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PREVENTION OF MOLD SPOILAGE OF EGGS UNDER
CONDITIONS IN WARMER AREAS.

I. INTRODUCTION

This work was undertaken mainly to £ind out the effect
of room temperature storage (76 ¥ to 80 F) on the keeping
quality of eggs. This problem obviously arises in places,
like Indie, where due to lack of sufficient cold storage
facilities it is a common observation that eggs would not
keep more than a week untreated at such a high temperaturse
of storage.

The factors responsible for the pemetration of the
shell by the miorobial flora have not dbeen thoroughly
investigated, dut is féirly well known that entry takes
place under certain conditions by some species of most of
the common egg molds.

It has been estimated that in England a loss of 5 per
cent ocours in stored imported eges which means a loss of
150 million eggs annually.

Warmer storage would naturally accelerate the changes
that are respomsidble for spoilage. The object therefore
consists in controlling as far as possible the conditions

whieh would facilitate spoilege in warm storage.



About one-~fourth of all egges produced in the United
Btates go into cold storage. For prolonged periods of
storage the preservation of @gga by cold is not the ideal
one to which the industry would look with favor.
Partienlarly for prolonged periocds there is much that
could be improved in the present methods of egg preservﬁ~
tion. Better storage conditions are neeessary to eliminate
spoilage by miercorganisms and a quality loss due to the
evaporation of water from the eggs in storagse.

Cold storage certainly does not prevent completely
the grouwth of mierocrganisms and enzymatic spoilage.
Molds particularly grow at lew temperaturg and cause
gpoilage., The purpose of this investigetion was to study
the effect of cortain substances which would prevent the
development of molds on eggs stored especimlly at reoom
temperature. The growth of microorgenisms particulerly
molds both within the egg and@ on the outer shell hes been
mentioned ag the principal cause of spoilage.

It 1s now & well-accepted faet that egg spoilage is
due to the organisms which entexr the shell. It was there«
fore thought that if the mold growth on the outside could
be prevented one cause of quality deterioration conld be
removed.

In all the experiments fresh eggs obtained from the
Poultyy Department of Oregon State College were used,



excopt 4in the firast series when they wers purchased from
a retaill store. To keop the factors eof Sempsrature and
humidity constant all the samples wewrse stored at 78 F

to 80 P and approximately 100 per cent bumidity. It is
falirly well knovn that molds grow well when the relative
humidity is abowve 80 to 88 per cent.

. The experiments were performéd under conditions
closely approxinmating those exlsting in commercial
warehouses. The saving in cost effected by storing eggs
at ordinary temperatures several weesks before being sold
is- cbvious, The object of investigation was to determine
the oxtent of storage lifo of egrs at room temperaturss,
It wag thought that 4f the storasze 1ife were extended,
even for several weeks, it would benefit the industry
eonsiderably in warm areas., Eggs spoil rapidly at high
temperatureé. If treated eggs are kept free of microbial
decomposition at high temperatures, it should be possible

to keep them in good condition before consumption,



II. REVIEW OF LITERATURE

The fresh egg has been known to contain an efficlent

system of defenses against microbiological spoilage.

Nature provides these defonses to cope with the heavy

contamination vhich would naturally occur after laying.

Hainee (7) points out that there are a number of

variables involved in the penetration of the egg shell

by bacteria, which require adequate study one at a time,

with proper controls. He lists the following.

(1)

(11)

(151)

(iv)

(v)

The penetration, if any, of the intaet, dry
shell by the indigenous micro-flora,

The offeet of the deposition of moisture on
the shell on microbial penetration of the
intact egg by the indigené&é flora.

The offect of removing the cuter muscila~
ginous coating, ie, washing the eggs or
treating with abrasives, on penetration

of egg by the indigenous flora.

The effect of removﬁng‘the‘cOQting of mucin
on microbial penetration if the egsgs are
expoged to a fresh infection and not the
indigenous infection.

Any correlation between bactorial penotration
and quality, size, or number of pores in the

ghell, or age of the shell.



Important Lastors involvod im infootion according
to Heines {7) are (@) vashing amd posaidbly {(b) quality
of the ¢holls, Ho omphasises that vashing renders the
g mueh moro ¢uoily infoctoblo 4P onpesed at any cube
sogquont poriod te bagteris and molsturo. According Lo
him, 008 quolity, £rooh mavashed ogme aro exbras
orfinarily resfctant o Daefopdal infoction. Tashing
rondors @m@ 688 mueh mere susgopbiblo to infostion &f
cxposed at any oubsequent $ime te moisturs ond bastorit.
It 4o almoet eorbnim thot most of the organisme vbieh
eause opoeiloge wnder comuercinl cenditfons aro saused by
the inveclion of the ogg through the ohoell after laying.

Do rotting io mainly misrobial bub accerding o
Hodmes (7], the eomvopoion of the thiel vhite into thin
viite and gradual uwoalondng of the moubrancs of the yolk
are bioclogleal @ramg@sim@% roloted to microbhial aetivity.

Miles anéd Halnan (11) first isoloted an organiom,
Protous melancvogenes, whieh canses tho most rapid and
gonpiote black rotting. Hainog (7) cophasiszes that whon
advanced atages of this type of ret are oncountorcd on an
oxtondod seale, &t 4 prebable theat, in radition to the
handling of the oggs belng suspectoed from the hygenle
pandpeint, they have at sove period boon stored at teo
high a tomperature, Acsording to him other otraing eof

Protcus have been imown to give rote of this typo.



Two other rots vwhich are common to industry are
“ved rots®, caused by infection with Pseudomonas and
"green rots", caused by members of the Pseudomonas group
while growing in the egg white. A type of "red rot" is
known to bs caused by Sporotrichum spresding along the
chalazae to the yolk (7).

The most common species of miercorganisms found in
eggs are miorococei, molds, yeast and sporing bacilli,
B. protous, B. subtilis, licrococcus aureus, B. pyoeyaneus,
B, prodigiosus, B. violoaceus, Micrococcus albus, aureus,
and luteus, "M. sulphurecus nonliguefaciens,™ B. faecalis
alkaligenes, B. proteus, B. mesentericus, and streptococei,
and "B. putidus nonliquefacieus,® staphylocoecci, B,
megentericus, B. ramosus, B. coli, B, proteuns, strepto-~
cocei, micrococci, actinomyces, anaerobes, B, fluorescens,
B, mucosusg, diphteroid baseilli, spirillium, $. tétragensa,
S. lutea, B, pyogenes, B. albolactis, B, mycoides, coryne-
bacteria and various molds (7) (14).

Haines (7) sums up the above findings by stating that
the flora of the small proportion of whites and yolks
which may represent a real infection consists of a great
diversity of common saprophytic organisms occéurring in
manure and seil. He is of the opinion that average,.- clean
egs shell carries a heavy and diverse bacterial flora which

are responsible for most of the types of spoilage observed



in commereial practice and successful preservation by
storage consists in maintaining such conditions as would
make it impossible for them to enter and reproduce within
the egg.

The most common molds which cause spoilage in eggs
were noted by various workers {7) (9) {(24) to be
Penicillium, Cladosporium, Sporotricum, Thamnidium, Hucor,
Alternaria, and @spergillus. Entry takes place under
certain conditions by some species of most of the above
genera.

Winter (26) points out that black rot in fresh shell
eggs could be prevented by producing clean eggs. Ac¢cording
to him the source of infection in wmost cases is dirt on
the shell or in the water used for clezning. Alcaligenes,
Escherichia and Proteus groups of bacteria were found
most frequently in such condition. He obzerved that most
cases of blagk rot were found during or fellowing periods

of warm, humid weather.
A. FACTORS INVWLVED IN PRESERVATION OF EGGS

Two most important factors inveived in preservation
of eggs are the temperature and humidity. They are very
closely interrclated and it becomes impossible to rate
the two factors separately (10).



Temperature: Highey temperatures have been known to

be favorable for reproduction of bacteria and molds,.
Holding eggs at lower temperatures would help to prevent
bacterial and mold growth. High ¢emperature during trans-
port has been indicated as one of the causes of spoilage.
In warmer areas (76 P to 80 P) it becomes impossible to
preserve quality in egss unless the eggs are treated in
some manner or are immediately stored in cold roous.
Experiments were run to determine the relative merits of
different treatments at room temperature storage which was
uniformly kept at 76 F to 80 P. licrobial development is
greatly dependent on the conditions of storage in which
temperature plays an important role.

Humidity: This is another important factor to bo
taken into consideration in egg preservation. If relative
humidity of the surrcundings is high, conditions become
ideal for mold development due to the condsnsation of water
on shell surface. It has been noted that even if the film
of moisture is miecrcseeplic it enables the mold to develop.

Rapid temperature changes allow moisture condensation
on the surface. Such condensation accelerates the growth
of surface molds which may penetrate through the shell.

Extreme c¢ayre in handling eggs is always emphasized.
Rapid temperature changes during handling facilitates

"eondensate® formation.



It becomes necessary thereofere that ideal storage
with low humidity and low temperature should be atarted
as soon a8 the egg is laid., Egg quality as determined
microbiologically depends largely on the method of
handling after the egg is laid, Quality is determined by
the manner in which tﬁ@ egs is handled at its source., The
storage house could not possibly do anything in the way of
meintaining quality 1f the egg 1s contaminated when it is
received even though the infection may not be great. This
gupposes that the only place where the egg qQuality could
be improved is either at the poultry plant or farm (10).

According to Hallmann and Davidson (10) the bacterial
invasion is exceedingly rapid when the egg is first laid
becanse the shell and ogg membranes have little if any
protective value against infection. It has been noted that
the natural defensez of shell eggs are not sufficient to
prevent spolilage when théy are éubgected to unfavorable
conditions of temperature and humidity. Clean egcs need
great care in handling. The object of any method of pre=-
servation should be to prevent handling practices which
would facilitate bacterial and mold growth. It has been
noted that under practical conditions bacterial invasion
occurs largely before storage., This, however, presupposes
that storage conditions are not conducive to bacterial

development.
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Moran (13) is of the opinion that storage of eggs
in air at ordinsry or chilling temperaﬁurés is marked by
several changes among vhich are: (a) Evaporation of water
giving rise to large air ehambér, (b) Thinning of the
thick white and shrinkage of the bag of thick white
{enelosing the inner thin), (c¢) Weakening of the yolk
membrane, (d) A decrease in the viscosity of the yolk, and
(e) The appearance of "storage taste” 4in the yolk.

Evaporation at constant humidity is independent of the
speed of the air passing over the eggs. There ig a gradual
deorease in the rate as evaporation proceeds as noted by
Moran (13)., He also notes that the Quality.Qf the "white®
a8 & whole is best preserved if the pH 1s maintained at
about 7.8, ie, in air containing approximately 2~1/2 per
cent 602.. He, however, emphasizes that the pH is not the
only faoctor in preservation of quality and some shrinkage
of the bag of thick white occurs, whatever the conditions
of storagé. In this respect the white at laying seems to
be in an unstable asystem.

There seems to be doubts as to the origin of “storage
taste.” Fgss have been known to absorb stray odors. The
presence of COp has been known to delay the appearance of
"storage taste® in the'yclk (13). Treatment 6f eggs with
mineral 0il reduces the storage odor of eggs as shown by

Gross, Hall, and Smock (6).
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B. SPOILAGE OF EGGS AND ITS PREVENTION

It is an aceepted fact that the egg as'it comes out
of the hen is generally. free from microorganisms except
in case of pullorum (S. Pullorum) egg (10). The con-
sonsus of opinion is that microbial spoilage is due to
contemination from the outside. The extent of such con=-
tamination is an indication of the manner in which an egg
is handled from the time the egg leaves the oviduet of
the hen to the time it is consumed, |

It has been known that the egg contains an efficient
system of defenses aginst microbial spoilege. If these
defenses are augmented, we could materially increase the
storage life of eggs.

The use of inhibitors of microbial growth in egg pre-
servation has been widely attempted. The preservation of
eges by dipping them.in water glass has been known for a
long time., It is recorded in history that eggs could be
kept in goed conditlion for several years by storsge in |
water glass. However, with the dlscovery of newer com-
pounds attention seems to be focused on elimination of
the difficulties encountered in eider compounds. Thus
water glass, though in itself & good preservative, presents
quite a problem in commercial practice because of the bulk‘

of the packing material.



A& number of compounds have been suggested for pre-
servation of eoggs. They are all dependent on three
simple principles, namely, (a) decreasing svaporation,
(b) setting up more or less conditions which prevent
air from getting in, and (e¢) prevention of microbial
growth and eventual spoilage (7).,

Quaternary fmmonium compounds have recently been
gshown to have high germicidal effioiency. Emulsept and
F 607 have already been shown to be guite effective in

reducing microbial flora on shell eggs.

The most commonly used quaternary amonium compounds

1isted by Rehn (19) are as Pollows:

(1) CTAB (Cetavlon) = cetyl trimethyl ammonium
bromide

(2) Zephiren=Rocecol=BTC= alkyl dimethyl benzyl
ammonium chloride

(3) Phemerol = Hysmine 1622 = Polymine D = p~tert
octylphenosy ethoxy ethyl dimethyl benzyl
ammonium chloride

(4) Ceepryn = cetyl pyridinium chloride

As fay back as 1911, Riddle (22) showed that if hexa=-

methylene tetramine were fed to the laying hen, the eggs
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obtained would presorve for L£ive monthe at 53.6 F to
84.4 F Prom bacterial spoilage. The controls in the
gsame time become unpalatable., It was thonght by him
that this substanece pasged unchanged through the folliw-
cular and vitelline membranes and became incorporated in
the developing ovum, Hexamethylene tetramine decomposed
into formaldehyde after laying and its presence was
revealed in both white and yolk., According to him this
was sufficient to presservée the egg from bacterial decom~
position for five months at 83,6 F to 64.4 P.

Washing even vhen antiseptic washes are used seems
to be harmful because wetting the surfaee gives the
mierooyrganisms an opportunity to invade the egg through
the shell pore ag obgserved by lallmann (10).

In experiments using a germicide in wash water to
reduce bacterial contamination on the egg shell, Penniston -
and Hedrick (16) noted that B 607 special is not quite as
effective on molds as it is on bacteria though it kills
a large percéentage of molds. E 607 special is a
quaternary derivative of approximately equal mixbure of
lauric¢ and myristie fatty acid esters of colamino formyl
methyl pyridinium chloride. They observed that when dirty
8Es8 were wabhed with various concentrations of B 607
specilal, fhe baeterial count on the egg shell was

reduced from over 20,000,000 to & little over 1,000 or
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none. In contrast, dirty eggs which were washed in waber
atill retained 3x10° to 62104 microorganisms on the shell
surface.

They also observed that vwhen washed dirty egps of
the above seriss are rinsed in 500 ppm or less of E 607
gpecial for three to five minutes, the count was redueced
te a 1little over 1,000 or none.

Penniston and Hedrick (17) ccmpared the comparative
values of chlorine and Emulsept 2z germicides in washing
dirty eggs. Emulsept is the lauric acid ester of calamino
formyl methyl pyrdiniuvm chloride. They used successive
groups of twelve dozen egts each in thelyr sxporiments and
dotermined the percentige of microorganisms not killed by
germicides in relation to the number of microorganisms
present when ne disinfectant was uée& in rinese water and
wash water. They used Emilsept in coneentration of 400 ppm
and chlorine in concentration of 100 ppm and found that the
pereentage of microorganisms kllled with Emulsept in these
experiments for the same series of egge were many Himes
greater than the perecentage of those killed when 100 ppm
chlorine was used.

In more recent work, Psmniston and Hedrick {18) report
that when shells were pulverized or rinsed in sterile
water, the number of microorganisms washed off were

aporoxinmately the same. When 400 ppm of Emulsept or
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100 ppm of active chlorine was used t0 wash the eggs, six
to twelve times as many microorganisms were washed off.
Four hundred ppm of Emulsept solution was six to ten times
as effective as chlorine solution in causing the same
reduction in the number of bacteria on the shell surface.
They also noted that the bacterial count in the egg meat per
egy vhen no fungicide was used in the wash water and when
either 0.04 per cent Emulsept or 100 ppm chlorine was used,
was respectively l.5 million and 3,000,

According to Mallmann (9) the molds found on eggs and
egs case materials are extremely common to fresh eggs and
even to new eégg packing materials, He ewphasizes that
the sanitary handling of the eggs, although desirable, does
not in any sense prevent the development of molds in the
égg package during cold storage. ‘

The elimination of moisture from the egg surfaces and
from the fillers and flats would prevent the development
of mcld mycelia, but to maintain such conditions would
mean a loss of moisture of eggs. At 85 to 88 per cent
relative humidity (which is common practice in cold storage
rooms ), the molds sometimes appear particularly if the eggs
are held longer than the usual storage perioed which is
about six months. If, hovever, humidities are kept at
20 per cent or above, molds appear after four or five

months? storage in cold rooms (9).
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It is not feasible to destroy the molds but the
incorporation of chemical agentsz whiech would suppress
the growth of molds is possible.

{fallmann and Michael (9) put down four necessary
criteria for such a substance.

(a) It should have maximum toxiclity towards the

fungi common to eggs.

{b) B8hould have a low vapor pressure to envelep

the egg in a mycostatic vapor.

{c) Should be available at low cost.

(4) Should be free from odor,

In their experiments, they observed that sodium
pentachlorphenate which is marketed by Dow Chemical Company
under the trade name of Dowicide G to be satisfactory as
far as the above criterla are conterned,

Based on thie observation, Mallmann and Michsel {9)
developed a process for the prevention of molds on ogg
surfaces, fillers, flats, and casses. This process eoun~
gisted in impregnating fillers and flats with approxi-
mately 0.4 per cent sodium pentachlorophenate (Dowicide G).
This has some importance because the mycostatic activity
was sufficient even to suppross the molds at relative
hamidity much higher than could be maintained practieally
in ¢o0ld storage room and the compound does not import any

taste or odor to the eggs during storage.
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The above workers (9) discovered the effectiveness
of sodium 2, 4,’5 trichlorophenate (Dowicide B), sodium
2, 4, 5, 6 tetrachlorophenate (Dowicide F) and sodium
pentrachlorophenate (Dowicide G) in controlling the
development of mold on oggs in cold storage. They
observed that although sodium 2, 4, 5 trichlorophonate
(Dowicide B) was the best mycostatic agent under the
drastic experimental conditions used, sodium pentachloro-
phenate (Dowicide ) was observed to be the most satis-
factory mycostatic agent under ordinary commereial
conditiona. The use of Dowicide G was advantageous
because it is better from the standpoint of low cost,
slight odor, and a'relatively low vapor pressure. They
observed that the eggs stored in flats and fillers treated
with thesé phenol preparations were no different in odor
and taste than the eggs stored under identical conditions
in ordinary flats and fillers. He recommends that the
most effeetive method of applying the mycostat is by ime
pregnating the fillers, flats, and cases during the time
of manufacture.

Rosser, Thite, Woodeock, and Pletcher (21) have demon~
strated the fungicidal value of urea and dimethylel urea
and the effectiveness of the vapors of certain volatile

golids as mold growth preventives.
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In their experiments for preserving eggs at high
temperatures, they noﬁed that the best results would be
obtained by conditioning with carbon dioxide to lower the
pH, treating shell surfaces with a disinfectant to reduce
contamination followed by effective sealing, preferably
with a substance heving properties that would prevent
both growth and entrance of conteminants during subsequent
stvorage,. Dimethylol urea in thelr experiments proved teo
be the most effectlive growth inhibitor for microorganisms
and vaseline proved to be the best sealing agent. They
obtained satisfactory results by dipping eges in polyvinyl
alcohol treated with dimethylol urea and by packing oil
dippred eggs in moisture resistent bags.

C. INCORPORATION OF MYCOSTATIC AGENTS IN OIL

01l treatment has heen used quite extensively in com=
mercial practice. It prevents evaporation from the egg
and preveﬁts spoilage.

Mallmenn snd DPevidson (10) maintein thét the effecw
tiveness-of'@he oil in preventing moisture loss depends
on the thickness of the residual £ilm left on the egg
after treatment. They observed good results with 30~60
Sgy, viscosity oil, 3In his experiments he noted that a
viscosity of 50 to 60 permits dipping eggs at temperature
of 60 F to 70 F without slowing drginege too much. He
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incorporated two of oil-soluble Dowicides namely Dowi-
cide 1 and Dowicide 7 in oil and treated eggs with
different concentrations of each of them. The concen-
trations he used (both the compounds) were 0.l per cent,
0.25 per cent, 0,5 per c¢ent, 1,0 per cent, 2.0 per ceﬁte
The treated eggs were placed in large mouth meson«type
Jars and the alr was kept saturated with moisture through-
out the experiment to produce extremely adverse conditions
for maintaining keeping quality. The eggs were stored at
68 F with 100 per cent relative humidity. The egzs were
examined after fortyetwo days' storage for sgpoilage and the
interior quality was determined by candling.

They observed that CG.1 per cent pentaohlcrophendl
{Dowicide 7) failed to stop mold formation entirely and
that orthophenylphenol (Dowicide 1}, in all concentrations
from 0:1 %o 2.5 per cent, failed to stop zold formation on
the shell surfaces, The eggs were held for 71 days then
they were re~examined. The eggsttreated with 0.25 per cent
or more of pentachlorophenol {(Dowicide 7) were observed at
this btime $o be still free of microbial decomposition,
Mallmenn and Davidson (10) however ecmphasized that oiling
with or without the aid of antiblotic agent is not a sub-
stitute in any sense for refrigeration,

| This method of preventing mold growth on eggs seems

%o have some importance because this process, if applied



20

to receiving stations' eggs in place of the present
oiling praectices, will enable the eggs to withstand poor
storage conditions, such es; marked temperature changes,
excessiVe humidities, sweating, and poor ventilation.
The antibistic agent on the shell prevents penetration
of the shell by molds and bacteria encountered during
storage.

Reedmand and Hopkins (20) in their studes on the
effect of oil treatment and egg case liner bags im the
preservation of shell eggs under adverse conditions
obgserved no resulting effect of initial condensate on the
eggs and paekaging material.‘ They conrditioned different
sets of eggs at 32 F, 40 ¥, 60 F and 70F before placing
then in humidity chamber,

They observed that oil treatment by the best commercial
applicadble method, followed by packaging in sealed egge
case liner bags, was found 10 retard greatly the development
of internal defects and severe eéxternal mold., They noted
that oil treatment alone was definitely beneficial but the
use of egg«case liner bags on untreated eggs waé detri-
nental. They, however, emphasize that somewhat different
storage conditions may be encountered in the export of
shell eggs in nonrefrigerated holds. According to them
the length of time seems to influence directly the degree
of spolilage., The workers put some importance to humidity
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gradients within the case decause differential spoilage
of eggs located in the central and top and bottom trays
within the case and at the periphery and in the interior
of individual trays was also noted under certain condi-
tions.

In further studies, Gibbons, Fulton, and Hopkins (4)
stored untreated eggs and eggs oiled and sealed in egg-
case liner bags for six weeks in standard export cases
{1) at 70 P and 90 per cent relative humidity continu-
ocusly, (ii) at 66 P and 95 per cent relative humidity
alternating with 756 P and 70 per cent every two days,
the dew point consequently always remaining bolow 85 F,
and (13i1) at 60 P alternating with 80 P every three days,
both at 90 per cent relative humidity, but the dew point
varying from 57 P to 77 P respectively. In their experi-
ments they observed that within rather wide limits,
microbiological development is dependent primasrily wpon
storage conditions rather than upon the quantity of
inoculum on the surface of eggs at the beginning of
storage. They noticed that the bags used had little effect
on intracase temperatures.

Under (i) and (iii) the workers noted that oiling and
bagsing redueced internal mold and rot but did not signi-
ficantly affeet the development of external mold, In
(i1) internal spoilage was uniformly low in both treated
‘and control eggs. They observed that oiled and bagged



22

eggs were in better physical comdition after storage than
were the untreated, having smaller air cells, freer yolks
and less distinet yolk shadows, The variations which the
workers observed in the incidence of spoilage within cases
are attributed by them to intracase temperature and humi~
- dity differentials.

Gibbons, Michael, and Irish (5) noted that mineral
cils with Saybolt viscosities of 70 to 100 at 100 F maine-
tained egg quality and prevented weight loss better than
oils of lower viscosity. They observed that oiled eggs
lost from onc~tenth to one~fourth as much weight. The
addition of vaseline and magnesium stearate impréved the
action of the light oilis. They found also that heavy oil
diluted with mineral spirits did not give as good results
as lightoils of comparable viscosity. The quality dif-
ference between the oils (maintained at 76 F, 100 P, and
130 F) used for dipping was not marked.

Treoatment of eggs with mineral o0il seems to have some
importance in reduction of storage odor of eggs as is
pointed out by Gross, Hall, and Smock (6).

Kaess (8) in his evaluation of some treatment pro~
cesses for storing eggs at environmmental temperatures under
continental and tropical conditions compared Osagit, a
commercial 0il emulsion, QOsagit with g;ctericide, Biosoter

(bactericidal fat used to rub on eggs), Hilsol {(oil plus
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bactericide), ethylene glycol plus 3 per cemnt Nipagin and
lime water troatment of eggs in storage tests at 0 to 28
degrees and &% various humidities., He observed that
quality decrease was related to taste and unrelated to
increase in size of alr cell, He observed that the content
of free NH3 in yolks depended on storage temperature with
ro significant differences bvetween controls and impregnated
eggs, except that the yolk of eggs preserved in lime water
had more freec MH3 than controls. He noted that decline of
quality of taste was small et nine months' storage in
Ca (Qﬁ)gq

Among the impregnating methods he found that dipping
in 5 per cent Osagit solution at 60 degrees best preserved
thé eggs. The pH was observed to be closely related to
the taste value. For storesge at relative humidity of more
than 80 per cent, Kaess recommends a bhactericidal treat-
ment .

Rievel (23) in his experiments on egg preservation by
oll treatment with lubrieating oils, bacon rind, petrole-
tum, paraffin, mineral oils, and wool fat, either pure,
dissolved in pentane, or with various additions observed
that washing the eggs with disinfecting solutions previous
to oil treatment decreased keeping quality. He noted that

Ovanol of unknown composition gave satisfactory results.



Heavy metals like silver, copper, and mercury are
knowva to have a mold inhibiting value. Accordingly
lMallmann and Davidson (8) tried out cupric nitrate,
cupric sulpﬁate, cupric ammonium sulphate, cuprie chloride
on Pencillivm puberulum, Aspergillus niger and Alternaria
species. They, however, observed that the concentration
necessary to inhibit growth is far too strong, They are
of the opinion that the marked variability in resistance
of three molds would not allew the use of such compounds
for inhibiting mold growth.

Winkler (25) reports on & new preserving fluid
(dsveloped by Plast-0«Trete, Inc, New York) for shell
egga. It is a triple compound of water dispersed,
stripped of monomers, polyvinyl acetate, specific fruit
preservatives against mycoids, yeast and baeteria and
nonioniec wetting agents. It is a milky-white odorless,
tasteless, and entirely non=offensive presservative
developed by them. Its specific gravity at 20 € is given
as 1.1 and viscosity as cps/25 C 300-600. He recommends
that &ggs can be treated with this compound in the
standard machines now used in oil processing. %The com~
pound is diluted with twice 1ts volume of water for treat=-

ment of eggs: It is claimed that shell eggs when treated
with this compound will retsin thelir original grade in

¢o6ld storage for nine months and longer at temperatures
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between 33 ¥ o 45 Pu» It is recommended that if the
eggs are to be kept only for & month or two they could
be safely kept above 45 P but not bhigher thean 65 F., He is
of the opinion that this treatment allows greater facilities
in handling storage eggs. EKe points out that unprocessed
or 0il processed eggs when removed from cold storege for
one reagon or another impairs their quality. He is of
the opinion that the eggs so treateﬁ could be put back
into cold storage because the protective plestic film
prevents spoilage from condensation of moisture on the
surface of the egg caused by the change in temperature,
Dirty eggs which are washed are rocommended to undergo
treatment otherwise they would spoil easily because washing
of dirty eggs removes their natural “bloom", their natural
wexy mwaterial whieh f£ills the pores of the shell and to
a certein degree protects the egg from spoilage. The film
is absolutely invisible and surface of the treated egg is
no different from an untreated egg.

However, if the oggs are stored at temperatures above
35 P, a thicker plastie film must be built up in the shell
of the eggs. H&weveri this treatment is effective at

temperatures above 69 ¥ for only a few days.,
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D, USE OF CARBON DIOXIDE AND OZONE
IN PREVEN?ICN OF MOLD GROVTH

Bwell (2) (3) bhas shown that Ogzone has some protec-
tive action against molds in concentrations of 1.5 ppm
at relative humidity of approximately 90 per cent in the
aisles of cold storage rooms,

Gross, Hall, and Smock (6) have recently shown that
Ozone does not remove volatile odors evolved by case
materials but does control mold growth.

However, some workers (1) do not think Ozone to have
importance in prevention of mold growth because of the cost
‘of instmlling and maintenance of ducts and also the fact
that Ozone has a corrosive action on ducts,

The use of carbon dioxide in the prevention of mold
growth was tried out by Moran (13). He observed that
carbon dioxide in concentrations of 2.5 per cent did pre-
vent mold growth on eggs stored at 32 F and 85 per cent
relative humidity. This would permit higher relative
humidity. However, at saturation and 32 F storage, 60
per cent carbon dioxide was‘requirad to get the same
effects This econcentration was observed to be detrimsntal
to the consistency of egg white.

Moran (13) is of the opinion that gas storage is a
more elaborate form of cold storage involving control of

the composition of the gaseous atmosphere of the storage
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room as well as the control of temperature and relative
mmidity. He maintains that the use of this factor of
control makes storage more flexible. According to him,
with many foodstuffs 1t will also prevent changes during
storage which contrdl of téﬁperature and humidity alone
cannot do.

Penniston (15) believes that it is not feasible to
maintain definite concentration of gas in rdoms not adapted
to gas storage beeause the average cold storage rooms as

a rule are not designed for gas étorage.
E. UNDESIRABLE PLAVOR DEVELOPMENT IN STORAGE EGGS

"Dévelopment of undesirable flavor in eggs without pro-
ducing mueh decomposition ocbvious to the eye is quits
marked in commercial practice. "Mushiness,” "Pishiness,”
and "Cabbage water"” in the white and a "streng® flavor in
the yolk are the best recognized flavors or odors in stored
eggs. The first throe are known o bo microbiologieal in
origin. The cause of the last is not clear but "strong”
or "cold atorage“ storage taste appéaringaafter about
seven months! storage inﬂcomm@rcial practice is said by
some to be due to absorption of cdors from surrounding

environment, especially strawboard fillers (7).
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IIX. EXPERIMENTAL
A, OIL TREATMENT OF EGGS - SERIES I

The first experiment was carricd out to determine the
effect of room éemper@ture storage and 40 I* storage of
treated cgse. Identical series were set up, one stored
. at ordinary room temperature and the other stored at 40 ?.

0il of 70 to 80 Saybolt viscosity was obtained from
Union 041 Company of California. This o0il was used for
making up the solutions. .

(i) With Phygon (2«3 dichlro ~ 1 « 4 = naptha-
quinone) using the following concentrations,
{(a) 2500 ppm Phygon in Blandol {oil of 70-80
Saybolt viscosity)
{b) 750 ppm Phygon in Blandol
{e) 250 ppm Phygom in Blandol
{(i1) With Dowlecide 7 {pentachlovro phenol) using the
following concentrations,
{a) 2500 ppm Dowieide 7 in Blandol
{b) 750 ppm Dowieide 7 in Blandol
{(i11i) Plain Blandol oil with nothing added.
(iv) 100 ppm Phygon in 40 per cent propylene glycol,
60 per cent water solution, and 0.1 per cent Aresket (a

wetting agent).
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0il used as a solvent in the preceding sclutions was
heated to incorporate the Phygon or Dowicide. It was
cooled to room temperature before dipping the eggs.

Procedure: Eggs were purchased from a retall store
and were dipped for about two minutes in the particulax
solution and allowed to drain a few minutes to eliminate
excess o0il, Two series (one stored at 40 ¥ and the other
at room temperature) with sufficient controls were set up.
The eggs were plaeced on wire racks over warm water in a
large=-mouth pan. The pans were covered with pliofilm and
fastened with tape. Ko spraying of molds vhatsoever was
used on the eggs,

The room tempersture series wag examined after a week
to note results. The results are tabulated in Table I.

The cold storage series was examined after five weeks
end the results are noted in Table II,

In order to determine the internal qualiﬁy of the
ebove serics, one egg of eaeh group of this series was
opened after about five weeks. The control eggs were found
to be good along with the others.

Eggs from this same cold storage ‘group were opsned
after three months?! storage. It showed very good internal
quality though mold was observed on the shell.

To determine the effectiveness of the above treat-

ments in preventing internal spoilage, one egg of each



TABLE I

BeGS STORED AT ROON TEMPERATURE FOR ONE WEEK

S0

Solution , ;¢ Iz

111 Iy

Control ' + + PR &t
2500 ppm Phygon in Blandol + + + 4
750 ppm Phygon in Blandol + + # 4
250 ppm Phygon in Blandol + 4 +4 e
75 ppm Phygon in Blandol + % + +
2500 ppm Dowicide 7 in Blandol + o 44 + +
750 ppm Dowieide 7 in Blandol 4+ $4d ++4 4
100 ppm Phygon in 40 per cent

propylene glyeol, 60 per

coent water, and 1 per ecent

Aresket (a wetting agent) of o¥ oW o¥
Plain Blandol oil with nothing

added + + + 4

+ Mold growth evident
+4 Some mold growth
++4+ Profuse mold growth
+ Doubtful

T

It was noticed that it is more a case of disinfection

rather than protection.
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TABLE II
EGES IW COLD STORAGE POR PIVE WEEKS

Solution , I Iz 111

Control Traco +4 s
2600 ppm Phygom in Blandol 4 4 ¥
750 ppm Phygon in Blandol + + +
250 ppm Physon 4in Blandol +4 4 4
76 ppm Phygon in Blandel $4 * +4
2600 ppm Dowieide 7 in Blandol ys o) ")
750 ppm Dowicide 7 im Blandol + o

100 ppm Phygon in 40 per cont
Propylene glyeol, 60 per
cent water, and Q.1 per cent
Aresket (a wetting agent) © 0 o

Plain Blandol oil with nothing
added + b s

o Ho meold growth
+ Mold growth ovident
+¢ Some mold growth

+  Doubtful '
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group storsed at room temperaturse was opened after a
storage of fivo wecks. 'The results verse noted as in
Table IIX.

Some eggs from. the above series were opened after
96 days and the resulls were observed' to be as in

Teble IV.
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TABLE I1IX
EGGS STORED FOR PIVE WEEKS AT ROOM TEMPERATURE

Freoatment

Observations

Controls

2600 ppm Phygon im Blandeol
750 ppm Phygon in Blandol
250 ppm Phygon in Blandol

2600 ppm Dowieide 7 in
Blandol

760 ppm Dowicide 7 in
Bleandol

100 ppm Phygon in 405 Pro-
pylene glycol. 60%
water solution and 0.1%

Arosket (a wetting agent)

Plain Blandel o0il with
nothing added

Rotten

good odor and appearanco of
yolk and white. Red spots
on inside shell,

food odor and appoearance of
yolk and white. 8Slight red
spots on inside shell.

Good odor and appearance of
yolk end white. Slight
gspots om inside shell.

Mold on inside shell.

Mold on inside shell. Poor
Aroma .
Outside shell good. Inside

very moldy and spoiled egsg.

Bad




TABLE IV
CONDITION OF EGGS STORED FOR 96 DAYS

B4

Treatment Storage Temp

Results

(1) 100 ppm Phygon in 40%Z Room Temp

Propylene glyeol, 60%
wator solution and 0.1%
Aresket (a wetting agent)

{2) 250 ppm Phygon in Blandol

{3) Plain o0il dipped

{¢) 2500 ppm Dowicide in
‘Blandol

40 P

40 P

40 F

Outside good.
Very bad from
inside.

Good apoearance
inside. Wo
mold inside. Mo
off smell but
nold growth on
the outside,

lfold on the oute
side. Vo mold
on the inside.
White ig thinner
and yolk good
end firm (stands
u]p). Yo fo
smell.

¥o smell., Good
equal to Phygon.
lioid on the oute
gide., NWo mold
on the inside.
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B. OIL TREATMENT OF FGGS - SERIES NO., II

The next series was set up using the following com=
pounds Aincorporated in 70 to 80 Saybolt viscosity oil.
1) Plain 76-80 Saybolt viscosity oil
[ 2) 0.36% Benzoiec aeid in Blandol
3) 0.10% Benzoic acid in Blandol
4) 0.10% Hexyll in Blandol

(

(

(

{

{ 5) 0.36% Hexyl in Blandol
{ 6) 0.10% Hyamine 10x° in Blandol
( 7) 0.36% Hyamine 10 in Blandol

{ 8) 0.10% Fhemerol® in Blandol

{ 9) 0.36% Phemerol in Blandol

(10) 2500 ppm Dowicide 7 in Blandol

Procedure: The egzs were dipped for one-half minute
to one minute in 0il solutions and were allowed to drain
overnight. They were placed on standard egg flat in large
metal pan over water and were sprayed with a mold suspen~

sion taken from a moldy egg. The whole set was then

1 Rexylresorcinol

2 Hyamine 10x is Di-isobutyl cresoxy ethoxy ethyl dimethyl
benzyl ammeniuwum chloride monohydrateée _

S Phemerol is p-tert oectylphenoxyethoxy ethyl dimethyl

benzyl ammonium chloride
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sealed with pliofilm and was held at room temperature
for observation.

The pliofilm was opened up each woek and the set
was sprayed ecach time with mold culture taken from moldy
eggs. Since the investigation was more of a technologi-
cal rather than of a scientific nature, no attempt was
made to find out the type of mold used for spraying.
The moid used for spraying everytime was taken from
control moldy eggs, It was later found out that such a
mold would be the best for artificiasl inoculation of sggs.

The egrs were examined periodically for more than
three weeks but repeated inoculations did not show any
mold growth. Since the controls did not shew any mold
growth on the outside, no conclusions were made as to the
relative effectivencss of the compounds used in this
series, ‘

In order to determine the inside cendition, the eggs
were opened up after storage for 42 days. The observations

are rocorded in Table V.
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TABLE V

EGGS STORED AT ROOM TEMPERATURE FOR 42 DAYS

Treatment

Observations

1. Control (1)
2, Plain 0il (Blandol) with (1)
nothing added '

(2)

(3)

3. Benzoic acid 0.36% in (1)
Blandol

(2)

(3)

4, Benzoiec acid 0.10% in (1)
Blandol

Leached out
Rotten inside
Very rotten

Very liquid-thin white,
yolk broke easily; no
mold or spollage ap-
parent. .
Very liquid-thin white,
yolk broke easily, no
mold or spoilage ap~
parent.

Very nice sppearance,;
some thick white, yolk
holds shape, very slight
of £ smell., ¥o mold.

Very liquid=thin white,
yolk broke easily, no
mold or spoilage ap-~
parent, slightly rotten
smell,

Very slight amount of
thick whits; yolk
slightly cloudy, broke
fairly easily, some off
smell,

Very nice. Some thick
white, yolk holds shape,
Wo mold but slightly
more off smsll.

Very nice, some thick
white, yolk holds shape.
No mold but slightly
more off smell. Trace
of darkening on the
embryo was observed
which was thought to be
physiological,
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TABLE V (CONTINUED)

Treatment

Observations

S, Hexyl in 0.10% in
Blandol

6. Hexyl 0.36% in Blandol

7. Hyamine 10x, 0.10% in
Blandol

{2)

(3)

(1)

(2)

(3)

(1)

(2)

(1)

(2)

(3)

Good odor, stands up
good.

Very nice, some thick
white, yolk holds shaps,
ne mold but slightly
more off smell,

Very nice, some thick
white; yolk holds shape,
very slight off smell,
no mold, slight dark spot
in the yolk was observed.
Very nico, some thick
white, yolk holds shape,
slightly more off smell,
Slight green discolora=
tion of white was obser=-
ved. There was slightly
more off smell,

Shell very spotty (as
when dipped), very nice,
slightly less thick white
yolk holds shape, very
alight off smell. Wo
mold.

Shell very spotty (as
when dipped), very nice.
8lightly less thick
white, yollk holds shape,
vory slight off smell,
No mold.

Very nice, some thick
white, yolk holds shape.
Ho meld but there was
more off smell,

Yolk didnot stand up.
thick white thin-rotten
smell,

Thin white was observed
to be very liquid, thick
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TABLE V (CONTINUED)

Preatment

Obgervations

8. Hyamine 10x; 0.36% in
Blandol

9. Phemerol 0,10% in
Blandol

10. Phemerol 0.36% in
Blandol

11. Dowiecide 7, 0.25% in
Blandol

white fairly good, yolk

. wags observed to be

(1)

(2)

- (2)

(1)

(2)
(3)

cloudy; there was a
brown disecloration on
eir«gac. The odor was
not good but was better
than ( 2 ) ®

Very liquid, smell
8lightly worse than the
(3) egg of Hyamine 10x
(O¢10%§, It was nearly
as bad as {2) egg of
Hyamine 10x (0.10%).
Very nice, some thick
white. Yolk holds shape
and has very slight off
smell. ¥No mold,

Very similer %o above
exeept that it had
8lightly better smell.
Yery rotten.

Stinks, Shell oracked.

Iike egg (2) of Hyamine
10x (0.36%). It was not
as good as (1) egg of
phemerol (0,10%) in
gmell.

Rotten. .

Like (2) egs of Hyamine
10x (0.36%) in smell.
Slightly more off smell.
Boft yolk, slightly
cloudy. '

N. B. Rotten means discolored and possessing very bad

smell,
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C. TREATUENT OF EGGS WITH QUATERWARY
AIMIONTIUNM COMPOUNDS

In later experiments a wild culture obtained from
moldy control eggs growing ih a commercial storage house
.was used for artificial inoculation of eggs to find out
the relative merits of different compounds used for pre=
venting mold growth on storage eggs., Wo attempt was
made to determine the type used. Probably it was a mix-
ture of several common molds common 0 commercial egg
storage houses like Aspergilius, Mucor, ?enicillium, ctew

It was decided to eliminate as many variables as
possible and at the same time maintsin conditions which
would be ideal for storage. The cold storage series were
entirely eliminated since it was observed that it would
take a longer time for showing definite results and cone
sequently it would be impossible to determine the mold |
inhibiting valucs of the compounds used, Therefore, it
was decided to confine the attention to room tempe rature
(76-80 F) storage which would have some importance in
warmer areas where ccld storage facilities are not
available,

In preliminary experiments four molds were used for
experiments.

(1) This mold was originally obtained from the

mold growing on control, untreated storage
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eggs held in cold yoom approximately thfee
months.

(2) This mold was eriginally obteined from the mold

growing on control, untreated and treated eggs
.hald in ec0ld room approximately three months.

(3) A variety of lucor (ij).

{4¢) A variety of Iucor (Mg).

Both (3) and (4) were dbtaimed from Dr. Bollen, De~
partment of Bacteriology, Oregon State College. The
species name wag not known,

The same procedure was ugsed for plating of all the
four molds. They were grown on acidified dextrese peptone
'égar of pH = 4 for a week before being used for sprayinge.

The composition of the agar used was as follows:

Bacto ~ beef extract 3 gm
Bacto = peptone 5 gm
Dextrose 20 gm
Bacto Agar 15 gm

The above ingrediente were suspended in 1000 cc of
distilled water aﬁd heated to boiling to dissolve the
medium completely. It was then sterilized in the auto~
clave at 15 1b pressure (121 C) for 15 minutes.

The mold suspension was made up as follows: 18 cc
of distilled wator was poured over the mold growth (7 days’®

growth). The plates were rotated for a few seconds and
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4

the heavy suspension so obtained was poured off into a
spray bottle which had a capacity of about 18 ce, Tnis
procedure was folloved for all molds., The mold suspen-
gion so prepared was uniformly sprayed over the treated
eggs each week by means of a spray bottle to obtain a
fairly uniform inoculation so that & fairly reasonsble
estiméﬁ@ could be made about the relative effectiveness
of the particular compound used for preventing mold
growth on storage egns. Fresh eggs {(controls) were
sprayed in the same manner and added each waek,

Experinents were initially run on a small scale
uging desiccators for storage of the treated ogge. The
desiccators had a capacity for six eggs each., Humidity
in the container was kept at approximately 100% by
Qﬁuring warm water on the bottom of the dessicator., The
desiceators containing the treated eggs wers stored at
76 F to accelerate mold growth.

Separate series were set up using the four molds.
The eggs were initially treated with Bional, Isothan,
Dowiecide G, and Onyxide in concentration of 2500 ppm each,
They were stored along with bantrolsi

It was found that using this method extrmme difficulty
was encountered in getting mold gihowth on storage eggs
even on the eontrols., Repeated inoculations failed to

show mold growth on treated and untreated eggs for more
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than 20 days. The molds did grow on some of the control
egga after 20 days but this was not takem into account
because the problem was to f£ind out & mold which would show
reasonable growth on control eggs, say within 7 to 10 days.
0f all the four molds none of them showed promising results.
It was, therefore, decided to vary the conditions of experi~
ments and to disecover a mold whieh would grow on c¢ontrol
eggs in a short time so that it could serve as a standard
fof evaluating the mycostatic power of the chemicals being
used for experiments,

The next experivents therofore consisted in finding ocut
the most effective mold of the four mold cultures which were
on hand. Accordingly one group of one dozen untroated ecggs
cach were sprayed with the correct mold suspension and
stored in large pans over water in a wooden cabinet, The
temperature of the wooden ecabinet was kept uniformly at 80 F
and the humidity in the pan was kept high by pouring warm
water on the bottom of the pan and sealing the top with
pliofiim,

It vas found that 4f this nrocedure was followed the
growth of mold on storage eggs was facilitated in that a
fairly good growth was obtained after about 10 days of
storage and the first growth on the eggs was observed on
the seventh day of storage. Out of the four molds, the one

originally taken from control, untreated eggs did show the

best growth as 18 s¢en in Table VI. This mold was used in
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TABLE VI
GROWTH OF DIFFERENT MOLDS ON UNTREATED EGGS
IN TEN DAYS
Type of llold Control Bggs  Eggs Sprayed
(Onaprayed) with Hold
(1) Mold originally obtained + ++
from mold growing on % ++4
control untreated storags
egss., + 4
{(2) The mold originally ob- o ++
tained from the mold (o] +
growing on both untreated + [¢]
and treated storage eggs. 0 o
(3) ieor Iy 4+ o
+ o
+ o
+ o
+ o
(4) IMueor My ++ o
' o e}
o o
o o
o} No mold growth
+ Slight evidence of mold growth
+4 Evidence of mold growth
C++4  Mold growth very marked
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further experiments. The other three molds were not used
in later experiments.

It was thought that ineorporation of 1 per cent dex-
trose in mold suspension would enhance the mold growth bﬁt
no significant improvement was noticed if this technigue
was followed as is seen in Table VII,

In other exporiments that followed this mold was used
without incorporétion of 1 per c¢ent dextross., The mold
was wged for gpraying after 7 days'ygrowth on dextrose pep-
tone agar at pH = 4 after the fruiting bodies had developed
on plates. The method of preparing thé mold suspension
was kept the same in all experiments., This mold suspen-
sion was sprayed on the treated eggs every week and also
on the new ¢ontrols added each week.

After an active mold was obtained, it was decided to
test the relative merits of some quaternary ammonium com=~
pounds along with Dowicides in preventing mold growth on
eggs stored at room temperature which was uniformly kept
at 80 F,

Two series were set up -- one containing water solu-
ble ccmpounds (Table VIII) and the other containing oil
soluble compounds (Table IX) along with other compounds.

Identical method of treatment was followed. After
treatment they were stored at 80 F over water in large-

mouth pans covered with pliofilm. All the series were
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THE EFFECT OP 1% DEXTROSE OF THE GROWTH OP MOLD

Sprayed with 1% dextrose in mold
suspension, The mold was
taken from control, untreated

8L .

Sprayed without 1%
dextrose in mold sus=-
pension; whieh was
originally taken from
control untreated egg.

b4

+4

A

+

g

+4+

b

4t

+4

.

o

4

++ Evidence of mold growth

+++ lold growth very marked
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WATER SOLUBLE QUATERNARY AMMONIUM COMPOUNDS

USED IN EXPERIMENTS

Chemical Name Tradename

HManufactured by

(1)

(2)

(3)

(4)

(5)

(6)

Liquid containing ‘ B,T.C,
alkyl dimethyl benzyl
ammonium chioride (50%)
Powder containing Bional EC
cetyl dimethyl ethyl

amrionium bromide (100%)

Powder of following
composition:

cetyl dimethylethyl
ammonium bromide (10%)
octadecyl dimethylethyl
agmonium bromide {85%
octadecenyl dimethylethyl
amnonium browide (5%)
Aequeons mixture of Bional A
high molecular alkyle
dimethyl~benzyl=-am~

monium chlorides (25%)

Powder contains approxi-
mately:

Ethyl
Deecab

stearyl dimebhyl ethyl
ammonium bromide (10%)
cetyl dimethyl ethyl
ammonium bromide (10%)
oleyl dinethyl ethyl
ammonium bromide (35%)
1inoleyl dimethyl ethyl
ammonium bromide (45%§
Powder containing Ethyl
Cetab
cetyl dimethyl ethyl

ammonium bromide (100%)

Bional ST

Onyx 0il & Chemieal
Company

General Dyestuff
Corporation

General Dyestuff
Corporation

General Dyestuff
Corporation

Rhodes Chemical
Corporation

Rhodes Chemiecal
Corporation
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TABLE VIII (CONTINUED)

llanufactured by

(7)
( 8)
( 9)
(10)

(11)

(12)

(13)

(14)

(15)

(16)

Chemical Name Tradename
Soe Table Vili-a Argquad 16
See Table VIiiI-a Arquad 12
Sed Table Vili-a Arquad §

Liquid containing
lavryl isequino=
linium bromide
{about 20%)

An acgueous con-
centrate of ¥ acyl
colamino formyl-
methyl pyridinium
chloride (10%)

Emulsept

Sodium pentra chlo~ Dowieide G
rophenate (100%)

An acqueous solu~
tion of alkenyl
dimethyl ethyl am=
monium bromide (10%)

Onyxide

Powder containing Timsol
di~isobutyl phencxy
éthoxy ethyl dimethyl
benzyl ammonium

chloride monohydrate

(10%)

Liguid containing Ammonyx T
cotyl dimethyl

benzyl ammoniwm

chloride (25%)

Liquid containing ‘Tetrosan

alkyl dimethyl
3,4 dichloro benzyl
amponium chlorides

(60%)

Isothan 4-15

Armour Chemical Co
Armour Chemical Co
Armour Chemical Co

Onyx 0il & Chemical
Company

Emulsol Corporation

Dow Chemical Company

Onyx 0il & Chemical
Company

Theo Rogs Associates

Onyx 01l & Chemical
Company

Onyx 011 & Chemical
Company



49

TABLE VIII (CONTINUED)

Chemical Name Pradename Hanufactured by
(17) Paste containing Rodalon Rhodes Chemical Co
alkyl dimethyl :
benzyl ammonium
chlorides (90%)
(18) Powder containing Octab Rhodere Chemical Co

85% octadecyl di~
methyl benzyl
ammonium chloride
and 15% oleyl 4i-
methyl benzyl
amoniuvm chloride



50

The name “"ARQUAD" is the tradename given to a series
of quaternary ammonium compounds manufactured by the
Armour Chemical Division: This series varies as to the
allkyl chain lengith attached to the nitrogen atom as is
geen below in Table VIII~a.

TABLE ViII-a
AVERAGE COMPOSITION OF ARQUADS

UR® zroup Carbon Arquad Arquad Arquad

{Alkyl) chain length 16 12 S
Oetyl 8 - _— -
Decyl 10 - - -
Dodecyl i2 - 90 -
Tetradecyl _ 14 oy 9 o
Hexadecyl 16 90 o 10
Octadoeyl ‘ 18 6 e 10
Octadocenyl 18 4 1 35
Octadecadienyl 18 o - | 45

Active Ingredients

Nacl (Approx) 33 33 33
Water (Approx) . 17 i7 17
Porm at room temp Fluid Fluid Heavy

Fluid
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011, SOLUBLE QUATERNARY AMIMONIUM CPD
USED IN EXPERINENTS

Chemical Name Pradename

Hanufactured by

(1)

(2)

(3}

(¢)

(6}

Liquid containing 75% Isonal
concentration of

dilauryl dimethyl

ammoniwm bromide

Pure crystalline gqua=- Phemerocl

ternary. It is di- Hyamine
isobutyl phenoxy 1622
ethoxy ethyl dimethyl

benzyl ammonium chloride

Onyx 0i) & Chemical
Company

Parke Davis & Co
Rohm & Hassg Co

Pure crystalline qua= Hyamine 10x Rohm & Haas Co

ternary. It is die
isobutyl eresoxy

ethoxy ethyl dimethyl
benzyl ammonium chloride

Light tan paste con~  Hyamine
taining 38% active 3258
fungicide. The active
ingredient is a2 qua=

ternary ammonium
pentachlorophenate

Crystalline quaternary Octab
containing 85% Octadescyl
dimethyl benzyl ammonium
chloride and 15% oleyl
dimethyl benzyl ammonium
chloride

Rohm & Haas €o

Rhodes Chemical Co
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4

sprayed every week with freshly grown mold, ¥resh cone
trols were put in every weck. Following this method i%
wes noticed thet control sprayed eggs regularly showed
mold growth in ten to twelve days. Results are recorded
in Taebles X and XI. Results of duplicate runs ave re-
corded on Tables XII and XIII.

| It is seen from Tables X and XII that out of all the
water soluble compounds used, alkyl dimethyl benzyl ammeonium
chloride, Bional EC, Bional ST, Bional A, Ethyl Decab,
isothan, Dowicide G, Arquad 12; onyxide, end Timsen do
show some promise in preventing moldﬁg%owth on surface

of eggs for about a month under extreme gonditions used
in these experiments.

On the other hand,the protection noticed by the use
of Octab, Emulsept, Rodalon, Tetrosean, Ammonyx T, and
Argquad 8 does not seem %0 be adequate., The protection
noticed by the use of Arquad S, Ammonyx T, Tetrosan; and
Rodalon seemed to disappear after about 26 deys.

The oil geluble compounds however, showed very poor
results, Hone of them showed any promise except Dowicide
7. It is even doubtful whether it has any protective
value unless used in higher concentrations., {See Tables
XI and XIIY¥):. The quaternary ammonium compounds have been
known to be adversely affected in thelr efficieney by

some incompatible substances. In this case it was thought



that 0il proved incompatible.

In order to check the internal condition of the
treated eoggs which showed no mold growth on the outside
after 19 days! storage, one ogg from each series was
cooked in boiling water for a period of four minutes,
After cooling, the egp was cut open and tasted, Eggs
whieh showed mold growth on the outside after 19 days
were not tasted. The results of this experiment are

recorded in Table XIV,
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TABLE X

BGGS TREATED WITH QUATERNARY AMMONIUY
COMPOUNDS TN ACQUECUS SOLUTIONS

Ist Experiment

Compound and
Concentration used

Observations made after
14 days 26 days 83 days

2500 ppm

{ 1) alkyl die o o °
methyl benzyl
ammonium chloride
( 2) 2500 ppm Bional EC o 0 o]
( 3) 2500 ppm Arguad S o o) +4
( 4) 2500 ppm Bional ST 0 o (4]
( 5) 2500 ppm Ammonyx P ) o +4
{ 6) 2500 ppm Bional A © s} o
( 7) 25600 ppm Ethyl Decab o o o
{ 8) 2500 ppm Ethyl Cetab o o) ?
( ©) 2500 ppm Octab e} 4 e
(10) 2500 ppm Tetrosan o o +4
{(11) 2800 ppm Isothan 215 o (<] o
(12) 28500 ppm Fmulsept o 4 b
{13) 2500 ppm Dowicide ¢ o ) o
{(14) 2500 »pm Arqued 12 o o o)
(18) 2500 ppm Onyxide o v} e}
{(16) 2500 ppm Rodalon o o 4
(17) 2500 ppm Timsen o © (V)
(18) 2500 ppm Arquad 16 o ) ?
Controls A1) badly molded after 10 to /2{}
days.
o Fo mold growth
4 Ylold growth evident
+++ Mold growth very marked

Doubtful
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TABLE XI
EGGS TREATED WITH V.RIOUS COMPOUNDS IN
OIL SOLUTION STORED 40 DAYS

Ist Expériment

Compound and

Corcentration used I IT Iir Iv

( 1) 01l dipped controls R +4

( 2) 700 ppm Dowiecide 7 s + o ++

{ 3) 2500 ppm Dowiecide 7 o] o o) e}

{ ¢} 1000 ppm Benzoic acid N ST 44 4

{ 5) 3600 ppm Benzoic acid Fhbe  drd IR i

{ 6) 1000 ppr Phemerol A T At il

( 7) 3600 ppm Phemerol +4td b 4 4t

( 8) 1000 ppm Hyamine 10x TR yes FUTY

( @) 3600 ppm Hyamine 10x Gt b TRy P44

{10) 500 ppm Hyamine 3258 P e bbdd

{11} 2500 ppm Isonal S Y $4bd o

{(12) 2500 ppm Octab T 44 bt
Controls All badly molded after 10 to

12 days.

N. B, All the egges showed mold growth about the same
time as controls,

0 o mold growih

4 Hold growth evident

+44 Mold growth very marked
+++4+ Profuse mold growth
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TABLE XII

EGGS TREATED WITH QUATERNARY ALIMONIUM
COMPOUNDS IN ACQUEOUS SOLETIONS

2nd Experiment

Compound and
Concentration used

Observations made after
10 days 17 days

2500
2500
2300
2500
2500
2800
2500
2500
2500
2500
2500
2500
2600
2500
28500
3500
2500

b Bl et frod o fob b ok bd

OOV WRRHCOD~IRUIHWN

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
pom
ppm

Controls

250 ppm alkyl dimethyl
benzyl ammonium chloride

Bional EC
Avrquad 8
Bional 39
Ammonyx T
Bional A&
Ethyl decab
Ethyl catab
Octab
Totrosan
Iscthan 215
Emulsept
Dowicide G
Arquad 12
Onyxide
Rodalon
Timsen
Arouad 16

o
©

+

000000:00#000@@@0

20000000 O0OGOO0OCOO

411 badly molded after 10
to 12 days.

o No mold growth
++ [lold growth evident



TABLE XIIX

BCGS TREATED WITH VARIOUS COIPOUNDS IN
0IL. SOILUTION STORRED 40 DAYS

2nd Experiments
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Compound and

Observations made after

Concentration 20 days 29 days

usged I XX IIT IV r 1T IIy 1v
{ 1) 011 dipped
_ controls E . b 4 S+ 44
( 2) 700 npm :

Dowicide 7 o o °© o o ° o o
( 3) 2500 prm

Dowicide 7 ¢} s} o o o o o ©
( 4) 1000 ppm

Bonzolce acid +4+ 444t +4+4+ 4 B I 2 A O e S i 2
( 8) 3600 ppm

Benzoic acid ++44 44 St $42d bbbt S4E Sbdd Fddt
( 6) 10CO ppm

Phenerol dddd bt AEEE SbEd SEEE St bbb $4d
( 7) 3600 ppm

Phemerol e d4d  Sbe dbd bt fbid At
( 8) 1000 ppn

Hyamine 10m 444 434 444 444 b4 b4 +34 HH44
{ 9) 3600 ppm

Hyamine 10x 4¢44 443+ 44 4544 $dbd 44 bbdd 4444
(10) 500 ppm .

Hyamine 3258 +44 4444 ¢4+ 424 44 Sbbd S+ b
(11) 2500 ppm

Isenal I e S T e o = o 2
{(12) 2500 ppm

Octab Fbdd drdd FE dbd Rbbe A FtE b4

Controls All badly molded after 10 to 12 days.,

N. B. All the eggs showed mold growth about the

same time as controls.

° Yo mold growth
+4 Some mold growth

+44 YMold growth very marked

+++4+ Profuse mold growth



TABLE XIV

EGGS COOKED AND TASTED AFTER 19 DAYS' STORAGE
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Compound of
Concentration used

Observation

(1)
(2)
(3)
( 4)
( 8)
(6)

(7)

(9)
(10)

(11)
(12)

(13)

2500 ppm Alkyl dimethyl
benzyl armmonium chloride

2500 ppm Bional EC

2500
25600
2500
2500
2500
2500

2500
2500

2500
2500

2500

ppm

bpm

ppm

ppm

ppm

ppn

ppm
ppa

ppm

ppm

ppm

Bional ST

Bional A

Ethyl Decabd

Ethyl Cetab

Arquad 16

Isothan Q-«15

Pmlsept
Dowicide G

Arquad 12

Onyxide

Timsen

Taste good;
on outside.

Taste good;
on outside.

Taste good;
on outside.

Taste good;

on outside.

Taste good;
on outside.,

Taste good;
on ocutside.

protection

protection

protection

protection

protection

protection

Definitely off smell but
proteetion on outside.

Taste good;
on outside.

protection

No protection on outside.

Taste good;
on outside.

Taste good;
on outside,

Taste good;
on outside.

Taste good;
on outside,

protection

protection

protection

protection
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TABLE XIV (CONTINUED)

Compound of
Concentration used

Observation

(14) 2500 ppm Arquad S
(15) 2500 ppm Ammonyx T
{16) 2500 ppm Tetrosan
(17) 2500 ppm Rodalon

(18) 2500 ppm Octab

Controls

Paste good; protection
on outside,

Taste good; protection
on outside.

Taste good; protection
on outside,

Taste good; protection
on outside. .

No protection on outside,

Bad, Had decidedly bad
off smell.
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IV. DISCUSSION

It is apparent that for reduction of spoilage
brought about by aetivities of mieroorganisms during
storage two most important points to be considered are
control of temperature and humidity. 1In the problem at
hand, extreme conditions of temperature'and humnidity were
created to find out the relative merits of different com=-
pounds used in egg preservation.

The problem was started out by atoring both treated
and untreated control eggs at room temperature (76 F to
80 P) and cold storage temperature (40 F). However, it
was realized that it would take a long time for definite
results to be appsrent in cold storage. Afﬁer.the first
experiments ¢old storage seriés were entirely eliminated
and attention was mainly directed to room temperature
storage. It was thought that at rcom temperature it would
take a shorter time for definite results to be apparent.
At the same time attention was direeted towards finding
an offective mold which would serve as @ standard for
comparing the mycostatie power of different compounds
uged in e#periments.

Extreme difficulty was encountered in finding such a
mold, After repeated experiments a mold was obtained

which served as a standard of comparison of mycostatice
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activity of different compounds inm later experiments.
This mold was originally obtained from the mold egrowing
on control, untreated storege eggs held in cold storage
approximately three months. It was found that using this
mold control untreated eggs regularly molded after 10 to
12 days.

In all experiments identical storage conditions were
¢reated to approximate closely the conditions existing in
commercial storehouses. Since the problem at hand was
more of a teohnoloéical nature, no attempt was made to
find out the species name of the mold used as a standard,
Probably it was a mixture of several common molds regu-
larly found in commercial storehouses.

In initial experiments an attempt was made to find
out the merit of propylene glycol because it has been
recommended s a mold inhidvitor in recent times. However,
it was noticed that it is more of a disinfecting compound
rather than an inhibiting compound, It was thought that
it would hardly stand up to infection in commercial store~
houses,

Phygon and Dowicides have recently been shown to
have gome promise in preservation. Accordingly an attempt
vas made %o determine their efficiency. On a similar
basis; hexyl resorcinocl and benzoie acid were also tried

out.
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It was noticed that goed protection is afforded 1n-
ternally by phygon in concentrations of 250 and 750 ppm
in Blandol at room temperature. The eszgs had good odor
and appearaﬁce after storage for five weeks at room
temperature except for slight red spots observed on the
inside shell. However, it was not known whether such an
improvement could be noticed in the internal condition on
repeated infection with egg molds,

Dowicides have been shown to have good value in egg
preservation by Mallmenn, Accordingly both water-soluble
and 0il- soluble howieides were tried out in egg preserva-
tion. 0il-secluble Dowicide in concentrations of 2500 ppm
seem to0 have some mold inhibiting valug on the egg surface
at room temperature but it is doubtful whether they could
be effective for prevention of mold growth on the inside
at room temperature. However, water-soluble Dowicide in
concentrations of 2500 ppm seem %o have mold inhibiting
value both on the outside and internslily at room temperature
storage. I% also showed a normal taste except that it has
8 slight storage flavor when tasted after a storage period
of 19 days. The controls were bad in the same period.

The queternary ammonium compounds have been known for
their high germicidal power amd for non=toxicity in lower
dilutions., Accordingzly en attempt was also made to test

the efficiency of certain gquaternary ammonium compounds
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in preventing wmold growth on storage eggs., It is now
definitely established that if we cculd prevent the
microorganisms from entering the shell, we sould mater-
ially reduee the incidenco of spollage,

In experiments with weter-soluble compounds two
series were set up using 2500 ppm of Alkyl dimethyl benzyl
emnonium chloride, Bional EC, Biomal ST, Bional A, Ethyl
Decab, Bthyl Cetab, Arqued 16, Isothan Q-15, Emulsept,
Dowicide G, Arquad 12, Onyxzide, Timsen, Arquad S, Ammonyx
Ty Tetrosan, Rodalon; and Octabs It was noticed that all
of fham showed protectiom for 12 days, The control sprayed
eges in the same period were very badly molded, However;
at the end of 17 day period Emulsept and Octab did not
show protection: It was also noticed that after about
33 days of storege Arquad S, Ammonyz T; Tetrosan; and
Rodalon lost their protective velues

At the end of 33 day storage period with spraying
every wéek, only Alkyl dimebthyl benzyl ammonium ehloride,
Bional EC; Bional ST, Biomnal A; Ethyl decab, and Isothan
did show definite protection while the results with Ethyl
Cetad and Arquad 16 were doubtful.:

Fron the above it is seen that the water~scluble conm-
pounds used could be divided into three classes:

{a) Those that show good promise in extending storage

life of eggs, eg; Blonal, Isothan, Arquad 12, etes



{(b) Those that show relatively little promiss,
but nevertheless show definite improvement
in storage conditlonsz, g, Rodalon, ¥rquad S,
and Tetrosan.
{c) Those that show very little protection as com-
pared to controls, eg, Emulsept and Octab,
Using the same conditions, Phemerol, Hyamine 10x,
Hyamine 3258, Izonal, and Ockab were used in concentra-
tion of 2500 ppm'in 0il. In both series all the eggs
began to get roldy about the same time as econbtrols.
0311 was thought to be one of the substancos which proves

$0o be incompatible with the yuatevnary ammonium compounds.
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V. SUNHARY AND CONCLUSIONS

{1) Cold storage treated eggs after three months
show good intermal quality although mold develops on
the shell,

(2) The protection observed with 100 ppym propylene
glycol does not seem to be significant because infecting
propylene glycol tr@ated eggs with molds éakeﬁ from moldy
ogs does not give protection. It is more a case of dis-~
infection rather than proteetion, Beslides it does not
give protection in the inside at room temperature.

(3) There ssems to be a definite improvement in the
inside condition of the eggs by incorporation of phygon in
concentration of 250 ppm and 7850 ppm in Blandol at room
temperature. Blandol as such dees not show as much pro-
tection in the interior at room temperature. However, it
was not knowm whether the same lmprovement could be
noticed on repeated spraying.

(4) 0il-soluble Dowicide in coneentration of 2500 ppm
seems to have some mold inhibiting value on the egg sur-
feee a2t room temperature, but it ig doubtful whether it -
could be effective for prevention of mold growth on the
inside et room temperature.

However, the water-891uble Dowicide in concentration

of 2500 ppm seews to have mold inhibiting value both on the
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outeide and inside at room temperaturs storage.

{5) Hexylresorcinol and benzolc acid in concentra~
tions of 1000 ppm end 3600 ppm seem to show some promige
as far as the preservation of internal quality at room
temperaturs is concerned, |

{(6) Some of the water~soluble gquaternaries showed
very encouraging results, both in prevention of meld on the
outside and inside at room temperature storage, Host of
the wateresolubles compounds used showed good results. Out
of all the water-soluble compounds used, Alkyl dimethyl
benzyl ammonium chloride, Bionsl EC, Bional ST, Bional A,
Ethyl Decab, Isothan, Dowleide G, Arquad 12, Onyxide, and
Timsen did show somé¢ promise in concentration of 2500 ppnm.
They prevented mold growth on surface of eggs for about a
month under experimental conditions used while the pro-
tection afforded by Arquad S, Ammonyx T, Tetrosan, and
Rodalon seemed to disappear after about 26 days of storage.

(7) The oilesoluble guaternaries show very little
promise. OQub of all the oil-scluble compounds used along
with Dowieide 7 (2500 ppm), only the latter showed pro-
teection., It is not clear why most of the oil-soluble

~ compounds did not show good resulis.
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