
TABLE 3                 Comparison of the Quality of Enzyme Produced by the
Standard                Procedure and by Ion Exchanging on [err] or Na+
"C-20" Columns                                  GDU           Juice
%          pH of a          %         Treatment    Per gm.    Per 100 ml.*
Insoluble   1% Solution       Ash          Standard         245
140            11.9           5.8          49.6          NH[err] C-20
1155          200          >27.0            4.9            2.0          Na
C-20           455          220             3.8           6.2
48.0         * Yield of enzyme activity in a dry powder form from one liter
of juice.                                               TABLE 4
Comparison of the Enzymes made from either Filtered or First
Acetone Supernatant Juice which had been Ion Exchanged on
Na+ or NH[err] Sulfonic Acid Ion Exchange Columns
GDU
pH of enzyme 



Type of Juice       Treatment         Per G.    Per 100 ml.*   (1%
solution)          Filtered juice     Standard               315
693              5.80          Filtered juice     Duolite
1050           1050             5.30                                C-25
NH[err]          First acetone           supernatant      Standard
175            315              5.80                               Duolite
1400           840              5.30                                C-25
NH[err]                              Duolite              945           945
6.00                                C-25 Na          * Recoveries are based
upon the original volume.        Improvements are also effected with regard
juice of proteins with isoelectric points ranging     to the ash content of
the enzyme preparation.  from 4.5 to 111.5 In a salt rich medium small 20 5
As shown by Table 3, the total ash content  ions tend to form clouds around
these colloids     of the preparation is essentially the same in  and
lessen the interaction of the oppositely     the case of Na+ as in the
Standard; the same  charge colloids with each other. Such solutions     is
true as to K+. In either case, however, the  are completely clear. However,
when acetone     enzyme preparation has a definite known ca-  is added to
the solution, the colloids are forced  25 10  tion which is important for
many purposes.  together to form a precipitate, the calcium and     On the
other hand, NH[err]+ is by far the best  other ions apparently being
trapped and bridg-     in producing an enzyme preparation having a  ing
colloid particles together either to make     high specific activity and
very low ash content.  insoluble particles or to cover up the active
The results stated above are probably ex-  sites of the enzymes. This
theory is supported  30 15  plainable in large part by the complex interac-
by the fact that the addition of calcium ions     tions taking place
between the organic colloids  may cause complete blocking of the active
sites     and the calcium and like ions in the juice.  of the enzyme as
illustrated by the following     Electrophoretic data show the presence in
stem  table.  
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1,178,217                                        9           Table 7 also
shows that as a general rule,   Instead of reducing agents mentioned in the
the effectiveness of the invention in increasing  prior art by way of
example, it is advantageous        the total recovery of enzymes tends to
be in-  in some cases to use certain more or less well versely proportional
to the starting quality of  known anti-oxidants. However, the action of
5  the stem  juice.  With low  quality juices  anti-oxidants is very
selective and many of 25        in the range of 8-12  GDU/mL, the in-  them
are unsatisfactory for protection of the        vention  provides
important  benefits  of  enzymes produced by the present invention,
increasing the total recovery of enzymes  while others may be effective but
undesirable        from a given volume of  juice  and  for use in edible
products because of toxic    10  increasing the specific activity of
enzymes  effects. For example, butylated hydroxyanisole  30        as well.
With very high quality juices, i.e.,  (BHA) gives very good results along
with ben-        those with more than 15 GDU/ml., the total  zoate ion, and
reducing agents.        recovery may be decreased somewhat as shown  In
addition to BHA, vitamin E and related        by tables 2 and 6, probably
because some pro-  tocopherols are effective but are too expensive    teins
are adsorbed on the precipitate which  for general use. Various other well
known anti-  35        forms in the ion exchange unit. Nevertheless,
oxidants have proved ineffective or undesirable        table 7 shows that
the specific activity of the  because of adverse effects on color,
deactiva-        ion exchanged enzyme is increased, an impor-  tion of the
enzyme and toxic properties.        tant consideration for special
pharmaceutical   The following table illustrates the effecti-    20
applications and also for blending purposes.    veness of BHA:
40                                                  TABLE 8
Effective of BHA on the Activity of Bromelain
Stored at 70% Relative Humidity and 25[err]C.
% of Check Activity at  



Initial      6 months      2 years                        Check (No BHA)
100             6.4             0                       BHA 0.1%
113            48.6             0            As previously indicated, the
ion exchange  illustrated in example 5 hereinafter, the solu-
treatment sometimes results in decreased solu-  bility is increased from
less than 83% to over        bility of the enzyme preparation, with an ac-
92%  by increasing the final concentration of    45  companying loss in
activity. When this occurs,  acetone to 70.6% by volume.  In the second
principally in the case of NH[err], the disad-  method, materials can be
added either to the  60        vantages can be reduced in either of two
ways,  juice before precipitation or to the wet acetone        i.e., by
increasing the concentration of acetone  precipitant so as to increase the
solubility of        used for the final precipitation step, or by  the
final preparation. One of the best materials    50  ing certain
solubilizing materials.        for this purpose is [err], which is precipi-
In the first method, the increased acetone  tated almost quantitatively at
about the same  65        concentration precipitates with the enzymes
acetone concentration as is the enzyme. The        part of the non-protein
colloids present in the  effect of adding [err] on total recovery,
juice. This results in a substantial increase in  solubility, and per cent
ash is illustrated in    55  the solubility of the enzyme preparation. As
the following table.               



[err]                It may be desirable to use sugars such as    One liter
of the first acetone supernatant     glucose, fructose, sucrose, sorbose,
lactose and  solution was passed over a column of Duloite  65     the like,
instead of [err], to improve the  C-20 resin in the ammonium form. To one
solubility of the precipitated enzyme. In gener-  volume of percolate was
then added an equal 5  al, the addition of one or more such sugars  volume
of cold acetone to precipitate the en-     improves both the solubility and
the total ac-  zyme which was washed and dried.     tivity of the
precipitated and dried enzyme    Yield = 1.70 g. of 1150 GDU/g. enzyme  70
preparation, but the specific effectiveness of in-  per liter of the first
acetone supernatant solu-     dividual sugars may vary somewhat. For ex-
tion. The ash content was 2% and the insol- 10  ample among the five sugars
listed above for  ubles over 27%. The enzyme contained 60%     purposes of
example, fructose, sucrose and sor-  protein as estimated from the biuret
color. (See     bose were more effective in improving the total  the
addendum to example four for the proper-  75     activity of the enzyme
preparation, whereas  ties of enzyme made by the prior standard
fructose and sorbose gave best results in im-  method). 15  proving sits
solubility. The addition of sugars,         EXAMPLE 4     especially
fructose, may cause the enzyme to   Sodium ion exchange treatment of the
first     become somewhat more hygroscopic, but if the  acetone
supernatant.                       80     precipitate is dried thoroughly,
this does not    The procedure was similar to Example 3     create any
difficult problem.                except that the resin column was
converted to 



20    The following examples illustrate various  the sodium form instead of
the ammonium     typical embodiments of the invention: -    form.
Yield = 4.78 g. of 455 GDU/g. enzyme  85                     EXAMPLE 1
per liter of first acetone supernatant solution.       Single stage acetone
precipitation of brome-  The ash content was 48% and the insolubles
lain from juice which has undergone ion ex-  3.8%. The enzyme contained 27%
protein as 25  change on a sulfonic ammonium  ion ex-  estimated from the
biuret color.     changer.                                       In both
examples 3 and 4 the prior standard  90       To two liters of freshly
pressed pineapple  procedure gave a yield of 5.6 g. of 245     stem juice
were added 1 gm. of 70% NaSH   GDU/g. enzyme per liter. The ash content
and sufficient [err] to adjust the pH  to  was 49.6% and the insolubles
11.9%. The en- 30  5.4. The juice was immediately filtered with  zyme
contained 117%  protein as estimated     suction through a pad of
diatomaceous earth.  from the biuret color.                     95     Ten
bed volumes of juice were then passed     over a column of Duolite C-25
resin in the                  EXAMPLE 5     ammonium form. The percolate
was adjusted    The use of large amounts of acetone to im- 35  to pH 3.8
and the enzyme then precipitated  prove the solubility of the enzume.
with two volumes of cold acetone and then    Ten bed volumes of stem juice
containing     dried.                                       2 g. of 70%
NaSH per liter of juice were 100       Yield = 3.2 g. of 1725 GDU/g. enzyme
filtered at pH 5.5 and passed over a Duolite     per liter of percolate.
The ash was 1.2%, the  C-20 column in the ammonium form. The 40  insolubles
15.5%, and the pH 4.10. The acid  pH of the percolate was adjusted to pH
4.0.     phosphatase level was 880 APU/G. (See ad-  The precipitation was
carried out in two steps     dendum to example 2 for the properties of  as
shown in the flow sheet, the first at an ace- 105     enzyme made by the
prior "standard" meth-  tone concentration of 44.5% v/v. and the sec-
od).                                        ond at 70.6% v/v. This final
concentration 45                  EXAMPLE 2                    of acetone
is at the upper limit of the range       The effect of added [err] in
solubiliz-  shown on the flow sheet     ing the enzyme made from ammonium
ion ex-    Yield = 3.5 g. of 1540 GDU/g. enzyme 110     changed juice.
per liter. The ash content was 1.8%, the in-       The procedure was
similar to that of Exam-  solubles 7.6%. The acid phosphatase activity 50
ple 1 except that 5 g. of [err] were added  837 APU/G.     to 1 liter of
percolate.                       In contrast, when using only 57.5% acetone
Yield = 6.0 g. of 1120 GDU/g. enzyme  in the finel precipitation, the yield
was 31 g. 115 



per liter of percolate. The ash was 37.6% the  of 2000 GDU/g, enzyme per
liter, and the     insolubles 2.7%  and the pH 4.4. The acid  insolubles
14%. 55  phosphatase level was 363 APU/G.               The principal
advantage of this procedure        In both examples 1 and 2 the standard
is the better solubility of the enzyme, but it     procedure gave 8.0 g. of
525 GDU/g. enzyme  is obtained at the expense of a lower specific 120
per liter of filtered juice. The ash was 43.6%   activity.     the
insolubles 4.1% and the pH 6.0. The acid                EXAMPLE 6 60
phosphatase level was 215 APU/G.          The use of a carboxylic cation
exchange                                                  resin. If
increased yield is the primary objec-                     EXAMPLE 3
tive, this is one of the resins of choice.  125       Ammonium ion exchange
treatment of the    Laboratory pressed pineapple stem  juice     first
acetone supernatant.                   which contained 2 g. of 70% NaSH per
liter         1,178,217                                         12     and
which had a pH of 4.0 was filtered and   WHAT WE CLAIM IS:-
45     then passed over an IRC-84 column in the    1. In the production of
enzymic materials     ammonium form. The column had been ad-  containing
stem bromelain by precipitating the     justed to pH 5.5 with [err] The
perc-  enzyme-containing material from juice ex- 5  late was adjusted to pH
4.0 and a single addi-  pressed from  crushed plants of the family     tion
of two volumes of acetone to one of perco-  Bromeliace, the process which
comprises  50     late was made to precipitate the enzyme.  passing the
juice prior to said precipitation in       Yield = 7.04 g. of 1140 GDU/g.
enzyme  ion exchange relaton with an ion exchange     per liter. The ash
was 17% and the insolubles  resin having one or more exchange cations 10
6%.                                          selected from the group
consisting of [err]       Thus the yield is high, but this enzyme pre-
NA+, and  K+, thereby replacing cations  55     paration differs from the
other ion exchanged  naturally present in said juice with said ex-
enzymes in having more ash and more inert  change cations and increasing
the specific ac- 



material. Still the total recovery of enzyme is  tivity of the precipitated
enzymic material. 15  as good as that obtained by the prior standard    2.
The process defined in claim 1, including     procedure and the ash level
of the enzyme pre-  adjusting the pH of the juice to a value in  60
paration is lower.                           the range of 4.0-57 prior to
the ion exchange
treatment.                     EXAMPLE 7                      3. The
process defined in claim 1, including       This example illustrates the
improvement in  adjusting the pH of the juice to a value in 20  total
activity and solubility obtained by the  the range of 35-4.5 before
precipitation of 65     addition of sugar to the precipitated enzymes  the
enzyme containing material therefrom.     as already described generally
above.       4. The process defined in claim 1, including       To 10 g. of
wet acetone precipitate prepared  adjusting the pH of the juice to about
according to Example 11, 100 ml. of acetone  5.5 and then separating
insoluble material 25  were added. The resulting slurry was centri-  from
the juice prior to ion exchange treatment. 70     fuged and the acetone
discarded. To the preci-    5. The process defined in claim 1 in which
pitate 1/2 g. of fructose was added, being  the exchange cation is NH[err]+
and the preci-     worked into the precipitate with a pestle. At  pitating
medium is one in which the NH[err]+     this stage the precipitate still
contained enough  compounds formed in the juice by ion ex- 30 moisture to
dissolve the fructose and give a change are soluble, thereby both
increasing the 75     somewhat gummy residue. This gummy resi-  specific
activity of the precipitated enzymic     due was placed in a vacuum drier
and dried  material and decreasing its ash content.     for 24 hours.
6. A process according to claim 5, which       As compared with Examples 1
and 2, the  includes the step of adding to the precipitate 35  results of
this Example 7 show that the effect  a solubility improver comprising [err]
or  80     of adding sugar is comparable to that of add-  sugar.     ing
[err]. The yield in Example 7 was    7. A process according to claim 1,
substan-     4.5 g. of 1600 G/DU/g. enzyme per liter, the  tially as
described in the foregoing Examples.     ash was 0.9%, and the insolubles
were 6.4%.  8. A process according to claim 1, substan- 40    It is to be
expressly understood that the in-  tially as herein described with
reference to the  85     vention is not restricted to the details of the
accompanying drawing.     foregoing description and examples and that
MARKS & CLERK,     reference should be had to the appended
Chartered Patent Agents,     claims for a definition of its limits.
Agents for the Applicants.           Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1970..           Published by
the Patent Office, 25 Southampton Buildings, London, W.C.2, from which, 



copies may be obtained.                       12
1,178,217                                          12                  and
which had a pH of 4.0 was filtered and    WHAT WE CLAIM IS:-
45                  then passed over an IRC-84 column in the    1. In the
production of enzymic materials                  ammonium form. The column
had been ad-  containing stem bromelain by precipitating the
justed to pH 5.5 with [err]. The perco-  enzyme-containing material from
juice ex-             5  late was adjusted to pH 4.0 and a single addi-
pressed from  crushed plants of the family                  tion of two
volumes of acetone to one of perco-  Bromeliaceae, the process which
comprises  50                  late was made to precipitate the enzyme.
passing the juice prior to said precipitation in                  Yield =
7.04 g. of 1140 GDU/g. enzyme  ion exchange relaton with an ion exchange
per liter. The ash was 17% and the insolubles  resin having one or more
exchange cations             10  6%.
selected from the group consisting of NH[err],                    Thus the
yield is high, but this enzyme pre-  NA+, and  K+, thereby  replacing
cations  55                 paration differs from the other ion exchanged
naturally present in said juice with said ex-                 enzymes in
having more ash and more inert  change cations and increasing the specific
ac-                 material. Still the total recovery of enzyme is  tivity
of the precipitated enzymic material.             15  as good as that
obtained by the prior standard    2. The process defined in claim 1,
including                 procedure and the ash level of the enzyme pre-
adjusting the pH of the juice to a value in  60                 paration is
lower.                           the range of 4.0-5.7 prior to the ion
exchange
treatment.                                 EXAMPLE 7
3. The process defined in claim 1, including                   This example
illustrates the improvement in  adjusting the pH of the juice to a value in
20  total activity and solubility obtained by the  the range of 35-4.5
before precipitation of  65                 addition of sugar to the
precipitated enzymes  the enzyme containing material therefrom.
as already described generally above.        4. The process defined in
claim 1, including 



To 10 g. of wet acetone precipitate prepared  adjusting the pH  of the
juice to about                 according to Example 1, 100 ml. of acetone
5.5 and then separating insoluble material             25  were added. The
resulting slurry was centri-  from the juice prior to ion exchange
treatment. 70                 fuged and the acetone discarded. To the
preci-    5. The process defined in claim 1 in which                 pitate
1/2 g. of fructose was added, being  the exchange cation is NH[err]+, and
the preci-                 worked into the precipitate with a pestle. At
pitating medium is one in which the NH[err]+                 this stage the
precipitate still contained enough  compounds formed in the juice by ion
ex-             30  moisture to dissolve the fructose and give a  change
are soluble, thereby both increasing the  75                 somewhat gummy
residue. This gummy resi-  specific activity of the precipitated enzymic
due was placed in a vacuum drier and dried  material and decreasing its ash
content.                 for 24 hours.                                  6.
A process according to claim 5, which                    As compared with
Examples 1 and 2, the  includes the step of adding to the precipitate
35  results of this Example 7 show that the effect  a solubility improver
comprising [err] or  80                  of adding sugar is comparable to
that of add-  sugar.                  ing [err]. The yield in Example 7 was
7. A process according to claim 1, substan-                  4.5 g. of 1600
GDU/g. enzyme per liter, the  tially as described in the foregoing
Examples.                  ash was 0.9%, and the insolubles were 6.4%.  8.
A process according to claim 1, substan-             40    It is to be
expressly understood that the in-  tially as herein described with
reference to the  85                  vention is not restricted to the
details of the  accompanying drawing.                  foregoing
description and examples and that             MARKS & CLERK,
reference should be had to the appended               Chartered Patent
Agents,                  claims for a definition of its limits.
Agents for the Applicants.                        Printed for Her Majesty's
Stationery Office by the Courier. Press, Leamington Spa, 1970.
Published by the Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


