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Filed 27 April 1973 in                 United States of America (US)
Complete Specification published 7 July 1976   (51) INT CL[err] C12D 9/16
(52) Index at acceptance             C2A  1B 1C1D2 1C2A 1C2B 1CC 2F 3B1 3B
(72) Inventor JACK PETER WAITE                    (54) PROCESS FOR
ISOLATION OF ANTIBIOTIC AV290 AND                   ANTIBIOTIC AV290-ALKALI
METAL ALKYL SULFATE                               COMPLEX OBTAINABLE
THEREBY          (71)    We, AMERICAN CYANAMID   tion liquor to a pH of
from 1.9 to 2.1; (c)       COMPANY, a corporation  organised and   adding
to the acidified liquor, in an amount       existing under the laws of the
State of Maine,  sufficent to precipitate a complex with the  50
United States of America, of Berdan Avenue, antibiotic AV290, an aqueous
solution of a    Township of Wayne, State of New Jersey, complexing agent
selected from  compounds       United States of America, do hereby declare
of the formula:       the invention, for which we pray that a       patent
may  be  granted  to us,  and                    [err]       the method by
which it is to be performed to   10  be particularly described in and by
the fol-  Wherein n is an integer from  9 to 17, in- 55       lowing
statement:-                       clusive, and M  is sodium or potassium,
and         This invention relates to a method of re-  mixture thereof; (d)
removing the precipi-       covering antibiotic AV290 from fermentation
tated antibiotic AV290-alkyl sulfate complex;       whole harvest mashes
containing it, to certain  and (e) drying the antibiotic, AV290-alkyl  15
novel complexes which result therefrom, and  sulfate complex.       to the
use of these complexes animal feed The present invention also provides a
pro-       compositions for enhancing the growth rate  cess for the
production of a dried fermenta-       of animals such as poultry, swine,
early weaned  tion harvest mash solids animal feed supple-       pigs, and
ruminants such as cattle, sheep and ment containing an antibiotic
AV290-alkyl  20  goats.                                    sulfate complex
which comprises the steps 65         Antibiotic AV290 is formed by
fermenta-  of: (a) acidifying a fermentation whole har-      tion
biosynthesis during the cultivation under  vest mash containing antibiotic
AV290 to a      controlled conditions of Streptomyces candidus pH of from
1.9 to 2.1; (b) adding to the      particularly S. candidus NRRL 3218 and
acidified mash, in an amount sufficient to  25  mutants thereof. The
preparation and pro-  precipitate a complex with the  antibiotic 70
erties of antibiotic AV290 are set forth in  AV290, an aqueous solution of
a complexing      United States Patent No. 3,338,786 (British  agent
selected from compounds of the for-      Patent No. 1,194,365). The problem
of re-  mula:      covering the antibiotic economicaly has been 30  a
serious one. In the patent referred to above,                 [err]
adsorption on charcoal followed by elution.      and column chromagraphy
are employed.  wherein n is an integer from 9 to 17, inclu-  75      Such a
process is not excessively  ex-  sive, and M is sodium or potassium, and
mix-      pensive when pure antibiotic is required  tures thereof; (c)
removing the harvest mash 35  for medical usage. However, when  the  solids
together with the precipitated anti-      antibiotic is to be used in
animal feed  biotic AV290-alkyl sulfate complex; and (d)      supplement
compositions the facor of  drying the mixture of mash solids and anti-  80
cost is a very serious matter and there is, biotic AV290-alkyl sulfate
complex.      therefore, a need for an inexpensive process    Typical
alkali metal alkyl sulfates which 40  of recovering the antibiotic for this
purpose. may be employed in this invention are, for    The present
invention provide a process  example, sodium decyl sulfate, potassium
recovering  antibiotic AV290 as an alkyl hendecyl sulfate, sodium lauryl
sulfate, potas-  85     sulfate complex from a fermentation whole  sium
tridecyl sulfate, sodium myristyl sulfate     harvest mash containing
antibiotic AV290  potassium pentadecyl sulfate, sodium cetyl sul- 45 which
comprises the steps of: (a) producing fate, potassium heptadecyl sulfate,
and sodium     a fermentation liquor by clarifying the whole  octadecyl
sulfate. Mixtures of alkali metal     harvest mash; (b)  acidifying the
fermenta-  alkyl sulfates may also be employed such as 90
2                                1,441,703             a mixture Of sodium
hendecyl sulfate and   vacuum. Then, an aqueous solution of an potassium
octadecyl sulfate; a mixture of    alkali metal aklyl sulfate (or a mixture
of            potassium  decyl sulfate and sodium hepta-   alkali metal
alkyl sulfates) of formula I is            decyl sulfate; a mixture of
potassium  lauryl added slowly, with stirring, at ambient tem-
sulfate and potassium cetyl sulfate; and a    peratures. The entire process
of the present               mixture of sodium tridecyl sulfate, potassium
invention is preferably carried out at from   myristyl sulfate, and sodium
pentadecyl sul-      15[err]C. to 30[err]C, conveniently at room tem-
fate. When mixtures of alkali metal alkyl sul-  perature. The antibiotic
and alkyl sulfate form                   fates are employed, then a
corresponding   a complex which is water insoluble and thus
mixture of antibiotic-alkyl sulfate complexes precipitates.
precipitates. The precipitated complex or, in                   are
obtained. In a specific embodiment, the  the case of the whole mash, the
precipitated               alkyl sulfate complexing  agent is sodium cetyl
complex together with the fermantation mash
sulfate which is in admixture with sodium     solids, is then removed by
filtration or centri-                        oleyl sulfate with which the
antibiotic also  fugation and dried. The products so obtained.      15
complexes.                                        may be dried by (1)
slurrying the wet solids  80              The processes of the present
invention may  y   in polar, water miscible non-solvents such as
be operated to provide almost complte re-     acetone followed by
filtration, rinsing and                  moval of the antibiotic activity
from the    air-drying; or by (2) reslurrying the wet
fermentation mash or broth. Furthermore, the   solids in water and freeze
drying or spray          20 antibiotic-alkly  sulfate  complex so obtained
drying.            can be used without separation of the con-
When the products of the present invention            stituents in animal
feed supplement composi- aree thus carefully dried under temperature
tions, which is an important economic ad-     conditions which do not
degrade antibiotic  25     vantage. The complex is believed to be novel
AV290, they are usually white to tan powers                       per se,
and in a further aspect the present  in the case of the alkyl sulfate
complex asso-            invention provides a dry, water-insoluble com-
ciated with the clarified liquor or broth. In            plex of an alkali
metal alkyl sulfate of for- the case of the alkyl sulfate complex asso-
mula I above reversibly chemically bonded  ciated with dried harvest mash
solids, they  to antibiotic AV290.                            are usually
gray to brown powders or solids          The power of the antibiotic and
alkali  In the dry form, these products are extremely
metal alkyl sulfate is referred to as revers-     stable, keeping without
significant loss of anti-             ible antibiotic-alkyl sulfate
complex. Its exact    biotic activity for considerable periods of
chemical nature has not been determined but  time. This long storage life
is, of course, an             covalent bonding is not involved and the
important practical advantage.             product is not a physical
mixture. This com-      It is an advantage.             plex, derived from
the interaction of the   that the amount of alkali metal alkyl sulfate
antibiotic and an alkali metal alkyl sulfate    added to precipitate the
complex with the             of formula I above, is not necessarily com-
antibiotic is not particularly critical and no             bined in any
limiting stoichometry. The chem-    exact stoichiometric relations need be
fol-        40  ical bonds are reversiblr since the antibiotic   lowed. In
general, the amount of alkali metal             AV290 may be recovered from
the complex   alkyl sulfate required to precipitate anti- by various means
such as adsorption on a    biotic AV290 from the whole harvest mash
cross-linked carboxymethyldextran gel column   is 1.5-2.5 grams per gram of
AV290 activity                  followeed by elution with aqueous acid.
in the mash. In the usual case, about 2.0              As starting material
for the process of    grams of alkali metal alkyl sulfate per gram
the present invention there may, for example,     of antibiotic activity in
the mash is preferred              be employed the whole harvest mash
obtained       The AV290 content of the whole mash may              after
completion of a fermentation with S.  be readily determined by
microbiological assay              candidus NRRL  3218  or mutants thereof.
(after adjusting the pH  to 8.0-9.0) as set,         50  Preferably, there
is employed the fermeanta-  forth in United States Patent 3,338,786. The
tion liquor or broth which has been calrified   preferred mathod is an
adaptation of the                   by removing the mycelia and other
insolubles    Stophlococcus aures turbidimetric assay for
by filtration. Diatomaceous earth or any other   tetracycline that is
described in "Assay Meth-                 conventional filtration aid may
be used to     ods of antibiotics, a laboratory Manual" by          55
assist in the filtration. In either case, the      Grove & Randall. Medical
Encyclopedia, Inc.              pH of the whole mash or of the filtered
broth    (1955), pages 48-52. The required amount              is first
adjusted to from 1.9 to 2.1, preferably    of alkali metal alkyl sulfate is
then preferably                 about 2.0 with an acid. Suitable acids for
dissolved or suspended in a convenient quan-               this purpose may
be, for example, hydro-    tity of water and the aqueous solution or sus-
60  chloric acid, sulfuric acid and triflouroacetic   pension is added to
the whole mash as des-   125                        acid, although even
glacial acetic acid may   cribed above. Any excess alkali metal alkyl
be used. This pH adjustment appears to be     sulfate present will merely
remain in solution              critical since below pH 1.9 there appears
to     upon filtration.              be degradation of antibiotic AV290
during   In general, the amount  of alkali metal          65  drying of the
filter case even at 40[err]C. under   alkyl sulfate required to precipitate
antibiotic              3
1,411,703                                        3 AV290 from a clarified
liquor is about one  The milligrams per pound of antibiotic AV29
gram per gram of AV290 activity in the clari- present in any particular
supplement com-         fied liquor. The higher level of alkali metal
position of the present invention may be read-         alkyl sulfate
required to precipitate AV290  ily determined by bioassay (after adjusting
the     5   from whole mash than from clarified liquor is  pH to 8.0-9.0)
as set forth in United States         due to coprecipitation of other
protein mater-  Patent 3,338,786. The preferred method is         al
present in the whole mash. Conveniently, an adaptation of the
Staphylococcus aureus       the minimium amount of alkali metal alkyl
turbidimetric assay for tetracycline that is         sulfate required to
form the complex with  described in the mannual "Assay Methods of 65    10
the antibiotic in the clarified liquor from   Antibiotics, a Laboratory
Manual" by D.C.         any particular fermentation batch may be  Grove and
W. A. Randall, Medimal Encylo-         readily determined as follows. A
sample (con-  pedia, Inc.  (1955) pages 48-52. From the         veniently
50-100 ml.) of the fermentation  potency data thus obtained, the pounds of
whole harvest mash is taken and clarified by  feed supplement composition
to be used per 70    15  removing the mycelia and other insolubles  ton of
feed may be readily calculated.         by filtration, preferably with a
filter aid. The    A wide variety of carriers may be used         filtrate
is then acidified to a pH of 1.9-2.1  in the preparation of the feed
supplement         with dilute aqueous mineral acid such as  compositions
of this invention containing the         dilute hydrochloric acid, dilute
sulfuric acid  dried alkyl sulfate complex or the dried har- 75    20  or
dilute phosphoric acid. This soluton- is  vest mash solids containing the
alkyl sulfate         then titrated with the particular aqueous solu-
complex. Carriers suitable for use to make         tion of alkali metal
alkyl sulfate which is to  up the feed supplement compositions include
be used until no further precipitate or turbid-  the following: soybean
meal, alfalfa meal,         ity forms. The amount of alkali metal alkyl
cotton seed oil meal, linseed oil meal, com- 80     25  sulfate solution
for the clarified liquor of the  meal, cane molasses, urea, bone meal and
fermentation batch is then calculated from  corncob meal. The carrier
promotes a uniform          the titer of the sample taken, providing also
distribution of the complex in the finished          for a slight excess.
feed into which the supplement is blended            This invention also
relates to animal feed  It thus performs an important function by 85     30
supplement compositions effective in acceler-  ensuring proper distribution
of the complex          ating the growth rate of animals and poultry.
throughout the feed.          In recent years the use of antibiotics in
The invention is illustrated by the Examples          animal feeds for
improving growth character-  which follow and in which parts and per-
istics and efficiency of feed utilization has  centages are by weight
unless otherwise indi- 90     35  become of considerable economic
importance. cated.          In accordance with the present invention, the
dried alkyl sulfate complex or the dried har-                Example 1.
vest mash solids containing the alkyl sulfate  Precipitation of Antibiotic
AV290-Sodium          complex, either alone or in combination with   Lauryl
Sulfate Complex from  Clarified     40  suitable carriers, when added to an
animal.   Liquor                                       95          feed,
aid in increasing the growth rate. In    For these tests, a sample of
technical AV290          addition, feed efficiency is improved. The
sulfate having a microbiological potency of          present invention has
the advantage that the 63.8% was employed. Portions of the AV290
growth rate of non-ruminants such as poultry  sulfate were dissolved in
water and the pH      45 and swine and especially weanling pigs is  of the
solutions were adjusted to 2.0 with 100          significantly increased,
and that feed conver-  15%  H[err]SO[err]. Celite 545 (a diatomaceous
sion rates are noticeably enhanced.      earth) was added as a filter aid
and 2%            The feed supplement compositions of the  aqueous sodium
lauryl sulfate solution was          present invention are preferably
administered  added dropwise with stirring. The slurry was      50 in an
amount sufficient to furnish approx-  aged for 30 minutes at room
temperature and 105          imately the following dosage levels in mg./
the solids were removed by filtration and dried          head/day:
under vacuum at 40[err]C. The spent filtrate and
dry solids were assayed microbiologically and               Large ruminants
350                    the results are set forth in Table I below.
Small ruminants          20
110      55      Non-ruminants                  100               Poultry
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4                                           TABLE I
% of input in       Test AV290 conc.                  Ratio
Spent                 AV290      No.        g./liter
C[err]H[err]OSO[err]Na:AV290           fitrate      dry cake    Balance
1      9.57                     0.785            0.9       84.9  85.8
2          6.38                 0.785                1.5       93.5
95.0        3          3.19                 0.785                2.8
89.9       92.7                       Example 2                    sulfuric
acid. Then, 3.0 grams of Dicalite     Precipitation of Antibiotic
AV290-Sodium   478 (a diatomaceous earth) were added and       Lauryl
Sulfate Complex from Whole Har-  2%  aqueous sodium lauryl sulfate solution
15       vest Mash                                 was addded dropwise with
stirring. The slurrys       Samples of S. candidus shaker flask fer-  were
aged for three hours at room tempera-     mentation whole harvest mashes
were taken  ture and the solids were removed by filtration     and the
potency thereof "boosted" by the  and dried under vacuum at 40[err]C. The
spent     addition of technical AV290 sulfate. In the  filtrates and dry
cakes were assayed micro- 20 10  tests tabulated in Table II below, 100 ml.
biologically and the results are set forth in     portions of mash were
employed and the pH   Table II below.     thereof was adjusted to 2.0 with
15% aqueous    [err]          6
1,441,701                                       6
TABLE III           Sample No.                       1           2
3          4          5          pH of mash for         precipitation
1.6      1.8        2.0        2.2        2.4          % of input in spent
filtrate                         7.3     6.4        6.1        6.9
101          dry cake                        55.3       71.6       92.8
83.3        64.2          AV290 balance     62.6                     78.0
98.9       90.2       74.3                        Example 4.
Example 6.                    45     Precipitation of Antibiotic AV290 from
Whole  Precipitation of antibiotic A V290 from Whole       Harvest Mash
Using Sodium Lauryl Sul-    Harvest Mash Using a Mixture of Sodium  5  fate
Cetyl Sulfate and Sodium Oleyl Sulfate       A 30 liter sample of pilot
fermenter mash  A 400 ml. sample of whole shaker flask     having a
microbiological assay of 3,740 [err]/ml.  mash (microbiological assay 4,590
[err]/ml.) was  50     was treated as follows. The pH of the mash  adjusted
to pH 2.0 by the addition of 3.9     was adjusted to 2.0 by the addition of
219 ml.  ml. of concentrated sulftric acid, and then 10 of concentrated
sulfuric acid, and then one 5 grams of Dicalite 478 were added as a     kg.
of Dicalite 478 was added as a filter aid.  filter aid. To the stirred mash
were slowly     To  the stirried .mash was  slowly added  a solu-  added
13.51 grams of Empicol CHC 30 (a     tion of 240 gm. of sodium lauryl
sulfate in 30%  active paste of a mixture of sodium     3 liters of water.
The treated mash was then  cetyl sulfate and sodium oleyl sulfate manu- 15
aged with stirring for one hour at room   factured by Albright & Wilson
Chemicals,     temperature and the solids were removed by   Ltd.) dispersed
in water to give a total     means of a filter press. The filter cake was
dispersion volume of 50 ml. The treated mash  60     dried under vacuum at
50[err]C. whereby there   was then aged with stirring for one hour     was
obtained 1,978 gm. of dry product having   at room temperature and the
solids were re- 20  a microbiological assay of 4.72%. This rep-  moved by
means of a vacuum filter. The filter     resents an antibiotic AV290
recovery from   cake was dried under vacuum  at 50[err]C.     mash to dry
cake of 83.2%.                   whereby there was obtained 24.0 grams of
65                                                  dry product having a
microbiological assay                     Example 5.                  of
8.08%. This represents an antibiotic AV290     Precipitation of Antibiotic
AV290 from Whole  recovery from mash to dry cake of 105.6%. 25    Harvest
Mash Using Sodium Decyl Sulfate       A 400 ml. sample of whole shaker
flask               Example 7.     mash  (microbiological assay 4,590
[err]/ml.)   Growth  Promoting  Effect  of  Antibiotic 70     was adjusted
to pH 2.0 by the addition of   AV290-Lauryl Sulfate Complex     3.9 ml. of
concentrated sulfuric acid, and 30  then 5 grams of Dicalite 478 were added
as  Experimental Design     a filter aid. To the stirred mash were slowly
The evaluation of a growth promoter is     added 9.68 grams of Empicol 0137
(a 30.5%    based on average results obtained with a series     active
solution of sodium decyl sulfate manu-   of four 2-week feeding iests. In
each test, 75     factured by Albright & Wilson Chemicals,  there are three
pens of ten chicks for each 35  Ltd.) diluted to 50 ml. with water. The
treated  treatment.     mash was then aged with stirring for one     hour
at room  temperature and the solids  Test Materials     were removed by
means of a vacuum filter.    AV290-lauryl sulfate complex was tested
The filter cake was dried under vacuum   at levels of 5, 10, 20 and 40 ppm,
of AV290 80 40  at 50[err]C. whereby there was obtained 20.2  equivalent in
the diet.     grams of dry product having a microbiological     assay of
9.14%. This represents an antibiotic  Diet     AV290 recovery from mash to
dry cake of    The basal diet used in these experiments     100.5%.
was Broiler Ration No. 453 (Table V). Ex-         7
1,441,703     perimental diets were prepared by mixing the  Data
appropriate amount of test material with the  Data  recorded  included
initial weights,     basal diet in a "Hobart" (registered Trade   average
sexed weights at 2 weeks, and 2-week       Mark) mixer. All diets were fed
ad libitum    feed consumption.     and feeding of experimental diets was
began     upon arrival of the chicks.                 Results
AV290-lauryl  sulfate  complex  improved     Brooding
weight gain and feed utilization at all levels,         Day-old Hubbard x
Arbor Acres broiler    tested. The degree of reponse was related
chicks were housed in electrically  heated  to the amount of antibiotic
fed. Average 2-       10  broders in an air-conditioned room (24[err]C.)
week  results  from all four  tests are as follows    for two weeks. There
were five male and    Table IV with precent improvement over       five
female chicks per pen.           control in brackets.
TABLE IV             Treatment             Level*
Feed/Gain      Treatment                    (ppm)          Gain/Chick (g)
Ratio       Control                                     191.38
1.46       AV290-lauryl      sulfate complex                  5
200.12 (4.6)            1.43 (2.4)       AV290-lauxyl      sulfate complex
10           200.12 (4.8)            1.42 (2.6)       AV290-lauryl
sulfate complex            20               204.65 (6.9)             1.40
(4.6)       AV290-lauryl      sulfate complex             40
212.08 (10.8)            1.38 (5.8)     *As AV290 equivalent.
**Vitamin Premix for 1-Ton                  TABLE V
Ingredient                        grams        BROILER RATION NO. 453
DL methionine                     453.6 Ingredient                  %
BHT                                               6
Vitamin A (30,000 u/g)            100.0           Ground yellow corn
53.45    Vitamin D[err](200,000u/) Soybean oil meal (49%)            28.0
Vitamin E (20,000  u/lb)           45.4 Menhaden fish meal(60%)
5.0      Riboflavin                          4.0 Corn gluten meal (60%)
5.0      Niacinamide Dehydrated alfalfa meal (17%)       2.0     Ca.
Pantothenate            Stabilized fat           4.0      Vitamin K
(menadione)          1.0 Dicalcium  phosphate                1.2      Parvo
(10%), folic acid            13.0          Ground Limestone           0.5
Choline Chloride (50%)   908.0          Sodium chloride            0.3
Proferm (20 mg B[err]/lb)           227.0 *Tra-Min No. 3
0.05      Corn oil                           05.0 **Vitamin premix
0.5      Fine ground corn                 2582.4
Total  100.00                               Total  453.0    [err]
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8                               *Tra-Min No. 3                  alkyl
sulfate complex which comprises the
1 lb/Ton       steps of (a) acidifying a fermentation whole
Element            %    Furnishes (ppm)    harvest mash containing
antibiotic AV290 to                  __________________________________
a  pH     of  from    1.9  to  2.1;  (b)  adding. to  the
Manganese        12.50        62.5          acidified mash, in an amount
sufficient to 45                  Iron              6.00        30.0
precipitate a complex with the antibiotic                  Zinc
5.00        25.0          AV290, an aqueous solution of a completing
Copper            0.65         3.25         agent selected from compounds
of the formula:                  Iodine            0.35          1.75
Cobalt            0.25          1.25               [err]
Calcium min.     15.30                          max.    18.35
wherein n is an integer from 9 to 17, inclusive, 50
and M  is sodium or potassium, and mixtures
thereof; (c) removing the harvest mash solids                    WHAT WE
CLAIM  IS:-                       together with  the  precipitated
antibiotic                    1. A process of recovering antibiotic AV290
AV290-alkyl sulfate complex; and (d) dry-                  as an alkyl
sulfate complex from a fermenta    ing the mixture of mash solids and
antibiotic              5   tion whole harvest mash containing antibiotic
AV290-alkyl sulfate complex.    AV290 which comprises the steps of: (a)
pro-    8. A process according to Claim 7, wherein                  ducing
a fermentation liquor by clarifying the   the complexing agent is sodium
decyl sulfate. whole harvest mash; (b) acidifying the fer-   9. A process
according to Claim 7, wherein                  mentation liquor to a pH of
from 1.9 to 2.1;  the complexing agent is sodium lauryl sul- 60 10   (c)
adding to the acidified liquor, in an   fate.                  amount
sufficient to precipitate a complex  10. A process according to Claim 7,
wherein                  with the antibiotic AV290, an aqueous solu-  the
complexing agent is sodium cetyl sulfate                  tion of a
complexing agent selected from com-   which is in admixture with sodium
oleyl                  pounds of the formula:                      sulfate.
15       [err]                               11. An animal feed supplement
comprising                                            a dried mixture of
fermentation harvest mash                   wherein n is an integer from 9
to 17, inclu-  solids and antibiotic AV290-alkyl sulfate com-
sive, and M is sodium or potassium, and mix-  plex prepared by a process
according to any                   tures thereof; (d) removing the
precipitated  one of Claims 7-10.                    70
antibiotic AV290-alkyl sulfate complex; and    12. An animal feed
composition which com-             20   (e) drying the antibiotic
AV290-alkyl sulfate  prises a nutritionally balanced animal feed con-
complex.                                   taining an antibiotic
AV290-alkyl sulfate com-                     2. A process according to
Claim 1, wherein  plex according to Claim 5 or Claim 6 or a
the complexing agent is sodium decyl sulfate. supplement according to Claim
11.      75                     3. A process according to Claim 1, wherein
13. A  process of recovering antibiotic             25   the complexing
agent is sodium lauryl sulfate. AV290 from  a fermentation whole harvest
4. A process according to Claim 1, wherein  mash, according to Claim 1 and
substantially                   the complexing agent is sodium cetyl
sulfate  as hereinbefore described.                   which is in admixture
with sodium oleyl sul-   14. A process for the production of an 80
30   fate.                                       animal feed supplement,
according to Claim             30  5. A dry complex of an alkali metal
alkyl 7 and substantially as hereinbefore described.
sulfate with antibiotic AV290 whenever pre-                   pared by a
process according to any preceding    TREGEAR, THIEMANN & BLEACH,   claim.
Chartered Patent Agents,                     6. A dry, water-insoluble
complex of an              Enterprise House,             35   alkali metal
alkyl sulfate of formula I, as        Isambard Brunel Road,
defined in Claim  1, reversibly chemically           Portsmouth P01 2AN,
bonded to antibiotic AV290.                                -and -
7. A process for the production of a dried         49/51, Bedford Row,
fermentation harvest mash solids animal feed         London WC1V  6RU.
40   supplement containing an antibiotic AV290-           Agents for the
Applicants.                      Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1976.
Published by the Patent Office, 25 Southampton Builings, London, WC2A 1AY,
from                                              which copies may be
obtained.    


