-~ able enly in limited amounts. :Accordingly, vari~
" ous attempts_have been made in the past to cut “°

- down on the amount of; and to find cheap substi~
- tutes for, the .animal. proteins necessary to be
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. This invention relatestoa -'preduct.-ha;vmfg ‘hlgn-

This -application <.

' 'prowsron ef a product that may be substituted '
wholly or in part for animal proteins normally
considered desirable m feeds for poultry and -

. othernonruminant-animals. - o
An addltmna,l obJect ef thls invention 1s the

~ provision of & process of preparing a- concentrate
~ suitable for-use in the preparation of feeds. -

At the present time there.is a. large eommer- |

_'cml market for prepared feeds for poultry and -
~ other nenrummant animals: such-as hogs.
~ feeds as now. commercially sold comprise- essen- |
- tially proteins and carbohydrates of vegetable -

origin, such as are conta,med in meals obtained

from wheat corn rice, oats, barley, linseed, soy-
beans and cotton ‘seed, -ete.

-Such

‘Usually a prepared
feed contains a combinationof meals of thischar-
~acter in varying proportions. In order to provide
- g .satisfactory feed it has also been the practlce' |

10

An- adultmnel obj ect ‘of this invention is the

"prowsmn of & precess for preparing -a preduct- -

having a high vlta,mrn Bis poteney from e readrly_._- |

T a.veﬂeble ‘sourece: material,

15

0. meerpur ate various vitamins and. mmer&l con-~

stituents. Also .it.haslong been believed that the

- with amma,l proteins, such as fish meal or meat
- scraps, in order that the animal fed may. €ffi-
~_ciently utilize all of ‘the vegetable proteins.con-
- tained within:the feed. Generally speaking, such

20

* - yegetable proteins contained in meals of this type
-~ must be sSupplemented at least to some extent -

“purther and additional objects will appear from .
the rollewmg descrlptwn and the accompanymg |

| elauns

In aeeordanee Wlth. one embedrment of thls in-

 yention a preduet having a high vitamin ‘Bz ac-
~ tivity is one ‘which comprises a water-soluble
. fraction of a ‘sludge 1esu1t111g from the micro- = -
biological trea,tment of sewuge o
'_-soluble fre,ctmn may be -obtained by leachmg a8
dried sludge of this character with a suitable sol-
vent such as water to extract the vitamin Bz

This water-

- getive material, -separating the undissolved resi-

" - due 'and then further concentrating the resultmﬂ' -
5 - golution by evaporation to form a residue or con-
centrate that has an extremely hlgh mtamm Bm

5 -peteney

animal proteins have been incorporated mte feeds .
of _this character in various amounts between '

| | 'jthe feed 3 growth factor which contains a high
 vitamin Bi2 activity. Vitamin Biz has come to be
‘recognized as the growth fueter or animal pro--

‘tein factor (APF) which is supplied to feeds by
- the addltmn of meat scraps “fish meal and thet |
like. . -
- Accordmgly 1t is one ebJ ect of this mventien to
o prevrde a preduct having a hlgh Vltamin Bia BC-
~ tivity- which “is’ suitable fer use m annnal feeds'
| -and for other PUrposes.’ PR S
. ““A-further object -of thrs mvenhen 1s the ‘pro=
vision ef g vitamin Bzz actlve materlal Obtainabl'e o

from“a, readlly a,vmlable B”ource

A ‘stﬂl Further pb.] ect OT this mventlen is "the

- 30

- about 2 per cent and about 5 per cent in order
that-the desired response may be obtained in the -

- animals raised on the feed. : However, fish meal,
~ meat scraps and. other animal proteins repre-
. -sent.a substantial item of cost in the preparation

" of feeds. of this general. character and are avail-

Y sludege. |
| cemmercrally and -sold under- the trade mame

In eceerda,nce Wlth a, preferred embednnent ef .

thrs invention, the sludge employed for preparing
‘the ceneentre,te is-of the type known as activated
-Dried. uctlva,ted sludge is now avar.eble

“Mﬂergamte It is the product obtained from

that type- of ‘municipal sewage treatment and

| -purlﬁcatlen knewn in the art as the “activated

39

sludge. precess 73

“The - cemmercral procedure . for

 obtaining ‘a dI'IEd form of activated sludge is

by an-extensive system of municipal sewers. |
-fmcemmg raw sewage is passed through partial

40

‘somewhat as follows: Raw sewage, sanitary and

o added to feeds w]_thout adversely aﬁectlng the de- _."lnduStrlaxl 1S brought to a Sewage-tre&tlng pl&nt K

 sired response of the animal fed. It is now known
- that this result.-can be achieved hy mixing with

The .

© sedimentation tanks-and screens to remove large
particles of ‘suspended mineral and organic mat-

- ter..

'_ | latter Serves as-an inoculant. __
 ture, termed “mixed liquor,”. is ‘then passed

"The screened sewage is ‘then mixed with,
for- e:{amp’le ‘about 25 per cent by volume of un-

dried, freshly preduced activated sludge whlchjf

~through large ‘aeration tanks where it is agitated

50 and-aerated for four to six hoursby-a continuous
S stream of tiny air ‘bubbles.
- formed ‘in the mixed liquor by passing washed -

“and compressed ‘air through porous plates in the =

‘bottom of “the -aeration tanks.

The air bubbles are

_ ‘During aeration
‘Ehe ‘ﬁnel'y drvrded prgamo “ma,tter m the *-mlxed' o |

The resultmg mix-



. _— = e

3

11quor coagulates into large floes which comprlse

- 2,643,386

essentially the bodies of bacieria, molds, yeasts

and protozoa. The aerated mixed liquor is then
passed into large settling tanks where the floccu-
lated matter settles to the bottom as ectwated
sludge. The supernatant liquid - comprising

water and harmless soluble substdnoes such as
is discharged from the .

nitrates and sulfates,
treating plant. A portion of this settled activated

sludge (containing about 2% by weight of solids)

4
-Example
In accordance with one embodiment of this

“invention, three parts by weight of a mass of

particulate heat-dried commercial Milorganite

(80 mesh) were added to ten parts by weight of
tap water heated to 70° C. The mixture was
stirred and the temperature raised to about 80°

. C., the hydrogen ion concentration being ad=-

is used to inoculate fresh incoming screened sew- -
age as above described and the remaining sludge

is treated with ferric chloride and filteréd. The

ferric chloride serves to speed the ﬁltermg oper-
ation. 'The filter cake containing from abous
809% to about 856%

driers. The resulting granular

moisture is dried to about 5%
" moisture with artificial heat in large revolving o
substance is’

15

Justed from a normally acid condition to & value
corresponding to pH 7.00.5 by the occasional
addition of 1 to 1 aqueous ammonia. After cool-

‘ing .overnight, the mixture was reheated for five
- hours, filtered with suction and the filtrate evap-
orated on a steam bath to a heavy syrup. The

syrup was then evapordted to dryness in an oven

-at 70° C. resulting in a brown solid which was

screened to uniform particle size, bagged and sold -

under the trade name “Milorganite.” 'To date

the chief use of th1s product has been as a fer-.

tilizer.

‘While in the foregomg a -More or less speclﬁo
method has been indicated for the preparation of

~activated sludge, it will, of course, be apparent

that the process may ke deviated from whereby
" to produce a sludge suitable for treatment as

contemplated by this present invention. For ex-

ampile, reagents other than ferriec chloride, such
as sulfuric acid, aluminum sulfate, aluminum
chloride, and the like, may be used as coggulants
to speed ithe

the term “activated sludge” as used in this speci-
fication and in the appended claims is meant any
substance whloh comprises essentially a mass of

- microorganisms thdt is formed by the aeration of

final filtering operation. If desired,
- such coagulants may be omitted entlrely By

20

easily ground down to a brown powder. This
concentrate is useful for the formulation of the

feed desonbed in our copendmg application pre-

viously referred to. -

In the preparation of a concentrate from Mil-
organite or dried activated sludge in the manner
indicated in the foregoing example, the temper-

~ature of the extraction or leaching process may

25
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- inoculated sewage under condltlons fa,vormg,

microbial growth. -
In accordance with this mventlon the hedtu-
dried actweted sludee may be extracted with

water or other suitable solvent in which the may be varied within wide limits, such as those

vitamin Biz active material is soluble and there-

after the undissolved solids are separated from
the resulting extract.
centrated, as by evaporation, to remove at least

“a portion of the solvent whereby a eoncentrdte_

having a high vitamin B2 activity is formed.

The extraet is then con-.

40

If desired the concentrate may be further tredted |

to further purify the vitamin Bi2 potent fraction
by known methods such as ddsorptlon on char-

50
_concentrates prepared in the manner indicated

ccal, fractional extrdctlon and cryste,lllzdtlon dnd B

the like.

As disclosed in our prior epphodtmn Serlal
No. 132,404, the concentrate of this invention
can be incorporated into any type of poultry or
animal feed which containg subStdntidl-_'emounts

of vegeteble proteins and carbohydrates in order

to replace In whole or in part the animal pro-
teins that have heretofore been considered neces-
s3aTYy. For exemple such feeds may. mclude
singly or in various combmatlons soybea,n ‘meal,

alfalfa leaf meal, lmseed meal, cottonseed meal

80

and various grain meals, such as those derived

from wheat, corn, rice oats, buckwheat, barley,
ete.
is fortified with appropriate minerals and other
.-vltdmms as is well known in the art.

. Por & more complete undelstdndmg of thzs
mventlon reference is now made to . a speclﬁe

example. It will be understood, of course, that

- this invention is not to be 11m1ted to the exemple'
given since many chdnges and. mod1ﬁcdtlons may

Preferably the vegetable base of the feed -

65

¥ ange

be sbove or below room temperature.

satisfactory but higher temperatures up to- the
boiling point of the solvent. cr higher usually
result in more rapid extraction: of the desired
water-soluble fraction. It is convenient fo oper-
ate at hydrogen ion ooncentrdtlons in the neigh-
borheod of neutrality, however, since the vitamin

" Ria.active factor is-stable within the range of

between about pH 2 and about pH 12, it is per-
missible to leach.and concentrate within this
It is preferred to employ particles of
dried sludge which are larger than those which

will pass a 200 mesh screen in- order to avoid :
difficulties in separating the undlssolved sludge

from the solvent extract by filtration, centrifug-
ing or otherwise. Other pmcessmg details zlso

relating to time of extraction, ete. In commer-

cial operations. a percolation proeess is feasible

in which the leaching solvent such as water is

_passed through one or more successive masses of
the sludge whereby a:highly active extract is

obtainable which may then be concentreted by
evaporation or otherwise.
Vitamin Biz assays have been made on solid

in the foregoing specific example in accordance
with. the procedure disclosed by Peeler et al,
Proc. Soc. Expl. Biol. and Med., 72, 515 (1948).
These dSdes showed. an activity w1th1n the range
of about 25 and about 100 micrograms of vitamin |
Bi2 activity per gram of solid concentrate.. Thus

the material provides an excellent source ma-
terial for ‘preparing an even more highly active

vitamin B2 substance by well known methods.
For example, an aqueous solutionof a concentrate
was subjected to a charcoal adsorption procedure

to remove the vitamin Bz active factor and the
charcoal was leached with ethyl alcohol to ex--

tract the factor. The residue upon evaporation

of the alcohol has a high potency which may be

within the range of 150 to 300 mlcrogrdms per o

- gram of solids. -
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be made without departmg from the scope of this

mventmn as deﬁned in uhe accompanymg clmms

1

‘microbiological treatment of sewage.

As mdlcdted above, actweted sludge is. the pre-

ferred source of the concentrate prepared in ac- |
,cordence with this mventlon However, in its

broader aspects, this invention contemplates the
use of other types of sludges resulting from the

_ _ | For ex-
ample, digested activated sludge or sedimented

‘Tempera-
tures  of 30° to 40° C. have been found to he



| ”-dlgested sludge may be employed D1gested ao-_
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tivated sludge is the product formed by aero-

bically treating screened-raw municipal sewage,

passing the thus treated material to a settling

tank, allowing the solids to settle, drawing off 5

the supernatant 11qu1d passing the settled solids

to a closed vessel, and digesting the solids under
The solid ‘material which -

| remains after the anaerchic digestion is sepa-

anaerobic conditions.

rated and may be dried. Sedimented digested
sewage sludge is prepared by passing screened

~ raw municipal sewage to settling tanks and with-

drawing the settled solid material to closed tanks

S

10

- the resulting solution, and evaporating at least '

- wherein it is allowed to undergo an anaerobic

digestion. The solid material remaining after I

~.the anaerobic digestion is separated and dried.
Water exiraction has been specifically dis-

closed in the foregoing for the preparation of

- the concentrates, but it is clear that other sol-
vents capable of leaching the water- soluble vita-
min Bie factor from the sludge, such as 150propy1
alcohol, ethyl alcohol, methyl alcohol, water-sat-
urated butyl alcohol, woter-drluted aoetone ete.,
_'ma,y be employed. -

‘While a dried or heat- dried sludge derwed;

' from the microbiological treatment of sewage is

- trate of this invention is prepared, it is also with-
in the scope of this invention to prepare it by

the solvent EXtI‘&CthIl of the raw undried sludge.
-~ In such cases it may be prefera.ble to subJect the
- raw undried sludge to an autolyzing step or to

enzymatic digestion in order to liberate the vita-

min Bi2 active factor, thus making it available
for solvent leaching or water extraction in the
- manner hereinbefore indicated. An important

‘crobiological ‘treatment of sewage with water to
“leach out. 2 water-soluble fraction thereof, sepa-
- rating undlssolved solid sludge from the result-

ing aqueous solution, and conoentra,tmg said:
water-soluble fraotlon in said solutlon whereby. -_

.to pro duce said product.

3. A process of preparing a product havmg

| _hzgh vitamin Biz potency which comprises treat-

ing a heat-dried sludge resulting from the mi-
crobiological treatment of municipal sewage with
water to leach out a water-soluble fraction
thereof, separating undissolved solid sludge from

a portion of the Weter from said solution where-
by to produce a concentrete hevmg a high Vlta-

: -'mm Bz potency.

4. A process of ' preparmg 2 product hovmg -

& high vitamin Bz potency which comprises

20 .
- and about pH 12 in order to extract a water- .
soluble fraction, said particles initially being of

- & siZe greater. thon that which will pass through

leaching a mass of particles of heat-dried acti-
vated sludge with water at between about pH 2

"~ a 200  mesh screen, separating the resulting

i
iy

5 aqueous solution from undissolved solid sludge, . '

and -evaporating at least a portion of the water

the preferred substance from which the concen- . -from said solution whereby to produce a con-

o oentra,te having a high vitamin- Bi2 potency

9, A process of preparing a concentrate con- '

'--'tammg an animal growth factor having vita-
‘min Bz activity Whlch ‘comprises contacting
heat~dried particles of activated sludge with -

- water whereby a water-soluble fraction is ex-
~tracted from said sludge, seperatmg said water .

aspect of this invention resides in the treatment

- of sewage sludge in which the cell walls of the

‘microbial cells constituting the sludge have been
40
- enzymatic digestion, or the like, whereby the =~
 vitamin B is readﬂy extraeteble as herem dis- .

- disorganized as by drying, heat drying, autolysis,

 closed.,

While part1oular embodlments of thls 1mren--'."
tion are shown above, it will be understood, of -
course, that the invention is not to be limited -

thereto since many modifications may be made, -

and it is contemplated, therefore, by the append-
ed claims, to cover any such modifications as
fall mthm the true spirit and scope of th1s in-
- vention. | - |

. We claim:

- 1. A process of preparmg a product ha,vmg a .
~high vitamin Bi2 potency which comprises ex- .

tracting with a solvent for vitamin Bz a water-

50
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- soluble “fraction from a solid sludge resulting

from the mmroblologmal treatment of sewage
compr1smg a mass of microbial cells having dis-

~ organized cell walls whereby to produce a solu~

tion having said water-soluble fraction dissolved
therein, separating undissolved solid sludge from

60

said solutmn and concentrating said fraction in

said solution whereby to produce said product.

2. A process of preparing a product having a
- -high vitamin Bis potency which comprises treat-
- :lng :) drled solid sludge resultmg from the mi-

from said dispersion as an aqueous solution con~
temmg said water-soluble fraction, and there- -

afser ‘evaporating water from sa1d solution
‘Whereby a concentrate oonte,mmg said factor is
‘ produced | - | |

- CARL SHELLEY MINER J R
BERN ARD WOLNAK o
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