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1, 2
This application is made under the act ofMarch destroyed and are released Jrom;the:leaves and
1883,as amended by the act of April 3.0,1928, stems either as a direct result' of the fermenta-

and the invention herein described, if patented, tion or by added,mild mechanical action; such as
may be manufactured and used by or for the shaking or stirring, and are then recovered from
Gover,~ntof the United ,States of America for 5 the fermentation mash. ., .;

'J')~Q~l1)~ental purposes without the payment to More particularly, leaves in water may be' In-.."us of any royalty thereon. . . ..' cubated with Clcstridia, especially Clostridium
This invention relates tb the recoyerY\6f [1,I ; rD$i:itm, under conditions in which oxygen is es-

.material rich in proteins from the cells of leaves sent~allYexcluded, resulting in rapid fermenta-
d"'.",; ".;~i·.f.~d stems of plants h~ving chlorophyll-bearing 10 tion. A temperature of40o-45°C~has been round
'. 's.: ; ·'~;.;>cel1walls. ThIS material., frequently referred to to be the optimum for fermentation with this

;.'.:""'.~.'.'•.' 'A.' .'.. '.•..... )' ..... ,.a...5.,.,,,protoPlast,"is..a mater~a:lWith.in tp'..e ..~ellwalls organism. This fermentation is characterlzed by""'oHeaves and stems comprising generally the pro- , an initial evolution of gaseous p~oducts. The
> .• c. ""'ctoplasm, thought to be apighly complex ltpoid-> leaves are distended by the sas accumulating
"proteinemqlsioD'; ~1ts, sugars, nucleus, chloro- ~5 within them, and the epldermis.mav-even sepa-

plasts and. other-plasttds, and such water-tnsol- .I 'rate completely fromthe veins and parenchyma,
,;,'.;~blesubstances ;l}~~,?H'resil}, rubber and carctene.., Conc~rrentl~h the c~ll walls of ;the pa~en<lhY'ma,c., " r, '.

,:' The walls of 'the cells are complex structures are digested, At this stage the' protoplasts have
. ;':containing , llulose, hemicellulose, protopectin. become coagulated, if they were not 50 in the

and other stittiemts. -' "20 originallea(and·they either fall out of theresid-
Ope pr dH,llllccprdingto.:true prior 'art' fon;~ uum or can be released by mild mechanical action.

;;;;;Iilbt~in~ng. toplasts of plant leaves and stems . ;~eparation of the releas~4 protoplasts tr.omthe
/:'Invc:ilvesa1termg the walls of the cells permea- residuum may be accomplishedby screening the

>·,t bility tor,physica:lly ..to break tJ;1em;.Thefi!,Ost, ,fermented slurry. The protoplasta and liquid
':'. common.method employed involves,grinding the 25 pass through the screen whila.bhe structural Ieaf

plant~m:a;terial1J6"sticha degree!of fineness that" constituents are retained .. T~le:;protoplasts,whtch
.,,' the indiVidual watlsare broken, thus making the are heavier than the liquid; :settlebut. It is de- "
:;;t\nproto" av~i~aRll!,'to ,\seParatiol} by cben)ical.sirable bu~ not essential that the protoplasts be' .
"'-, or p I action, such all by the use of s9Iv~nts.washed with water. and separated therefrom by
.,., ••An on to this prOC'edur~is 'that' it' is vir! 30decantatioh or centrtrusation at this point. By'
l~r'1iItuall ossible to break each celt JYall, thus this procedure, a thick slurry of protoplastsJs ,"

making for a long extrgction 'prodess. :.Further- obtained which cal} be used wl:tb.outdrying or
more, ~~;jfineness of cut"hecessarilye1:tuses diffi- 'whiCh can 'he dried and,thep'olJtilizedas desired.
culty with filtration qr.percolation.of the' solvent . " As an example of tbe applicatiOn of the inven-
throu j;he comminuted plant material. 3;5 tion, 746 g. of dry leaves of broccoli, containing
PIa" e,af proteiJ,1s,ipnndin theprotoplast lj<re, '/lihAP,t,0.3:g.;earo~enej,%(400,mictogramsper g.of

of exc . t nutritive~quality. How~ver,noprac-' dry matter) and aipproximately 15.5% of leaf
tical od has neretorore ibeem available: for '" protem, was steamed for 10riIinutescooled with
the isol,~~bn or concentration of such plant leaf water, drained and fertneni~danaer~bicallY with
proteins on a large scale. Little is known of the 40 10% of its votumaor an active culture of ctQs-
physical characteristics of leaf proteins, and be- tridium TIOseum.!Att~een(i of. three days, the
ca . vailability,' little is known-of '"fermented' mash w!1,s-,shakelland passed over 20

l~h r~al applicati~ns.. ',> .' al1d80mesh scree*s.The remaining leaf and stem

J ' , ' ding to the Invention, plant ,tissu,es.,Qr,t.,thescreens were diluted with water,
, Jleaves ahd.p,re fermented to disintegrate 45 stirred' vigorously! and again screened, yielding

,thE:t,chlor ,,' (chlorophyll-bearing) cell an additional quahtity;of protoplasts. The pro-
.• '" wans; With! . micro-organisms 'capable of toplast suspension passing through thescreeps.
""";r{ ;tli•.e~ing t:. s, insllch a manner th~.ttJ;ewa13col!).bin!;l.c;l, andset~le~, (YV~~Pigb~inb~; q,q!q" j .

.r. .iP~~tpp.~a§lt~{. ~em.'. and other ma.tenals III room, the supernata.n.t..}.},qg.~'iiLW3fur})W9v:.,00r;lflj§riH<;i~".,~iJit~f't~ Ith.J!J.e protoplasts, ar.~-tulL50,--wa.terwaS"added I'trwf;;:lItft.Wirj§1~~~do.ve~~h~'rr~vU
..i' l.'. I '",~) C~", ,ne~l;mq ,tl hWII\d. -. 'I .:;J5G
" ,';, -1/ r .~lctZ . . f,1iJ I >ai'.;.\(\. 'j1irl."V)' ~rr5z\usq .R blGwb3. or ~.\ .v
£r j', i bn3.-·-.IVi.'l .ss .1GM .$.':::l,S.Oc,S. .0'" .Y .v,
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the supernatant liquid was again removed. The
settled materials remaining after removal of the
supernatant liquid were recovered by centrifuga-
tion and dried in a current of warm air.
The dried material was olive in color, weighed

297.8 g., contained 42.4% of protein and 0.55 g.
of carotene (1900 micrograms per g.). This
corresponds to an increase in concentration over
the original leaves of threefold for the protein
and fivefold for the carotene. The: apparent in-
crease in total carotene was due to the inex-
tractability of all the carotene from the original
lead used in making the tests.
The material remaining on the screens, con-

sisting mostly of pieces of cuticle and of vascular
tissue, was also dried, and weighed 22.5 g.
By like procedure, the protoplasts were isolated

from Crypt,ostegia grandiflora, goldenrod, blue-
grass, wild lettuce, bean leaves, rhubarb, lettuce,
alfalfa, turnip tops, beet tops and pea vines. 20
In each case, a suspension of protoplasts was
obtained, being easily separated by screening from
the residual cuticle and duct material.
By the use of the fermentation process de-

scribed above, it is possible to produce a material
which is rich in protein, carotene, vitamins,
minerals, and other desirable plant constituents,
and which at the same time. is relatively free of
cellulosic and lignin materials. This material
is useful as a nutritive supplement for enrich-
ment of diets. It is also useful as an enriched
sta·rting material for' the isolation or production
of its components, for example, the: production
of leaf protein, carotene or' lipidS.
By the method, it is also possible to separate :Iii

the ether soluble components' present in. the
protoplasts from those present in the cutiCle by
extracting the protoplasts with ether.
If the crude plant material is:firstextractedwell

with boiling water, the fermentation is greatly
aided, the time necessary for proper' fermentation
is cut in half, and no nutrients beyond those pres-
ent in the 10% inoculum are required, Under these
conditions, a slurry of whole: or cut. leaves in
water, ata concentration of 7% solids' (calculated
on the original unleached weight), can be rer-
mented in two days; A fermentation. which
proceeds with such rapidity may well be.carried
out as a continuous process.
The type of agitation best: suited for releasing .10

the protoplast's from the: f:ermentatron mash. has
been investigated. The' action of. a, small; ex-
perimental paper beater is too severe.. for con-
siderable comminution of the vein. and cuticle
tissue is obtained. Shaking the slurry in a.haW-
filled bottle on a shaking; machine or stirring it
with a mild mechanical action gives.the: desired
effect. The optimum time of agitation of course
depends upon the shape and size and rotation
rate of the stirrer and of the container and. on
the extent of fermentation. Si"teen gallons: of
slurry agitated three minutes in a barrel with
an 8-inch propeller type stirrer operating at, 430
R. P. M. gives excellent results.
The separation of the protoplasts from the

fermentation mash has been carried out on, a
52 by 72 mesh vibrating screen. The larger
particles are retained on the screen and the
protoplasts pass through. Protoplasts entrapped
in the mass on the screen can be washed, through
with a spray of water and a separatdon of over
80% of the total protoplasts is tfius obtai11:e~in
one pass. Since from 50% to 65% of.theoriginal
leaf material is rendered: soluble onremoved.. the
tota.l fermented material,. without preliminary

4
screening, can be dried and used as an enriched
(twofold or more) material for direct utilization
or extraction of its components.
The protoplasts settle rather readily out of the

5 suspension obtained after the screening. After
the suspension has been left overnight, the
supernatant liquid can be siphoned off or de-
canted. The residual suspension is 4% to 7%
solids, .and can be centrifuged or. filtered to con-

10 centrate the solids. The relatively complete re-
moval of bacterial cells and dissolved solids by
diluting the suspension with water and settling
it again is advantageous. The addition of a poly-
valent cation, for example, aluminum, in proper

15 concentration will cause a more rapid settling
of the protoptasts,
The drYing:.of the protoplasts either with or

without previous centrifugation or washing can
be accomplished by any desirable process.
The' desired type of fermentation under an-

aerobic conditions has been brought about by
other appropriate organisms. Clostridium
telsineum. was found to be very active in the
liberation of protoplasts when tested on ervpto-

25 stegia leaves.
Aculture of a thermophyIlic;cellulose fermenter

isolated' from horse manure and belonging to the
genus Clostridium was found to liberate proto-
plasts from cryptostegia leaves. This unidenti-

30 fied Clostridium differs from C: roseum and C.
telsineum in that it has an optimum temperature
at 60° C. while 50° C. is the limiting' temperature
for the liberationnj' protoplasts by-C. roseumand
C. telsineum:
The desired type of fermentation. can also be

brought about under aerobic condition by means
of appropriate organisms. For example, crypto-
stegia leaves were fermented in Allfsons:medium
at 32:"34° C. by the natural: bacterial flora.

lO Aerobic conditions were maintained by vigorous
ingress of:air into the suspenston., Exa:mination
of the fermented material showed that proto-
plasts were liberated.
The desired type of fermentation; can: alse. be

If> brought about under aerobic conditions by means
of molds. Chaetomium globosum;. Aspe1,gillus
jumigatu8 and Trichoderma sp, were found to
effect. the; liberation of protoplasts. from crypto.-
stegia leaves.
Having thus. described the invention, what is

claimed is:
L A.process,for the recovery of a material rich

in. pr.oteins from the leaves and stems. of plants
having; chlorophyll-bearing cell walls comprising

55 fermenting' the; leaves: and' stems with a culture
of. Closiruiium. roeeum SUfficientlyto release the
material' from tne.cens; and recovering the mate-
rial. from the fermentation mash.
2. A process.for the recovery of a.material rich

110 in proteins from the leaves and stems of, plants
having chlorophylh..bearing cell walls comprtstng
fer.menting the leaves and.stems.witn a culture of
Clostridium roseum; SUfficiently to; release the
material from the cells, and recovering the mate-

fl5 rial by agitating the fermentation mash. to.detaeji
the material from remaining: leaf and stem: tij;~
sues, and separating the material from the re•.
maining tissues.
3; A process.tor the recoverv of a material. rich

70 in proteins' from the leaves and: stems: of plants
having chloronhvll-bearing cen walls comprtslng
extracting the leaves and stems with, boiling
water.fezmentdng the; extracted. leaves,and stems
with a. cuiture: of Clostridium, roseum, and, reeov-

7~ eringothe' material: by: screeninw tIle fe:m1~teq

mash, settling thE
screen, and separ:
taining the protei:
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mash, settling the material passing through the
screen, and separating the settled material con-
taining the proteins from the supernatant liquid.
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