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CHAPTER I
INTRODUCTION

Since the beginning of time, both man and lower animals
have reliadfupon plant life for their subsistence. Certain
plants have been domesticated, and today an important part
of man's diet 18 composed of these. Such plants are com-
monly called garden vegetables and contain many of the vital
nutrients vhich are necessary for the survival of the human
race, 3Some Studias have been mads on many of these and some
of their constituents have been revealed, Some of these
vegatahl&aia}é;érasantly used in bacteriological culture
media; however, they are not used alone, but in addition to
other nutritional materials, This ;tudy was undertaken in
order to deéermihs whether the extracts of common garden
vegetables could be incorporated into simple, economical
culture media which might be used for the growth and eulti-
vation of at least some of the more commonly used micro-
organisms,

This investigation included the colleeting, extracting,
and testing of the vegetable extracts for microorganism
nutritive value, in vitro, of twenty-five common garden

vegetables and five mixtures containing various vegetable



extracts, For testing purposes thirty specles of miero-
organisms were éaed. In this group of test organisms there
were ten apaeia; of gram-positive and ten specles of gram-
negative b&éﬁéﬁia, two species of molds or higher fungi,
three apeeiéazéf'yeasta, and five species of actinomycetes.
The extracts of these common vegetables were incorporated
into simple culture media. A culture of each species of
organisms was transplanted thereon, incubated, the amount
of growth determined, and the results recorded.

Review of Literature

One of the most significant factors influencing bac-
terial growth is the presencs of amino acids. Steinman snd
Eagle (19&8) produced a medium upon which the nonpathogenic
Reiter strain*af treponeme could be cultivated. This medium
consisted of arginine, acetic acid, a sulfahydryl-containing
compound, crystallized serum albumin, and Brewer's thiogly-~
colate madiuhQ“ The essential component in the latter was an
enzymatic digest of easein.1 Later Steimman, Eagle, and
Oyana (1952) devised a medium which did not require the
enzymatlc casein hydrolysate. This medium consisted of

amino acids, vitamins, purines, pyrimidines, carbohydrates,

1K. Eagle and H. G. Steinman, "The Nutritional Require-~

?ggz;YZf Treponemata,” Journal of Bacterlology, LVI (1948),



inorganic lons, and crystallized albumin.z Drew and

Mueller (1951) investigated the amino acld requirements of
Goggxbacteg;%m éiggkheriaa, Toronto strain of Park-Willisms
mamber eigﬁt; They showed that excellent growth and toxin
production égulé be obtained on a medium composed of eight
amino acids, ammonium sulfate, trace metals, inorganic

salts, four accessory growth factors and maltase.B ¥hiteaide~
Carlson and Roseno {1951) determined the amino acid, vitemin,
purine, and pyrimidine, &nd mineral requirements of Leu-
sonostoe dextranicum, strain "elai" for growth in sucrose,
glucose, and fructose media, Essentizl amino acids were
glutamic acid, valine, threonine, tryptophane, and histi-
dine.h Pratt (1952) described a medium contalning glucose,
Tween 80 (polyoxyethelene derivative of sorbitan monoocleate),
and acid hydrolyzed casein which produced rapid growth of
Mycobascterium phlel. In the absence of Tween 80 the organism
grew very aiowly.s Hassinen and others (1951) made a study

o iﬁ. G. Stelmman, H. Eagle, and V. I. Oyana, "The Nutri-
onal Requirements of Treponemata," Journal of Bacteriology,
LXIV (1952), 265-269. o

BRuxh,u, Drew and J. Howard Mueller, "A Chemiecally De-
fined Medium Sultable for the Production of Higher Titer

gigngggmal Toxin," Journal of Bacteriology, LXII (1951},

hv1rginia Whiteside-Carlson and Carmen L. Rosano, "The
Nutritional Requirements of Leuconostoe Dextranicum for

Growth and Dextran Synthesis," Journal Bacteriology
LXII (1951), 583-589, ’ oL Baste ’

saarrall Pratt, "Nutrition of Mycobacterium Phlei,"
Journal of Bacteriology, LXIV (1952), 659-665.



of the mineral nutritional requirements of four strains of
Lactobacillus bifidus isolated from the stools of breast-fed
infants. They found that the strains would grow on a sim-
plified medium comprised of lactose, buffers, minerals,
eysteine, ammonium salts, and the vitamins, biotin and
caleium p&ntokﬁanate.b
Katznelson and Lochhead (1952) described the growth
factor requirements of halophilie bacteria. The growth
factor requirements of organisms ranging in optimal sodium
chloride requirements from four per cent to twenty-five
per cent, ineluding nonchromogenic forms, were studied. A
species of Yibrio (Wo. 756), Mieroecoccus species (No. 732),
and Sareina species (No. 63N,) represented the colorless
orgenisms, and Pseudomonas salinaria, Paeudomonas cutirubra,
and Sareins littoralis represented the colored forms. All
were tested in a basel medium containing vitamin-free
casamino aclds, salts, clirate, and succinate. The Vibrio
species grew well in the basal medium but was stimulated by
ribonucleic acids as its pyrimidines, uracil and cytosine.
The Micrococeus specles required thiamin for growth and was
stimulated by purines and pyrimidines. Sareina species
required thiamin, pantothenic acid, nicotinlc acid, snd
biotin for growth and was stimulated by folic and p-

sminobenzoic acids, uraecil, choline, and pyridoxal. Growth

R uiéa. Dé Hggaé:egogndig%hergif“gha %inimal Nutritional
equirements etobacillus idus,” Journal of Bacteri-
ology, LXII (1951), 771~-777.



factors did not stimulate the colored halophiles but yeast
sxtract improved growth of the ergmims.7 Clark (1949)
showed that the nitrogen requirements of Clostridium

cum, when grown in a synthetlc basal
medium, could be supplied by ammonium sulfate, methionine,
eystine, and a2 combination of veline, leucine, and iso-
lsueina.a Gerhardt, Tucker, and Wilson (1950) revealed
that l--ore-dle-glutamic acid, l--or--dl-asparagine, snd
1-histidine supported good growth of Brusells abortus,
strain 19, when supplied singly as the nitrogen source in
a chemically defined medium.,? Pomper (1952) disclosed
that mutant number (62-28) of Saccharomyces cerevisiae
required pantothenic acid, p-sminobenszoic acid, nethimim s
adenine, and histidine at pH 6.8, When the pH is lowered
from 6.8 to 5.5 the adenine and histidine are not needed.
Methionine, adenine, histidine, and pantothenic acid were

replaced by increased concentrations of p-amincobenzolic acild.

B ui.?H' thmglw;; mdli. G. Lochhagd, "Growth Pactor
equirements of Halophilic Bacteris, urnal of Baeteri-
slogy, LXIV (1952), 97-103.

at 31!:. M. clagk. ;‘-Sg:iw n.i”trogen Req:%remmts of Clostri-
un Thermosaccharolyticum,” Journal of Bacteriology
LVIT (1949), W65-LT1. ’

9Pn1111p Gerhardt, L. A. Tucker, and J. B. Wilson,
"The Nutrition of Brucellae: Utilization of Single Amino

Acids for Growth," Jourmsl of Bacterioclo LIX (1950),
e s Journel of Bacteriology, (1950)



P~sminobenzoic aeid was able to be replaced by tyrosine and
certain other pars substituted aaida.w
A second significant growth factor necessary for micro-
organisms 1s the presence of various metallic lons. Macleod
(1951) demonstrated that Streptococcus fecalis, atrain R,
required both Mgf/ and Mnff for growth, Other related ions
tested were unable to replace kig” and lﬂn’l‘ in the nutrition

of the ax'g&mim.ll

Shanker and Bard (1952) described a
metal~deficient complex mediwm which was employed to deter-
mine the major metalllc ion growth requirements of Clostri-~
diunm perfringens, For optimum growth, Caf¥, Mgff, Fef¥,
Hai‘!‘ ,» and Kt" are required but not an‘{, Mn// s caf‘t‘ s 8nd
ﬁu'{ £ « Hone of the latter metallic lons can replace those
required for gmm.l?* Charney, Fisher, and Hagerty (1951)
showed that mangsnese stimulates sporuletion of several

species of the genus gaei;lgg.w

loSamour Pomper,” A pHeSensitive Multiple Mutant of

Saccharomyces Cerevisiase,” Journal of Beseterlology, LXIV
(1952), 353~-361.

nﬁobart A, MacLeod, "Further Minersl Requirements of

Streptococcus Fecalis," Journal of Bacteriology, LXII
(1951), 337-3L5. |

12, Shanker and R. C. Bard, "The Effect of Metallic
Ion2z on the Growth and Morphology of Cleostridium Perfrin-

gens," Journal of Bacterlolomy, LXIII (1952), 279-289.

13jesse Charney, W. ?. Pisher, and C. P. Hagerty,
"Mangenese As An Essential Element for Sporulation in the

Genus Bacillus," Journsl of Bacteriology, LXII (1951)
1);5-11,8. & P



Some investigators have exhibited the need for various
orgenic aclds ;n the netabolism of many microorgenisms,
Johnson and caﬁn (1952) showed that when malic and fumaric
acids were added to a basal medium for Escherichis coll st
levels up to five hundred micromoles per ten cubie centi-
meters of medlis, growth was markedly skimnlatad.lh Poe and
Charkey {1949) showed the effect of borie acid on ths growth
of eultures of the genera Eacherichias wnd.égggbagter.ls
Ackart and Murray (1951) modified the Dubos medium by add-
ing succlnic acld as a souree of carbon for the growth of
¥yeohacterium gzggg.lé

Sti1l another group of food materials, principally
organic compounds, have been found necessary, in minute
amounts only, for growing microorganiams., These are re-
ferred to as growth accessory substances. Lochhead and
Thexton {1952} reported that for a marked proportion of the
indigenocus bacteria of soil that depend upon esasential growth
factors supp;iad by soll extract, the growth-promoting

14%. Counor Johnson and Eva M, Cohn, "BEffect of Certain
Acids of the Tricarboxylic Acid Cycle on the Growth of

Escherichia Coli,"™ Journal Bacteriology, LXIII (1952)
735-Th2. ’ = ’

lscharlas F. Poe and Lowell W. Charkey, "A Study of
Boric Acld Medla for the Separation of Escherichia and

Aerobacter," Journal of Bacteriology, LVII (1949), 386-387.

26, B. Ackart and T. J. Murray, "A Medium for the

Repid Cultivation ol Mycobacterium Avium," Journel of
Bacteriology, LXII (1951), 75-79.



, 1l
effect of the latter could be replaced by vitamin 512' 7

starr (1949) determined the mineral nutritive requirements

of six apaaias of gram-positive phytopathogenie coryne-~
bacteria. All species required obligate additions to the
ammonium chloride, glucose, and salts basal medium, as fol=-
lows: C. fasclians, thiamine, C. flaccumfaciens and C.
poinsettiae, amino acids, biotin, pantothenate, and thismine;

sum, C. michiganense, and ¢, sepedonicum, amino

aclds, biotin, nicotinie acid and ﬁhiaminm.le Delwiche

(1949) reported that the B vitamin requirements of twenty-
five different strains of the genus ionibacter on
synthetic medla were relatively simple., The most demanding
cultures required only pantothenie acid, blotin, and either
thiamine or p~aminobenzoic acid.m Cleverdon, Pelczar, smd
Doetsch (1949) reported that twelve stenothermophiles grew
well in serlal transfer, at fifty-five degrees centigrade
and sixty~five degrees centigrade, in a casein hydrolysate
medium when supplied biotin, four one-hundredths milligram
per milliliter, and niaein and thiamin each one milligram
per mi11111ter.?’ Smith and Douglas (1950) found that the

17a. G. Lochhead and R. H. Thexton, "Qualitative Studies

?{&ﬁ%ﬁ‘ 5{333%?*“1”8'" dournal of Bacteriology, LXIII

18 ortimer P, Starr, "The Nutrition of Phytopathogenic
Bacteria,” Journal of Bacteriology, LVII (1949), 253-257.
198ugene A. Delwiche, "Vitemin Re
. Requirements of the Genus
§gg§§ggbaeteﬁm,“ Journal of Baoteriology, LVIII (1949),

20Robert . Cleyerdon, Michael J. Pel
‘ . , " czar, Jr. nd
Raymond N. Doetsch, "The Vitemin Requirements of Stoncther-

atbey, BT U135, Eas g8 Peet il owmne o Baterd-



maximum growth of Clostridium bifermentans in a medium com-
posed of "vitemin-free" acid-hydrolyzed casein, glucose,

and inorgenic saltas was dependent upon added blotin, nico-
tinic aeid or emide, pantothenic acid, and pyridoxal or
pyridoxemine, Biotin was not required by same strains and
pyridoxamine was not required by amhora,gl Gaines and
Stahly (1943) used a medium in which all conastituents except
casein hydrolysate were chemically defined, They found that
thiamin, calcium pantothenate, and nicotinic acid were es-
sential for the growth of Leuconostoc mesenterocides 535 and
that pyridoxin exerted a stimulatory effect, Biotin also
stimulated growth of the arganism.zz

Carbohydrates are essential to organisms and can be
utilized as the sole source of earbon. Liu (1952) showed
that Pgagdgacgga asruginoss has a definite blochemical
pattern. This organism is able to utilize gxucasa,‘galaa—
tose, fructose, mennitol, trehalose, and glyeerol, as the
sole source of carbon for growth snd to produce acid from

these substances. The orgenism is unable to utilize ara-
binose, xylose, and mannose as the sole source of cerbeon for
growth, although acid 1s produced rapidly from these, 23

2lL,0uts DeSpain Smith and Howard C, Douglas, "Pactors
Necessary for Maximum Growth of Clostridium Bifermentans,
Journal of Bacteriology, LX (1950), 9-15.

2231dney Gaines and Grant L. Stahly, "The Growth Re-
ggéramauta ol Leuconostoe Manantareidaayinﬂ Preliminary

dies on Its Use as Agssay Agent for Several ¥Member
ﬁﬁi Vigaaln B Gompiex,%éggggggL 5: Bacteriology, XXXXVE of

23Pinghm Liu, "Utilizetlon of Carbohydrates by Pseu-
g$§o?§§ Aeruginosa,” Journal of Baetario;ggx, szvythggy.



10

Kitay and Snell (1950) made a survey of additional nutri-
tivé requirements of twenty-eight cultures of lactic acid bac-~

teria previously reported unable to grow in a medium of known

composition, These included Lagtobacillus delbrueckil,
Lactobaelllus scidophilus, Lactobacillus bulgaricus, Lac-
Xobegillus helveticus, Lactobscillus lactis, Lactobacillus
deichmannii, and Leuconostoe eitrovorum. All of these cul-
tures except Laetobacillus laetis, and Leuconostoc gitrovorum

required oleic acid or other unssturated fatty acids for
growth, Eighteen of the twenty-eight cultures required
thymidine, other desoxyribosides, or vitamin 512 for grwwth.ah

The Problem
The purpose of this investigation is to determine the

posaible presence of nutrient constituents in the extracts
of several conmon garden vegetables as aources of useful,
satisfactory, and economical culture medla vhich can be used
in biological laborstories, both on the secondary and higher
education levels, The problem has consisted of, firat, the
collection and prepsration of a number of different kinds of
garden vegetablea; second, the procuring of the extracts from
these; third, the Preparation of culture media using the
vegetable extragote as the sources of the nutritional require-

ments for the growth of twenty bacterial organisms, two

Q&Eatalle Kitay and Esmond E. Snell, "Some Additional
Nutritional Requirements of Certain Lactic Acid Bacteria,”

dourna) of Baeteriology, LX (1950), 49-56.
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specles of molds, three species of yeasts, and five strains
of actinomycetes; and fourth, the evaluation of these ex-
tracts, in terms of growth supported, as possible nutrient
materials suitable for cultivation of the test miero-~

organisms and possibly for others, similer to these.



CHAPTER I1I

GARDEN VEGETABLES USED, TEST MICROORGANISMS,
AND LABORATORY WORK

Garden Vegetables Used
The names of the garden vegetables used in this investi-

gation are listed in Table 1. The scientific names are in
alﬁh#ﬁafiaal order and are followed by the common names.

The physical state, fresh or frozen, of each vegetable ob~
tained is alsc given in the same table. All of the vege-
tables are ones commonly consumed by people. Since the
laboratory work of this investigation was done during the
spring and summer months, fresh vegetables were easily ob-

tained. Some frozen ones were used, however.

Test Microorganisms
The microorganisms used in this investigation are listed

in Table 2. The ten gram-positive bacterial organisms are
listed first end these are followed by the ten gram-negative
ones, The two species of molds, three species of yeasts,

and five strains of asctinomycetes are listed in that order,
The five strains of actinomycetes, designated as X, 2y Iy 5,
and L, were obtained from isolated cultures used in a pre-

vious investigation by another graduate student working in

12
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the same laboratory.

on Tryptose ager slants and in Tryptose broth.

TABLE 1
VEGETABLES FROM WHICH EXTRACTS WERE OBTAINED

All of these organisms were cultivated

The vegetsable

— . Seientific Nemes

Allium cepa

Aplum graveolens
Asparagus officinalis
Beta cicla

Beta crassas

Brassica oleracea
Brassica oleracea var, botrytia I
Brassica olerscea var, botrytis II
Brassica raps

Cepsicum annuum

Cucumis sativus
Cucurbita maxims

Deaucusg earota

Hibiscus esculentus
Lactuca sativa
Lycopersicum esculentum
Petroselinum hortense
Phageolus lunatus
Phaseolus vulgeris
Pisum setivum

Rheum rhaponticum
Solanum melongena
Spinacie oleraces
Vigna sinensis

Zea saccharate

Physical
Common Neme State
Onion Fresh
Celery Frash
Asparagus Prozen
Swiss chard Fresh
Beet Fresh
Cabbage Fresh
Broceoll {leaves)|Fresh
Caulifliower Frozen
Tuwrnip Fresh
Green pepper Freah
Cucumber Fresh
Squash (yellow) |Fresh
Carrot Fresh
Okra Presh
Lettucs Presh
Tomato Fresh
Paraley Fresh
Lima bean Frozen
(reen bean Frozen
Green pea Frozen
Rhubarb Fresh
Egg plant Fresh
Spinsch Prozen
Blackeyed pesa Frozen
Corn (yellow) Frozen

#L. H. Bailey, The Standard Cyclopedia of Horticulture,

(3 vols. ); 1935&

extract agar plates were inoculated from the Tryptose broth

cultures, vhereas the vegetable extract broth was inoculated

from the Tryptose agar slants.

Bach organism was transferred
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gsemi-monthly to new stock culture medium in order to aszsure

consistent growth reactions on the various test extract media.

TABLE 2
TEST MICROORGANISHS
Organiam

Bacillus cereus Pranklands .
Bacillus megetherium De Bary
Bacillus nycoides Flugge . .
Baelillus subtilis Cohn . . .
Gaffkya tetragena {(Gaffkya) Trevisan
Micrococous pyogenes var. albus Rosenbach
Micerococcus pyogenes var. aureus Rosenbach
Micrococous roseus Flugge . . « « + « . « .
Mierococous eitrens Migula . . . . . . . . .
Myeobacterium smegmatis (Trevisan) Chester .
Aerobacter aerogenes (Kruse) Beijerinck . .
Alkaligenes fecalis Castellani and Chalmers
Escherichir coli (Migula) Castellani . . .
Escherichiae communior (Topley) Yale . . .
Klebsiella pneumoniae (Schroeter) Trevisan
Heisseria catarrhalis {Frosch) Hollsnd . .
Pseudomonas aeruginosa (Schroeter) Migula .
Pseudomonas fluorescens Migula . . . . . . .
Proteus vulgaris Hsuser . . . . .
Serratia marcescens Bizio . . . .
Aspergillus niger (Michx) Tieghuw v
Penieilliun notatum Link . . . . . . o« v s
Saccharomyces cerevisiase (Meyer) Hansen .
Saécharamyces ellipsoideus (Meyer) Haneden
Torula histolytica Turpin . « ¢« ¢« « ¢« ¢ + &
Actinomycete X . . . . .
Actinomycete 2 . . . .
Actinomycete L . .
Actinamycete Eh‘ .
Actinomycete .

- - *
- » L]
»* « -
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Morphol ogy

Bacillus
Baclillus
Bacillus
Bacillus
Cocous
Coacus
Cotcus
Coccus
Coccus
Beaeillus
Bacillus
Baelllus
Baeillus
Baeillus
Bacillus
Coccus
Bacillus
Baeillus
Baclllus
Baeillus
Mold

Mold

Yeast

Yeast

Yesaut
Actinomycete
Actinmmycete
Actinomycete
Aceti nomyecete
Actinomycete

Bacteriology,

#4G, C, Alnsworth and G. R. Bisby, A Dictionary of the

Pungi, 1945.
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Laboratory Work

Breparation end use of the vegetable extraet agar.--One
pound of each vegetable wes weighed, washed thoroughly if
negessary, and ground into small partieles in 2 food grinder,
The ground portion, slong with the juice produced in the
grinding prooedure, was then placed in & two liter flask.
To this seven hundred cubic centimeters of distilled water
was added, the mixture heated for thirty minutes, and allowed
to cool. The extract was decanted from the solid vegetable
residue and filtered free of all vegetable particles, The
extract was then made up to the original volume of seven
hundred cubic centimeters. Seven and one-half grams of
Bacto-Agar was added to five hundred cubie centimeters of the
extract in a clean flask, This was stoppered with a clean
cotton stopper and sterilized in the autoclave for fifteen
nminutes at one hundred twenty degreea centigrade end fifteen
pounds pressure per square inch., When sufficiently cooled,
fifteen cubic centimeters of the vegetable extract agar was
poured into each of thirty-one sterile petri dishes, The
agar was allowed to cool, and the plates were labeled properly.
Each plate was inoculated with one of the thirty test organiama
listed in Table 2. One plate of medium was used as & econtrol.
The plates were incubated for forty-eight hours at thirty-
seven degrees centigrade and observed for results. The pH of

each vegetable extract was determined by the use of a pH
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meter, No adjustments were made in the natural pH. These
values are listed in Table 3.

Preperation and use of extract broth.--The remaining
two hundred cubic centimeters of each vegetable extract was
placed in thirty-one test tubes in five to seven cubic centie

meter alliquots. The tubes were stoppered and autoclaved for

TABLE 3
pH OF VEGETABLE EXTRACTS
Vegstable . pH

Allim gapa - * > » » - » L 4 - . * -
Apium graveolens . . . . .+ . . o »
Asparsgus offieinalis . . . . . . .
Bew 31@13 » E 4 [ 4 * - * o * - L4 - »

Beta erassé . . . . . . . . 4 . < .
Brassica oleracea . . . . . . . . .
Brassica clerscea ver. botrytis I .
Brasaica oleracea var, botrytis II

L4 * -

« * & g . =

Brassica yapa.. . . .
Capsicum annuum . . .

Cucumis sativus . . .
Cucurbita maxima . .

HOWVO
-J
ngm

Dauveus carota , . .
Hibiscus esculentus .
Lactuea sativa . . . ., . . . . ..
Lyecopersicum esculentun
Petroselinum hortense .
Phaseolus lunatus . . . e e e e s
Fhaseolus valgaris . . . . . . . . . . . . ..
Pisum setivum . .
Rheum rhaponticum
Solanwm melongena
3pinacia oleraces : . . .
Vigna sinensis . . . . ., .. ... ...
Zea saccharata . . . . ., . . . .. ... .
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fifteen minutes at one hundred twenty degreea centigrade and
fifteen pounds pressure per square inch. Upon cooling, each
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of the tubes was inoculated with one of the thirty teat or-
ganisms, One tube was kept as a control. The broth cultures
were incubated for forty-eight hours at thirty-seven degrees
centigrade and observed for results.

" preparetion snd use of vegetable extract mixtures.--The
vegetable extract mixtures were prepared by using aliquots of
exeﬁéa axtracts not needed in the previous experiments. Or-
dinarily one pound of vegetable was use per seven hundred
cuble centimeters of water. However, those used in mixtures

PABLE L

COMPOSITION OF VEGETABLE EXTRACT MIXTURES
e e e ey

Cubic Centi~
Mixture Contents of Mixture meters Used
Number 1 | Beta cicla 100
Beta ecrassa 100
Brasslca oleracea var. botrytis I " 100
Cucumis sativus 100
Distllled water 300
Number 2 | Pisum sativum 200
Rheum rhaponticum 100
Distilled water hoo
Number 3 | Vigna sinensis 250
Phageolus wvulgaris 250
Distilled water 200
Number l; | Pisum sativum 50
Vigna sinensis 50
Rheun rhaponticum 50
Mixture Number 2 50
Mixture Number 3 50
Diastilled water 350
Number 5 | Brassica oleracea var. botrytis II 150
Zea saccharata 300
Distilled water 250
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were made up in larger quantities in order to produce the
excess for mixtures and still retain the one pound of vege-
tables to seven hundred cubic centimeters of water ratio.
The vegetable extraets and the amounts used in the various
mixtures are listed in Table lj. The extract broth and ex-
trac¢t agar mixtures were made up in the same é&nnar' as the
individual vegstable extract media. In additlion, the in-

oculation procedure, incubation, and observation of results

were the same.



CHAPTER 111
EXPERIMENTAL DATA AND DISCUSSION

Experimental Data

After an incubation period of forty-eight hours, the
extract agar plates and broths were observed and the results
recorded, The growth on the agar plates was evaluated in
terms of the number and size of coloniea. The criterion for
evaluating plates with spreading growth was based upon the
fraction of the plate covered by this growth. In evalu-
ating the resulting growth in the extract broth cultures,
each of the inoculated tubes was compared with the control
tube. The degree of turbidity in each of the thirty in-
oculated tubes, when compared with the control, was used as
the basis of evaluation.

The symbols used in recording the growth on the agar
plates and in the broth cultures are shown in Table 5. The
results were recorded in plus (/) signs which range from
barely perceptible growth, one plus (/), to heavy growth,
three plus (£4£). The nutritional value of the vegetable

extracts for the microorganisms used in this investigation

are shown in Tables 6 through 35.

19
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Table 6 shows the nutritive value of the two Alllium

cepa extra media. Baeillus mycoldes, m subtilis,
Aercbacter serogenes, Klebsiella pnewmonise, Pseudomonas
fluorescens, and Serratia marcescens produced excellent
growth on both media. Baclllus megatherium, Mierococcus
roseus, Alkaligenes fecalis, Eacherichias coli, Escherichila
‘ or, and Proteus vulgaris grew only slightly., All of

TABLE 5

MEANING OF SYMBOLS USED IN EVALUATION OF VEGETABLE
NUTRIENTS FOR THIRTY TEST MICROORGANISMS

Symbol Meaning

No growth observed; indiecates no nutritive
value.

- * ¢ & 9

¢ + « « . . Barely perceptible growth; less than ten
small colonies aor fewer larger ones.

A « o« +« « o Good growth; ten to twenty-five small
colonies or fewer larger ones.

*

A . « « o . Heavy growth; more than twenty-five

small colonies or fewer larger ones.

the yeaats and molds grew in these media. Toruls histoly~
tica, however, grew only slightly in the extraet broth.
Actinomycete Ll grew the most luxuriantly of any of the
members of this group. Several other bacterial specles grew
moderately both upon the vegetable extract agar medium and
in the vegetable extract broth.

An observation of Table 7 reveals the nutritive velue

of the extract media of Apium gra veolens. Gaffkys tetragena,



21

TABLE 6

RUTRITIVE VALUE OF ALLIUM CEPA
EXTRACT FOR THIRTY MICROORGAKISMS

e -~ W
.Organism Extract Agar Extract Broth

Bacillus cereus
Bacillus megatherium

Bacillus mycoides {é
i

) N N

Bacillus subtilis
Gaffkya tetragena
Mierococcus pyogenes var. albus ﬁ{
Micrococous pyogenes var. aureus £
Mierocoecus roseus
Microcoecus citrous

A3

S N N N

™

Mycobacterium smegmatis -

Aerobacter serogenes /?/ {5/
Alkalegenes fecalis

Escherichia coli ¢ £
Escherichia communior ;{ #
Klebsiella pneumoniae £t

R

Neisseria catarrhalis -
Pseudomonas aeruginosa ﬁ{
Pseudomonas fluorescens e
Proteus vulgaris
Serratia marcescens
Aspergillus niger

W

/

ﬁé/
Penicillium notatum ;{ 4
Saccharomyces cerevisiae %éﬁ ¢
Saccharomyces ellipsoideus '
Torule histolytica - {{
Actinomycete X ey £
Actinomycete 2 £ £
Actinomycete ¢ £
Actinomycete {} £
Actincmycete 4 A

Mlcrococous citreus, Helsseris gatarrhalis, Migrococeus
Ryogenos var. glbus, Mierococcus roseus, and Torula
histolytica did not grow at all on either of thess prepars-

tions. Aspergillus niger, Bagillus Bubtilis, and Aercgbacter
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asrogenes grew very well in both of these, whereas Ac-

tinomycete 5 and Aetinomycete li grew only moderately.

TABLE 7

NUTRITIVE VALUE OF APIUM GRAVEOLENS
EXTRACT FOR THIRTY MICROORGANISHS

Extract Agar

Bacillus cereus

Baclllus megatherium
Bacillus mycoides
Baeillus subtilis

Gaffkya tetragensa
Micrococeus pyogenes var, albus
Mierococcus pyogenes var. aursus
Mierococcus roseus
Mierococcus citreus
Mycobaoterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalis
Escherichia coli
Escherichia communior
Klebsiella pneumoniae
Neisseria catarrhalis
Paeudomonas aeruginosa
Pseudomonas fluorescens
Proteus vulgaris

Serratia marcescens
Aspergillus niger
Penieillium notatum
Saccharomyces cerevisise
Saccharomyces ellipsoideus
Torula histolytica
Actinomycete X
Actinomycete 2
Actinomycete

Actinomycete

Aotinemycete

Ry

R RRRRARR RRNR e R

Extract Broth

4
A
7

A G N
T N N N AT
e qb\.

SN

N N i

-
1<§:; '3 PARR

it

Table 8 shows the nutritive value of Asparegus offi-

¢inalis extract media., Eight species of bacterisl organisms
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TABLE 8

RUTRITIVE VALUE OF ASPARAGUS

EXTRACT FOR mm%rem

Organiasm

Extract Agar|

Bacillus cereus

Bacillus megatherium

Baeillus mycoldes

Bacillus subtilis

@Gaffkya tetragena

Mierococeus pyogenes var. albus
Hicroeoccus pyogenes var. aureus
Micrococecus roseus

Micrococcus citreus
Mycaobacterium smegmatis
Aercbacter asrogenes
Alkaligenes fecalis
Escherichia ecoli

Escherichia conmunior
Klebsiella pneumoniae
Nelsseris catarrhelis

X oTw
i 1
X

QEw{EEa RS W)

RS
N

OFFICINALIS
ISM3

omronacy - - ottt

Extraet Broth

RS
nﬂ\ﬁCt,sQS$?xﬂx

NS
PO
AN

™

Pseudamones aeruginoss £ {#{
Pseudomonas fluorescens H poys
Proteus vulgaris £ -
Serratia marceacens £ £
Aspergillus niger £ A
Penicillium notetum £ £
Saccharomyces cerevisiae ﬁ/ £
Saccharomyces ellipsoideus £ 4
Torula histolytica £ -
Actinomycete X P4 -
Actinomycete 2 - —
Aetinamycete ! - -
Actinomycete gﬁ 4 -
Actinamycete £ £
showed medlum to heavy growth while Mierocogcus pyogenes var,

&lbus, Mierococeus pyogenes var. aureus, and Serratis mer-

gescens showed very scant growth.

Two speecies of yeasts,

Saccharomyces cerevisiae and Sscchargmyces ellipsoideus,
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showed some growth, while the molds, Asperglllus niger and

Penicilliwm notatum, grew fair to moderately.
The nutritive value of the extract media of Beta gicla

is shown in Table 9, Five of the test organisms falled to

TABLE 9

HUTRITIVE VALUE OF BETA CiC
EXTRACT FOR THIRTY MICROOR M3

—_Orgenism Extract Agar|Extract Broth
Bacillus cereus ¢ ;:/(
Bacillus megatherium £ 4
Bacillus myecoldes £ £
Baeillus subtills i ¢
Gaffkya tetragena - -
Micrococous pyogenes var., albus £ £
HMicrococcus pyogenes var, aursus P e £
Micrococeus roseus L £
HMicrococcus cltreus - -
Mycdbacterium smegnatis - -
Aerchacter aerogenes i AAf
Alkaligenes fecalis - -
Escherichis coll P4 f?
Escherichia communior -

Klebsislla pneumonisas - AL
Neisseria catarrhalis - -
Pseudaronas aeruginoss il f/{
Pseudomonas fluorescens £ #
Proteus vulgaris -

Serratia marcescens
Aspsrgillus niger
Penicillium notatum
Saccharomyces cerevisiae
Saocharomyces ellipsoldeus
Torula histolytica

s S SR a‘wm
TRARRRR

Actinomycete X £
Actinomycete 2 A
Actinomycete A
Actinomycete ¢
Actinomycete i
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grow in either of the two extract media, These were
Relatively consistent good growth of organisms, except the
ones mentioned previously, was exhibited in the extract
broth medium. Baelllus subtilis, Aerobacter aerogen
Pseudomonas geruginosa, Proteus vulgaris, Serratis mer-
gcescens, snd Aspergillus niger grew luxuriantly on the beet
extraet agar.

The nutritive value of Beta grassa extract medla
18 shown in Table 10. With the exception of Microecoccus
gitreus, 8ll of the bacterial organisms showsd same growth
sither in the broth or upon the agar. Both species of the
molds showed good growth on both medlia, Aspergillus niger
slightly more than Peniciliium notatum. The three specles
of yeast and the five specles of actinomycetes grew only
slightly on these media.

Table 11 reveals the nutritive value of media pre-

pared from Brassica oleracea extract, With the exception
of Serratia marcescens and Nelsseria catarrhalis, all
speeles of bacterial organisms showed saome growth on both
of these media. Bacillus mycoides, Bacillus subtilis,
Escherichis goli, and Asrobacter serogenes grew the most
luxuriantly of any bacterial orgenisms en the vegetable

extract agar. The two specles of molds grew on these media,
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TABLE 10

NUTRITIVE VALUE OF BETA CRASSA
EXTRACT FOR THIRTY MICROORGANISHS

e ———

s nossom
— w————

e e

Orgeniasm Extract Agar Extract Broth
Bacillus cereus ¢ i
Baeillus megatherium %{ ¢
Bacillus mycoides i} s
Bacillus subtilis Fee At
Gaffkya tetragena ¢ -
Micrococcus pyogenes var. albus #
Micrococcus pyogenes var. aureus ¢
Micrococeus roseus £r4
Mierococcus citreus -
Mycobacterium smegmatis #
Aerobacter aerogenes £EE
Alkeligenes fecalis ¢
Escherichia colil AEL
Escherichia communior ¢
Klebsiella pneumoniae £

Helsseria catarrhslis
Pssudomonas aeruginosa
Pseudomonas fluorescens
Proteus vulgaris
Serratia marcescens

S S, N S N S S S . N
o % N ' 1
NN\ WRRRRIRR WK MO

RS
TR

Aspérgillus niger #

Penicillium notatum oy
Saccharomyces cerevisiae L
Saccharomyces ellipsoideus ¢
Torula histolytica £
Actinomycete X £
Actinomycete 2 £
Actinomycete £
Actinomycete / £
Aetinomycete £ s

Fenieillium notatum more so than Aspergillus niger. Like-
wise all five of the specles of actinomycetes grew on these
Actinomycete 2 the most abundantly.

Table 12 shows the nutritive wvalue of Brassica cleracea
var. botrytis I extract culture media. On these Bacillus
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Organism

11
RASSIC

Extract Ager

Bacillus cereus

Baelllus megatherium
Baclllus mycoides
Baeillus subtilis

Gaflfkya tetragena
Hierococcus pyogenes var, albus
Mierococcus pyogenes var., aureus
Micrococcus roseus
Hierococcus citreus
Mycobacterium smegmatis
Aercobacter aerogenes
Alkaligenes fecalis
Escherichia coll
Escherichia communior
Klebsiella pneumonise
Neisseria catarrhalls
Pseudomonas aeruginosa
Paseudomonas fluorescens
Proteus vulgeris

Serratia marcescens
Aspergillus niger
Penieillium notatum
Saccharomyces cerevisiae.
Saccharomycea ellipsoideus
Torula histolytica
Actinomycete X
Aetinomycete 2
Actinomycete

Actinomycete

Actinomycete
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Y
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NUTRITIVE VALUE OF B %
EXTRACT FOR THIRTY MICECO

Extract Broth
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subtilis, Aerobacter aerogenes,Klebsiellia pneumoniae,

Pseudomonas fluorescens, and Pseudomonas aeruginoss grew
profusely. Other bacterial orgsnisms exhibiting some

growth were Mierococcus pyogenes var. aureus, Micrecoccus
roseus, Escherichis coll, and Serratis marcescens. All of
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TABLE 12

NUTRITIVE VALUE OF BRASSICA VAR. B
EXTRACT F%ﬁ"fm%e

S 1

I

Organisam

Extract Agar

Extract Broth

Baelllus cereus

Bacillus megatherium
Baseillus mycoldes
Bacillus subtilis

Gaffkya tetragena
Mierocoecous pyogenes var. albus
Mlcrocoecus pyogenes var. aureus
Mierococeus roseus
Mierococcus ciltreus
Mycobacterium smegmatis
Aerobacter aerogenes
Alksligenes fecalia
Escherichia coll
Escherichia communior
Klebsiella pneumoniae
Neisseria catarrhalis
Pseudomonas ssruginosa
Pseudomonas fluorescens
Proteus vulgaris

Serratia marcescens
Asperglillus niger
Penieillium notatum
Saccharamyces cerevisiee
Saccharomyces ellipaoideus
Torula histolytica
Actinomycete X
Actinamycete 2
Actinomycete L
Actinomycete gh

Actinomycete
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the species of yeasts and molds showed light to medium
growth; however, Asperglllius niger grew profusely. All of

the five species of actinomycetes grew on both of these

media, Actinomycete 5 and Actinomycete 2 the most abundantly.

According to Table 13 most of the test bacterial species
grew moderately to heavily on the culture media prepared
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TABLE 13

NUTRITIVE VALUE OF BRASSICA OLERACEA VAR. BOTRYTIS II
ERIRAGT PO TRIRTY S RCOROANT SHTe it

M m———
e — S ———

"
N

e OEEBNL S1

ﬂ

Extract Agar

Bacillus cereus

Bacillus megatherium
Bacillus mycoides
Bacillus subtilis

Gaffkya tetragena
Micrococcus pyogenes var. albus
Microcoeccus pyogenes var., aureus
Microcoecous roseus
Mieroecccus citreus
Myeobacterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalis
Escherichia coll
Escherichia cammunior
Klebslellas pneumoniae
Neisseria catarrhalis
Pseudomonas aeruginoss
Pseudamonas fluorescens
Proteus vulgaris

Serratia marcescens
Aspergillus niger
Penieillium notatum
Sasccharomyces cersvisiae
Sac¢charomyces ellipsoideus
Torula histolytieca
Actinomycete X
Aetinomycete 2
Actinomycete

Actinomycete

Actinomycete
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Extract Broth
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from the extract of Brassica gleracea var. botrytis II.
However, two bacterial organisms did not produce growth on

the extract agar and five did not produce growth in the

extract broth. Aspergillus niger, Actinomycete 5, and
Actinomycete Ll grew luxuriantly on both these media.
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Saccharamyces gerevislige and Sasgcheromyces ellipsoideus
exhibited good growth on the extract agar.
The nmutritive value of Brassies rapa extract is shown

in Teble 1l. Baclllus gereus, Neisseris catarrhalis, and

TABLE 1

HUTRITIVE VALUE OF SSICA RAPA
EXTRACT FOR THIRTY MICROORGANISHS

Organism Extract Agar Extract Broth

i

Bacillus cereus

Bacillus megatherium
Bacillus mycoldes
Baslillus subtills

Gaffkye tetragena
Micerococcus pyogenes var, albus
Micrococcus pyogenes var. aureus
Hlerococeus roseus
Mierocoecus citreus
Mycobacterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalls
Escherichia coll
Escherichie communior
Klebsiells pneumonise
Relsseria catarrhalis
Pseudomonas aeruginoss
Paseudomonsas [luorescens
Proteus wvulgaris

Serratia marcescens
Aspergillus niger
Penigillium notatum
Saccharaomyces cerevisiae
Saccharomyces ellipsoideus
Torula histolytioca
Actinomycete X
Actinomycete 2
Actinomycete U
Actinamycete

Actinomycete
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histolytica showed no signs of growth on either one
of the media prepered from this extract. Most of the other

organisms grew only moderately. However, Bacillus sub-

$i1lis, Aercbacter aerogenes, Klebsiella pneumonise, snd
Aspergillus niger grew profusely on both types of media.
According to Table 15, which exhibits the nutrient

value of Capsicum annuum extract medis, abundant growth was

TABLE 15

NUTRITIVE VALUE OF CAPSICUM ANNUUM
EXTRACT FOR THIRTY Am“
— __Organism Extract Agar Extract Broth

Bacillus cereus - -
Bacillus megatherium £ -
Bacillus mycolides - £
Bacillua subtilis rEf A4
Gaffkya tetragena - -
Nicrocoscus pyogenes var. albus £ -
Mierococcus pyogenes var. aureus £ -
Micrococcus roseus £ -
Micrococcus citreus - -
Mycobacterium smegmatis - -
Aercbacter aerogenes e A
Alksligenes fecalis - -
Escherichia coli FAF -
Escherichia communior # 4
Klebsiella pneumoniae AEE A4

Neisgeria catarrhalis

Pseudomonas aeruginosa ?{ AAf
Pgseudomonas fluorescens rE Af
Proteus wvulgaris ¢ -
Serratis marcescens é// #
Aspergillus niger 4 o4
Penieillium notatum ¢ #
Saccharomyces cerevisiae £ 4
Saccharomyces ellipsoideus AE e
Torula histolytica ¢ -
Actinomycete X 4 -
Actinomycete 2 4 -
Actinomycete - -
Actinomycete £ £
Actinomycete | £ AE
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produced on these by Bacillus subtills, Aerobacter gerogenes,
Pseudomonss seruginosa, Klebsiellas pneumonise, Pseudomonas
W, and Serratia marcescens. Several of the species
'éf bacteria as well as the strains of actinomycetes showed
only poor to medium growth., Both species of the molds and
the'r‘ yeast, Saccharomyces cerevisise, showed excellent growth
on both media.

The nutritive value of Cueumls sativus extract is
revealed in Table 16. On media prepared from this extract
Bacillus gsubtilis and Aerobacter serogenes showed medium
to heavy growth, while several other species of bsacterial
organisms exhiblted poor to medium grcwfh. 3ix bacterial
species did not grow st all on either medium. On the same
media Aspergillus niger grew abundently, while Penicillium
notatum, the three species of yeasts, and the actinomycetes
grew only slightly.

According to Table 17, which shows the nutritive value

of the Cucurbita maxima extract, every test organism showed
some growth elther in the vegetable extract broth or on the

vegelable extract agsr. Bacillus Subtilis, Aerobacter
Aerogones, snd Aspergillus niger grew sbundantly in both
types of media, All species of the actinomycetes showed
medium to heavy growth in the extract media,

An observation of Table 18, which shows the nutritive
value of Daucus carota extract, reveals that Bacillus
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TABLE 16
mwwxm VAIME GF cﬁcmm 3ATIVUS

Extract Agar

Extract Broth

Bacillus cereus

Baclillus megatherium
Bacillus mycoldes

Bacillus subtilis

Gaftkyas tetragena
Mlcrococcus pyogenes var, albus
Micrococcus pyogenes var,. aureus
Mierococcus roseus
Mierococcus citreus
Mycobacterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalis
Escherichia coll
Escherichia communior
Klebsiella pneumonise
Neisseria catarrhalis
Pseudomonas aeruginosa
Paeudamonaas fluorescens
Proteus wulgaris

Serratia marcescens
Aspergillus niger
Penicillivm notatum
Saccharomyces cerevisiae
Saccharomyces ellipsoideus
Torula histolytice
Actinomycete X
Actinomycete 2
Actinomycete

Actinomycete

Actinomycete
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subtilis, Bacillius megatherium, Bscillus cereus, Aercbacter
enes, and Escherichis goli grew extremely well on both

media. Sagcharomyces cerevisise snd Ssccharomyces ellip-
soideus showed no growth on the extract agar but exhibited
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TABLE 17

NUTRITIVE VALUE OF CUCURBITA

HA%%%A

EXTRACT FOR THIRTY

ook

r— i i ——— o

—___ Organism

Extract Agar

Bacillus cereus

Bacillus megatherium
Baeillus mycolides
Bacillus subtilis

Gaffkya tetragena
Mierococcus pyogenes var, albus
Micrococcus pyogenes var., aursus
Micrococcus rosous
Micrococcus ¢ltreus
Myeobacterium smegmatls
Aerobacter serogenes
Alksligenes fecalis
Escherichia coll
Escherichia communior
Klebsiella pneumoniae
Neisazeria catarrhalis
Pseudomonss aeruginosa
Pseudamonas fluorescens
Proteus vulgaris

Serratla marcescens
Aspergillus niger
Penicillium notatum
Saccharomyces cerevisise
Saecharanyces ellipsoldeus
Torula histolytica
Aetinamycete X
Actinomycete 2
Actinomycete I
Actinomycete

Aetinomycete

S
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abundant growth on the extraet broth,

sctinomycetes grew abundantly.

All species of

Nutritive value for the thirty test microorganisms

on culture medle prepared from the extract of Hibiscus
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TABLE 18

NUTRITIVE VALUE OF DAUCUS CAROTA
EXTRACT FOR THIRTY WICROOR

‘ Organism

——

|

e

Extract Agar

o
o
Fad
s ]
L]
of

Bacillus cereus
Baeillus megatherium
Bacilluas mycoldes
Bacillus subtilis
GafTkys tetragensa

Mierococcus pyogenes var. albus
Mlerococous pyogenes var. aureus

Mieroeoceus roseus
Misrococcus citreus
Wycobacterium smegmatis
Aarcbacter serogenes
Alkaligenes fecalis
Escherichie coll
Escherichlia communior
Kiebsiella pneumoniae
Heisseria catarrhelis
Paeudamonsas aeruginosa
Pseudomonas fluorescens
Proteus vulgaris
Serratia marcescens
Aspergilius niger
Penieillium notatum
Saccharomyces cerevisiae
Saccharomyces ellipscideus
Torule histolytice
Actinomycete X
Actinomycete 2
Actinomycete |
Actinomyeete
Actinomycete

N S
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eésculentus is shown in Table 19.

Two thirds of the test

organisms grew moderately to iuxuriantly on these media.

Neisseria caterrhalis and Proteus vulgeris grew very
sparsely. The two speeles of molds showed moderste growth,
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TABLE 19

NUTRITIVE VALUE OF HIBISCUS ESCULENTUS
EXTRACT POR THIRTY MICROORGANISHS

"

" "
" -

———

Extract Agar

Extract Broth

Organism

Bacillus cereus

Bacillus megathsrium
Bacillus mycoidea

Baeillus subtilis

Gaffkya tetragena
Micerocoeccus pyogenes var. a&lbus
Micrococcus pyogenes var, aureus
Micrococcus roseus
Micrococeus eitreus
Mycobacterium smegmatis
Aerobacter asrogenes
Alkallgenes fecalis
Escherichla coli
Escherichis communior
Klebslella pneumonisae
Nelsseria catarrhalis
Pgseudomonas aeruginosa
Pseudomonas fluorescens
Proteus wvulgaris

Serratia marcescens
Aspergillus niger
Penicillium notatum
Saccharomyces cerevisiae
Saccharomyces ellipscideus
Torala histolytica
Actinomycete X
Actinomycete 2
Actinomycete [
Actinomycete i&
Actincmycete

S
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Aspergillus niger the greater of

the two., The two species

of yeast, Saccharomyces gersvisise and Sagcharamyces

ellipsoideus, showed medium growth,

Actinomycete X,

Actinomycete 5, and Actinomycete l); exhibited only slight

growth, but far surpassed that of the other actinomycetes.
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The nutritive value of the extraet of Lactuca gativa
is showmn in Table 20. None of the species of the genus

TABLE 20

RUTRITIVE VALUE OF
EXTRACT FOR THIRTY

rganism

Extract Agar

Baclllus cereus

Baclllus megatherium
Bacillus myecoldes
Bacillus subtilis

Gaffkya tetragena
Micrococcus pyogenes var, albus
Miecrocoocus pyogenes var, aureus
Hiecrocoeccus roseus
Mierococcus cltreus
Mycobacterium smegmatis
Asrobacter aerogenes
Alkaligenes fecalls
Escherichia coll
Escherichis communior
Klebsiella pneumoniae
Nelsseria catarrhalils
Pseudemonas aseruginosa
Pseudomonas fluorescens
Proteus vulgaris

Serratia marcescens
Aspergillus niger
Penicillium notatum
Saccharomyeces cerevisiae
Sascharomyces ellipsoideus
Torula histolytiea
Actinomycete X
Actinomyoets 2
Actinamycete

Actinomycete

Actinomycete
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Micrococous showed any growth at

all. Baelllus mycoides,
Bacillus subtilis, Asrobagter serogenes, Klebsiella
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Rneumonise, and Pseudomonas fluorescens exhibited heavy
growth., Other organisms showing poor to medium growth
were Mycobacterium smegmatis, Alkallgenes fecslis,
feeudomonas seruginosa, and Serratia marcescens., Asper-
M& niger grew profusely in both the extract broth and
upon the agar; whereas Penicillium notatum geve a heavy
growth only on the extract agar. The two apecies of
Saccharomyces exhibited light to medium growth, Actino~
mycete L/, grew sbundantly on both media.

Table 21 shows the nutritive value of the vegetahle
extract media of Lycopersicum esculentum. None of the
gram-positive bacterial organisms nor the actinomycetes
produced any growth either in the extract broth or upon the
extract agar, Two gm«neg&ﬁve organisms, Aercbacter
asrogenes snd Klebsiella pneumonise, grew luxurisntly on
the extract media. Aspergillus niger and Penicillium
notatum produced abundant growth, while Saccharamyces
gerevisiae and Sasccharomyces ellipsoideus exhibited only
poor %o medium growth,

The nutritive value of the extract media of Fetro~
m bortenge 1s revealed in Table 22, The test or-
ganisms grew extremely well on these extract medla. BEvery
organism exhibited growth in the extract broth; however,

three organisms failed to grow on the extract sgar,
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TABLE 21

NUTRITIVE VALUE OF LYCOPERSICUM
RTY MICHOORG

thﬁLEﬁ

EXTRACT FOR THI

Baclllus cereus

Baclillus megatherium

Bacillus mycolides

Baecillus subtilis

Gaffkya tetragens

Mierococcus pyogenes var. albus
Micracoccus pyogenes var. aureus
Miorococcus roseus

Hierococous citreus
Mycobacteriun smegmatis
Asrobacter aerogenes
Alkaligenes fecalis
Escherichia coli

Eacherichia communior
Klebsiella pneumoniae
Neisseria catarrhalis
Pseudanonas aeruginossa
Pseudomonas fluorescens
Proteus vulgaris

Serratia marcescens

Aspesrgillus niger

Penicillium notatum
Saccharomyces cerevisiae
Saccharomyces ellipsoideus
Torula histolytica
Actinomycete X

Actinomycete 2

Actinomycete
Actinomycete ©
Actinomycete

Extract Apar Extract Broth

#24 444

# #

# 7
1 A

# AE
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# #

Table 23 shows the nutritive value of Phaseolus

lunatus extract media,

With the exception of Gaffkys

Letragena and Miorgeoccus gitreus all of the test organisms

produced growth on these media,

ost of the organisms
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TABLE 22

NUTRITIVE VALUE OF PETR
EXTRACT FOR THIRTY ¥

Organi sm Bxtract Agar Extract Broth
Bacillus cereus - o
Bacillus megatherium £f ;?(/
Bae¢illus mycoldes /é/ #
Becillus subtilis AL £Af
Gaeffkya tetragena {// ,,1/{
Micrococcus pyogenes var. albus f/
Mierococcus pyogenes var. aureus P Pre
Micrococous roseus £ FAf
Mierococecus citreus £ i
Mycobacterium smegmatis - Py
Aerobacter aerogenes J// AAF
Alkaligenes fecalis 1 oy
Escherichia eoli {?‘ FEf
Escherichia communior PEE ,?
Klebslella pneumonisae FA4 AL
Neisseria ceatarrhalis ## FEL
Pseudomonas aeruginosa {? ALE
Pseudomonss fluorescens 4 ey
Proteus vulgaris f AAF
Serratia marcescens FAE ;(/4/
Aspergillus niger i# 4
Penicillium notatum £ Fhé
Saccharomyces cerevisise £ ey
Saccharomyces ellipsoideus ¢ (?’
Torula histolytica - f/
Actinomycete X £F £é¥
Actinomycete 2 £
Actinomycete ¢ FAL
Actinomycete // ey
Actinamycete ¥ FA4

revealed moderate to heavy growth; however, some orgaenisms
such as Mlorococcus pyogenes var. albus, ¥ierococcus
RYogenes var. gureus, Neisseria catarrhaelis, and Proteus
Yulgeria showed very scant growth, Aspergillus niger end
Zoruls bistolytics grew luxuriantly both in the vegetable
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TABLE 23

NUTRITIVE VALUE OF PHASEQLUS IUNATUS
EXTRACT FOR THIRTY MICROORGANI

T r—————

T gL ST

e

Extract Agar

—————
——

Extract Broth

Baelllua cereus

Bacillus megatherium
Baelllus mycoldes
Bacillus subtilis
Gaffkya tetragena
Micrococcus pyogenes var.
Micrococcus pyogenes var,
Mlerococcus roseus
Microeoceus citreus
Hyccobacterium smegmatis
Aercbacter assrogenes
Alkaligenes fecalie
Escherichia coli
Escherichia communior
Klebalella pneumoniae
Nelsseria catarrhalls
Pseudomonas seruginosa
Pseudomonas fluorescens
Proteus wvulgaris
Serratia marcescens
Aspergillus niger
Penicillium notatum
Saccharomyces cerevisiae
Saccharomyces ellipsoideus
Torula histolytiea
Actinomycete X
Actinomycete 2
Actinomycete
Actinomycete
Actinomycete
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extract broth and upon the vegeitable extract agar. Ac-

tinomycete 5 and Actinomycete Ll showed more growth than

any of this group.

The nutritive value of the extract media of Phageolus
yulgaris is shown in Table 24, Only five organisms failed
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TABLE 2l

NUTRITIVE VALUE OF PHASEOQLUS

EXTRACT FOR THIRT

?ﬁ%%&ﬁls

ROORGANIS

oacrwen

o

e

oimm——

st At A

Organism

Bacillus cersus

Bacillus megatherium
Bacillus myocoldes

Bacillus subtilis

Gaffkya tetragens
Micrococous pyogenes var, albus
Microcococus pyogenes var. aureus
Mierococcus roseus
Microcoocus citreus
Mycobacterium smegmatis
Aercgbaster aerogenes
Alkaligenes fecalils
Esecherichia coll
Escherichia communior
Kisbaiella pneumoniae
Neisseria catarrhalls
Pseudomonas seruginosa .
Pseudamonas fluorescens
Proteus vulgaris

Serratle marcescens
Aspergillus niger
Penicillium notatum
Saccharomyces cerevisilae
Saccharomyces ellipsoldeus
Torula histolytica
Actinomycste X
Actinomycete 2
Actinomycete U
Aotinomycete

Actinomycete

b
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to grow in these media,

0f the bacterlal arganismsa,

Bagillius megatherium, Bacillus subtilis, Mycobacterium

smegmatis, Aercbacter serogenes, Klebsiells ise,
Pseudamonng aeruginosa, and Pseudomonas fluorescena showed

heavy growth,.

The two specles of molds, Aspergillus niger
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and Penieillium notatum, end two of the yeasts, Saccharo-

myces cerevisise and Saccharomyges ellipsoldeus grew pro-
fusely. All five specles of actinomycetes grew luxuriantly

both in the extract broth and upon the extract agar.
According to Table 25 approximately one half of the
test organisms produced growth on the extract media of

TABLE 25

NUTRITIVE VALUE OF PISUM SATIVUM
EXTRACT FOR THIRTY MICROORGANISMS

Orgenism Extract Agar Extract Broth

Baecillus cereus

Bacillus megatherium

Bacillus mycoides

Bacillus subtlilis

Gaffkya tetragena

Micrococous pyogeneg var, albus
Mierococcus pyogenes var. aureus
Mierococcus roseus

Miorococcus citreus
Mycobacterium smegmatis
Asrobacter aerogenes
Alkaligenes fecalils

Escherichia coll

Escherichia communior ,
Klebsislla pneumoniae e
Helsseria catarrhalis
Pseudamonas aeruginosa
Pseudamonas {luorescens
Proteus vulgaris

Serratia marcescens
Aspergillius niger
Penieillium notatum
Saccharomyces cerevisiee
Saccharomyces ellipsoideus
Torula histolytica
Actinomycete X
Actinomycete 2
Actinomysete

Actinmmycete

Actinomycete
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Pisum sativum. Nine bacterial organisms exnibited medium
to heavy growth on elther or both of the extract media,
The growth of Aspergillus niger was excellent on both types
of media; however, Peniecillium pnotatum showed only poor
growth in the extract broth, The three specles of yeast
grew extremely well, but negative results wers recorded
for the species of actinomycetes.

An observation of Table 26 which shows the nutrient
value of the extract media of Rhewn rheponticum revesals
that the growth of the bacterial organisms was completely
inhibited on both of the extract media. Aspergillus niger
showed a heavy growth on the vegetable extract agar.

Sage cerevisiee and Saccharomyces sllipsoideus
revealed only slight growth on the agar; whereas Actino-
mycete X and Actinomycete 2 exhibited only barely percep-
tible growth,

Table 27 reveals the nutritive value of the extract

media of Solanum melongena. Of the bacterial organisms,
Baclllus mycoldes, Bacillus subtilis, Asrobacter serogenes,
Elebslella pnewmonise, Pseudomonas seruginoss, and Pseudo-
monas fluor escens grew abundantly, vhile Gaffkye tetragens,
ocous citreus, Alkaligenes fecalls, and Neigseria
gatarrhalis showed no signs of growth. Aspergillus niger

revealed excellent growth. Favorable results on the

extract agar of the two species of yeasts, Saccharomyces
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TABLE 26

B %F’Oﬁﬁ CUM
CRO M8

NUTRITIVE VALUE OF
EXTRACT POR THIRTY

i

ST - == = =
_ Organism Extract Agar Extract Broth

Baeclllus cereus

Bacillus megatherium
Bacillus mycoides

Bacillus subtilis

Gaffkya tetragena
Mierococcus pyogenes var. albus
Micrococcus pyogenes var. aursus
Micrococous roseus
Micrococcus eitreus
Mycobacterium amegmatis
Aerobacter serogenes
Alkeligenes fecalis
Egcherichia coli
Escherichia communior
Klebsiella pneumoniae
Helsseria catarrhalis
Pseudomonas aeruginosa
Pssudomcnas f[luorescens
Proteus vulgaris

Serrgtis marcescens
Aspergillus niger
Peniclillium notatum
Saccharomyces cerevisiae
Saccharomyces ellipsoideus
Torula histelytica
Actinamycete

Actinomycete 2
Aetinomycete

Actinomycete

Acetinomycete il
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gerevisise and Saccharomyces ellipsoideus, was observed.
Actinomyeete Ll was the only one of the actinomycete group

that gave any noticesble growth.
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TABLE 27

NUTRITIVE VALUE OF SOLANUM MELONGENA
EXTRACT FOR THIRTY WICROORGANISMS

e OERED 1 810

Bacillus cereus

Bacillus megatherium
Baelllus mycoides

Bacillus subtilis

Gaffkya tetragena
Micrococcus pyogenes var, albus
Mierococcus pyogenes var. aureus
Mierococcus roseus
Micrococcus c¢itreus
Myocobscterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalis
Escherichia colil
Escherichia communior
Klebsiells pneumoniae
Nelsseria catarrhalls
Pseudomonas aeruginosa
Pseudomonas fluorescens
Proteus vulgaris

Serrstia marcescens
Aspergillius niger
Penicillium notatum
Saecharomyces cerevisiae
Saccharomyces ellipsoideus
Torula histolytica
Actinomycete X
Actinamycete 2
Actinomycete

Actinomyocete ﬁh
Actinomycete L

Extract Agar Extract Broth
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According to Table 28 which shows the nutritive value

of Spinscis oleraces, Penicillium notatum exhibited poor
growth. Both species of Saccharomyces grew moderately. In

the actinomycete group only Actinomyoete ll, showed any ap~

preclable results on the extract media.
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TABLE 28
NUTRITIVE VALUE OF sm&cxa OLERACEA
ANISHS

EXTRACT FOR THIRT

G
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Extract Agar

Bacillus cereus

Baclllus megatherium
Bacillus mycoides

Bacillus subtilils

Gaffkya tetragena
Mierococous pyogenes var. albus
Micrococous pyogenes var, aureus
Microcococus roseus
Micrococcus oi treus
Myecobacterium smegmatis
Aercbacter eserogenes
Alkaligenes fecalls
Escherichia coll
Escherichia communior
Klebsiella pneumoniae
Nelsseris catarrhalis
Paseudomonas aeruginosa
Pseudomonss fluorescens
Proteus vulgaris

Serratia marcescens
Aapergillus niger
Penleillium notatum
Saccharomyces cerevisiae
Ssccharomyces ellipsoideus
Torula histolytica
Actinomycete X
Aetinomycete 2
Actinomycete
Actinomycete

Actinomycete
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Table 29 shows the nutritive value of Vigna sinensis

extract medie., Exceptionally poor growth was observed on

these, Only nine organisms showed any signa of growth.
The only significent one was Aspergillus plger. It grew

abundantly.
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TABLE 29

NUTRITIVE VALUE OF VIGHA

BEXTRACT FOR THIRTY

I INENSIS
ﬁc’ﬁ'&'a%‘ﬁm

o OrgaDisn

Extract Agar

Bacillus cereus

Baeillus megetherium
Bacillus myocoldes
Baclillus subtilis

Gafficya tetragena
Micrococcus pyogenes var. albus
Miecrococous pyogenes var. aureus
Micrococcus roseus
Mierococcus citreus
Mycobacterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalis
Escherichia coll
Eacherichia communior
Klebaiella pneumoniae
Felaseris ecatarrhalis
Passudomonas seruginosa
Pseudomonas fluorescens
Proteus vulgaris

Serratia marcescens
Aspergillus niger
Penleillium notatum
Saceharonyces cerevisiae
Saccharamyces ellipsoldeus
Torula histolytica
Actinamycete X
Actinomycete 2
Actinomycete
Actinomycete 5
Actinomycete 4ly
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Table 30 reveals the nutritive value of the vegetable

extract media of Zea saccharata.

Each of the

twenty

baeterial organisms showed good growth with Beclllus
mycoides, Baseillus subtilis, Aerobacter aerogenes,
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TABLE 30

RUTRITIVE VALUE OF ZEA SACCHARATA
EXTRACT FOR THIRTY ¥ICROCRGANISMS

Organism Extract Agar |Extract Broth
Bacillus cereus ¢ £
Bacillus megetherium // f/
Beéillus mycoides / {5/
Bacillus subtilis /,l £
Gaffkya tetragens / £
Mierococous pyogenes var. albus £
Mierococous pyogenes var, aureus ¢F £
Mierococcus roseus p e -
Micrococcus citreus £ / -
Mycobasterium smegmatis ¢ -
Aerobagter aerogenea e £

Alkaligeaaea fecalis
Escherichia coli
Escherichis communior
Klebslella pneumonise
Neisseria catarrhalis
Pseudomonas aeruginoss
Pseudomonas fluorescens
Proteus vulgaris
Serratia marcescens
Aspergillus niger
Penicillium notatum
Sawharmayeeu cersvisiae
Saccharomyces ellipsoideus
Torula histolytica
Actinomycete X
Actinomycete 2
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Actinomycetse Aé

Actinemycete ih £A4
Actinomycete FEf
Eseudomonas aeruginosa, and Pseudomonas fluorescens ex-

hibiting the hesviest growth on both types of media., Better
growth wes cbserved on the extract agar than in the extrsct
broth. Aspergillus niger showed a very heavy growth; whereas
Penlcilllum notatum did not grow on either the extract agar
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or in the extract broth. Each of the five actinomycetes
grew profusely.

An observation of Table 31 which shows the nutritive
value of Mixture Number 1 reveals that Bgelllus subtilis,

TABLE 31

NUTRITIVE VALUE OF MIXTURE NUMEER 1
EXTRACTS FOR THIRTY MICROURGANISMS

Organism Extract Agar Extraet Broth
Bacillus cereus # £
Bacillus megatherium £ '
Baeillus mycoides P4 ¢
Bacillus subtilis £EF AF
Gaffkya tetragena - -
Micrococcus pyogenes var, albus f/ £
Micrococcus pyogenes var, aursus / £
Mierococcus roseus ¢ 4
Micrococcus citreus - -
Mycobacterium smegmatis /

Aerobacter serogenea A ¢
Alkaligenes fecalis /

Escherichia coll # A
Eiehazﬁehia eommunior {;{ -
Klebsiella pneumoniae

Neiseeris catarrhalis - {f{
Pseudomonas aeruginosa ¢ e
Pseudamonss fluorescens \ i
Proteus vulgaris s £
Serratia marcescens AAE e
Aspergillus niger AL peys
Penlcillium notatum - -
Saccharomyces cerevisiae Af £
Ssccharomyces ellipsoideus #
Torulsa histolytica 4 A4
Actinomycete X - -
Aetinomycete 2 # 4
Actinamycete 4 £
Actinomycete £ -
Actinomycete V4 A

Aerobscter aerogenes, Klebsiella pneumonise, Pseudamonss
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aseruginoss, Serratia marcescens, and Aspergillus niger
exhiblted abundant growth. The three yeasts exhibited

moderate results.

The nutritive value of the extract media of Mixture

Number 2 is shown in Table 32.

TABLE 32

NUTRITIVE VALUE OF MIXTURE NUMBER 2
EXTRACTS FOR THIRTY MICROORGANISMS

Only three organisms

e e — —
Organi sm Extract Agar Extract Broth

Bacillus cereus

Baclllus megatherium
Baclillus mycoides

Bacillus subtilis

Gaffkya tetragena
Miérococcus pyogenes var. albus
Micrococcus pyogenes var., aureus
Micrococecus roseus
Micrococcus citreus
Mycobacteriun amegmatls
Aerobacter aerogenes
Alkaligenes fecalls
Escherichias coli
Escherichla communior
Klebsielle pneumoniae
Heisseria catarrhalils
Pseudomonas aeruginosa
Pseudomonas {luorescens
Proteus vulgaris

Serratia marcescens
Aspergillus niger
Penicillium notatum
Saccharomyces cerevisise
Saecharomyces ellipsoideus
Torula histolytica
Actinomycete X
Actinomycete 2
Actinomycete [

Actinomycete
Actinomycete
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exhibited sny growth, These were Aspergllius g;ggg,
Saccharguyces cerevisise, end Saccharomyces ellipsoideus,
the first of these growing most profusely.

According to Table 33 which shows the nutritive value

of Mixture Number 3 extract media, ten bacterial organisms

TABLE 33

RUTRITIVE VALUE OF MIXTURE RUMBER 3
EXTRACTS FOR THIRTY MICROORGANISMS

j"‘Qrgan;ama Extract Agar Extract Broth

Baciilus cereus -
Bacillus megatherium -
Bacillus mycoides -
Baeillus subtilis £if
Gaffkya tetragena -
Micrococcus pyogenes var., albus e
Mierococeus pyogenes ver, aureus {%
Micrococeus roseus £
Micrococcus citraus
Mycobacterium smegmatis
Aerobacter aerogenes
Alkaligenes fecalls
Escherichia colil
Eascherichie communior
Klebsiella pneumoniae
Heisseria catarrhalis
Pseudamonas esruginosa
Pseudomonas fluorescens
Proteus vulgaris

Serratis marcescens
Aspergillus niger
Pengcillium notatum
Saccharomyces cerevisise
Sacecharomyces ellipsoldeus
Torula histolytica
Aotinomycete X
Actinomycete 2
Actinomycete

Asctinomycete

Actinomycete
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showed no signs of growth. However, the other organisms

exhibited favorable results.

Table 34 reveals the nutritive value of the extract

media of Mixture Number L. Three gram-positive organisms,

TABLE 3l

NUTRITIVE VALUE OF MIXTURE NUMBER 4
EXPTRACTS FPOR THIRTY MICROORGANISM S

Extract Ager

Bacillus cersus

Bacillus megetherium
Bacillus mycoldes

Bacillus subtilis

Gaffkysa tetragena
Micrococcus pyogenes var, albus
Mierococcus pyogenes var, aursus
Mlerocoeccus roseus
Micrococcus cltreus
Mycobacterium smegmatis
Aerobacter asrogenes
Alkaligenes fecelis
Esacherlichia coli
Bscherichia communior
Klebsiella pneumonisze
Neisseria catarrhalis
Pseudomonsas aeruginosa
Pseudomonas fluorescens
Proteus wvulgaris

Serratls marcescens
Aspergillus niger
Penicillium notatum
Saccharomyces cerevisiae
Saccharomyces ellipsoldeus
Torula histolytica
Actinomycete X
Actinomycete 2
Actinomycete

Actinomycete
Actinomycete
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Bacillus subtdills, Micrococcus roseus, and Mycobacterium
smepmatis, exhibited growth with Bacillus subtilis showing
the heaviest growth. Only two gram~-negative organisms,
Aercbacter serogenes and Klebsiella pnewmonise, grew. Both
Appergillus niger and Penicilliwm notatum showed good growth.

TABLE 35

NUTRITIVE VALUE OF MIXTURE NUMBER S
EXTRACTS FOR THIRTY MICROORGANISMS

" voneimmbrorr o waso et — e joos e
—— p——— e P— " s v b wp—

—SrEERL S Extract Agar Extract Broth
Bacillus cereus £ ¢
Bacillus megatherium é{ 7
Bacillus mycoldes ﬁf FEE
Bacillus subtilis 4 ;/ i
Gaffkya tetragena FEF L
Micrococcus pyogenes var. albus P4 #
Micrococcus pyogenes var., aureus e

Microcoecus rossus #E #
Hicrococcus citreus A e
Mycobacterium smegmatis #F s
Aerobacter aserogenes J)# A4
Alkaligenes fecalis 24 oy
Escherichia coll oy 4
Escherichie cormunior FEE #i
Klebsiella pneumonise wif g
Nelsseria catarrhalis ¥ e
Pseudomonas aeruginosa s AL
Pseudomonas fluorescens At £f
Proteus vulgaris /? £
Serratie marcescens {f

Aspergillus niger o Fed
Penicillium notatum - -
Saccharomyces cerevisiae vy £
Saccharomyces ellipsocideus £ -
Torula hiatal§tioa #7/ -
Actinomycete ‘ |
Actinemycete 2 {?/ ér{
Actinomyceteo # -
Astinomycete e £iL
Actinomycete A A4
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The two species of Saecharamyeces grew moderately; whereas
in the species of actinomycetes only Actincmycete L showed
any growth,

The nutritive value of the extract media of HMixture
Rumber 5 is shown in Table 35. Every bacterial orgenism
exhibited growth, the least being produced by Bacillus
gereus, oce
marcescens. Aspergillus niger exhibited excellent growth,

while Fenicillium notatum and Torulas histolytics gave
negative results. Each of the actinomycetes, with the

exception of Actinomycete L, grew abundantly.



CHAPTER 1V
SUMMARY AND CORCLUSIONS

Summary

1. Twenty~-five different kinds of common garden vege-
tables were obtained and extracts of these were used in
the preperation of laboratory culture media for use in
this investigation.

2. Thirty specles of representative microorganisms
were used in testing for nutritional value in these vege-
table extracts.

3. The test microorgenisms were cultured on Tryptose
agar slants and in Tryptose agar broth as stoeks. Inocu-
lations were made from the Tryptose broth on to the extract
agar plates and from the Tryptose agar slants into the
extract broths.

4. Mixtures of several of the vegetable extracts were
also used in order to determine the nutritive velue of the
extracts when combined in one culture medium.

5. The pH of each vegetable extract was determined

and recorded.

6. The results of growth, as criteria for determining

nutritive values, were observed and evaluated after an

56
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incubation period of forty~eight hours. These were recorded
in tabuler form.

7. Among the gram-positive baecterisl species used in
this investigation Baclllus mycoides and Bsecillus subtilis
showsd consistently good growth on the greatest number of
the vegetable extract media tested. Micrococcus citreus,
Baecillus cereus, and Geffkys tetragens grew consistently
less vigorously than the other gram-positive species.
Vegetable extract media prepared from Cucumis sativus,
Cepslocum annuum, Hiblscus esculentus, Vigns sinesgis,
Mixture Number 2, Mixture Number l, Rheum rhaponticum, and
Lycopersicum esculentum proved the 10&312 satisfactory in
matrients for the gram-positive organisms. The last two
of these campletely inhibited the entire group. The extract
media prepared from Daucus cerota, Petroselinum hortense,
Zee saccharata proved the most valuable for the gram-
positive group.

8. Gram-negative bacteriasl species did not grow as

consistently well on the vegetable extract media as did the

grem-positive ones. Alkaligenes fecalls, Neisseria gatary-
halis, Escherichls communior, and Proteus vulgaris did not
grow at all on meny of the media tested. The extracts of
Yigne sinensls, Cuoumis sativus, Pisum sativum, Rheum
rhaponticum, Mixture Number 2, and Mixture Number L re-
vealed consistently poor nutritive content for the gram-

negative species. The most valuable extract medis for this
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group of organisms were prepared from Allium cepe, Beta
crassa, Brassica gleraces var. botrytis Ii and Petrose-

9. Aspergillus nlger grew abundently on & e jority of
the extract media tested; Penicillium notatum grew scmewhat
less vigorously. Capsicum annuum and Pheseolus vulgeris
contained mutrients which supported excellent growth for
both of these specles.

10, The growth of Saccharomyces cerevisiae and Saecharo-
myees ellipsoideus varied considerably on the various extract

medis, However, Fhaseolus yulgaris and Plsum gativum ex-
tracts supported excellent growth for both of these speocles.
Toruls histolytica grew well on culture media prepared from
extracts of Phsseclus lunatus, Daucus carota, and Pisum
sativum,

11. The most significant growth exhibited by the

straing of actinomycetes was noted on extract media pre-~

pared from Brassics oleraceae var. botrytis II, Sucurbite
maxime, Daucus carota, Phaseolus vulgaris, Zea saccharata,
and Mixture Number 5., The extract medium of Lycopersicum

esculentum oompletely inhibited the growth of all the strains
of actinomycetes.

Conclusions
From growth criteria determined by this investigation
the extract mediae prepared from Daucus carota, Petroselinum
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bhortense, and Zea gaccharata have been found the most valu-
able for the cultivation of the gram-positive specles of

basteria, Those prepared from the extracts of Allium cepa,
Bets crasasa, Brassice ogleracea var. botrytis 11, and Petro-
Selinum hortense have been found the most satisfactory for
grimring the gram-negative bacterial species, Whereas most

all of the extract media were found satisfactory for the

growth of Aspergillus niger and Penicillium notatum, those
prepared fram Capsioum snnuum and Phaseolus vulgaris were
found the most significant. pPhageolus yulgarig end Pisun
w extract media supported excellent growth for both

Ssocharonyces gerevisise and Saccharomyces ellipsoldeus.
Torula histolytica grew well on culture media prepared from

extracts of Phaseolus lunatus, Daucus garots, snd Pisum
getivum, Extract media prepared from Brassioa sleraces var,
botrytls II, Cucurbits mexima, Daucus carota, Phageolus
yulgaris, Zes saccharata, and Mixture Number 5 were found
highly satisfactory for culturing the strains of actino-
mycetes,

These results indlcate that certain vegetable ex-
tracts can be used in the preparation of suitable and
economical culture media which can be used both on the
secondary and higher education level for the growth of
microorganisms, Further investigations should be made in
order to determine the amino acld, metallic ion, accessory
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growth factor, and carbochydrate content of these vegetable
extracts in order to determine vhether these correspond

to those, set down by others, as the nutritionsl require-

ments for mieroorganisms.
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