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INTRODUCTION 

Origin and Nature of the Problem 

The history of medicine discloses that plant drugs 

ha ve been u sed in all parts of the world as folk remedies , 

for many centuries . 

Some of these drugs have been accepted for medici

nal use by the medical profession while many have been dis

regarded because it was felt that their use was based more 

on supers tition than on a ccura te and dependable infor mation 

col lectep in regar d to their therapeutic effects . 

The production of penicillin, and its applica tion 

in use against disea ses caused by bacteria and viruses , in 

1941 , focused the a ttention of many scientists, interes ted 

in plant biology , upon the study of the effects of plant 

substances on the prevention and cure of disea ses caused by 

bacteria and viruses . 

Work with plant seeds , juices, s tems and roots has 

been done by many persons in the field . Among these a re 

Lucas and Lewis 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 juices from various parts of the pea plant. 

Unpublished liter a ture, concerned with a study of 



the inhibitory effects of a corns against bacteria, under

taken by members of the Department of Natural Science, a t 

Pra irie View A. & M. College may be used as a basis for 

formulating a hypothesis that there is a possibility that 

some species of acorns may contain inhibitory factors. 

Review of Important Literature £ill the Subject 

2 

The f a ct that some plants can produce f actors that 

inhibit the growth of ba cteria has been thoroughly established 

by studies made since 1941. These studies ha ve revea led a 

numbe r of interesting results. Some of these valuable and 

indispensible results which a re rela ted to the problem are 

brought in review and summarized below. 

Ratclifr11 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 l aboratory a t St. Mary 's Hospital in 

London, while working on this problem, an acc idental 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 a ir and oftentimes con

tamina tion set in. He noticed that around a l a r ge colony of 

a 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 pen1-

cillium family. He then tested other va rieties of mold but 

none except the descendents of his first colony proved so 

amazing . 

The publication by Epstein and Will1ams6 tells of 

the next glowing s teps in this fight against disease. The 

next outstanding work came with the work of Sir Howard 

Florey of the Sir William Dunn School of Pathology, 1n 

Oxford, England . He started a study of Fleming's penicillin 

in 1938 and reported his findings in Lancet in 1940. The 

report concludes that peni cillin had proved active in vivo 

against at least 3 of the substances which it has inhibited 

in the test tube experiments. He stated further that peni

cillin did not seem to be rela ted to any chemica l substance 

then being used, and tha t it was very successful against the 

anaerobic organisms of gas gangrene. 

This l a st 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 

1t. 
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Waksman , 18 reporting on the characteristic proper

ties of antibiotic agents , states that some l a rgely affect 

Gram positive and to a very limited extent Gram negative 

bacteria , while others may inhibit cer tain bacterial agents 

of each of these g roups and act to a limited extent against 

others . He a l so s t a t es t hat anti bioti c substances may vary 

grea tly in their chemica l na ture , in t he ir mode of action 

upon bacteria, in their toxicity to ani mals , and in their 

in vivo versus their in vitro activity . Some a re destroyed 

by boiling, by exposure to light and by passage thr ough 

various filters , whereas others are resistant to heat and 

to ultra violet rays . 

The work done by Lucas and Lewis,10 on the inhibi

tory factors found in the r oot systems of plants , mentioned 

in the folklore of numerous countries , disclosed tha t the 

inhibition of Gr am positive organisms is mor e pronounced 

than that of Gram negative. They also disclose that i n ad

dition to the i nhi bit ory effects of eome p l ant extracts , a 

peculiar phenomenon of di sturbed growth and very often of 

definite stimulation of the te s t organism was ob s er ved. 

In their work the activity of plant extracts and 

their concentrates was tested by a method " similar to one 

described by Sherwood e t. a l. , whi ch was a modification of 

the plate assay described by Brit ish workers in connection 

with peni cillin research." They found a simi lar ity of anti-
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b1cterial action throughout a genus . However, considerable 

differences in the potency of the a ctive principle were 

within genera and even species . 

In a similar art icle by Sanders and Weatherwax , 13 

juice of plants or particular parts of them, obtained by 

the Carver press me thod, was tested for inhibitory activity 

against Bacillus subtilis and E . coli using the Oxford Cup 

technique. 

Of 150 specimen tested only 15 showed some degree 

of inhibitory activity against one or both te st org~nisms. 

Of these no sample had been encountered which gave ex

ceptionally high values . The most promising was the extra ct 

from the common rag- weed (Ambrosia elatior), although this 

was not true of the giant rag-weed (Ambrosia trifida) . In 

many instances they found a very marked stimulation of the 

test organism. 

The work of Little and Grubaugh , 8 with juice of 

leaves and stems of plants obtained by a screw press and 

assayed against s. aureus and E . coli, disclosed that these 

juices were much more active aga inst the Gram negative 

organisms than against the g r am positive Staphylococcus 

aureus . 

The work done with the water chestnut, by Cheng , 

Cheng , Cheng and Tong4 with the ring test method, showed 

positive results withs . aureus, E. coli, and Aerobacter 
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aerogenes. Bac illus gr aviolus was not a ffected . The active 

principal has been des i gnated as 11 puchun11 from the Chinese 

characters for E . lecha ris tuberosa . 

An a rticle on pr ocedure produced by the Society of 

Experimental Biology and Medicine,17 suggests a thick filter 

paper disc saturated with the substance for easier handling. 

As S. aureus tends to produce a somewhat granul a r growth in 

nutrient broth, a peptone broth as the seeding med ium was 

suggested to g ive a mo r e even seeding of the test plates . 

Hobby has critic ized the plate method as having 

d i sadvantages a ris ing from d i s crep~nc ie e in t he depth and 

dryness of the agar. lewis and Lucas made an attempt to 

control t hese f a ctors by the use of a stabilized culture 

adapted to the seeding med ium and through a mo re complete 

s t andardization of the preparation and treat ment of the 

seeded plates . 

They suggest a l so that the plates be incubated , 

not inverted, but placed on wooden blocks to avoid excess 

condensation. 

Freiden•s7 report on the nature and action of ant i

biotics, defines an antibiot ic as 11a chemical substance pr o

duced by one or mor e less selective anti microbial propert i es 

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 a re 

pla ced on agar pla tes , innoculated with a suitable micro

organism (usually S. aureus), so as to form a liquid tight 

sea l between the a gar and the cylinder. The solution to be 

tested is pla ced in the " cup" and after incuba tion it is 

found tha t a circular area , in which no growth has occured, 

surrounds the cylinder. This method is convenient and suf

ficiently reliable for many purposes . 

Object of~ 

The objectives of this study may be sta ted in the 

following manner . 

1 . To provide an opportunity for the writer to get ex

periences in appl ying the scientific ~ethods to a 

problem which challenged the writer' s interest and 

stimula ted her need for further study . 

2 . To provide opportunities to develop skills of re

search through techniques involving inves tiga tion, 

experimentation, observation and the recording of 

results . 

3. To give the writer an opportunity to develop a more 

expanded a nd more harmonious outlook upon problems 

related to the field of biology . 

4 . To see ,1ha t effect the emulsions have on the two 

species of ba cteria (E. coli ands. aureus) . 

5. To provide an opportunity to develop a capacity for 
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mee ting and solving problems independently . 

A survey of the scientific litera ture dealing with 

antibiotic substances produced from pl ants revea ls tha t 

certain plants can produce inhibitory or lethal f~ctors 

which affect certa in viruses and bacteria . These studies 

indica te the need for additiona l resea rch on what ha s been 

done and research on pl ~nts that have not been previously 

tested . For these reasons it is apparent t hat there is a 

n eed for a study to determine the effects of emulsions of 

a corns of t hree types (Quercus virg iniana, Quercus rubra and 

Quercus alba )14 on two specific types of bacteria (Staphy

lococcus aureus and Escherichia coli) . 

The major pur pose of this study was to determine 

whether emulsions from the hulls or meaty parts or whole 

acorns , of the three varieties will inhibit or stimula te the 

g rowth of s . aureus a nd E. col i bact eria . This involved 

five minor problems : 

1. What va riety of acorns possesses this or these 

factors? 

2 . What pa. rt of the particular variety of a corn (meaty , 

hulls, or whole) possesses this or these f a ctors? 

3. What concentration of the emulsion i s e f fective? 

4a. What pa rticular bacteria is affected? 

4b. Is the affected a rea measurable? 

5. Wha t implications does this s tudy ha ve upon human 
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welfare and diseases relat ed to b1cteria? 

This study i s li~ited to the use of three species 

of acorns , white oak (Quercus alba ), pin oak (Quercus rubra) , 

and live oak (Quercus virginiana) . The criteria used in 

selection of the species were availability , adequacy , and 

productivity . Theee species of acorns are usually available 

for study by anyone in the South,-,estern part of the United 

States; They are usually produced in adequate amounts each 

yea r so that continued study may be carried on if desired; 

Their substances are of such bulk that emulsions can easily 

be made . The two types of bacteria were chosen because they 

are available at scientific supply houses and can be readily 

secured at any time ; they are adequate for an experiment of 

this type because they are representative of the Gram posi

tive (St~phylococcus aureus) and of the Gram ne~ative 

(Escherichia coli ) types of bacteria . They have a rate of 

productivity tha t will lend itself to an experiment of this 

type . 

Definitions 

"E 1 1 11 mus ons as used here refers to minute particles 

of the substance dispersed throughout distilled water . 

"Inhibition" i s the act of checking or restraining 

the action of an org~nism. 

"Stimulation" is the act of exciting or increasing 
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the functiona l activity of an org~ni sm. As used here , in

creased growth will result . 

An "ant ibiotic substance" is a substance produced 

by certain organisms and is employed against infections 

caused by other organisms . 2 

Time~ Pla ce of Work 

Interest began to develop in t his work in Septem

ber 1953, when the writer began to make observations through 

a r eview of the litera ture. The problem area was definitely 

formul1ted by December, at which time the writer began col

l e cting materia ls which were to be used in the study . 

Experiment ation began early in March 1954. All 

l abo ratory work was carried on in the Natura l Science Build

ing in the biology preparatory l a boratory . 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 Blender, a refrigerator, suc

tion filter, scales, a platinum loop, petri dishes , culture 

tubes, pipettes, test tube racks, t est tube baskets, graduat

ed cylinders, absorbent cotton ,. Bunsen burner , filter paper, 

discs (filter paper), forceps, jars, wax mar king pencil ,. and 

a ruler marked in millimeters. 

Materials used were peptone broth, nutrient agar , 

emulsions from the three species of acorns , the t\-/o types of 

bacteria and distilled water. 

Procedure 

Different concentrations of the emulsions \·Tere made 

eeparately from the meaty parts , the hulls , and the whole 

acorn of the three species by blending each with distilled 

v,ater in the Waring Blendor for five minutes . The 25% solu

tion was made by blending l part (1 gram ) acorns to 4 parts 

(4 ml.) of distilled water; the 121% solution was made by 

blending 1 part acorns with 8 p~rts distilled water; and the 

6¼% solution was made by blending 1 part acorns to 16 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 . coli were 
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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 innoculated broth and thoroughly mixed by rolling the 

tes t 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

sion used and type of bacter i a it had been innocula ted with. 

The agar was then a llowed to harden. 

Filter paper discs , 21 mm . i~ diameter , were d i pped 

in dist illed water for the control plat es seeded with bac

teria (one seeded with E . coli and one seeded withs . aureus) . 

Control pl ::1,tes thus prepared were designa ted Control N. Con

trol A contained s t erile agar and h1d no filter paper d i scs . 

For the remainder of the plates , discs were dipped in 25%, 

12½%, and 6¾% solutions of the emulsion. Two p l ates were 

run of each strengt h for each type of bacteria (4 pl ~tes of 

25%, 4 plates of 12½%, a nd 4 plates of 6¼%. Two of each 

group were seeded with E. coli and two of each group were 

seeded withs . aureus ). 

The filter paper d i scs we r e d i pped 1nto the fil

tra te and gently shaken to remove the excess f iltra t e before 

being p l a ced on the hardened agar . Care was taken to see 

that the discs were not smeared over the sur face of the aga r 

but were dropped i nto pl a ce . Two discs wer e p l a ced on each 
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plate . The pl a tes were then placed in the incubator a t 37°c . 

for 24 hour s . The tops of the petri dishes were supported on 

¼" corks t o prevent mois t u re from col l ecting on the covers of 

the plates. 

The p l a tes were observed and measured with a ruler 

marked 1n mm. a t 24 , 48 and 72 hour s . Measurements were made 

of the zones a round the d i scs , and the measurements were re

corded 1n millimeters. 
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EXPERD1ENTS AND RESULTS 

Description of the Experiment 

In order to set up this experiment it was neces

sary to first prepare materials necessary for it . The cul

tures of ba cteria were prepared in the following manner : 

The stock c1.tl tures of E. coli and S . aureus , which were 

purchased from a biological supply house, had to be trans

planted to six tubes of agar slants. The se slants were 

prepared as follows : 

11½ grams of nutrient agar were suspended 1n 125 

cc. of distilled water and allowed to stand a few minutes . 

This mixture was placed over heat and allowed to boil for 

two or three minutes , care being t aken to see that it did 

not burn. The mixture was then measured so that each test 

tube contained 2 11 of media . The t ubes were plugged with 

cotton and were placed 1n 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 were then removed 

and laid 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 a fter each 1nnoculation. The mouth of the test tube 
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was flamed just after the cotton was removed and a loop of 

the culture was p icked up on the innocula ting needle . The 

mouth of the tube was flamed aga in and the cotton reinsert

ed. The tube conta ining the fresh slant was flamed on 

opening and the bacteria was smeared over the surface of 

the slant. The tube was flamed and the cott on was rein

ser ted. As each transplant was made the tube was l abeled 

with the type of ba cteria. and the date the transplant was 

made . 

These 11 p l anted11 tubes were p l aced in the incuba

tor and all owed to grow for 24 hours . They were then stored 

in the refrigerator. 

The next step was to prepare a br oth for seeding 

that would be suitable to mix with the agar plates. 

The broth was prepared by suspending 2 gr ams of 

nutrient broth in 250 cc. of d i s tilled water. The mixture 

was thoroughly heated and 15 cc. of the mi xture was placed 

in each tes t tube. The test tubes were plugged with cotton 

and sterilized in t he autoclave a t 15 pounds of p ressure for 

15 minutes. 

Bacteria was t aken from the slants and i mplant ed 

in the broth by the innoculating needle 11 loop method" de

scr.ibed above. The tubes of broth were p l aced in the in

cubator for a 24 hour growth period . 

The next step was to prepare t he agar which was 



16 

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, boiled 

and measured out so that each of 16 test tubes contai ned 

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 all owed to cool until they could be held 

comfortably i n the hand . 

The 24 hour old broth of S. aureus was taken up 

into a sterile p i pette and 1 cc. was extruded into each of 

seven of the tubes containing ster ile agar. Each tube wa s 

rolled between t he hands t o thoroughly mi x the bacteria with 

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 prepar e the a corn emulsions . 

The acorns were prepared in the following manner. The whole 

acorn was cracked a nd weighed and placed in t~e Waring 

Blendor. For the 25% solution, to one part acorns, 4 parts 

of distilled water were added . These were blended for 5 

minutes in the Wa ring Bl ender. The mixture was then poured 

into a bottle and l a ter w~s f ilt ered and the resulting emul

sion wa s stored in a sterile bottle in the refrigerator. 

The same ~rocedure was followed for the 12-}% solu-
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tion except that to one part acorns was added 8 parts of 

distilled water and for the 6¼16 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 12½% solution , 1 pa rt 

acorns to 8 parts water were used and for a 6¼% solution, 1 

part acorns to 16 parts water were used. 

These mixtures were filtered and the filtra te was 

stored in the refrigerator until time for use . 

The emulsions of the hulls followed the same pro

cedure for the 25% , 12½%, and 6¼% solutions . 

Solutions of only one part of one variety of acorn 

were made up and used on each run of plates . (i.e. Quercus 

alba meaty parts or Quercus rubra hulls , etc .). 
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Description of Results 

In e~ch series of experiments on a corns, prepa

r ation of emulsions were ma.de from the meaty parts f1rst, 

then hulls and then whole a corns. This procedure was fol

lowed for all species tes ted. The meaty parts were t ~ken 

from the a corn and the hulls reta ined because the meaty 

parts would have dried out but the hulls could be retained 

with no less of value . 

Six runs of the experiment were made of each 

species of acorns . Two on the meaty pqrts , 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 . Observa tions were made to determine the stimula

tion (presence of increa sed bacterial growth ) or inhibition 

(absence of or decrea sed bacterial growth ) around the filter 

paper discs . This was done by comparing the experimental 

pla tes with the controlled plates . 

Control p l a te A was a plate of sterile agar which 

showed no bacterial growth. 

Control pla tes B were plates of agar innocula ted 

with E . coli in one ands. aureus 1n the other, and on which 

were placed filter paper d1scs dipped in d istilled water . 

Thes e controls showed normal g rowth of b~cteria. 

Normal growth was indica ted 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 g rowth 

of bacteria 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 g rowth took place 

and the growth of bacteria outside the inhibited area was 

simila r 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 diameter of the disc and the area a round the 

disc . 

Chart rA 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. coli normal growth 

of bacteria occurred. 

2 . In plates innoculated withs . aureus, g rowth 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 6¼% sol ution and inhibition 

occurred 1n plates A a.nd B of the 121% and 25% solu

tions . Measurements through the diameter of the disc 

and through the clear area around the d i scs ranged 

from 22 mm. to 23 mm. in the 25% solution and was con

stant with a measurement of 22 mm . in the 12½% solo. ... 

t1on. Thi s seems to indica te that there was an a rea 

of inhibition of from½ mm . to l mm. around the discs . 

Chart I Bis a record of the experiments with the 

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

te~ted showed a pH value of 7 . 3. 

Results of t hese experimente (Chart I B ), ind ica te 

that : 

1 . In plates innocula ted wi th E . coli growth va ried 

normal to stimulation. No~mal growth occurred in 

plates A and B of the 6¼% solutions and stimulation 

occurred 1n p l a tes A and B of the 12½% and 25% 

solutions . Measurements through the diameter of 

the d isc and through the a rea of stimulation around 

the discs were constant with a measurement of 25 mm . 

in the pl.ates with 25% solution and varied from 23 to 

24 mm . in the plates with d iscs dipped in 12½% solu

tions . This seems to indicate that there was an 

a rea of st imula tion from 1 mm . to 2½ mm . around the 

discs . 



2. In plates innoculated with S. aureus, growth va ried 

from normal to s timulation. Normal growth occurred 

in pl a tes A and B of the 6¼% solution and s timula 

tion occurred in pl a tes A and B of the 12½% and 25% 

solutions . Measurements t hrough the diameter of 

t he discs and through the area of stimula tion around 

the disc were constant with a measurement of 25 mm. 

in the pla tes with the 25% solution and va ried from 

23 to 24 mm. in the pla tes with discs of the 12l% 
solution. This seems to indicate an area of stimu

l a tion from 1 to 2½ mm. a round the discs . 

Chart IC is a r ecord 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 IC) indica te 

that: 

1 . In plates innocula ted with E. coli, normal growth 

occurred in all pl~tes . 

2. In pl a tes innocula ted with S. aureus growth varied 

from norma l to stimulation. Normal growth occurred 

in pla tes A and B of the 6¼% and 12½% solutions and 

stimulation 1n pl~tes A and B of 1 run of the 25% 

solutions . Measurements through the d iameter of the 

disc and through the area of stimulation a round 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 . 

lA . Stimulation of E. coli occurred 1n the plates with 

discs dipped in 12½% and 25% solution of emulsions 

of the hulls of t hese acorns . 

B. All plates of the meaty parts and whole a corns 

showed normal growth of E. coli. 

2A. Stimulation of s. aureus occurred in the plates 

with discs dipped in 25% and 12½% solutions of 

emulsions from the hulls of these a corns. 

B. Stimulation also occurred in the second run of the 

plates with discs dipped in 25% solution of emul

sions from the whole acorn . 

C. Inhibition of S. aureus occurred in the pla tes with 

discs dipped in 25% and 12½% solution of emulsions 

from the meaty parts of Quercus rubra acorns . 

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

Chart II A i s 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 experi ments indicate t hat : 

1 . In plates 1nnoculated with E . coli , growth varied 

from normal to sti mulation . Normal g r owth occurred 

in plates with discs of the 25% solution. Stimula

tion occurr ed 1n p l ates A and B of the 12½% and 6¼% 
solutions. Measurements thr ough the d i ameter of the 

discs and thr ough the a r ea of stimulation a r ound the 

discs varied from 26 mm. to 28 mm. i n the plates with 

12½% sol ution and from 28 to 29 mm. i n the plates of 

the 6¼% solutions. This seems to indicate that there 

was an area of stimulation from 2½ to 4½ mm. around 

the discs . 

2 . In the plates innoculated withs . aureus , g r owth var

ied from normal to stimulation. Normal growth oc

curred in plates A and B of the 25% solutions and 

stimulation occurr ed in pl ates A and B of the 12!% 

and 6¼% solutions . Measurements thr ough the diame

ter of the disc and through the area of stimulation 

around the discs were 25 to 27 mm. in plates A and B 

of 12i% solution and from 26 to 28 mm . in plates A 

and B of the 6¼% solutions. This seems to indicate 

that there was an area of stimulation from 2 mm. to 

4 mm . around the discs. 

Chart II Bis a record of the experiment with the 

emulsions of the hulls of Quercus alba (white oak) which 
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showed a pH value of 6 . C6 . Results of these experiments in

dicate that: 

1. Pla tes innocula ted with E . col i , growth varied from 

norma l to stimulation. Norma l g rowth occurred in 

plates A a nd B of the 25% solutions and stimulation 

occurred i n p l a tes A and B of the 12½% and 6;% solu

tions . Measurements through the diameter of the 

discs and through the area of stimulation around the 

discs varied from 24 to 25 mm. in the plates with 

discs of 12½% solution while a constant 26 mm . was 

recorded for plates with discs of t he 6¼% solution. 

This seems to indica te that t here was an a r ea of 

stimulation f r om l½ to 2½ mm . around the discs . 

2. In the plate s innoculated with S . aureus growth var

ied from normal to stimulation. Normal growth oc

curred i n plates A and B of the discs dipped in the 

25% solut i on and s timula tion occurred i n pl a tes A and 

B of the discs dipped 1n 12t% and 6¼% solutions. 

Measurements through the diameter of the disc and 

through the area of stimulation around the disc var

ied from 23 to 24 mm. 1n the 12l% plates and was a 

const ant 24 mm . i n the 6¼% plates. This seems to in

dica te that there was an area of stimula tion from 1 

mm. to l ½ mm . a round the discs . 

Cha rt II C i s a r e cord of the experiment with the 



emulsions of the whole acorn of Quercua a lba (white oak ) 

which showed a pH of 5 . 1 when test ed . Results of t he se ex

periments indicate that : 

1 . In p l ~tes innoculated with E. coli, gr owth was nor

mal in all the plates . 

2 . In pla tes innoculated with S. aureua , g rowth was 

normal in all the plates . 

A collection of data on exper i ments perfor med on the 

species Quercus a lba seems to point to the foll owi ng tenta tive 

conclusions . 

lA . Stimulation of E. coli occurr ed in the plates with 

discs dipped in 12½ and 6¼% solutions of emulsions 

of the meaty pa rts . 

B. Stimulation of E . coli occurred in the plates with 

discs dipped in 12l and 6¼% solutions of the emul

sions of the ~ulls . 

C. All other plates of E . coli showed norma l gr owth. 

2A. Stimulation of s. aureus occurred in the plates 

with discs dipped i n 12½% and 6¼% solutions of emul

sions from the meaty parts . 

B. Stimula tion of s . aureus occurred in the plates with 

discs d i pped in 12~% and 6¼% solutions of emul sions 

of the hulls . 

C. Normal g rowth of s . aureus resulted in all other 

p l a tes . 
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Chart III A is a record of the experiments with 

emulsions of the meaty par ts of Quercus virgini ana ( l i ve 

oak) which showed a pH value of 3. 85 . Results of the5e ex

periments indicate that : 

1 . In plates innoculated with E . coli , g r owth vari ed 

from normal to stimulation. Nor mal growth occurred 

in plates A and B of the 25% solution and stimula

tion occurred in pl ates A and B of the 12½% and 6¼% 
solution. Measurements through the diameter of the 

discs and through the area of stimulation around the 

discs were constant with a measurement of 22 mm. for 

the plates with discs of the 12½% solution and var

ied from 22 to 23 mm . in the platesof 6¼% solutions . 

This seems to indicate that there was an area of 

stimulation from½ mm. to l mm . around the discs . 

2 . In pl ates innoculated with S . aureus, growth showed 

stimulation throughout the plates. Measurements 

through the d i ameter of the discs and thr ough the 

area of stimulation around the disc were constant 

with a measurement of 24 mm . in plates with discs of 

the 12½% solution. Plates with discs of the 6¼% 
solutions showed a constant 22 mm . This seems to in

dicate that there was an area of stimulation from½ 

mm . to l½ mm. around the discs . 

Ch3rt III Bis a record of the experiments with the 



emulsions of the hulls of Quercus v1r g1niana (live oak) 

which showed pH value of 5 .5 . Results of these experiments 

indica te that : 

1 . In plates i nnoculated with E . coli , growth was nor

mal throughout the experiment . 

2. In pl~tes 1nnoculated withs. aureus, growth was 

normal throughout the experiment. 

Chart III C is a record of the experiments with 

emulsions of the whole acorn of Quercus virginiana (live 

oak) which showed a pH of 5 .6. Results of these experiments 

indic9.tes t~t : 

1 . In pla tes innoculated with E . coli , growth was nor

mal throughout the experiment . 

2 . In pl a tes innoculated with S. aureus growth was nor

mal throughout the experiment. 

Collection of data on experiments performed on the . 
species Quercus virginiana seems to point to the fo l lowing 

tenta tive conclusions : 

lA. Stimula tion of E . coli occurred in the pl ates with 

discs dipped in the 12½% and 6¼% solutions of emul

sions of the meat y parts of these acorns . 

B. All ps rts of the hulls and whole acorns showed nor

mal g rowth of E. coli . 

2A . Stimula tion of S . aureus occurred in the pla tes with 
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discs dipped in 25% , 12½% and 6¼% solutions of the 

emul sions of t he meat y parts of these acorns . 

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

mal growt h o f s. aur eus . 



DISCUSSION OF RESULTS 

Basic Principles of Antibiotics 

During the past 15 years , grea t strides have been 

made in the discovery and development of antibiotics . I t 

has been definitely established that a number of organisms 

a re capable of producing substances which have the power of 

inhibiting the growth of other organ isms or even of killing 

them. These substances are known as antibiotics . Some an

tibiotics attack largely the Gram positive and to a very 

limited extent the Gram negative bacteri a ; others may inhib

it certain bacteria of each of these groups and not a ct a t 

all against others . 17 

Some organisms produce more than one antibiotic 

and some antibiotics are produced by mo re than one organism •. 

Experiments and observations have proved that f a c

tors of stimulation may be present in p l ant tissues along 

with the inhibitory factors and it is regarded possible that 

the inhibitory f a ctor may lose its potency as it penetrates 

the agar and that it may reverse its action. 11 

It has also be en proved that there are considerable 

differences in potency of these inhibitory and stimul a tive 

factors in their action against bacteria . 11 

In light of these basic principles that have been 

established concerning antibiotics and stimulating factors of 

plants, the study supports two main points : 



1 . The re a re substances in plants th~t have the power 

of inhibiting the multiplication of other organisms. 

2 . There a re substs.nces i n plants a long with the in

hibitory factors that have the power of stimula ting 

the g rowth of bac teria . 

Evidence ~ Shown .!2:l Da ta 

Experiments were run on 3 species of a corns to 

determine whether the meaty parts, hulls or whole acorns pos

sess factors of inhibition. Experimenta tion and observation 

revealed t hat of the three species lis ted , emulsions of mea ty 

parts of aco rns of Quercus rubra (pin oaks ) in 25% and 12½% 

solutions, had the power of 1nhib1tin~ the multiplication of 

the Gram pos itive S. aureus . 

Experiments and obse rvations also revealed that of 

the three species tes ted emulsions of hulls of acorns of 

Quercus rubra (pin o~ks ) in 25% and 12!% solutions had the 

power to st imula te the growth of Gram negative E . coli and 

Gram positive S . aut"eus . Emulsions of the whole acorn of 

Quercus rubra of 25% solution had the power to stimulate 

Gram pos itive S . aureus on the second run of the exper iment . 

In comparing the at"ea of sti mulation on this run with the 

area of stimulation on the runs of the hulls , the a rea seemed 

very negligible . 

In comparing dat a on the three charts dealing with 

the meaty parts, hulls and whole acorns of Quer cus rubra the 
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stimulative power attributed to the whole acorn on the 2nd 

run may have been due to the loss of inhibitory power of 

the meaty portion due to dryness of that part , or it may 

have been due to a faulty technique in experimenta tion. 

Experiments and observations on Quercus alba 

emulsions of the meaty parts and hulls revealed that 12½% 

and 6¼% solutions had the power to stimulate the growth of 

Gram negative E. coli and Gram positive S. aureus. These 

data r eveal that no stimulation or inh ibition 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 12½% and 6¼% solutions had the power to stim

ulate the growth of Gram negative E . coli and Gram pos itive 

S . aureus; and that the 25% solution had the power to stim

ula te the Gram nega tives . aureus bacteria. 

The solutions of these emulsions tee ted from a pH 

of 3. 85 to a pH of 7 . 3 which was a range from a cid (below 7) 

to slight alkalinity (above 7) . No patte rn of consistency 

could be seen in the relationship of the pH value of the 

solutions and the effect of the solutions on the growth of 

bacte ria. 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 norma l growth 

r anged from 4.8 to a pH value of 5.5. 



Exceptional and Opposing Theories 

Da t a revealed certain exceptions that might be ex

plained by contra sting theories. 

1. In Q. alba stimula tion took place in the two lesser 

concentrated solutions (12½% a nd 6¼%) and did not 

occur in the more concentrated (25%) solution. 

2. In Q. virginiana stimulation of E. coll took place 

in the two les ser concentra ted solutions (12½% and 

6¼%) solutions but not in the more concentra ted 

solution. In contrast to this, s timula tion of s. 
aureus took pla ce in all three solutions but the 

higher the concentr~tion the g rea ter waa the stimu

l a tion. 

These contra sting da ta may be harmonized by re

viewing a nd expla ining the theories which support t hem. 

Lucas a nd Lewisi·o cited Boas who calls attention 

to the theory that stimulative principles may be present 1n 

plant tis sues together with the inhibitor and that it is re

ga rded pos sible tha t the inhibitor as it penetrates the agar 

become s dilute to such an extent tha t it reverts action. 

Another expl anation may be tha t the powe r of stimula tion in 

the l ess concentr~ted solution s is probably a ccounted for in 

that, if an inhibitory f a ctor is present, it may become more 

dilute in the les ser concentra ted solutions as it penetrates 

the agar thus freeing the stimula ting factor to a ct. 
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Sanders and Weatherwax ' s14 work on 150 plants 

seems to support the theory that if the plant has any stimu

l ative factor at all , the higher the concentra tion, the 

g r eater the stimulation. Data secured from the experiment 

of the meaty parts of the a.corn of Quercus virgini ana seem 

to reveal that the lesser the concentra tion of t he solutions , 

the greater the stimulative effect on Gram negative E.coli; 

but that the higher the concentr a tion of the solution, the 

g r e~ter the stimulative effect upon Gram posi tive S. aureus . 

This reverse in reaction may be explained by attempting to 

harmonize the two contrasting theories in the following man-

ner. 

1. That a plant may contain both inhibitory and stimu

l ative factors . 

2 . That the stimulating factor may act upon Gram posi

tive and not a ct upon Gr am negative . 

3 . But , that the inhi bitory factor which may act on 

Gram negative mi ght lose i ta power as the solution 

becomes less concentrated as the factor penetrates 

the agar causing a reversal of action which results 

in s timulation. 

These observa tions may explain why normal sti mu

l ation occurs ins. aureus a.nd reverse s timulation occurs 

in E. coli when they come 1n conta ct with emulsions of the 

meaty parts of Q. v1rg1niana . (S . a.ureus showed more 
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stimulation from the stronger solutions while E.coli showed 

more stimulation from the 6¼% solution than from the 12½% 
solutions). 

Comparison of Results 

This work compa res favorably with the works of 

others. Sanders and Weatherwax in tes ting 150 plants found 

15 with an inhibitory facto r which showed some degree of in

hibitory activity against one of both tes t organisms. They 

state however, " that no sample has been encountered which 

gave exceptionally high value" . 7 In this study only one 

part of one species (mea ty parts of Q. rubra) in 25% and 12i% 
solutions showed inhibitory effects on only one part of one 

species of b~cteria {S. aureus ) and they did not show a l a rge 

area of inhibition. 

Lucas and Lewis10 report, 11ve ry 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 evident". This 

study reveals that stimulation occurred in the 25% and 12l% 
solutions of emulsions of the hulls of Q. rubra against both 

types of bacteria and that 12½% and 6¼% solutions of meaty 

parts of Q. virginiana (live oaks) showed stimulation against 

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

showed stimulation against only the s. aureus bacteria . 
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Sill1MARY AND CONCWSIONS 

The major purpose of this s tudy was to determine 

whether emulsions from the hulls or meaty parts or whole 

acorns , of the three va rieties will inhibit or s timulate 

the growth of s . aur eus and E . coli bacteria . Th i s in

volves five minor problems : 1 . What variety of acorns pos

sesses this or these f a ctors? 2. What part of the particu

lar variety of acorns (meaty, hulls or whole} possesses the 

f actor? 3. What concentr4tion of the emulsion is effective? 

4 a . What particular bacteria is affected? 4 b. I s the af

fected area measur able? 5. What implica tions does thi s s tudy 

have upon human welfare and disease related to b~cteria? 

I n light of the study these a re the r esults appli

cable to the major and mino r problems involved in the study . 

1. Quercus rubra possessed an inhibitory f a ctor as well 

as a stimulative f actor. The meaty part of Q. rubra 

possessed the inhibitory factor in the 25% and 12t% 
solutions while the hulls revea led the presence of 

the stimulative factor in the 25% and 12½% solu

tions. The 25% and 12t% solutions of the meaty parts 

of Q. rubra affected the Gram positives. aureus 

while the 25% and 12½% solution of the hulls affected 

both the Gr am positives . sureus and Gr am negative 

E . coli ( these results a re indica ted in Cha rts I A, 

B, and C). 
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2. Quercus alba possessed stimulative factors 1n the 

12½% and 6¼% solutions of the emulsions of the 

meaty parts and in the 12-¼% solutions and 6¼% solu

tions of the emulsions of the hulls . These solu

tions affected the Gram positives . aureus and the 

Gram negative E.coli but the area of stimulation 

in E. coli was about 1 mm . greater i n each case 

than the area of stimula tion i n S. aureus (Charts II 

A, B, and C) . 

3. Quercus virginiana pos sessed a stimulative factor 

only in the meaty parts . The factor affected the 

Gram positive S. aureus in the 25% , 12½% and 6¼% 
solutions while the Gram nega tive E. coli was af

fected only by the 12}% and the 6¼% solutions while 

the Gram nega tive E. coli was affected only by the 

12½% and the 6¼% solutions . 

4. Where a reas of inhibitions and stimulation were in

dicated, they were measured in terms of millimeters . 

5 . The study is far from conclusive . The results do 

indic~te that further study is ne cessary to produce 

any significant findings that might have some effect 

upon human welfare and disease as related to bac

teria . 
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