-. I'br.U
L . t  < Lie In  v., euo tv  -c'-.-ovr toe <„ .erf v. of

1 ic 1.. i ‘ H i  1„ !•; C; C 1 ' i t i e  e • * •—



.n, -
IC*. d. 0 *j
» t  : l ,

tr.c he. led  Ho < o„v.t 6*>° C . ,
:T i c  . e id  '.•..\t.ii no iu rV i.- r  ’ree l*  i t .  t e

1 . . l,r ' , _• 1 * ■ •
 ̂ ■ ' 2 f' V ; ’ r> «, c- * - £ £

■..U.‘; i„. I-:, ..f;. .
e  _* L - i t u n ,  

.c i  >i t; t e .
•" : i c  I C ' i ^ i . ; E  -;o D i - in ,  i -  y  : .;n • , e  f i i i r r t f c  i r  r e
i. i  .cd r **cr c. J i r -  I  ; .51.. H. .-j:;*1 ,  (L-.ic.. : • ) .  I o r  1  ->r-
" ’Di1 f’ 3:' ■■ i r  -,r r - r H- : r r i i  in  I ?  e . r i  e :"

~ 'D i ; .1 - r t  , „ t  : . ,*• ri .  i . e 1
7 +

t l o n *  H H ;  Ir-- . tt> Li c :  H  c L L ' i r r  l e

C’.' ‘'’:C*vCol*' I.B <
r>. - • •' < c .
: }.' : I f

.1. c  Li*

Slo;: I I

T‘T : 5 ' l . C
•.-cHv Hi LIon olT ty /. c*;->. Tic ' - -ec ir il .  ve i r

I I  : r . r - t i r n ,
Hj e;":, -.v fin is- ■

.1 s -

I*’- rirM 
Vr. *‘~*

1. » sJ<
*1 n

i i  i r . e  ti:
I V  c

irv.j
it'  ■ i i . v, o', u - t  t;i«

o r i y H : : . !

■ •• i  . i:
ic : : iLf». r . HU. t  C u l - . i . i  i  V

■:c.. I t  • b o u t  ' , 5 0 *  ml .  j . i  . o c t a n e  o r  . .H

11 ... .-.t . 0  tH«
c n con tr .  tiicn , 1. r . t .  uuiw
it- .iuU *. i l l ;  Vi. -LOUfi l i —

, y «•
r.-.it to c*. x b 0 1
ir. : oc  .! i ■ - .■>!
J‘.'w.' ” :' X' i

- >
’ • lot .c - r t c i  i t :  i . iori.  I r ?  .. c:c u, cm . u t j r n  
t i e  . K- v ; i r d  r i o . i  . re'fc :nc. s :t<J

.. riDlo... Hi- ::
e en lr -  ' c - in  v, ou j  ’u ; .
1- i.e.: ; in -n 1
i -  ■ ■;<& ’i ■■ in v /J ;r •• t-j r-l.t 1

i. niinb.nr o i :  i c n l n l i c  v<. :

t i o r . ■ t ' c .  o y  t . i r  ■. t v.i ' . r  ■.■•j.-i,

o i  ' "i r i r ' i f i r l  -n r /’f" .“' r . r  . -ic

i n  \  '. I t i  rn.  r c ' t  '  n

i . i c  :1 . • <: 1

• :-r- r i v e  1 v . i. a.

: \A ‘.'‘
 ̂ 3 i. a I

■I; i

1 jfr

V If.

oi r. ,e 

I I  t ./i

oio: v i n y  i . d U '  1 /or

f.iver: in  b ie  1/..

Cr.vcie: l i c i . t i o u  •*’

C ' f - t c  .. i.:l CO • v l  ••-.' C! e ' . j v ,

, '-.O'vat o f  iv i ivu . ! / .  n i  0

Hi- Con-
- - r i .  ;e oe-;. ;r.. ] ci. ic

', . i c  • or i .. . Int. .rio» II  t
-... '■* .,r- T- ■ . . . J X J  t. ’ X •

’ - ryrLHU. r -r. m n: r f r ^ c — 

•.>••■ c i  i H  v,r-.f!ot j l u t i o n s

- *:rr. )Di‘ T:.t- . ;.ouit L,5

.•:>■■ ( e r v i ' - u r  r t i n u l :  tl.on

. ' - I ,  0.4 J i J "  T ’ r.L; /.* 1GS

ler orl-  lnrc ITx- Ic-nr t y H c t l

i n o c l . r . 1 .1  to ;>7.i re

r  . r  /.i l l  j u r e  a t  lcc. >cl re —

i 11 ' u» ti I • 

or r.nt i.. oi'ir;kim

li.'-c of*. y • f : I i in t  

1 r ,  v; r -  l i t t l e



CS7‘ C5 CSc'T: CCS *9? OS7'c5 * .r^i .Dcux

S*77

VL&

fci

c*tC 9 ' ;

VZ.T rz.

8*17

0

Z/T T*T

/ l

-r •t I

8*

7*1

C*1

C*T

(*■•- C) II
pu

(*V* CT) I 3CT'- 
srsf*.' u  - ’r.:-; t jt v

(*!-•• C) I I  noi,- 
str^ ; \

C l -  "I) I :

a ;.vn!;? p^xjt.jcu- u.-: 

auu^ri' >.rt

•331” • ,l0J 1,01' I ’t7 .  w:̂ 'Luot -iX

a i i i i - a d  i c  - . i i



inT,o



F i g u r e
P u r i f i c a t i o n  o f  Sugars b y  C r y s t a l l i z a t i o n  From Alcohol and Addition of Purified Fractions 
t o  S o l u t i o n s  of Purified  S u g a r .
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