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INTRODUCTION"

Origin and Nature of the Problem

The history of medicine discloses that plant drugs
have been used in all parts of the world as folk remedies,
for many centuriles.

Some of these drugs have been accepted for medici-
nal use by the medical profession while many have been dls-
regarded because 1t was felt that their use was based more
on superstition than on accurate and dependable information
collected in regard to their therapeutic effects.

The production of penicillin, and its application
in use against diseases caused by bacteria and viruses, in
1941, focused the attention of many sclentists, interested
in plant bilology, upon the study of the effects of plant
substances on the prevention and cure of diseases caused by
bacteria and viruses.

Work with plant seeds, Jjuices, stems and roots has
been done by many persons in the field., Among these are
Lucas and Lewls who worked with the roots of plants; Sanders
and Weatherwax, who worked with the juice of plants; Little
and Grubaugh who worked with the juice of plants; Cheng,
Cheng, Cheng and Tong who worked with solutions of the water
chestnut; Rogues who worked with leaves; and Cook who worked
with julces from various parts of the pea plant.

Unpublished literature, concerned with a study of



the inhibitory effects of acorns against bacteria, under-
taken by members of the Department of Natural Sclence, at
Prairie View A, & M, College may be used as a baslis for
formulating a hypothesis that there is a possibility that

some species of acorns may contain inhibitory factors.

Review of Important Literature on the Subject

The fact that some plants can produce factors that
inhibit the growth of bacteria has been thoroughly established
by studies made since 1941, These studies have revealed a
number of interesting results. Some of these valuable and
indispensible results which are related to the problem are
brought in review and summarized below.

Ratolirfll reports that Sir Alexander Fleming be-
came interested in finding a bacteria killer which would not
harm the leucocytes and would not have a toxic effect in the
body. In his modest laboratory at St. Mary's Hospital in
London, while working on this problem, an aécidental culture
contamination one day set off a series of long-spaced but
dramatic events which resulted in penicillin for all mankind.

While working with staphylococcus variants, a
number of culture plates were set aside on the laboratory
bench where they could be examined at regular intervals. The
plates were necessarily exposed to air and oftentimes con-
tamination set in. He noticed that around a large colony of

& contaminating mold the staphylococcus colonies became
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transparent and were obviously undergoing lysis. He decided
to investigate the mold which caused the clear zone and in
so doing was able to identify it as a member of the peni-
cillium family. He then tested other varleties of mold but
none except the descendents of his first colony proved so
amazing.

The publication by Epstein and Williamss tells of
the next glowing stepé in this fight agalnst disease., The
next outstanding work came with the work of Sir Howard
Florey of the Sir William Dunn School of Pathology, in
Oxford, England. He started a study of Fleming's penicillin
in 1938 and reported his findings in Lancet in i940. The
report concludes that penicillin had proved active in vivo
against at least 3 of the substances which it has inhibited
inm the test tube experiments. He stated further that peni-
cillin 414 not seem to be related to any chemical substance
then being used, and that it was very successful against the
anaerobic organisms of gas gangrene.

This last statement prompted much future work with
the advent of World War II. Florey and N. G, Heatley came
to America seeking help in this research and found it from
many sources. Both men worked in this country for some time
and were joined by many others who have continued the never

ending search for ways of increasing the drug and purifying
i%.
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Waksman,ls reporting on the characteristic proper-
ties of antibiotic agents, states that some largely affect
Gram positive and to a very limited extent Gram negative
bacteria, while others may inhibit certain bacterial agents
of each of these groups and act to a limited extent against
others., He also states that antiblotic substances may vary
greatly in their chemical nature, 1in their mode of action
upon bacteria, in thelr toxicity to anima2ls, and in theilr
in vivo versus their in vitro activity. Some are destroyed
by boiling, by exposure to ligzht and by passage through
various filters, whereas others are resistant to heat and
to ultra violet rays.

The work done by Lucas and lewis}o on the inhibi-
tory factors found in the root systems of plants, mentioned
in the folklore éf numerous countries, disclosed that the
inhibition of Gram positive organisms is more pronounced
than that of Gram negative. They also disclose that in ad-
dition to the inhibitory effects of some plant extracts, a
peculiar phenomenon of disturbed growth and very often of
definite stimulation of the test organism was observed.

In their work the activity of plant extracts and
thelir concentrates was tested by a method "similar to one
described by Sherwood et. al., which was a modification of
the plate assay described by British workers in connection

with penieillin research." They found a similarity of anti-
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bactérial action throughout a genus. However, conesiderable
differences in the potency of the active principle were
within genera and even speciles.

In a similar article by Sanders and Weatherwax,13
juice of plants or particular parts of them, obtalned by
the Carver press method, was tested for inhlbitory activity
against Bacillus subtilis and E, coll using the Oxford Cup
technique.

Of 150 specimen tested only 15 showed some degree
of inhibitory activity against one or both test organilsms,
Of these no sample had been encountered which gave ex-
ceptionally high values. The most promising was tﬁe extract
from the common rag-weed (Ambrosia elatior), although this
was not true of the giant rag-weed (Ambrosia trifida). In
many lnstances they found a very marked stimulation of the
test organism,

The work of Little and Grubaugh,® with juice of
leaves and stems of plants obtained by a screw press and
assayed against S. aureus and E. coli, disclosed that these
Julces were much more active against the Gram negative
organisms than against the gram positive Staphylococcus
aureus,

The work done with the water chestnut, by Cheng,
Cheng, Chéng and Tong4 with the ring test method, showed

posltive results with S. aureus, E. coli, and Aerobacter



aerogenes. Bacillus graviolus was not affected. The active
principal has been designated as "puchun" from the Chinese
characters for E. lecharis tuberoéa. ;

An article on procedure produced by the Society of
Experimental Blology and Medicine,17 suggests a thick filter
paper disc saturated with the substance for easier handling.
As 5. aureus tends to produce a somewhat granular growth in
nutrient broth, a peptone broth as the seeding medlum was
suggested to give a more even seeding of the test plates.

Hobby has criticized the plate method as having
disadvantages arlsing from discrepancies in the depth and
‘dryness of the agar., Lewls and Lucas made an attempt to
control these factors by the use of 2 stabilized culture
adapted to the seeding medium and through a more complete
standardization of the preparation and treatment of the
seeded plates,

They suggest also that the plates be incubated,
not inverted, but placed on wooden blocks to avold excess
condensation..

Freiden's’ report on the nature and action of anti-
blotics, defines an antibiotic as "a chemical substance pro-
duced by one or more less selective éntimicrobial properties
at relatively low concentrations. These properties may be

either inhibitory or lethal".

Frieden describes the Oxford Cup method as the use
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of hollow cylinders of glass, metal or porceline which are
placed on agar plates, innoculated with a suitable micro-
organism (usually S. aureus), so as to form a liguid tight
seal between the agar and the cylinder. The solution to be
tested is placed in the "cup" and after incubation it is
found that a cilrcular area, in which no growth has occured,
surrounds the cylinder. This method is convenient and suf-

ficiently reliable for many purposes.

Object of Work

The objectives of this study may be stated in the
following manner,

l. To provide an opportunity for the writer to get ex-
periences in applying the scientific methods to a
problem which challenged the writer's interest and
stimulated her need for further study.

2. To provide opportunities to develop skills of re-
search through techniques Involving investigation,
experimentation, observation and the recording of
results.

3. To give the writer an opportunity to develop a more
expanded and more harmonious outlook upon problems
related to the field of bilology.

4, To see what effect the emulsions have on the two
species of bacteria (E. coli and S. sureus).

5. To provide an opportunity to develop a2 capacity for



meeting and solving problems independently.

A survey of the scientific literature dealing with
antiblotic substances produced from plants reveals that
certain plants can produce inhibitory or lethal factors
which affect certain viruses and bacteria. These studies
indlcate the need for additional research on what has been
done and research on plants that have not been previously
tested. For these reasons it is apparent that there is a
need for a study to determine the effects of emulsions of
acorns of three types (Quercus virginisna, Quercus rubra and
Quercus alba)®* on two specific types of bacteria (Staphy-
lococcus aureus and Escherichia coli).

The major purpose of this study was to determine
whether emulsions from the hulls or meaty parts or whole
acorns, of the three varieties will inhibit or stimulate the
growth of 8. aureus and E. coll bacteria. This involved

five minor problems:

1. What variety of acorns possesses this or these
factors?
2. What part of the particular variety of acorn (meaty,
hulls, or whole) possesses this or these factors?
3. What concentration of the emulsion is effective?
4a, What particular bacteria is affected? .

4. Is the affected area measurable?

5. What implications does this study have upon human



welfare and dlseases related to bacteria?

This study 1s limited to the use of three speciles
of acorns, white oak (Quercus alba), pin oak (Quercus rubra),
and live oak (Quercus virginiana). The criteria used in
selection of the specles were availability, adequacy, and
productivity. These species of acormns are usually availlable
for study by anyone in the Southwestern part of the United
States; They are usually produced in adegquate amounts each
year so that continued study may be carrilied on if desired;
Thelr substances are of such bulk that emulsions can easily
be made. The two types of bacteria were chosen because they
are available at sclentific supply houses and can be readily
secured at any time; they are adeguate for an experiment of
thls type because they are representative of the Gram posi-
tive (Staphylococcus aureus) and of the Granm negative
(Escherichia coll) types of bacteria. They have a rate of
productivity that will lend itself to an experiment of this
type.

Definitions

"Emulsions" as used here refers to minute particles
of the substance dispersed throughout distilled water.
"Inhibition" 1s the act of checking or restraining

the action of an orgaﬁism.

"Stimulation" 1is the act of exciting or increasing
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the functional activity of an organism. As used here, in-
ereased growth will result.

An "antibiotic substance" i1s a substance produced
by certain organisms and is employéd against infections

caused by other organisms.c

Time and Place of Work
| Interest began to develop in this work in Septem-
ber 1953, when the writer began to make observations through
a review of the literature. The problem area was definitely
formulated by December, at which time the writer began col-
lecting materials which were to be used in the study.
Experimentation began early in March 1954, All
laboratory work was carried on in the Natural Science Build-
ing in the blology preparatory laboratory. The experimental
phase of the work was completed July 18, 1954,
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MATERIALS AND METHODS

Equipment and Materials

. The equipment used in this study included an auto-
clave, an incubator, a Waring Blendor, a refrigerator, suc-
tion filter, scales, a platinum loop, petrl dishes, culture
tubes, pipettes, test tube racks, test tube baskets, graduat-
ed cylinders, absorbent cotton, Bunsen burner, filter paper,
discs (filter paper), forceps, jars, wax marking pencil, and
a ruler marked in millimeters.

Materlals used were peptone broth, nutrient agar,
emilsions from the three specles of acorns, the two types of

bacteria and distilled water.

Procedure

' Different concentrations of the emulsions were made
geparately from the meaty parts, the hulls, and the whole
acorn of the three species by blending each with distilled
water in the Waring Blendor for five minutes. The 25% solu-
tion was made by blending 1 part (1 gram) acorns to 4 parts
(4 ml,) of distilled water; the 12i% solution was made by
blendiﬁg 1 part acorns with 8 parts distilled water; and the
6%% solution was made by blending 1 part acorns to 156 parts
distilled water. The mixtures were filtered and stored in
the refrigerator in sterile jars for 12 hours before use.

The test organisms, S, aureus and E. coll were



6 4

transferred from an agar slant to a peptone broth and allowed
to grow in the incubator for 24 hours at 37°C.

30 ml. of fresh nutrient agar were mixed with 1 ml.
of the imnoculated broth and thoroughly mixed by rolling the
test tube between the palms of the hands. This mixture was
then poured into a sterile petri dish which was labeled with
the date, time incubation was begun, strength of the emul-
slon used and type of bacteria it had been innoculated with.
The agar was then allowed to harden, ‘

Filter paper discs, 21 mm., in diameter, were dipped
in dlstilled water for the controcl plates sesded with bac-
teria (one seeded with E., coli and one seeded with S. aureus).
Control plates thus prepared were designated Control N. Con-
trol A contained sterile agar and had no filter paper discs.
For the remainder of the plates, discs were dipped in 25%,
123%, and 63% solutions of the emulsion. Two plates were
run of each'strength for each type of bacteria (4 plates of
25%, 4 plates of 123%, and 4 plates of 63%. Two of each
group were seeded with E. coli and two of each group were
seeded with S. aureus).

The filter paper discs were dipped into the fil-
trate and gently shaken to remove the excess filtrate before
beling placed on the hardened agar. Care was taken to see
that the discs were not smeared over the surface of the agar

but were dropped into place. Two discs were placed on each
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plate. The plates were then placed in the incubator at 37°C.
for 24 hdure. The tops of the petri dishes weré supported on
1" corks to prevent moisture from collécting on the covers of
iﬁe plates,

The plates were observed and ﬁeasured with a ruler
marked in mm. at 24, 48 and 72 hours. Measurements were made
of the zones around the dises, and the measurements were re-

corded in millimeters.
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EXPERIMENTS AND RESULTS

Description of the Experiment

In order to set up this experiment 1t was neces-

sary to first prepare materials necessary for it. The cul
tures of bacteria were prepared in the followling manners
The stock cultures of E. coll and 5. aureus, which were
purchased from a biological supply house, had to be trans-
planted to six tubes of agar slants. These slants were
prepared as follows:

11% grams of nutrient agar were suspended in 125
cc. of distilled water and allowed to stand a few minutes.
This mixture was placed over heat and allowed to boll for
two or three minutes, care being taken to see that it did
not burn. The mixture was then measured so that each test
tube contained 2" of media. The tubes were plugged with
cotton and were ﬁlaced in the autoclave where they were
sterilized at 15 pounds of pressure for 15 minutes,

The autoclave was allowed to cool slowly until
the pressure reached zero. The tubes wér'e then removed
and lald down so that the agar formed a long slanting sur-
face. The tubes were allowed to cool in this position.

The bacteria were transferred from the original
culture to the new sterile agar slants by means of an in-
noculating needle which was heated to a red glow before

and after each innoculation., The mouth of the test tube
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wag flamed just after the cotton was removed and a loop of
the culture was plcked up on the innoculating needle. The
mouth of the tube was flamed again and the cotton reinsert-
ed. The tube containing the fresh slant was flamed on
opening and the bacteria was smeared over the surface of
the slant. The tube was flamed and the cotton was rein-
serted. As each transplant was made the tube was labeled
with the type of bacteria and the date the transplant was
made.

These "planted" tubes were placed in the incuba-
tor and allowed £o grow for 24 hours. They were then stored
in the refrigerator.

The next step was to prepare a broth for seeding
that would be suitable to mix with the agar plates,

The broth was prepared by suspending 2 grams of
nutrient broth in 250 cc. of distilled water. The mixture
was thoroughly heated and 15 cc. of the mixture was placed
in each test tube. The test tubes were plugged with cotton
and sterilized in the autoclave at 15 pounds of pressure for
15 minutes,

Bacteria was taken from the slants and implanted
in the broth by the innoculating needle "loop method" de-
scribed above. The tubes of broth were blaced in the in-

cubator for a 24 hour growth period.

The next step was to prepare the agar which was



to be used in the plates. This agar was prepared in the
same way as the agar for the slants except that to 667 cc.
of distilled water, 16 grams of agar were suspended, bolled
and measured out so that each of 16 test tubes contained

30 cc. of prepared agar, These tubes were plugged and the
material sterilized at 15 pounds of pressure for 15 minutes.
The tubes were then allowed to cool until they could be held
comfortably in the hand.

The 24 hour old broth of 5. aureus was taken up
into a sterile pipette and 1 cec. was extruded into each of
seven of the tubes containing sterille agar. Each tube was
rolled between the hands to thoroughly mix the bacterla wilth
the agar and the mixture was then poured into a sterile
petri dish,

The plates were allowed to harden while setting on
a level surface.

The next step was to prepare the acorn emulsions,
The acorns were prepared in the following manner. The whole
acorn was cracked and weighed and placed in the Waring
Blendor. For the 25% solﬁtion, to one part acorns, 4 parts
of distilled water were added. These were blended for 5
minutes in the Waring Blendor. The mixture was then poured
into a bottle and later was filtered and the resulting emul-
slon was stored in a sterile bottle in the refrigerator.

The same procedure was followed for the 12i% solu-
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tion except that to one part acorns was added 8 parts of
distilled water and for the 6%% solution, to one part acorns
was added 16 parts water.

In preparing the emulsions from the meaty parts of
the acorns; the acorns were shelled and the shells were saved
for later use. The meaty parts were weighed and for a 25%
solution, 1 part acorns to 4 parts water were mixed in the
Waring Blendor for 5 minutes. For a 123% solution, 1 part
acorns to 8 parts water were used and for a 6&% solution, 1
part acorns to 16 parts water were used.

These mixtures were filtered and the filtrate was
stored in the refrigerator until time for use.

The emulsions of the hulls followed the same pro-
cedure for the 25%, 123%, and 6%% solutions.

Solutions of only one part of one varlety of acorn
were made up and used on each run of plates., (i.e. Quercus

alba meaty parts or Quercus rubra hulls, etec.).
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24+ | 24+ | 24+ 24 |24+ |24+
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257 20+ | 24+ | 244 1! 24t |24+ | 24+
Flato B N N N | 24+ | 24+ | 24+ N N N 2i+ 2ff+ 5
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Flato B 2241 22+ | 224 | 23+ | 23+ | 23+ 224 | 22+ | 224 123+ |23+ |2 E
23+ 23+ | 23+ | 22+ | 22+ | 22+ 22+ | 22+ | 22+ |22+ |22+ |22+ &
Hlato A 23+| 23+ | 23+ | 22+ | 22+ | 22+ 23+ | 23+ | 23+ |22+ |22+ |22+
63% 23+| 23+ | 23+ | 22+ | 22+ | 22+ 23+ | 23+ | 23+ | 22+ | 22+
flato B 23+ 23+ | 23+ | 224+ | 224 | 22+ {1 23+ | 23+ | 23+ 122+ |22+
Control A 0 0 0 0 0 0 0 0 0 0 0
X
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| i i
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Flato B N N N N N N N N N N N
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CHART III C



Description of Results

| In each series of experiments on acorns, prepa-
ration of emulsions were made from the meaty parts first,
then hulls and then whole acorns. This procedure was fol-
lowed for all species tested. The meaty parts were taken
from the acorn and the hulls retained because the meaty
paerts would have dried out but the hulls could be retained
with no less of value.

Six runs of the experiment were made of each
specles of acorns. Two on the meaty parts, two on the hulls,
and two on the whole acorn. In the process of each run of
each experiment, observations were made and measurements were
recorded on prepared data sheets, at the end of 24, 48, and
72 hours. Observations were made to determine the stimula-
tion (presence of increased bacterial growth) or inhibition
(gbsence of or decreased bacterial growth) around the filter
paper discs. This was done by comparing the experimental
plates with the controlled plates.,

Control plate A was a plate of sterile agar which
showed no bacterial growth.

Control plates B were plates of agar innoculated
with E. coll in one and 8. aureus in the other, and on which
were placed filter paper discs dipped in distilled water.
These controls showed normal growth of bacteria.

Normal growth was indicated by a resemblance of
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bacterial growth in the experimental plate as compared to
control B where there was an equal distribution of growth
of bacterla throughout the plate.

Stimulation was determined by an increase of bac-
terial growth around the discs of the experimental plates
when compared to control plate B,

Inhibition was indicated when the area around the
discs of the experimental plate was similar In appearance
to control plate A in which no bacterial growth took place
and the growth of bacteria outside the inhibited area was
similar to the bacterial growth in control plate B.

Filter paper discs measured 21 mm. in diameter.
Measurements of inhibition or stimulation were made through
the combined dlameter of the disc and the area around the
dise.

Chart T A is a record of the experiment done on the
meaty parts of Quercus rubra (pin oaks) which when tested
were found to have a pH value of 4.5,

Results of these experiments (chart I A) indicate
that:

1. In all plates innoculated with E. colil normal growth
of bacteria occurred,

2. In plates innoculated with S. aureus, growth varied
from normal to inhibition. Normal growth (bacteria

growing evenly throughout the plate) occurred in
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plates A and B of the 6%% solution and inhibition
occurred in plates A anﬁ B of the 12%% and 25% solu-
tions. Measurements through the diameter of the disc
and through the clear area around the diece ranged
from 22 mm., to 23 mm. in the 25% solution and was con-
stant with a measurement of 22 mm. in the 123% solu-
tlon., This seems to indicate that thére was an area
of inhibition of from 3 mm, to 1 mm, around the discs.

Chart I B is a record of the experiments with the

emulsions of the hulls of Quercus rubra (pin oaks), which when

tested showed a pH value of 7.3.

thats

Results of these experiments (Chart I B), indicate

1. In plates innoculated with E. coli growth varied

normal to stimulation. Nopmal growth occurred in
plates A and B of the 6%% solutions and stimulation
occurred in plates A and B of the 124% and 25%
solutions, Measurements through the diameter_of

the disc and thrbugh the area of stimulation around
the discs were constant with a measurement of 25 mm.
in the plates with 25% solution and varied from 23 to
24 mm. in the plates with discs dipped in 123% solu-
tions. Thils seems to indicate that there was an

area of stimulation from 1 mm. to 23 mm. around the

discs.
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2., In plates innoculated with S. aureus, growth variled
from normal to stimulation. Normal growth occurred
in plates A and B of the 6%% solution and stimula-
tion occurred in plates A and B of the 1234% and 25%
solutions. Measurements through the dlameter of
the discs and through the area of stimulation around
the disc were constant with a measurement of 25 mm.
in the plates with the 25% solution and varied from
23 to 24 mm. in the plates with discs of the 12i%
solution., Thls seems to indicate an area of stimu-
lation from 1 to 23 mm. around the discs.

Chart I C is a record of the experiment with the
emulsions of the whole acorns of Quercus rubra (pin oaks)
which showed a pH value of 4.8.

Results of these experiments (Chart I C) indicate
that:

1l. In plates innoculated with E. coli, normal growth
occurred in all plates,

2. In plates innoculated with 8. aureus growth varied
from norm2l to stimulation. Normal growth occurred
in plates A and B of the 6%% and 121% solutions and
stimulation in plates A and B of 1 run of the 25%
solutions. Measurements through the diameter of the
disc and through the area of stimulation around the

disc were constant with a measurement of 22 mm. in
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plates A and B of the second run of the experiment
with the 25% solutions. The plates of run 1 were

all normal.

A collection of data on experiments performed on
the species Quercus rubra seems to point to the following
tentative conclusions.

JA, Stimulation of E. coli occurred in the plates with
discs dipped in 123% and 25% solution of emulsions
of the hulls of these acorns.

B. All plates of the meaty parts and whole acorns
showed normal growth of E. coll.

2A, Stimulation of 5. aureus occurred in the plates
with discs dipped in 25% and 123% solutions of
emulsions from the hulls of these acorns.

B. Stimulation also occurred in the second run of the
plates with discs dipped in 25% solution of emul-
slons from the whole acorn.

C. Inhibition of S. aureus occurred in the plates with
discs dipped in 25% and 12i% solution of emulsions
from the meaty parts of Quercus rubra acorns.

D, All other plates of S. aureus showed normal growth.

Chart IT A is a record of the experiment with the

emulsions of the meaty parts of Quercus alba (white oak)

which had a pH value of 4.82.



Results of these experiments indicate that:

1. In plates innoculated with E. coli, growth varied
from normal to stimulation. Normal growth occurred
in plates with discs of the 25% solution. Stimula-
tion ocecurred in plates A and B of the 123% and 63%
solutions. Measurements through the dlameter of the
disecs and through the area of stimulation around the
discs varied from 26 mm. to 28 mm. in the plates with
123% solution and from 28 to 29 mm. in the plates of
the 63% solutions. This seems to indicate that there
was an area of stimulation from 23 to 4% mm. around
the dises.

2. In the plates innoculated with S. aureus, growth var-
fed from normsl to stimulation. Normal growth oc-
curred in plates A and B of the 25% solutions and
stimulation occurred in plates A and B of the 12}%
and 6% solutions. Measurements through the diame-
ter of the disc and through the area of stimulation
around the disecs were 25 to 27 mm. in plates A and B
of 123% solution and from 256 to 28 mm., in plates A
and B of the 6%% solutions. This seems to indicate
that there waehan area of stimulation from 2 mm, to

4 mm, around the disecs.

Chart II B is 2 record of the experiment with the
emulsions of the hulls of Quercus alba (white oak) which
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gshowed a pH value of 6.06. Results of these experiments in-

dicate that:

1. Plates innoculated with E. coli, growth varied from

2.

normal to stimulation. Normal growth occurred in
plates A and B of the 25% solutions and stimulation
occurred in plates A and B of the 124% and 6%% solu-
tions., Measurements through the dlameter of the
discs and'through the area of stimulation around the
discs varied from 24 to 25 mm. in the plates with
discs of 121% solution while a constant 26 mm. was
recorded for plates with discs of the 6%% solution.
This seems to indicate that there was an area of
stimulation from 1% to 2} mm., around the discs.

In the plates innoculated with S. aureus growth var-
ied from normal to stimulation. Normal growth oc-
curred in plates A and B of the discs dippéd in the
25% solution and stimulation occurred in plates A and
B of the discs dipped in 123% and 63% solutions.
Measurements through the diameter of the disc and
through the area of stimulation around the disc var-
led from 23 to 24 mm. in the 123% plates and was a
constant 24 mm. in the 6%% plates. This seems to in-

dicate that there was an area of stimulation from 1

mm. to 1% mm. around the disecs.

Chart II C is a record of the experiment with the



emulsione of the whole acorn of Quercus alba (white oak)
which showed 2 pH of 5.1 when tested. Results of these ex-
periments indicate that:
1. In plates innoculated with E. coli, growth was nor-
mal in all the plates.
2. In plates innoculated with S. aureus, growth was

normal in all the plates.

A collection of data on experiments performed on the
species Quercus 21ba seems to point to the following tentative
conclusions.,

1A, Stimulation of E. coll occurred in the plates with
discs dipped in 12% and 6&% solutions of emulsions
of the meaty parts.

B. Stimulation of E. coli occurred in the plates with
discs dipped in 12} and 6%% solutions of the emul-
slons of the Hhulls,

Q
@

All other plates of E. coli showed normal growth.
2A., Stimulation of S. aureus occurred in the plates
with discs dipped in 121% and 631% solutions of emul-
sions from the meaty parts.
B. Stimulation of S. aureus ocecurred in the plates with
discs dipped in 12}% and 63% solutions of emilsions
of the hulls,

C. Normal growth of S. aureus resulted in 2ll other

plates.
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Chart III A is a record of the experiments with

emulsions of the meaty parts of Quercus virginiana (live

0ak) which showed a pH value of 3.85. Results of these ex-

periments indicate thats

1.

In plates innoculated with E. coli, growth varied
from normal to stimulation. Normal growth occurred
in plates A and B of the 25% solution and stimula-
tion occurred in plates A and B of the 12%% and 6%%
solution. Measurements through the diameter of the
discs and through the area of stimulation around the
discs were constant with a meagurement of 22 mm., for
the plates with discs of the 123% solution and var-
ied from 22 to 23 mm. in the platesof 6%% solutions.
This seems to indicate that there was an area of
stimulation from 2 mm. to 1 mm. around the disecs.

In plates innoculated with S. aureus, growth showed
stimulation throughout the plates. Measurements
through the diameter of the dises and through the
area of stimulation around the disc were constant
wlth a measurement of 24 mm. in plates with discs of
the 124% solution. Plates with discs of the 6%%
solutions showed a constant 22 mm. This seems_to in-
dicate that there was an area of stimulation from %

mm., to 1} mm. around the disecs.

Chart III B is a record of the experiments with the



emulsions of the hulls of Quercus virginiana (live oak)
which showed pH value of 5.5. Results of these experiments
indicate that:s
1. In plates innoculated with E. coli, growth was nor-
ﬁal throughout the experiment.
2. In plates innoculated with 8. aureus, growth was

normal throughout the experiment.

Chart III C 1s a record of the experimentswith
emulsions of the whole acorn of Quercus virginiana (live
oak) which showed 2 pH of 5.6. Results of these experiments
1n@icates thats

1. In plates innoculated with E. coli, growth was nor-
mal throughout the experiment.
2. In plates innoculated with S. aureus growth was nor-

mal throughout the experiment.

Collection of datg on experiments performed on the
specles Quercus virginiana seems to point to the following
tentative conclusions:

1A, Stimulation of E. coli occurred in the plates with
discs dipped in the 12%% and 6%% solutions of emul-
slons of the meaty parts of these acorns.

B. All parts of the hulls and whole acorns showed nor-

mal growth of E. coli.

2A. Stimulation of S. aureus occurred in the plates with
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discs dipped in 25%, 123% and 64% solutions of the
emulsions of the meaty parts of these acorns.
B, All parts of the hulls and whole acorns showed nor-

mal growth of S. aureus.
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DISCUSSION OF RESULTS

Basic Principles of Antibiotics
E During the past 15 years, great strides have been

made in the discovery and development of antibloties. It
has been definitely established that a number of organisms
are capable of producing substances which have the power of
inhibliting the growth of other organisms or even of killing
them. These substances are known as antibiotiecs. Some an-
tiblotics attack largely the Gram positive and to a very
limited extent the Gram negative bactéria; others may inhib-
1t certaln bacteria of each of these groups and not act at
all against others.17

Some organisms produce more than one antibiotic
and some antiblotics are produced by more than one organism..

Experiments and observations have proved that fac-
tors of stimulation may be present in plant tissues along
with the inhibitory factors and it is regarded possible that
the inhibitory factor may lose its potency as it penetrates
the agar and that it may reverse its action.ll

It has also been proved that there are considerable
differences in potency of these inhibitory and stimulative
factors in their action against bacteria,1l

In 1ight'of these basic principles that have been
established concerning antibiotics and stimulating factors of
plants, the study supports two main pointss
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l. There are substances in plants that have the power
of inhibliting the multiplication of other organisms,

2. There are substances in plants along with the in-
hibitory factors that have the power of stimulating

the growth of bacteria.

Evidence as Shown by Data

Experiments were run on 3 specles of acorns to
determine whether the meaty parts, hulls or whole acorns pos-
sess factors of inhibition. Experimentation and observation
revealed that of the three species llisted, emulsions of ﬁeaty
parts of acorns of Quercus rubra (pin ozks) in 25% and 12%%
solutions, had the power of inhibiting the multiplication of
the Gram positlve S. aureus.

Experiments and observations also revealed that of
the three specles tested emulsions of hulls of acorns of
Quercus rubra (pin oaks) in 25% and 121% solutions had the
pover to stimulate the growth of Gram negative E. colil and
Gram positive S. aureus. Emulsions of the whole acorn of
Quercus rubra of 25% solution had the power to stimulate
Gram positive S. aureus on the second run of the experiment.
In comparing the area of stimulation on this run with the
area of gtimulation on the runs of the hulls, the area seemed
very negligible,

In comparing data on the three charts dealing with

the meaty parts, hulls and whole acorns of Quercus rubra the
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stimulative power atiributed to the whole acorn on the 2nd
run may have been due to the loss of inhibltory power of
the meaty portion due to dryness of that part, or it may
have been due to a faulty technigue in experimentation.

Experiments and observations on Quercus alba
emulsions of the meaty parts and hulls revealed that 12i%
and 61% solutions had the powér to stimulate the growth of
Gram negative E. coli and Gram positive S. aureus. These
data reveal that no stimulation or inhibition took.place in
25% solutions of the hulls or meaty parts of Quercus alba.

Data secured from experiments and observations on
Quercus virginiana emulsions of the meaty parts of acorns re-
vealed that the 12i% and 6%% solutions had the power to stim-
ulate the growth of Gram negative E. coll and Gram positive
S. aureus; and that the 25% solution had the power to stim-
ulate the Gram negative S. aureus bacteria.

The solutions of these emulsions tested from a pH
of 3.85 to a pH of 7.3 which was a range from acid (below 7)
to slight alkalinity (above 7). No pattern of consistency
could be seen in the relationéhip of the pH value of the
solutions and the effect of the solutions on the growth of
bacteria. The solution which showed inhibition had a pH
value of 4,5, while these solutions that showed stimulation
ranged from 3.85 to 7.3. Those that showed normal growth
ranged from 4.8 to a pH value of 5.5.
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Exceptional 2nd Opposing Theories
Data revealed certain exceptions that might be ex-
plained by contrasting theories. \

1. In Q. alba stimulation took place in the two lesser
concentrated solutions (12%% and 63%) and did not
oceur in the more concentrated (25%) solution.

2. In Q. virginiana stimulation of E. coll took place
in the two lesser concentrated solutions (123% and
6&%) gsolutions but not in the more concentrated
solution. In contrast to this, stimulation of S.
aureus took place in all three solutions but the

higher the concentration the greater was the stimu-

18.1:.101‘1.

Theee contrasting data may be harmonized by re-
viewing and explaining the theories which support them.

Lucas and Lewislt)cited Boas who calls attention
to the theory that stimulative principles may be present in
plant tlssues together with the inhibitor and that 1t is re-
garded possible that the inhibitor as it penetrates the agar
becomes dilute to such an extent that it reierts action.
Another explanation may be that the power of stimulation in
the less concentrated solutions is probably accounted for in
that, if an inhibitory factor i1s present, it may become more
dilute in the lesser concentrated solutions 2s it penetrates

the agar thus freeing the stimulating factor to act.
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Sanders and Weatherwax'sl# work on 150 plantse
seems to support the theory that if the plant has any stimu-
lative factor at all, the higher the concentration, the
greater the stimulation. Data secured from the experiment
of the meaty parts of the acorn of Quercus virginiana seem
to reveal that the lesser the concentration of the solutlons,
the greater the stimulative effect on Gram negative E. coli;
but that the higher the concentration of the solution, the
greater the stimulative effect upon Gram positive 5. aureus.
Thils reverse 1in reaction may be explained by attempting to
harmonize the two contrasting theorles in the following man-
ner.

1. That a plant may contsin both inhibitory and stimu-
lative factors.

2. That the stimulating factor may act upon Gram posi-
tive and not act upon Gram negative.

3. But, that the inhibitory factor which may act on
Gram negative might lose its power as the solutlon
becomes less concentrated as the factor penetrates
the agar causing a reversal of action which results
in stimulation.

These observations may explain why normal stimu-
lation occurs in S. aureus and reverse stimulation occurs
in E. coli when they come in contact with emulsions of the

meaty parts of Q. virginiana. (S. aureus showed more
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stimulation from the stronger solutions while E. colil showed
more stimulation from the 6% solution than from the 123%

solutions).

Comparison of Results

_.‘-.‘Tﬁis work.comparea favorably with the works of
others., ©Banders and Weatherwax in testing 150 plants found
15 with an inhibitory factor which showed some degree of in-
hibltory activity against one of both test organisms. They
state however, "that no sample has been encountered which
gave exceptionally high value".? In this study only one
part of one species (meaty parts of Q. rubra) in 25% and 12i%
solutions showed inhibitory effects on only one part of one
specles of bacteria (S. aureus) and they did not show a large
area of inhibition.

Lucas and Lewislo

report, "very often a definite
stimulation of the test organisms was observed". Sanders and
Weatherwas report that "In many instances a very marked stim-
ulation of growth of the test organism was evidentﬁ. This
study reveals that stimulation occurred in the 25% and 12i%
solutions of emulsions of the hulls of Q. rubra against both
types of bacteria and that 123% and 6%% solutions of meaty
parts of Q. virginiana (live oaks) shbwed stimulation against

both E. coli and S. aureus bacteria, and the 25% solution

showed stimulation against only the S. aureus bacteria.
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SUMMARY AND CONCLUSIONS

The major purpose of this study was to determine
whether emulsions from the hulls or meaty parts or whole
acorns, of the three varleties will inhibit or stimulate
the growth of 8. aureus and E. colil bacteria. This in-
volves five minor problems: 1. What variety of acorns pos-
sesses this or these factors? 2. What part of the particu-
lar variety of acorns (maaty; hulls or whole) possesses the
factor? 3. What concegtration of the emulsion is effective?
4 a, Wﬁat particular bacteria is affected? 4 b, Is the af-
fected area measurable? 5. What implications does this study
have upon human welfaré and disease related to bacteria?

In light of the study thece are the results appli-
cable to the major and minor problems involved in the study.

1. Quercus rubra possessed an inhibitory factor as well
as a stimulative factor. The meaty part of Q. rubra
possessed the inhibitory factor in the 25% and 123%
solutions while the hulls revealed the presence of
the -stimulative factor in the 25% and 12}% solu-
tions. The 25% and 123% solutions of the meaty parts
of Q. rubra affected the Gram positive S. aureus
while the 25§ and 123% solution of the hulls affected
both the Gram positive S. sureus and Gram negative

E. coli (these results are indicated in Charts I A,
B, and C).
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2. Quercus alba possessed stimulative factors in the
123% and 63% solutions of the emulsions of the
meaty parté and in the 12%% solutions and 6%% solu-
tions of the emulsions of the hulls. These solu-
tions affected the Gram positive S. aureus and the
Gram negative E. coll but the area of stimulation
in E. coli was about 1 mm. greater in each case
than the area of stimulation in S. aureus (Charts II
A, B, and C). |

3. Quercus virginiana possessed a stimulative factor
only 1in the meaty parts. The factor affected the
Gram positive S. aureus in the 25%, 123% and 63%
solutions while the Gram negative E. coli was éf—
fected only by the 123% and the 63% solutions while
the Gram negative E. coll was affected only by the
124% and the 63% solutions.

4, Where areas oflinhibitions and stimulation were in-
dicated, they were measured in terms of millimeters.

5. The study 1s far from conclusive. The results do
indicate that further study 1s necessary to produce
any significant findings that might have some effect

upon human welfare and disease as related to bac-

teria.
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