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(Granted under the act of March 3, 1883, as
amended April»30,1928; 370 0. G. 757)

This application is made under the act of March destroyed and are released from:the: leaves and
' 1883, as amended by the act of April 30, 1928, stems either as a difect res sult’ of the fermenta-
and the invention herein described, if pa.tented tion or by added mild medhamcal action, such as
may be manufactured and used by or for the shaking or stirring, and aré then recovered from .
Govemment of the United States of America for 5 the fermentation mash.’ .
vgmmental purposes without the payment to More particularly, leaves in water may be’ if-
us of any royalty thereon. . cubated with Clostridia, especially Clostridium
This invention relates to the recovery:of a ! m,seum under conditions in: which oxygen is es-
material rich in proteins from the cells of leaves sentially excluded, resulting- in: rapid fermenta-
nd stems of plants having chlorophyll-bearing 10 tion. A temperature of 40°~45°-C. has been found -
.cell walls. This material, frequently referred o to be the optimum for fermentation with this
as.“protoplast,” is a material within the cell walls * ¢ organism. This fermentation is char acterized by
“of leaves and stems comprising generally the pro-. : an initial evolution of gaseous products. The
6plasm, thought to be a Z‘ughly complex lipoid-: ; leaves are dlstended by the gas accumulating
‘protein emulsiony salts, sugars, nucleué chloro- 12 within: them,- and the epidermis, may-even sepa-
lasts and other-plastids, and such water-lnsol— * Trate completely from the veins.and parenchyma.
ble substances.as, 0il, resm rubber and caretene. , Concurrently, the cell walls of the parenchyms
The walls of “thé 'cells are corlplex structures are digested. At this stage the' protoplasts have
i¢ellulose, hemlcellulose, protopectm _become coagulated, if they were not so in the
‘and other GBhstitiiénts. 20 original leaf, and they either fall out of the resid-
One proﬁﬁurex gccording teithe prior-art forss uum or can be released by mild mechanical action.
mjng toplastv of plant leaves and stems ~ Separation of the releaaed protoplasts from.the
Ves a"ltermg the walls of the cells permea- residuum may be accomplished by screening:the
b111 y;or; physmally to break them. The: most, . fermented slurry. The protoplasts and liquid
common_method employed mvolves, grinding the 20 pass through the screen while the structural leaf
planttm"-terlal téisuch a degree’ of fineness thab constituents are retained. Theprotoplasts, which
dual walls are broken, thus making the- - are heavier than the liquid; setfle-out. = It is de-
4 pldsts available. to. \separatmn by chemical :sirable but not essential that the protoplasts be
Y or phygsical action, stch as by the use of solvents .. ‘washed with water and separated therefrom hy.
on to this procedure is ‘that’ it*is vir< 39 decantation or centrifugation at this point. By - .
possible to break each cell wall, thus  this procedure, a thick" slurry of protoplasts is. ...
making for a long extraction proéess Further- ' obtained which ¢an. be tused without drying or
more, thefineness of: cuﬁnecessanly ‘tHuses diffi- »*Whlch can’be -dried and:then utilized as: desired. .~
“culty with filtration: or percolation. of; the'solvent - -- ' As an example of the application of the inven~- -+
through the comminuted plant material. 23 tlon 746 g. of dry leaves of broccoli, containing
af proteins.found in the protoplast are, \a:bﬂut 0.3:g., carotene, »(400- micrograns per g. of - ¢
t nutritive‘auality. Howeéver, 10 prac-" dry matter) and approx1mately 15.5% of ‘leaf
od has heretofore heeniavailable! for. °«: protein, was steamed for 10 mmutes, ‘cooled with
water, drained and fermented ahaerobically with
10% of its volume of an active culture of Clos-: .
tridium roseum. ‘At the end’ of, three days, the -
- fermented mash was shaken and passed over 20 © -
- and 80 mesh screens.. The remaining leaf and stem - -
I’x‘x"*g’e e" Iy dmg to the 1nvent1on plant"' tissues. on, the screens were diluted with water,
fleaves’ ahd. % re fermented to disintegrate stirred - vigorously! and again screened, vielding
.thes chloren (chlorophyll-bearing) cell an additional quantity-of protoplasts. The pro-
walls, With; micro-organisms -capable of -~ toplast suspension passing through’ the screens
ﬁiteﬁhﬁ‘ ls, in such a manner that the  was combined and settled’ overnight in, g cQld..
.protoplagty Avithin:them; and other materials in room, the superna,tant,hquid a5, removed; ,fresh;{ 11,
| JAtis ‘ ith_the protoplasts, are not 50 water was-added and BT tET gqpverpight; P
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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 Cryptostegia grendifiora, goldenrod, blue-
grass, wild lettuce, bean leaves, rhubarb, lettuce,
alfalfa, turnip tops, beet tops and pea vines.
In each case, a suspension of protoplasts was
obtained, being easily separated by screening from
the residual cuticle and duet 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
starting 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
the etlhier soluble components: present in. the
protoplasts from those present in the cuticle by
extracting the protoplasts with ether.

If the crude plant material is first extracted well
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, at a concentration: of 7% solids (calculated .

on the original unieached weight), can be fer-
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 :

the protoplasts from the: fermentation 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.half-
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. Sixteen: 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 separation gfv over
80% of the total protoplasts is thuS.o,btalqeq in
one pass. Since from 50%. to 65% of the original
leaf material is rendered;soluble ar removed, the
total fermented material, without: preliminary
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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
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-
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 broper
concentration will cause a more rapid settling
of the protoplasts.

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
felsineum was found to be very active in the
liberation of protoplasts when tested on crypto-
stegia leaves.

A culture of a thermophyllic: cellulose fermenter
isolated from horse manure and belonging to the
genus' Clostridium was found to liberate proto-
plasts from cryptostegia leaves. This unidenti-
fied Clostridium differs from C. roseum and C.
felsineum in that it has an optimum temperature
at 60° C. while 50° C. is the limiting. temperature
for the liberation of protoplasts by C. reseum and
C. felsineum.

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 Allisons: medium
at 32-34° C. by the natural bacterial flora.
Aerobic conditions were maintained. by vigorous
Ingress. of: air into the suspension.. Examination
of the fermented material showed that proto-
plasts were-liberated.

The desired. type of fermentation: can: also. be
brought about under aerobic conditions by means
of molds. Chaetomium globosum;. Aspergilius
fumigatus and Trichoderma sp. were found to
effect the: liberation of protoplasts. from crypto-
stegia leaves.

Having. thus. described the invention, what: is
claimed is:

1.. A.process: for: the recovery of a material rich
in proteins from: the leaves and stems. of’ plants
having chlorophyll-bearing cell walls comprising
fermenting the: leaves: and stems with g, culture
of. Clostridium rosewm. sufficiently: to release.the
material from the cells; and recovering the mate-
rial from the fermentation magh.

2. A process for the recovery. of a.material rich .

in proteins from: the leaves and. stems. of plants
having- chlorophyll-bearing cell walls comprising
fermenting the leaves andistems with g.culture of
Clostridium: roseum: sufficiently to: release the
material from the cells, and recovering the mate-~
rial by agitating the fermentation mash.to detach
the material from remaining leaf and: stem: tig~
sues, and separating the material from: the: re-
maining tissues..

3. A process.for the recovery: of a material.rich
in proteins: from the leaves and: stems of plauts
having: chlorophyll-bearing cell: walls comprising
extracting: the leaves and. stems with boiling
water, fermenting the:extracted:leaves.ang stems
with: a.culture: of Clostridium: roseum, and. recoy-
ering: the: material: by screening the fermenteq

mash, settling the
screen, and separ
taining the prote13
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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.
JOSEPH NAGHSKI.
JONATHAN W. WHITE, Jr.
SAMUEL R. HOOVER.
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