


cob-hay compost. The sawdust-hay
gave a very high yield in one tray,
but a much lower yield in the duplicate
tray. On the basis of the weight of
ingredients employed, however, the yield
of mushrooms was greater for the saw-
dust compost than for the corncob-hay,
because the latter weighed almost twice
as much per tray. On a weight basis
the average yield from the sawdust-hay
trays was considerably greater than the
other composts, inasmuch as it had the
least bulk density. The vyield was
greatest the first month of bearing and
then progressively decreased. With the
sawdust compost, about 85% of the
mushrooms were produced in the first 2
months of picking, whereas the corncob-
hay compost yielded only about 659
of the total in the same period, but con-
tinued to bear well for several months
following.

Experiments with Pleurotus Ostreatus

Growth observations of the mycelia
of the nine species of wild, wood-rotting
mushrooms on different sawdust media
are given in Table II.  Pleurotus ostreatus,
commonly known as the oyster mush-
room, grew more vigorously on most of
the media and produced fruit more
readily than the other species (Figure 2).
For these reasons. and because of its
known edibility and growth at high
temperatures, Pleurotus osireatus was se-
lected for further experiments.

Table III gives the results of the pro-
duction of P. ostreatus mushrooms on
pine and gum wood sawdusts. One-
gallon cans were partly filled with 120
grams of sawdust fortified with 6 grams
of oatmeal and moistened with 250
grams of water. The sawdust medium
was sterilized, in an autoclave, for 30
minutes at 15 pounds’ pressure. Upon
sterilization the cans were covered
with polyethylene sheets to prevent con-
tamination and to retain moisture.
When the medium had cooled, it was
inoculated with 21 grams of spawn
per can. The cans were kept in a room
maintained at 78° F. and 859 relative
humidity. In 10 days to 2 weeks,
fruiting bodies began to appear and the
first flush (crop) was picked 15 to 17
days from the start of the experiment.
After 47 days, the experiment was
terminated. The yield from gum wood
sawdust was twice that from pine.

The results of a similar experiment
with rice hulls are found in Table IV.
The mushroom mycelium grew well
on the unfortified rice hulls, but the
yield was only half of that obtained
when the rice hulls were fortified with
507 oatmeal. A mixture of rice hulls
and gum wood sawdust supplemented
with oatmeal gave about the same yield
as either the gum wood or rice hulls
when similarly supplemented. Where
the better yields were obtained, there
were three flushes rather than two
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Table I. Production of A. campestris Mushrooms from Composted Gum
Wood Sawdust
Ingredients Grams
Gum wood sawdust 1410 605 S
Corncob meal 282 1505
Soybean meal 141 S S
Hay (timothy) o 605 1505
Chicken manure 14 181 450
Urea 21 18.3 45 .4
Calcium sulfate dihydrate 35.4 30.6 76
Potassium chloride 17.8 14.6 36
Calcium superphosphate 7 5.8 15
Composting
Time, days 14 14 14
Temperature,® F, 140-170 140--170 152-162
Harvesting
Time, spawning to casing, days 22 22 22 22 22 22 22
Time, spawning to fruiting, days 44 44 46 44 46 43 44
Duration of fruiting, days 116 121 144 98 150 148 150
No. of pickings 1st month 12 11 14 12 19 11 15
Wt. of crop 1st month, grams 806 802 778 520 1401 861 1029
No. of pickings 2nd month 8 7 13 5 9 9 9
Wi, of crop 2nd month, grams 452 336 278 147 567 382 487
No. of pickings 3rd month 4 3 5 4 4 6 6
Wt. of crop 3rd month, grams 128 67 116 87 119 217 234
No. of pickings 4th month 4 5 5 1 8 6 10
Wt. of crop 4th month, grams 56 60 144 32 320 281 203
No. of pickings 5th month 0 0 4 0 6 7 6
Wt. of crop 5th month, grams 0 0 46 0 90 168 182
Yield data
Total yield, grams 1442 1265 1362 786 2497 1909 2135
Wt. fresh mushrooms/wt. dry in-
gredients 0.75 0.66 0.71 0.54 1.71 0.53 0.59
Pounds fresh mushrooms/sq. t. 1.59 1.39 1.50 0.87 2.75 2.11 2.35

Table Il. Growth of Mycelium of Wood-Rotting Mushroom Fungi on Saw-
dust Media
o Growth of Fungi {Scale 0-3)
Medium Cv Po L Ab Ps Ct Pf Am He
A 1 1 1 - — + + - +
B 1 2 2 1 1 1 1 1 1
C 2 2 1 1 1 1 1 1 1
D 2 3 2 2 2 1 1 1 1
E 2 3 2 1 2 1 1 1 1
F - 2 1 1 1 + — - —
G 2 39 2 3 3 - 3 - 2
H + 1 1 + = - - + -
I 2 2 2 + 3 2 2 + 2
J 1 1 2 - + - - - 1
K 3 3@ 2 1 3 + 2 + 1
@ Fruiting occurs.
Key to Table Hf
Abbreviations Organisms Abbreviations Media
Cv Collybia velutipes A 20 grams pine sawdust + 40 ml.
Po Pleuorotus ostreatus water )
Ll Lentinus lepideus B 20 grams pine sawdust + 40
Ab Agaricus blaze: ml. Czapek solution®
Ps Polyporus sulphurous C 20 grams pine sawdust + 1 gram
Ct Clitocybe tabescens accelerator® + 42 ml. water
Pf Polyporus frondosus D 16 grams pine sawdust + 8 grams
Am Armillaria mellea oatmeal + 8 grams CSMAs +
Hc Hydnum coralloides E 1664 ml. water dust + 8
. . . ; t
e Czapek soln., dilute solution of min- oiia;sag:eja‘g gursams Cgf&g}:
eral salts (77). ] + 64 ml, water
Accelerator, nutrient mixture of corn F 16 grams bagasse + 32 ml. water
meal, bone meal, and similar materials (2). : g
. 2 b d G 20 grams pine sawdust + 6
CSMA, medium containing bran an grams oatmeal + 52 ml. water
grains used in rearing flies, according to H 20 grams oak sawdust + 40 ml.
Chemical Specialties Manvufacturer’s water
Assoc. I 20grams gum sawdust + 40 ml.
water
J 20 grams oak sawdust + 4 grams
oatmeal + 48 ml. water
K 20 grams gumsawdust + 4 grams

oatmeal + 48 ml. water
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sawdust offers a potential saving of 239
over manure, if material costs, overhead,
and yields are the same. Where the
sawdust would be available at no cost,
the saving would be 55%.

As shown in the photographs, P.
ostreatus is very different from A. cam-
pestris. Pleurotus does not grow in the
familiar button form characteristic of
young Agaricus. It does not have the
thick “meaty” tissue of the Agaricus

buttens. In shape and growth it re-
sembles more closely the Japanese
shiitake mushrocm. Like the latter,

it has a tough, inedible stem. The
flavor, however, is more like that of
A. campestris.  Pleurotus would appear to
have its greatest value as a flavoring
ingredient for soups, sauces, and gravies
rather than as a fresh mushroom for
table use.

Mushrooms are a source of essential
amino acids and of the B vitamins (7,
4, 7, 8). They can be ‘“factory-pro-
duced” the year around from waste
products which originate from non-

OPIUM ALKALOIDS

depleting sources and may be visualized
as an important food source for the
future. Full realization of the market
potential, however, awaits more effi-
cient production and lower cost.

Literature Cited

(1) Anderson, E. E., Fellers, C. R.,
Proc. Am. Soc. Hort. Sci. 41, 301-4
(1942).

(2) Badcock, E. C., Brit. Mycol. Soc.
Trans. 25, 200-5 (1941).

(3) Ibid., 26, 127-32 (1943).

(4) Block, S. S., Stearns, T. W., Ste-
phens, R. L., McCandless, R. F. I,
J. Acr. Foop CHEeM. 1, 890-3 (1953).

(5) Block, S. S., Tsao, G., 129'h Meet-
ing, ACS, Dallas, Tex., April 1956.

(6) Davidson, R. A., Camrpbell, W. A,
Blaisdell, D. J., J. Agr. Research 57,
683-95 (1938).

(7) Esselen, W. B., Jr., Fellers, C. B,
Mass. Agr. Exp. Sta. Bull. 434, 1-11
(1946).

(8) Humfeld, H., Sugihara, T. G., Food
Technol. 3, 3556 (1949).

(9) Lambert, E. B., Farmer's
1875, 12 (1941).

Bull.

Morphine Extraction from Domestically

Grown Opium Poppy

(10) Lambert, E. B., Ayers, T, T., Plant
Disease Reptr. 36, 261-8 (1952).

(11) Niethammer, A., Zentr. Bakteri-
olog. 2, 129-30 (1942).

(12) Rempe, H., Mushroom Sei. 2,
131 (1953).

(13) Sinden, J. W., Pa. Agr. Expt. Sta.
Bull. 365, 1-27 (1938).

(14) Ibid., 482, 1-26 (1946).

(15) Sinden, J. W., Hauser, E., Mush-
room Sci. 1, 52-9 (1950).

(16) Stoller, B. B., Plant Physiol. 18, 397-
414 (1943).

(17) Thom, C., Church, M. B.; “The
Aspergilli,” p. 39, Williams & Wilkins,
Baltimore, 1926.

(18) Treschow, C., Danske Botan. Arkiv.
11, 1-180 (1944).

(19) Waksman, S. A., Reneger, C. A,
Mycologia 26, 3845 (1934).

(20) Winters, R. K., Chidester, G. H.,
Hall, J. A., U. 8. Dept. Agr. Forest
Sers. Rept. 4, Wood Waste in U. S.
(1947).

Received for review May 7, 1958. Accepted
September 15, 1958. Division of Agricultural
and Food Chemistry, 129th Meeting, ACS,
Dallas, Tex., April 1956.

O. L. BREKKE, G. C. MUSTAKAS,
J. E. HUBBARD, H. G. MAISTER,
L. VAN ERMEN,! M. C. RAETHER,
and C. T. LANGFORD?

Northern Utilization Research and
Development Division, U. S. De-
partment of Agriculture, Peoria, lll.

To meet the needs of our nation in an emergency, a process was developed to recover

crude morphine liquor from mature, domestically grown, opium poppy plants.

This liquor

can be used by licensed refiners as a substitute for opium to produce medicinal morphine,
if U. S. opium imports should be severely limited or cut off. Over 95% of the morphine
was extracted from meal with water-saturated isobutyl alcohol in a continuous counter-

current extractor.

material by a four-step size-reduction procedure with a 6% loss of morphine
An aqueous ammonia treat-

concentration in the meal was increased from 0.5 to 0.7%.
ment of the meal prior to extraction liberated the alkaloids from their naturally occurring

salts.

MPORTED OPIUM is the source of me-
dicinal morphine in the United
States. To ensure adequate supplies
of morphine in a national emergency,
work was undertaken o develop a
method for recovering crule morphine
liquor from the mature capsules of opium
poppy plants grown in the United States.
Opium is the dried juice or latex of
unripe capsules of a particular poppy
species, Papaver somniferum.  Although
the opium poppy has been grown for
thousands of vears, opium is still ob-
tained through much tedious manual
work, both in cultivating the plant and
in collecting the latex (2). Some 22

1 Present address, 2811 Houston Drive
North, La Marque, Tex.

? Present address, 5646 Chelsca Ave.,
La Jolla, Calif.

alkalcids are found in opium, but only
three—morphine, codeine, and papaver-
ine—are of commercial importance. The
amount of morphine varies over wide
limits, but in a good grade of opium the
content averages 109, and the coceine
and papaverine are present in much
smaller amounts.

Interest in  cheaper producticn
methods led 10 the development of
more modern processes fr recovering
opium alkaloids directly [rom the rip-
ened poppy plant, and some of these
processes were put intc commercial
operation on a very limited scale in
Germany, Swiwzerland, and Hungary
in the 1930’s (4, 6, 9). From informa-
tion given in the literature for these and
other processes (7). each appears to
have disadvantages.

VOL & NO.

In preparing the meal, stems and seed were separated from capsular

Morphine

Poppy meal or straw keeps in dry storage without any morphine loss.

Morphine Analyses. All of the
samples were analyzed by the Matchett
and Levine method (77, 76), but for a
rapid estimate, a modification of Hanes’
ferricyanide micromethod for deter-
mining reducing sugars (4) was employed.

Most analysts believe the Matchett
and Levine method is insufficiently spe-
cific for morphine (76); therefore, a
commercial morphine refiner checked
duplicate samples from one of the ex-
traction tests. The extract liquor was
examined for its morphine content by a
modified U. S. Pharmacopoeia method
and a special method was used for the
poppy meal (8).

Preparation of Poppy Meal. The
opium poppy was grown under irriga-
tion by the Field Crops Research
Branch of the U. S. Department of
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