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This invention pertalns to new products of
dietary value and processes for their production.
More particularly, it refers to products resulting
from the controlled fermentation of invertebrate
organisms.

Heretofore invertebrata have been found to
contain large amounts of provitamin D. In par-
ticular, it was found that musseis had a sur-
prisingly high content of provitamin D. U, 8.
Patent No. 2,163,658, issued June 27, 1939, on an
application flled by Boer, van Niekerk, Reerink
and van Wiik, discloses and claims this important
contribution to the art.

When provitamin D 1s extracted from mussels
and other invertebrata a large amount of residue
1z obtalned as a practically worthless by-product.
This resildue comprises the flesh of the mussel or
other invertebrata, substantially free from pro-
vitamin D. It contalns large quantities of al-
bumen and has a surprisingly high nutritive
value. Due to its unpleasant smell and the
presence of indigestible constituents, however, it
1s of little practical value, particularly insofar
ag its use for human consumption Is concerned.

It is an object of this invention to prepare
new dietary products of excellent nutritive value.
A further object is to convert mussels and other
invertebrata to palatable and readily digested
foodstuffs. A still further object is to convert
by-products from processes for the production
of provitamin D to products of value for human
consumption. A still further obhject 1s to treat
invertebrata in such manner that the provitarmin
D may be obtained therefrom in an efficient man-
ner and & large portion of the non-provitamin D
content thereof may be converted to products
of conslderable dietary value. A still further
object 1s to produce an entirely new class of
products suitable for human consumption,
possessing in additlon to high nutritive values ap-

preciable quantitles of the antirachitic factor, -

vitamin D. Additional objects will become ap-
parent from a consideration of the following
description and clalms.

These objects are attained according to the
herein described Invention wherein invertebrate
organisms are digested under acld conditions for
a sufficient perlod of time to cause partlal de-
composition of the nitrogen-contalning molecules
thereof, and thereafter the soluble constituents
are separated therefrom.
sense this Invention 1s directed to the treatment
of Invertehrates under controlled conditions in
order to effect decomposition of the albumen

content thereof and In order to eliminate there- .
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=4

10

15

20

25

30

35

40

50

Application filed April 25, 1941

from those constituents which are indigestible
or unpalatable, then separating the liquid por-
tion of the resulting digestion mass, treating it
with an alkali and drylng under mild condi-
fions. In a more restricted sense this Invention
is concerned with the digestion of comminuted
mussels at slightly elevated temperatures and
under moderately acid conditions for a sufficient
period of time to substantially decompose the
albumen content thereof, heat-sterilizing the
resulting digestion mass and separating there-
from the liquid fraction thereof, substantially
neutralizing the resulting liquid and reducing lis
water content under vacuum. In its preferred
embodiment this invention pertains to the diges-
tion of comminuted mussels at a temperature of
about 37° C. to about 40° C., in an aqueous solu-
tion having a pH of about cne to about four, for
& period of at least one day, heat sterilizing
the resulting mass and separating the liquid from
the residue thereof, substantlally neutralizing
the liquid and evaporating it to dryness under
reduced pressure,

In carrying out this invention the provitamin D
content of the invertebrata may be removed
therefrom substantially unimpaired, either be-
fore, during or after the aforesald digestion oper-
ation. Purthermore, 2 portion or all of the pro-
vitamin D content of the Invertebrata may be
permlitted to remain therein and may subse-
quently be antirachitically actlvated in order to
impart antirachitic properties to the resulting
products.

The invention may be more readily understood
by & consideration of the following illustrative
examples:

Example I

Living mussels were shelled and the flesh was
comminuted in & hammer mill. The flesh paste
contained 78.1% molsture. On a dry basis, this
paste contained 2.569% of nitrogen, 1.94% of fat
and 0.158% of sterols. To 256 grams of this
paste were added 60 ec, of 2 normal hydro-
chlorie acid, producing & solution having a pH
between one and two. The mass was then stirred
for 60 hours while being malntained at a tem-
perature of between 37° C. and 40° C. There-
after, it was bolled for a short time with the
addition of some water, and flitered.

The undigested matter was washed with a small
quantity of water. The clear fltrate was shaken
with petroleum ether and neutralized by adding
50 ce. of 2 normal sodium hydroxide. It was then
evaporated to dryness in vacuo (bath tempera-
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ture 40° C.). After evaporation the dry residue
from the filtrate amounted to 39 grams, of which
5.69% was determined to be nitrogen. The
nitrogen content of the evaporated residue was,
therefore, approximsately 41.4% of that con-
tained in the starting material,

The evaporated product had a light brown
color and a pleasing briny taste. It could be used
in the same manner as a meat extract or cereal.

The undigested residue had a weight of 26
grams and was found contain 11.979% nitro-
gen. This Indlcated that approximately 58% of
the nitrogen present in the starting material
was contained In this residue, 'The resldue was
thoroughly extracted with ethyl alcohol and pe-
troleum ether. 3.70 grams of fatty material was
extracted In this manner., Extractlon of the
flltrate, previously referred to, with petroleum
ether produced an additional 0.08 gram of fatty
material. The total fat content extracted
amounted to 1.48% of the starting material.

From the fatty material exiracted as above
there were 374 milHgrams of sterol or 0.146%,
based on the starting material. This amounted
to 92% of the total amount of sterol present in
the starting material. In consequenee of the rel-
atively high acidity of the solution during diges-
tion, the provitamin has suffered apprectable de-
composition, 23% only being recovered.

Exagmple 2

310 grams of the same paste referred to In
Example 1 has added thereto 30 cc. of 2 normal
hydrochloric acld. This produced a solution
having a pH of about 4. The mass was then
stirred and heated at a temperature between 37°
C. and 40° C. fer a period of about 12 hours. At
the end of this perlod 5 additional ccs. of 2 nor-
mal hydrochloric acld were added in order te
reduce the pH, which had increased slightly, o
about 4. The digestion was continued at ap-
proximately the same temperature for 48 hotrs,
making a total digestion time of aboui 60 hours.

After filtration it was found thai the residue
contalned 26.8% of the nitrogen present In the
starting materlal, while the filltrate contalned
approXimately 73.2% of the nitrogen from the
starting materlal.

The filtrate was evaporated to dryness under
vacuum, producing a product having a brown
color and a peptone-like smell and taste. By
adding to this a liitle extract of vegetables a
very palatable broth was prepared therefrom.

451 milligrams of sterol were obtalned, by the
procedure outlined In Example 1, this amounted
to 92% of the quantity present In the starting
material. The provitamin D content of the sterol
was approximately 73% of the provitamin D con-
tent of the starting material.

Example 3

228 grams of a mussel paste containing 81.79%
moisture and 10.4% nitrogen, on & dry basls, was
digested with 27 ee. of 2 normal hydrochloric
geid for a perled of 63 hours. During the course
of this digestion 13 additlon ccs. of 2 normal
hydrochloric acld was added in order to maln-
taln the pH of the solutlon at approximately 3.
Except for the aforesaid modifications the ma-
terlal was treated In ihe same manner as re-
ferred to In EXample 1,

The clear fllirate contained 2,86 grams of ni-
trogen, amounting to 67% of the nitrogen con-
tent of the initlal material. The Indigestible
residue had a welght of 15.6 grams and contained

10

15

20

30

40

45

50

a0

63

70

(L]

8.95% of nitrogen, which was 32% of the nitro-
gen originally present in the mussel paste.

The fatty materlal was extracted from the
undigested residue and the sterol fraction sep-
arated therefrom. This sterol fraction amounted
to 80% of that present in the starting material
and contsined 40% of the provitamin originally
present.

Erample 4

Living shrimp were comminuted, shell and all,
in a hammer mill. The paste thus obtained con-
tained 77 % of moisture; and had a nitrogen con-
tent, on a dry basis, of 10.22%.

1000 grams of this paste were acldulated by
adding 100 cc. of 3 normal hydrochloric acld,
producing a solution having a pH of about 2.
During the addition of acld an intense bubbling
and foaming was produced. When the addition
of acid was completed the paste was stirred for
24 hours at a temperature of about 37° C. to
about 40° C. During this digestlon the pH of
the solution was maintained at about 2 by adding
2 normal hydrochloric acld from time to time.

When the liquid was separated from the di-
gestion mass it was found that the undigested
residue contalned 63.8% of the nitrogen present
in the starting material. Approximately 36.2%
of the nitrogen initially present had been con-
verted to acld soluble product,

Ezample 5

910 grams of the paste referred to in the pre-
ceding example had added thereto 80 cc. of 3
normal hydrochloric acid in order to produce a
solution having a pH of about 3. Digastion was
carried out for a period of about 24 hours, in the
same manner as mentioned in Example 1. It
was found that after filiratlon the flltrate con-
tained 46.7% of the nitrogen present In the start-
ing material.

Erxgmple 6

1040 grams of the paste from the preceding
example were treated with 65 cc. of 3 normal
hydrochloric acid in order to produce a solutlon
having a pH of about 4. Digestion was carried
on for a period of about 24 hours, the treatment
otherwise being slmilar to that described in Ex-
ample 1, After flitration it was found that 62.7%
of the nitrogen present in the initial material
was present in the filtrate.

In each of the three preceding examples the
final foodstuffs had a slightly bltter taste, due
to the presence of appreciable amounts of cal-
clum chloride resulting from the action of the
acld on the shell of the invertebrata. ByY means
of dialysls through a collodlon membrane, wiih
tap water, these taste spoiling constituents coudd
be completely removed. It was found that this
dialysis results in the loss of a portion of the
nitrogen present in the solution.

Example 7

177 grams of a paste obtained by grinding
shelled fresh mussels was centrifuged. The solld
metter was stirred with water and centrifuged
anew, The liquids collected by the aforesaid
centrifuging were extracted a few times with
petroleum ether, acldulated with hydrochloric
acld to a pH of about 2 and stored. The solld
matter was extracted with ethyl aleohol and
petroleum ether. The fat extracted thereby was
united with the extract from the centrifuging
solution. From this fatty fraction thesterol con-
tent was separated by well known methods.

>
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The extracted mussel flesh was treated with
hydrochloric acld until the solution had a pH
of between 1 and 2. It was then stirred for
about 24 hours at a temperature malntained at
‘about 37° C. to about 40° C. The digestion mass
was subsequently treated in the same manner
as described in Exampie 1.

The flltrate was found to contain 1.08 grams
of the nitrogen present In the starting material,
which amounted to about 33.3% of this nitrogen.
The undigested residue contalned about 1.79
grams of the nitrogen present in the initial ma-
terial, amounting to about 65.1% thereof. Ap-
proximately 11% of the nitrogen was lost by this
process.

194 milllgrams of sterols were obiained,
amounting to about 82% of that present in the
initial material. No appreciable deterioration or
loss of provitamin D had occurred.

It is to be understood that the aforesald ex-
amples are 1llustrative only of the present inven-
tion. They may be varied widely as respects the
materials acted upon and the operating condi-
tions, without departing from the scope hereof.

In place of the invertebrata referred to there-
In other specles of iInvertebrata may be used.
Since the various classes and subclasses of in-
vertebrata are well known it i1s unnecessary to
give a detalled description thereof, In particu-
lar, it has been found that aquatic invertebrata
having a shelled exterior are of optimum value
over & wide range of conditions. Among these
invertebrata mention may be made of mussels,
periwinkies, oysters, whelks, shrimp, and the like,
It 1s understood, of course, that the innumerable
specles of each of these classes are contemplated
for use, as well as mixtures of two or more
thereof.

The inverterata should advisably be untainted
when used in accordance with this invention,
Because of this, ordinary sanitary precautions
should be followed in collecting, storing and ship-
ping these invertebrata prior to use herein.

Since these inverierats contain large quanti-
ties of valuable provitamin D, as mentioned in
U. 8. Patent No. 2,163,659, 1t is contempiated that
this constituent may be separated therefrom and
that the residue thereof may be converted in
part to foodstuffs of high nutritive value and
palatability. The provitamin D content of the
initial material may be separated from the in-
vertebrata either before, during or after diges-
tion. Separation of provitamin D prior to diges-
tion of the material should advisably be accom-
plished in such manner that the subsequent di-
gestion operation is not interfered with. For this
purpose one should select & process of extracting
provitamin D which has no appreciably deleteri-~
ous effect upon the proteolytic ferment content
of the invertebrata,

If one desires, the provitamin D content of the
invertebrate may be retalned therein or onily a
-portlon thereof may be extracted. The residuary
provitamin D may then be antirachitically ac-
tivated in situ. This results in the production
of a product having valuable antirachitic prop-
erties In addition to excellent palatability and nu-
tritive values. The methods of antirachitic ac-
tivation are well known and need not be dis-
cussed herein. For all practical purposes it may
be mentioned that ultra violet irradiation is gen-
erally recommended for this activation.

. -Where the invertebrata are possessed of shells
At is generally advisable, although not essential,
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organism. Shells may be removed from crusta-
ceans by hand or by one of the many mechanieal
separation processes. For example, In the case
of shrimp and related shell fish, the shells may
be removed by utllizing two inclined rollers of
rubber arranged in such close proximity to each
other that the shell is caused to pass between
the rollers and the flesh paste is carried off along
an Inclined gutter formed by the rollers.

With crustaceans, it is also possible to crush
the shells by means of rough crushing tools, with-
out causing the flesh to lose its desirable charac-
teristics. Separation of the pleces of shell and
bruised flesh may then be effected, for instance,
by hydraulic classification methods,

It is also contemplated that the shelled in-
vertebrata may be ground up, shell and all, This
may be accomplished with the ald of & hammer
mill or similar apparatus. The flesh paste may
then be separated from the ground shell mass by
washing, centrliuging, decantation, hydraulic
classification, or other well known methods,

‘When the method of separating the shell from
the flesh results in the comminution of this flesh,
a8 In the immediately preceding process, it is ad-
visable to expedite this separation as much as
possible, The reason for this is that when the
flesh is comminuted fermentation is accelerated,
particularly when the hydrogen lon concentra-
tion of the mass is in the nelghborhood of the
neutral point. Since fermentation is only de-
sirable under controlled conditions, this uncon-
trolled type should be avoided as much &s pos-
sible for optimum results.

It is also contemplated that the shell may be
removed by the addition of large quantities of
acids. The expense of this process would, how-
ever, be considerable. Likewise, it would gener-
ally be necessary to remove the resulting salts be-
fore a palatable product could be obtained.

As previously mentioned, the provitamin D
may he separated from the residue of the in-
vertebrata either before, during or after the di-
gestlon process. This separation is obtained by
the use of sultable fat dissolving agents. Where
one wishes to isolate the fatty content of the
Invertebrata prior to digestion this may advan-
tageously be accomplished by repeated extrac-
tions with a solvent which does not have g del-
eterious effect upon the activity of the proteolytic
ferments, and which though not miscjble with
water in all proportions, still has some solubiflity
In water, such as for Instance methyl-ethyl-
ketone, secondary butyl alcohol, ethyl acetate, di-
isopropyl ether,

It is also contemplated that the comminuted
paste of Invertebrata flesh may be dried prior
to separation of the provitamin content thereof.
This drying may advantageously be accom-
plished in somewhat the same manner as the
prepargtion of milk powder. The Krause sys-
tem of preparing milk powder 18 well adapted
thereto., In preparing this dried material care
should be taken to select such conditions that
nelther the proteolytic ferment nor the pro-
vitamin D content are damaged during the dry-
ing operation. Since these conditions will vary
somewhat, depending upon the particular dry-
ing operation selected and the particular inver-
tebrata treated, & few simple tests should be
sufficient, in any glven instance, t0 determine
the best conditions for this purpose. |

Another method effecting separatlon of the
provitamin D content without harmfully influ-
encing the resulting dietary product comprises
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the cenirifuging of the ground fresh flesh of
the invertebyata. The centrifuged flesh mass s
then dried and its provitamin D content ex-
tracted therefram. The extracted flesh mass is
thereafter added io the lguid which had pre-
wiotsly heen cenirifuged therefrom, and the re-
sotting mass digesied under such conditions
as to produce a valuable dletary product in ac-
cordance with the instructions hereof.

8till another feasible method for separating
provitamiln D from the invertebrata prior to its
digestion is to treat the comminuted fresh flesh
with ethyl alcohol in order to reduce its water
content and thereafter treat the fiesh with a fat
solvent such as ether, ether containing ethyl al-
echol, di-isopropyl ether, di-isopropyl ether con-
tainlng ethyl alechol, and the llke. After the
fatty material is extracted therefrom the fat
solvents are removed from the extracted flesh
by customary methods, such as vaporization at
low temnperatures. The residue is then digested
in order to obtain the desivable dietary products
heretofore and hereafter described. It is to be
understood that both the water and the fat in
the aforesaid and telated processes may be ex-
tracted with acetone in place of or in addition
to the treating agents previously described or
suggested therefor,

If desired, the fat content of the invertebrata
may he extracted contlnuously during digestion
ef the comminuted flesh. This may he accom-
plished, for example, by continuously treating
the digested material with a fat solvent and
continuously withdrawing therefrom the fat sol-
vent with 1ts extracted fatty content. One of the
many practical methods of accomplishing this
is to introduce petroleum ether vapors into the
bottorn of the digestion vessel, under the diges-
tlon laquid. This vapor may be Introduced
through a plurality of small apertures, Upon
striking the digestion llquid the vapor is con-
densed into tiny droplets which ascend through
the digesting mass dissolving the fat present
therein. The petroleum ether, with its fat con-
tent, may then be withdrawn from the top of
the digestion vessel,

Removal of provitemin I after the inverte-
brata has been digested is also contemplated.
In this connection, it should be mentioned that
the major portion of the fat, which contains the
provitamin D, Is generally found in the Indi-
gestible residue of the digestion mass. The pro-
vitamin content of this fat depends to a certain
extent upon the conditions of digestion. For in-
stance, if digestion takes place at a pH of 4, a
smaller amount of the provitamin D is deatroyed
than if the digestion is carrled out at a pH of 1.
On the other hand, when digestion is conducted
at a pH above 4, a larger amount of decomposi-
tion products which have a somewhat unpleasant
taste and/or smell are produced than if a lower
pH (between ¢ and 1) is used. Likewise, at a
pvH of ahout ¢4 approximately 79% of the albu-
men present Is digested, at a pH of about 3 ap-
proximately 60% of the albumen Is digested, at
a pH of about 2 but 40% of the albumen is di-
gested. It, therefore, appears that as the pH
value of the digestion solution is lowered the
amount of albumen digested is decreased. In
view of the aforesald considerations it is recom-
mended that particularly where the provitamin
D is stlll present in the material undergoing
diigestion should be carried on at a pH which is
maintained at or close below 4. By following
this recommendation the provitamin D content
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is preserved without seribus impairment. When
the mvention, is carried out without the special
object of obtaining & maximum amowunt of pro-
vitamin after digestion; it is nod necessary to
maintain the pH at or near to pH=4. Diges-
tion in the whole range of pH between 1 and 4
produces a solution suitable for dialyzation withe
oui undue loss of valuable constituents and the
production of by-products baving an unpleasant
taste or smell is largely avoiged,

Digestion is generally carrled on in an acld
medium, but it s understood that this medium
may be obtained and maintained without the
use of the specific acld heretofore referred to.
In place thereof, or in addition thereto, other
well known aclds may be utillzed. Likewise, it
is contemplated that catalysts or other materials
capable of accelerating and/or controlling the
digestion reactlon may be introduced into the
digestion vessel.

While temperatures in the nelghborhood of
about 37° C. to about 40° C, are preferred for
digestion it is understood that the invention Is
not limited thereto. The particular temperature
will depend to a certain extent upon the material
undergoing digestlon, the condition of this mate-
rial, the pH value of the digestion solution, and
the time of digestlon. Temperatures either high-
er or lower than the aforesald range may be used,
although for best results over & wlde range of
conditions, temperatures within the Hmits of 37°
C., to 40° C., are consldered preferable.

As digestion 1s seldom, If ever, carried through
to completion the digestlon mass Is generally
obtailned with an undigested residue content.
The undigested residue may be separated from
the liquid portion of the resulting mass in the
customary manner, for example, by flltering,
centrifuging, and the like. If the fat content of
the lquid portlon is appreciable 1t is contemplated
that this fat may be removed therefrom by sult-
able fat solvents, particularly where the pro-
vitamin D has not been extracted from the in-
vertebrata prior to or during digestion.

TUpon the completion of the digestion process
the digestion reaction should advisably be ter-
minated by sultable sterllization operations, For
example, the digestlon mass may be heated for a
short period to a temperature of about 100° C.
This particular sterilization trestment not only
hes the advantage of completing the digestion
reaction but also it assists in the separation of
the undigested residue from the liquor of the
dlgestion mass.

When the liguor of the digestion mass Is sepa-
rated from the undigested residue it 1s found to
contain the larger portion of the albumen de-
composition products. This liquor may be
further purifled by djalysis, if desired. Whether
of not the digestion liquor is dialyzed will depend
to a great extent upon the particular material
digested, the process of dlgestion and the taste
of the individual. If a large amount of salts or
undesirable decomposition products should be
present in the digestlon liquor then dialyzation
is, as a rule, advisable for their removal.

In order to obtaln the desirable dietary product
the digestlon liquor may flnally be evaporated
to dryness. Before evaporation it Is generally
advisable to raise the pH value of this liquor as
this improves the taste of the resulting produect.
An increase In the pH to approximately the
neutralization level is ordinarily advisable, al-
though 1t is not essential., Eveporation of the
liguer should advisably take place under vacuum
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in order that harmful decomposition of the de-
sirable products will not result. An evaporation
temperature no higher than about 50° C, Is cus-
tomarily preferable, and the vacuum should be
selected with such temperatures in mind. Por
this evaporation operation other well known ex-
pedients may also be utilized as, for {llustration,
a vacuum drum drier or a spray drier operating
at low temperatures.

The resulting dry products have a pleasing
taste and high nutritive value. They may he
used to produce desirable articles for human
consumption In the same manner as extracts of
meat and varlous cereal products have hereto-
fore been used. Where these products contain
provitamin D it 1s contemplated that the pro-
vitamin may be antirachitically activated, for in-
stance, by sultable treatment with ultra violet
light or other activating media. Aectlvation of
the provitamin D content may take place either
before or after the dletary product is obtalned
in dry form. Such activation 1ncreases the
dietary value of the product by adding the anti-
rachitic factor to the other nourishing con-
stituents thereof. If desired, the vitamin D con-
tent may be increased by the addition thereto
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of preformed vitamin D or, in the alternative,
additional provitamin D might be added thereto
and the product thereafter antirachitically acti-
vated. In the same manner, the product may
be mixed with other materials having dietary
value such as other vitamins or minerals.

By means of the present Inventlon a new series
of palatable and nourishing dietary products are
made available. These products are produced
from an abundant source at a very low eost. The
products are palatable and can be used as an lm-~
portant part of the human diet. At the same time
as these products are obtained a large amount of
valuable provitamin D may be separated from the
material without unduly harming either the
provitamin D or the ultimate dietary product.

As many apparently widely different embodl-
ments of this invention may be made without
departing from the spirit and scope thereof, it
is to be understood that the Invention Is not
limited to the specific embodiments thereof ex-
cept a8 deflned in the appended claims.

ENGBERT HARMEN REERINK.
JAN BOEKE.
WILLEM STEVENS,





