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- were - eoulvalent in killing graln mlcroorganlsms The viable»count of

however, were?t 'a's effective as the acids.,'

ABSTRACT
A mixture of acetic and proplonlc acids was found to be
effective 1n_the»preservation of stored moist'grdin.

Examination‘of supernatants of treated grain solutions for

mlcroblal growth is proposed as a rellable test of preservative action.

<

Dose~responsi\:urves showed "that acetlc ana proplonlc a01ds

v G oyt 4

1

o

strvivors decreased.geometricall&. ‘Similar results were, obtained when

. ' Vs
grain was treated with tée sodium salts of ‘the acids. The salts,

3 e

{ “

Several approaches were used to de*ewn‘ne Nhether pH

ent *relylrespon51b’e for +he kll'lng of g\aL“ necroorganlsns.

I

'EVidenee is presented indicating thau the- b10c1da4 D’fect is due to.

| C . - _ DA S
the -concentration of und155001ated ac;d. : _ ' C-
: [ . . B ) - ) -

Comparison-of total v1ab1e counts of survivors after exposing

51‘8.11’1 to VaI‘lOllS con(‘erurauons of acetic and pI‘Op.LOIllC acids

indiv 1dua1yf, ard 1n a 1:1,proport10n, revealed‘eqnivalent killing

effects.

Biostztic concentrstions of acid are bioCidal for tht grain

microflora when exposure to acid is prolo ged. For biocidal (

s

concentrelions, the-majority of killing bcgurS‘within one minute upon

the addition of acid.

s

Viable count determinations showed tha, vralns of extreme

R
’

surface pH values had a reduced grain microflora.

Experimehts were undertaken to determine the ability -of the
o C o . T ‘ ‘ _ 2=




of acid selected‘for

I

. . </ .

grain mlcroflora to utlllzewuhe aclds erplonlng radvorespﬂrometry with-

14,

-

acetic and prop;onlc
readlly than the latfe

and only a minimal amo

'hlgher concentration o

'vlable count of inocul

,

N

c - carboxyl labelled aci ds. The grain m1croflora~m§<abollzed both

01ds when in dllute solutidns and the former more

r, both 1n rate ang extent. ® Mo propionic acid
unt'of dcetic acid brakdown was observed at a
f fhese aqids. Significant reduction in initial

.

um sugges: ted ,uat mlcroorgarlsms capable of a01d

utilization were kllle“..'i.at grain a“sorbs ac’u was 1ndicated by the

detection of redioacii

decrease in the amount

reaction mixtures. -

prosure of

mlcroorgan¢s ms exhibiti

7ity in ground g 'in ferne*s as well as a
b o - :
of " 7CO, relessed when gnain was present in

i microorgarisms to, ’nc“ea51ng concentrations

molds and yeas:ts, with sporing and capsulated

e

€ 1he greatest resistance tovacid sterilization. =
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INTRODUCTION

a

There are many advanhages in the preservaulon of n01st grain.

Recertly, Chermcell

L..;.lt;e" has Lndert,a};en thi

. th ra-her proxzis sing resuls Since preserva:
* N ] '
-elimination of migrobizl grow-h on grain,
should be ?xarinei froz z microt i og’¢al poi
Like any nov%; field of researcn, uef

answe"e" c“" Segliies
_ A

5
el

ada;

=~ k-
on, _,1§

"

¢sfy u“e needs

estizazion had

.-\

et:ouo¢ogy st

a
E;

o pe* condur

;:1:\\ss‘°s that were to te

Since the grain preserTrTTie consists
N . ' . [} %
propzonic acids, one of¢®re ""ﬁy o]
\\ ‘establish. their i:éivziual rol esin P
\ comparison “o :ne:r_co***ned effects.

organic acids,

/ . o
The-preservative acids

are volazile a

Could <hey be replace

béfggércome first.

te

of ine co:ncnu distri uting

s project in-Alberta

on deaW

+
1%

with the

it was felt that the prob‘

nt of view.
ore quesnlo is.can be

In"

n such

(&)

L e

4+ 3

viVe,

the preseraa

resoWV ds

of acetlc and
oJec:;ves WZS 1O

reservazidn in

corrosive aweak

rd

d by their milder

W

. salls for\ ease of handling? -h:s'entails demonstrating
......-/‘ . . -\ N X e - B .
that the salts themselves, or in corbination with acid
are-eguivalent in action *o the acids.

k4 ' .

exposnre inf

Another air was to ascer.. .

o .
how tr:

£1a ced UreservatiOn.

preservatlve_acids was rquired.

bed

duration of

f

Due to the bulk of zrein belng ‘treated, a 51mple<Eﬁt
/

relléble means of determ1n¢ng the effectlveness of the

2 marner as to -
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43

5. 4 problem of perhaps more inﬁerest to the hicrobiologist
. : J il .

was to investigaie whether pH alone was enti#ély-responsible
. » . : ’ ~ " ‘ N

*for biocidal activity.

6. The final objective involved the zbility of the grain micro-

. flora to utilize the Preservative acids.

. . Aﬂ
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. .

.
° n
: Y
,
' )4
g Y .
o N
™ - ) .
™ ) )
. / .
. . v «
/. L .
T o
" ‘ “u
- ‘ J .
.
. S .
B . . \
. - /) K
. N .

.



LITERATUEE REVIEW

~I. The Uses of Propionates as Preservatlves

It has been shown by ‘he World He%%ph Organization that

approximately 20 per cent of the world's food SUpply is'lost as a

. result of spoilage by ﬁicroorgen%sms. With the ever increasing e
‘world populatlon food shortage is becomlng 1neV}tab1e. E&Bs the use
Y{ of preservatlves in food has ga.ned wider application w1th some hope
“of parzlally allev1ao1ng thls/problem. In order for a chemical to be
used as a food preservae1Ve, 1e.should.meet certeiﬂ»reozirements such
as those proposed by the Codex rllnen+ar1us GommlsSﬂon of the Food and
rlenl ture Organlzaelon and the ﬂorld healzh.Organization
(Kermode, 1972):_ |
1. The nut mulona1 value of the food mist be maintained.
'2.f - The food mist be pal oab*e after treatment. .
3. ‘\The suggesued level of ose must not be.toxic to the -
"coﬁsumer,'no# should_it-eiceed that amount as to !
‘ - "g'reesonably ecﬁieve thevdesired;effect.v:These/leﬁels L
if T 'efe‘set‘by.governmeo; agencies.. .
v "a. The chemicai‘sﬁould conform to aoproved'standafds of
purity, as well asfbe subjeot ﬁo,ioxicoiogicel,evalﬁEtion')
vand observa+1ons for any’ p0551b7e detrlmental effects.
5. It should also be.tzaken 1nto con51deratlon that certain B
addltlves be approved for use 1n certaln foods for. o _»i~-f' h

spec1f1c purposes and under specific condltlons.




o

they satisfy these principlies, the organic preservat;vﬂs

proplonic acid and its sodium and calcium sals

a

‘roles in arresting microbial spoilage of food products since the ezrly

L0's and are still in extensive use today. If is of in-erest <o ro-e
-that propionic acid is fourd in na‘ure in appreciztle concenirziions,

and occurs naturally in many foods, - *
The first attemp:i in ising propionz.és zas rreserrz-ives was

undertaken by the taking _“dus ry L0 curt “he condi-ion Mrowm s’

<

"rope" in bread, which is generated by a tacterium, Basilliug
AY i .
mesencericus. After buxir~, the tread is also sukiect o .con-
. '. ! ' ) . - - ~ o ==
tamination by molds, especialliw those of -he ispersilTos and
Penicillium generz. The econowie significance of feresizlling mol3’

contamin a ion is appreciated when -he overwhelming rzte of dispersion
" of mold spores 1s taken inwo account,.

One of the earlies: guantita-ive stuiles in determining -

~re
xS
-~ a

effectiveness of czlcium propionate in corsro
was carried out by O'Leary and Fralovec (1221). Since czlcium propionate
is a solid, for easier haAd;ing it is oftengu

perlonwc acid. " hen the d01gP was mixed wizh O,

[44]
o
2}
4/
Y
o8

and 1nocu1a*ed with Ax_C5 bact erla per 70;_; th
i ' K
"rope" after 12 da)s in con,ra * to the uninoculated conirol wilch had
o | . . | B
after 2 dajs On the ozherrhand Ingram,,Ot;awav and COppock” 1933)

found that bread with O 3)0 ca1c1um propionate showed no evidence of

i

"rope" after an 1nterv11 of mére ‘than 21 days, erreas(“."” did as
early_as 3'to.6 days._ In these experiments cﬁe dough was 10‘ inocylated

with rope-produc1ng bacterla, but the bﬁked loaves were stored eror,

~

:

' condltlons which enhanced "rope"



.

Lowering the pH bx‘the addition of propibnic éc%d also inhibits;

4 ’ . . ) .
"rope™: less acid is required than the salt but there is a dis- .

»

i ’
advantage as not iny\Eicteria b%?'yezsts are alsé killed. Addition of

. »> :
more yeast can curb this problen. Nevertheless, the low pH causes ‘he
bread to become unp atable and it prysical characteristics are often
3 ! e
junappealing.- v ' ’ )

'At.present either calcium proplorate or sodium prop’ona‘

- »

(ﬂICOBAN) are‘used as bread preservaslves ar the latner more ex-—

‘tensively in other bax*n produ s,with,an equal arount of salt being
omitted. . In thé~U.i ed Kingdom & maxirum concentration of 2.3% cal-
/;ulated on uhe weight of flour is perxat:ea as cempared to 0.2% in
. ) , _ , , o
Canada. ' ‘ '

The userof propiorates and propionic ac cid as pres ervatives has

been extended to agricultural'products. 4s ear;y as_LOL) Wolford ani.
Andersen demonstrated’ that sodium “rOp‘Oﬂa e retarded the growth of
L : ' .

molds when applied to figs and,berries. - On shelled peas and lima

‘beans, it main ntained their good cua*l*y which was often lost as a .

resulf of the delay between barvesulng and proces51ng, dﬁrlug which

bacter1al act1v1ty was high. .

Schroeder(§19éu) found that he rate of 1nfec,1on by st 6};5e

- fungi. es eciall Asoergillus Candidus on rough rice (OWyzd sativa)
? h)

was 81gn1f1cantlj reduced by breatment with sodlam proplonate
' Often, if parchment wrappers are 1mpre5nated Wlth the pre-

servatlve mold and bacterial growth can be inhibited to an appﬁ@blable
8

extent on food products. Proplonates are also used to suppress the =\

growth of molds in some chew1ng and smoklng tobaccos.

»In the ﬁist few years~propionic‘acid,'in combination with

~



«

acetic acid has,been used successfully i Q eventing microbial
a . /

deterioration of stored mois- grain, 1In UOrth America the

-mixture is called CHELJ‘O“. In the United Kingdom the product which

is based only on Propionic zcid is zalled PEOPC OKil.

Harvey (1347) gives severzl rezson$§ for s- woring damp gr;ia ‘

.Harvest can te conducted carlier anid w“en wel. £.S0 grain e¢an te

- saivaged from damzge Ty na-ural e_-“e“,s, p= ricular rly wird. More-

~over, he suggests that grazin should te moist when used as feed for

iivestock. Iry faod is dus: B4 and af: nd

and zlter grin

proportion of 1nbroker grairs.

it may cause dZges=ive upse:

;é?a:ing kigher inzzke ang »:

moist barlg*.
Ingoihg grain, tha* Is grzin for storage; shows avmiiéd_micro-'
! T . : |
fungi, astin Tyceles as well ‘as ‘he
7Pes are obviously those exis ting
'plants or animals. © They occur
d :hﬁs‘are co;“on-f.referred

(Anderson and Alcock, 195L),

(R3S

Hyphae oP Molds such as those of Al*terharia Asversillus

aJ

Cladosporium,

. , . .. s e
smintnosporium, Mucor, Penicillium.

:2 kave been idenzified as the main internalvgrain

micrgorganisms. articles by Warnock (1 71) and narﬁOCn and -

Pre ce (1971)‘diScﬁ*SMrecenf‘methods of,identifying, locﬁting, .

;

and deternlnlng Vhe ex‘enu of f ﬂga‘ mycellﬂ in gralns

' .

anw

of barley. The above cited speci alse occur °v+erngily. - ;

¢



’ Serratia. Nichols and Leaver (1966 ‘%leported a baCterlal poquatlon of

F

»‘empTOyeﬂ esp‘= cia 1J by’ une large cerea growers. There is, however

microflora.

. . EE - T
flowing properties of <he grain upon removal from storage:

another d‘,ern:t;ve. Wet grain with 25— BOa m01svure contene can be. j)

In addition, Candida, Monilia, Saccharomyces and Torulg are well known

yeast—like fungi usually found on grain surfhces. BEEteria include

L

spec1es of Ace:obzcrer, Aerobacter, Eacillus, Clostridiug, Escherichia

Flavaacterium, Lactobacilln : Proteus, Pseudomo nas and

1]
-
o
;3
0
(o]
(9]
[p]
4]
U7

1

1-10 million per g o‘F‘ 1ngo*“g graln

Damp grain is an excellent medium'for the growth of the grain

-

Lhis»can be hazardous to anlnals and humaqs as certaln

S e . ? s ieqs
fungl, ir pa rt;cq_ar rbsld-d, Aspe ergiilus, Mucor and Penicillium

\

release toxic su“s Erces which ceuse rycoiic! abortions, pulmonary
~aspe Zillosis and'abdominal ticers in livestock. Amongst handlérs ,of

such lgrain, "Farmer's Lung", due to the presence of & thermophilic

streptomyces. is no: uncormon. Foreover, the action of these micro-
‘organisms rno: only lowers the full feeding. value bu: hampers the free

»

To curb this'problem, srylng and refrigeration,haVebbeen

\

. J

/
Y
stored in: sea‘ed containers cd11ed "51105" in which air c1rculat10n is
¢

cut off,, WLuh the lnck of oxygen, fermenta tion of'plant material takes‘

1)

place prodhCLAg en‘cc1d env1ronmenﬁ and fonnatlon of 511age ‘In‘onder_A

for this me hod‘to ve effectlve the si10’must be oonstructed so as to

prevent any leaxage of alr durlng operatlon - This is very expensive

51nce it 1nvolves a bhllt— in system con31st1ng of an unloadlng auger’

(SRR

'and'a device to- control changes in a1r pressure as the volume ‘of the

graln 1n—the‘srlo falls.’ Nevertheless ’even under such contro;led con-

v

' dltlons, 15 <o LOZ losses in. en511ed crop have been reported



Several studies have been carried out to determinre the types

of microorganisms existing on darmp gralin, mainly barlgy as it is used °
Rt o e
N \
for feed (Christensen, 19575 Mulinge ang Cresters, 19
s ' ' ' . - s
‘Nichols and Ifaver, 1944). The types of predominant

.

micro
depend on the zrowth recuirements of -hese microorgahisms in relasi
ship to rheir environment. Ofien the storzge Rangl, Absidia,

Aspergll‘us ahd Penici 113um nppesar even 1€ no-

ingoing grain. It has been poswulsted (Chrisiensen

deelo@ment could te related :o insec: :nf°S’:::on, tut handl

ing
- - -
could also have in:roduced mold spores. _ : _
.l . N ‘
The preserVaulve ef“ec* of prorionic zcii on melists grain is
- not an entirely novel idea. thas

L

Y

propionic acid de creased hea:;ng znd the growth of molds in vellow

)

-, '.. . - . : - . . “ . “
corn (173 roisture conten:) which was ‘:env;J J 0 be used for Ffeed

Chemical preservation wi;n‘?ropiogic acid has many advantages

T el - 37 e el e fIn s TZ4Aa. 3 3 :
over dx'ylng, refrigeration ;13.51;\158-..&.-\.‘:5 sullson, 1rtZs Smedley

1969), Treated grain ¢an be storei Up 10 one year withous = fear of

further microbial growth. Since the acid_is*absorbed.by the grain, the
. . LEER a \‘ g s

preservativé action persiszs and the :reated 5ra-n can be iransported
and stored agaln in bulk w1bnoun des er“orﬂ:ion. Moreover, i+ czn be

rolled, ground and stored the%eby elihinaf:ng d.ilyagrinding.

~

The dCld is appll L by snrqylng fresq‘v h“rveQ'ed gr“¢q as it.
enter# an auger where contlruous hiﬁ: ng -ensures’ a Uhorough dis-,
trlbutlon. Thlslls essentlal as any‘poc«eh o‘.un‘ ated grain cou}d
heat up as a result of mlcroblal 5r0w h. The raLe ofxépp71Cﬁt10q is
determlned by uhe'm01sture .content of *Hé 5?11n as well as Lhe grain
carrying capacity of the nuger.- The treatment, rate has béeh‘sﬁown~t6  dl 

o _ o



’-_unbuf”ercd xculun g*"cs a 10ﬁqu and 5rowth is inhibited’while‘with-

- except th

sheeulns which can be place q on surfaceva§? in addi-io
+he "3 Sy - 2 - Sy .
the grain from becoring wei or dazp. ~ G
- , ' b4y
3

‘and gain rate were eqgual or **proved

effect of pH, dlssoc;auie

be dlrectly proportional to the grain n01sture conuen A max1mum dut-

put of approx1.auelj 20 yons of ereated com per hour has ‘been attainedL

¢

(Wray, 1949) exemplif yin the efficiency of the system. )

3

hd

ﬂ?ere are no specific storage resirictions on treated grain

KLG
q

[¢]

L it should rot be in contact with water. Propionic acid is

~a weak organic acid and is thefefore'progressi"ely corrosive %o certain

metals such as iron and zinc. Concrete and. other cement prod“c s which
are alkaline in nature are also attacked. To by—pass'this, protective

coatings can be used. The cheapest .and most durable is polyethylene

Fesults of feeding ~rials on a1l types of livestock ha
that the preservative is safeﬁ Xeat and milxk QUantity and gualivy are
not affected. Pala‘ab:l;t; nd 1n:a/e remained normzl dh;-e groz

However, there are a few inconveniences. Propionic acid
treated graln is destined only for animal feed. Seed grain and bar ley

for malting mist no% be treated since germinition.is arrested. Also
=3 : : )

13

the levels utilized are oo high for human consux vion.

II. The Mode of iction of Propionates

Ingram; Ottaway and onpocr (;“;A) cit e_three aspects

that cannot be overlooxed ‘when'’ dea71 4 Wth acid preservatives:

; and specific effects. The effect of

. , o -~
.hydrogen ion,concentra ion on grow*h 1nh1b ion can be seen by addlng

equal amounts of weak and strong ac1d to two systems un- "’ s

buffered and buffered Addltlon of strong acid to the




the weak acid,
gffecgea.
staﬂt,
}suggests

“has weak

substanbi

the weak acid is more inni

acidified, 2L of salt or acid required for growth inniti-
3 . . “. N - - v
1s reduced. Tindissociz-es AC2 mO.ecules szre uncharzesd and pernes

cells more readily *han ¢

In rega‘

surface active agenzs

may‘interfere with esseniial me-a:

Heseltire

-similari;y betwee

actlion was produced

site of action was con carcchyira”

[N
B

the ruvase. 4envdro~enase‘
g

showed

VLA

The first evidence tha- croriona

co:plex was's

PR PR S DAL S
y CrZzrlic zclis ceould Zak-
»
~AaY Y <~‘:..,\,,-,.c_ Thavem e TeigT el
ve-... e Ve a LoD - ._..,.,--..':...._-w-‘\_.-,

::::co__,mL

prevented the forﬁztloq of zcevare

el%her by she addition of sce:a:e

Hecently, bdmlha“q Yabushiza

ana

substdntlaT evi dLﬂCC that sodﬂun pron‘o 3te

coenzyme,

pyruVaLe and SubSCOHLnt forM1 ion

growth of qtrenhococcns faecalis.

* inhibition of 3:reptococc:s

or pan

b
15

A, thereby avert ting the 5enerqu-oﬁ

fro:

LR
usa

T coenzyme A

lsp‘ds upparen"v essential
Results of experimedss wn;ch 1

~

in pi znd growth is ii-ile

ead

10



, } ) . ' , . _
to this assump:ion were: propionie dcid inhibited-lipoaae dependent

aerobic oxidation of pyruvate by cell suspen51oqs and cell free
/ . .

exiracts, This inhibi:ion was alleviated by the addi-ion of more

}J-

lipoic acid. Greater inh

-

bition was achieved with ‘he antiva ed.korm,

:

ropionyl phosphaie, since it was observed tha* pro iorate was -on «er@e"
- ! 3

-~ to propionyl zcenzyme A via ‘he phosphate es-er. Propionate _
o rye s : . e ! : . . f
inhibition of aerobis oxidation of* pyrivase was reversed bty addition
of acetate whl,n aiso czused a2 marked decrease in the arount of

. : . 3 3 " ) .
proplonyl coenzyme .\ formed ard *he Appearuug of ace*yl coenzyme Al

Inhibition of grow-h by propiona-e H”S reversed by cer-ain 1lipids arn:
o L 14 N . “ ‘ .
when acetate - 2 - ~'¢ was incorporz-ed in-o cells,‘raq’o_ Livity was

detected in the lipid fraction.'

.
)

Since reversal-of grow-h inhiti-ion of a caccharomrees species -

« N

0,

ci

)

‘was obtzined with only acebta-e. ard rnot lipoic s 1% was'proposed

%What the mechanism of iﬁnioition varied among different ﬁlﬂroor~anism
. = > >

depending on the pathway of prruvate oxida-ion (Kamihara, Tabushiza

and Fukui, 1942),

II1. The Dathxavc of Probionate‘ﬁgtzboli;m-

A summany of the krown p¢,hwajs of propwongue we;éboﬁvsw is
111usbra+ed in ?1gure 1. The prlmary step 1nvolweq the a‘kAV"t~og bf-
propﬂonaue and conver31on %0 propxonyl coenzyme A from which Aiverééf
‘:many routes. uucc1nate is th° principal: pathwaj by wh*ch proplon“:

is onﬁzed in nanm11¢n ulssues (Kazlro and Ochoa, 1‘-41;) It .
involves subsequenb carbozylaflon of propJonyl ooenzyme A to

methylmalonyl coenzyme A which is then 1som9r12ed to succlnyl

coenzyme A A few mlcroorganlsms utlllze this parhway such ¢
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o

S

" (Smith and Komberg, 1

1962),

" thelr acyl coenzyme A

s

’A~-is formed.

3

~

Rhodospirillum rubrum (Knight, 1962),

'Hicrococcus denltrl

ficans

and Brevibacterium (Vestat end Perry, 1969).

o7) Ochromoas 1“1h1ﬂen3“s (\rnsbeln and Whit

- The malonic semialdehydewpdthway whereby propionylbcdenzyme A

is converted ‘o maloni

Q) -hydroxypropioryl coenzywme A

proposed by Fendina and Codn (1757).

and is the major pathway of proo*on&ve metaboli

Pro*osheca zopfil

Lc semialdehyde via acrylyl

The d;reco ox:daz;o» of bropionat e v

-

in+
iny

esters as

B

is commonly referred zo as the a rylate or

N s
demonstrated in Clostridiv~ p

H

S LPN

1955) as well as in-aanal;tisSues

has been 1¢ l‘ed erizyme bound

in Moraxells lwoffi*(Hodgson

emialdehy

In the malonyl s
-hydroxypropionyl_EOehzyhe A
: o

coenzyme £ and uhencepo maWOnJW coenzyn

to employ uhls pa+kway.

2 coen T
] 7

S ﬁldﬁbed to mbloryl Sewlalde Vge

»
23

l

Dio.lﬂdr (~ea7er
Mzhler and

inzerﬁediates

coenzyve :,

't occurs mainly in plant

sm in an

-~

tarte pathway.
Wood and St

Huennekens,

v

from whic% ceoyl

'ClOS rWdﬂum Pluv"erltlvegelos -and Earl, 1959)

and free %3—hydro}qpropiona:e was

tidsues

ernedla ves, and thence to pyruvate,
ernholm,

are rarticipating

coenvyme

appears'

In ohe d-hydro:qyglu .arate pat hway, propionate,

after a0u1vatloﬂ condenses w1th gljoxyla*e to yleld c{—hydroxyglutarate

-whlch is then cleaved to produce acetate and lactaoe» +he 1atter belrg

converted to pyruvate..

, a

It has been postulated (Wegener, Reeves ~and

AJi) 1968a and b) that th“s route 1s present in Escherlchla coli L—“éV

Whlch has- adapted to growth on proplonate

The glyoxylate“is

13
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"

:'_:TWL.,S AND METHODS

1. Grain Semples
T . .
Grain sarples were obiained from grain elevators in the

viciniiy of Edmorton. Theme elev ;ators store grain which has. been. dried

" in the field to a moisture cor*en of around715%._ Upon arrival at the

)

elevators these grains are inspected- and loads of similar classifi-
cations are pooled znd siored.

For the purpose of obtaining reproducible results, it was

2

- drcided to work with one specific barley.sample. Until the supply was

exhausted = sarple of registered seed of the Paragon variety served in

the majority of chemic*‘ tests apgkgﬂ e barley froT.Haple Leaf Mills
inve

was used in the radi forespl rome:ri stig tions. "

.-

II. Sources .of Chemicals - : .

)

411 chemicals used wers oktained from cormmercial sources,

meinly the Fisher Scienti-i.'Cezpany, anj'were of reagent grade.

' There were, however, a few exneptioﬁs‘asqinftheACase of ‘acetic acid -

and amm r‘;:_ny"roy‘de which were purchased from the Allied Chemical
‘ . ) . . -‘V'- . ‘ - . ) = A}
‘,QO:pa;y of Canzda, Limited, S L
1L 14

Acetic acid — 1 - T C and sod’um proplonbte -1 - c were
obtazined from the International Che rmical and ”uclcar Corporatlon.

Liquid secintilla tion flulds were prepared ¢ron uhelr cowponenm &‘-

’

chemicals (Bray, 1%45; U oeller, 1901, Jang and Willis, ;965)._ Source

~

of pheneihylamine was the Eas®man Pompanj as well as’fgachemia

Chermicals Limiﬁed; PPO was purCﬂased from Fraser Fedlcal Supplles

'Arm‘ted and POPOP from Huclear- Eq'erprises Limited.5JNaphthalene

\ .

was«supplied by Amershem SearleQ

15



ITI. Culture Medin

\§é£;ral"media Wwere evaluated for culturing grain mi-ro-
organisms before selecting a stand rd lating medium for use throughout
this study. It was found that PCi (Difco Laboratories), suppor-ed the

'growth of che greavest nurker andg variety of =cloniss and was thus

=

used in all routine pAu,-ns WOTrK.,

-

. . . _ e ) .
IV. Procedure for -he Tsolz<ion ans snameriticen B Srefn Yievoflors

h

. Thp method consi s‘Pd of addin
90 ml of sterile 4i s,-l-ed-h,:er. Jlspersion of the surfzce grain
microorganisms was acco:plished 5y sharxing vessels on an Stertach
. ‘. -. - ~r - .uyw .
reciprocal shaxer for 20 min 2= 2 ©.reciproca. movementis per min, a
- Procedure which was stricily azdhered <o in 537 sutseguens

-
1%
Py

investigations.
’ . <

or Lozai viztle- COuZ‘.T_ Gelermirnzaiions which Included

-baéteria, 'easvo,,»o_us and aci:no:yce es, the ?redj-pla:e_ﬁéihoi

was‘ﬁsea wheret; C;l/ml_aiiquots of serisl iil:__c:é were pla-ed on-o
veachléf 5 PCA p-a*ea.> fh se ﬁere,&h ﬁ iﬁcuca: 23 for.2. hr:at 235-230C
Iand~aftérwards, Iefi at room Lempern ;:re ur s ‘a:peribi ef B.days of 

more, and count ed sing a New Erunswick colony courter.

V. 'Preparation of Yest Solutions X .
There were essenzlaIW WO types of test solutions, zc i3 and

salt. ‘Due to the volatility of <he ratty acids, the volume of water
. ' \ - s
»req41red to const 1*;19 IOO rl of an a®id so’u~ﬁon of a desired

-

molarity was autoclaved firs:.}‘Upon cooling, :he°c leular~3 amount

of stock acidbwas.:hen a&ded. e

Salt solu*lons were prepared in 100 ml volume‘rvc ’*asxs aﬁd
o - <
‘_transferrcd t dllutlon bot*les for autoclav1n6.

v



Ten ril aiiquo s from both‘a01d and salt solu tions were w“th—
drawn,foerH readlnSS'whlch were. recorded bj a Bach - Slmpson I‘ode1

108, Number 28 pH meter with a Calomel electrode. —
. ’ * ’ =

-

The effect t’at acid and salt solutions had on eliminating the
o < :
microflora of 10 g of grain was determined after an incubation period

of 2& hr at 30—3”0”

VI. Measuremen: of the oY of laueous Grain Exiracsts

Three replﬁca+es consisting of 2.5 g of grain for each grain
o ‘;5 . : -
sample were added asepc;cally to l ij mn sterile test tubes,
Five ml of sterile distilled water were then added o saturate the
grain. pH readings were taken afier an eguilitration time of

i
.

. 30 min.

VII. Assay of Padioasczive Ma-erials " A o
- — \ ’ o . -
Three fields of licuid secintillation couru-ng were applied:

agueous so} tio ons, sa:DWes dried or. oapv,, and coun:ing gases, which

: ST ¥ S - s
1nvolved trepping €0, in phenet j‘ Tone. - Samples were contained
in polyethylere counting vials and consisted of the radicactive
- material, an organic solven: or solvent mixgure,land one or mere )
organic phosphors. -These were assayed by a Wuclear - Chwcago Mark I,
Model 6860 liquid sc1nt111at10ﬂ counter., Optimal counter settings
weré: '

Channel A: Alternator D: 7.9
~ Upper window: 9.9 (Maximum)y

Lower window::‘0.0.(Minimum)

17



Chaﬁnel C:

Alternator D:
Upper window:

Lower window:

7.9
2 (Maximum )

0.0 (2'11} m)

18

Counting was carried ou: for 4 min and cpm were converwed +o <4pnm Ly the’

- following equations:

dpm " = dom © % 10073 .
efficiency

- 3 -, 3
TEeLnod and

'3
W
ot
}_ln
[o]

The eff1c1enc" was determined ty <he channels

averaged 85%.

VIII. nalyswc of

" Purity of the two radioac-:ve compourds wes

whe ammonium

ascendlng paper cvrowa*o rzphy of
with a Lwo phase soTwenv system comprisin

‘an equal volune of 1.5 arrmonisz.

L o _ S :
spraying with a 0.0L73 cromocreso; rurple solu:icn of 115 v/v diiuiion

-of formalln'Ln e bano’ adiusted 1o pH 5 wizh .27 sodium hydroxdis.,

Forwaldehyde reacts\wi:h ]

- - - - ¥ - —
Jorming & hexamethylensietrazine

WS ey LTl B

L
. ! — “ . . - — T

therebv accenvuatln~ ~he:acid spots (Zlock 2urramand Tweiz ,

5 . i - b ; . =34

Spots were also locaied. with a luel car <hilcago A

Model 1002 for labellea proaupvs. ‘aCligraph seitings were as folicws: .

Full scale:
‘Speed:

S1it width
. 6 psi

Flow rate:

Both ana]yses confirmed bhe raaloch

labelled acids. 4,"- )    ﬂ@ SR

Yo' 7

i
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IX. Steps Imnvolved in the Preparation of lLCOz Production Studies

Articles by Wang and Willis;(l965 and>1967) served as a guide;
Figure 2 illustrates the construction of‘ﬁhe.lhcoz reaotion ve§se1
ntilized in the course of the experiments. v | 4

Sterlle grain was thalned by plac1ng 25 g of untreated bar ey
--through a serles of 100 ml washlngs con31stln; of 'QSHJeth ‘ol (one
ﬁ“w sh), sterlle dlstllled water (+wo washes), 1:1000 w/v mercuric _‘
'vchlorlde (one wash) and three of water in order to remove all traces of
the mercurlc ch1or1de. ?he grain was‘then,aseptically trgnsferred to
ierge sterlle glass peuri dishes lined witn~Whatnan ﬁumber 1 filier
discs, 15 cm in dlameter and air drled in a lamlnar flow hood. To
ensure soerlllty, several gralns weére asebtlcadly p¢aced onto PCA
: pla*es which were. 1ncubar,ed for 24 hr at 30°c and then held at room

<

emperatnre for 2 days. If any colonles were observed gr0ﬂ1ng aroupd

<

the graln kerneis, the entire 25 g‘batch wal dlscanded ~ Seeds

‘st eri llzed by this me*hodvserom exhibited nlcroblﬁl growth and did

! »

not lose their abllltyvtO'germinate.»

-

Pre¥iminary experiments indica*ed that the grain nlcroflora

inoculum should have a *oual 1n1t1a1 v1able count of approx1mately 109 :

cells /ml To achweve Vhls, a 15 g samp7e of untreated barley was
added to 90 ml of 0.05% Bacto - lxyptone wacer and dlspersed. Thls was
repeated 5 tlmes. The flve graln supernatants were +hen pooled  and
1ncubated at 30°C for 24 hr while belng agltated on a New Brunswlck“
rotary shaker,at BOO.Ipm (one inch eﬂoentricity) After incubation,
‘total viable &ount detervunatlons were performed by the dllutlon plate
method ‘ |

o

The radiocactive conoentration’ofvstock'sbdium{propionate

R

19



T2 s -
acld solutions are injected.

Pl -~ -
e
FIGURE 2
_ ‘ L ' ‘
SCHEMATIC DIAGRAY OF 002 REACTION VESSEL

.

'_Graln and’ 110cufuu are admitted to the reacrlon vessel -

i

- [ - . :
~througn.thlsvlarger side arm which is “hen closed w1tb

a 'serum cap through which Bas-o — Tryptone and labelled

“

Sparging with air is accomplished *hrou h' this glass tube
. ) es = . .

fitted with rubber :tuting 1eading to the alr supply..
S o

Ve

C. nry f-"shed Cﬁ Dasses through this smaller side arm
. A s . - v ’ 3 . .’ 'v

also fitted withvrubber tubing, and “through ‘a Pdsteur;

plpet e 1mNe“=ed in 12 ml of phene:h lamine sc1ﬂu1“lat10n

fluid. -

L

L . . . . . ! -
. The rea , veniently accomnodates L5 ml‘of-reaction
’mixturg; 5E of grain when applicable.

R N : B
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D VA ‘ T : f
-1~ Cwas 1 mc/765 pl with a specific activity of 9 .3 mc/rmmol.

On the onher‘hand, the radiocactive conceniration of stock acetic acid

ST A ‘
- 1_— C was 1 mc/2 ml with a specific acL1v1‘V of 10.5 mc/mmolq

Appropriate quantitative transfers were carried oux Lo-obtain 4wo
A : *11S s 3 .
v : ] -
working solutions for each of ‘he Saoelled compounds with final radio-

active-concentrations;o:fW Lc/ﬁl and 100 pc/nl These working

solutions ‘were Lsed o pr para 10 m of 0.C0L3M and C.03GT acetic and

'
v

proplonlc acvd solu lons with radiocactive concentrations of 1 uc/ml.

Addition of 1 ml of tnese labelled acid solutions to L4 ml of reaction
. o , S, oo
“3

mixture would yield final Ce 8&::raz;ons 0f labelled ac

ot

= id soluzions of

by

' O OOlN and 0.C2" wizh a *ad*oa Live concentration of 1 nc/i5 ml o

*

reactlon mixiure. - ' ‘ : : S

Experlnen‘s were con ucted atv an incutation temperature of
30°C The experimental sez-up is shown.iiﬂ?igure,B. .
X. Sannllﬂ Procedure -

( - Tt Lo
D,u‘ + 3 - -2 TS ey Y < < N . 3

€ Lo 1ts volatility, lzbelled acid was -he las- con-

stituent added to compleze :he reaclion mixture. - Injeztion of acid

was performed consecurively a* 2 min.intervals and sparging with
. _ s . ’ o ’ = - . .
T, 81T was carried out for 10 minutes.  As soon as, four, 1 rl-plastic

'sterilé'syringes were fil d with *He ﬁpp“o priate labelled . =
ac1d solutlons and Pasteur p“pe s were *mrersed in 1C =} of

phene’h larane sc;nt117a ion fluid, theyradioaCLive‘solutioﬁ was

: injected; ‘The respectlve vessel was shqken~Mu ally ‘o* severa‘

3

seconds, the syrlnée was rlnsed twice and 0. 5 ml.of the reaﬂtlon

mixture were wlthdrawn and placed ‘in. 5 ml of Brav's scint illatibn

fluid. The count obtalned deplcted *he initial amount of‘radioactivity

a
)
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a styrofoam frame which can be ea51ly ralsed or lowered

Glass wool air filters.

Air source.

¥anifold conduétin g a regulated flow of air fro_m a'singie

source to reaction vessels.
‘u‘COé reaction ve'ssel_s irmmersed in a 30°C water bath and
supported by a styrofoam frame. ' : ke

P@steu‘r: pipettes transporting re‘leaSed Z‘COZ into 10 ml o

o.g phenethyla.r* ne sc1 ntlllatlon fluld also support,ed by B o

as reoulred







,added to the system and upon which all percentage calculations were

based After 2 min, the- approprlate air cock was opened Sparging

14
with air was perfonned and repeaeed every hour tnereafter for 6 hr, and '

then 2& hr after the initial lﬁJECulon of labelled acid.

Upon eermlnation of the experiment,'seven§l eteps were underfk
. taken.to account fer total radioactivity as well aé its distribution.
To determine the .amount of radﬁ@éctiviﬁv remaining in tneAreaction
'mixﬁures ‘all reactlon vessels were shaken manually and 10 ml trans-
ferred. aseptlcally to ster1;e 18 x 150 mm test_eubes.. Each was mixed
on a Vortex,Genle for approkimately 15 -seconds and 0.5 ml was trans<
vferred with a sterile 1inllpipette to S.nl of Bfay's solution.

- Vieble’counts of reaction mixtures were ghen determined.
From these reaction n1xtures 1. O ml was also fil ereddthrongn O.AS
,mlcron'mllllpore fil J@rs and washed twice with 1 ml of eterile growth;

medium. These filters were dried ard counted in 10 ml of toluene >

5

- scingillation fluid.’ The £ilt rate was also sanpled ’E\codnted in

Bray's solution. ThuS the dlerlkuelon of coun*s that in solution and

that in theiinOQulum was detenmlned.

.. To obtaln the propor+1on of rad10act1v1ty contalned in the

grain, reactlon mlxtures were fllﬁéred hrough vhatman *umber 1 paper.

. The flltrapes were then sampled and counted in Bray's solution and the

- grain was washed with 45 ml portions of washvmed5a. ‘After each wash,

the filtrate was sampled and”counted. rT’he graln was ground in 30 ml

of ‘distilled water in a mdrtar and the mash quanultat*vel" transferred

o

with 25 ml ofzwater_ﬂo 250 nl centrifuge pots wnich were spun ab

.
ia

kA
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~J

10 000 rpm for 10 min at +L°C in a Sorva 1 Su perspped FC2-B automatic

,'centr1fuge. The supernatants were deﬂan*ed and counted in Bfg}'s.-
Sy

The graln ‘mash was dried and 1 g was counted in ‘O ml of toluene

A501nt111at10n>f1u1d.

A
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RESULTS AND DISCUSSION =

.

T

I.  An al 'sis of the Dilution<plate Fethod for the Tsolation and
End. eration o™NGrain Llc”oilora < . ' ’
. Several aspects of the dilution-plate technique warranted '+

investigation. Milk dilgfion bottles with their elongated‘rubber

st oppers were sabisfactory for the- dlsper51on of mlcroorganlsms from

i

“.'f*ohe surface of grains and air pockets formed w1th1n the husks. What was -

0

-

{0-be examined was_*he man“er in wnlc% these leuolon bTanks _ ;-
' aecommodao1ﬁg 10 g of gradh erd OO ml of sterl e dlstllled water had to
be shaken so as to bring abouo maximun dlsp*acement,of grain mlcro—j N
organiems; The two methode of ehaking examined_were’fifoy oomplete

perpendicular ﬁeﬁua;‘movements and automatic r°c1procd1 shaklng at h‘gh

speed, that ie, 278 recipfoeaW movements ge ‘minuie Por‘a deflned
perﬁ@ilof 20 min. rfter exp051ng oﬁe such graln suspen51on to the
imanualéget 0d and another uO the automatic meo“od as descrlbed above

dlluolons were carr’fd out for each sbaken grain ""spen31on and 0.1 ml

allQUOoS of she dllutlon g1v1ng app}OX1mate1y zo :olonies perﬂPCA
.'plate were. plated onto each of 10 PCA plates for ‘heﬁgfgiﬁ eugpensionv
subJecoed_uo zhe aut omatlc method, and g for ohe manuallj shaken one.
Total m.crobla1 coudtsdwhloh included bucterﬂa, Jeas*s and. molds are -
presenoed in T&bie I Daea were analyzed by the St udent two—talled
o-uost for urpavred data (ApPendix I) The calcula‘ed etaiisiio
1 (¢t = 12 5 for lgﬁdegrees of freedom) was reJecued at. the 1% and 5%
vleve£§npf 51gn1f1cance 1nd1cat1ng +bat there was a- bl hly 51gn1flcant
dlffé%ence in total v1able counts obtalned from the “two methods of

| : : A
dispersion. This was.obvious upon direct observapion’of the numbers

27




TABLE I

T
' CQPARISGH OF VETEODS CF<DISPERSION
) A
l‘
/
Viable Counts .(le—7)f/g of Grain
Manual#* ) ) "f;, . Automatic

8.90

8.00

8.20

7.10

161&5 
92,5

.
7.20 \7

. 7.90

6.85

o~

“

AN

o

- *Manual

= 5C x’ecipmcal, manual shakings.

- 7.60
Z

3 2

TAutomatic’ = 2'7:‘ rec pz‘ocat:ov\s/v‘*!‘ for 20 m min. {(The rurker

rec‘proca:-ona per min for 20 min is accepted 3s optimal

mec'mn.c:ax shaking in the microtial ecol 0" la

3

atoratory. )

EIOONN SRS 4

o

for

A
[opt
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W
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- ettt

'T’:us: wzs wlzpera:i‘:e as an

but the statistical test was nevertheless carned out as an exercise
in the apchatJ.on of statistics to microbiological data. Thus the
automatic means of shaking was adopted as a standard and routine
procedure throughou: the siudy. . . A )

Although several media for total viable count determinations
¥

were tested, PCA was preferred for several reasons. lot y did

colonies develop more.rapidly on PCA, but the pignentatioh of this

medJ. n offered a superior contrasting backgrohm for detectlng late—-

'developir;g white nycelia. &s a recovery medium, PCA exhitited stror_lg-v

neutralizing activity. A surface pH of 5.5-4.0 was recorced when the

3

number of survivors was being determined from a direct plating of 0.1

=l from the supernatanc of grain treated with 2M acid.

-

ine next siep was to deiermine the reproducibility of total

n

a'ble counts of 10 g sarples tzken from the same grain population.

¥ significant disc-repancy'would irdicate
sarples were not tru ely representative. otal vizble counts on 5 PCA .
, T . .

x,

plztes for each of four, shaken 10 g grain suspens ons are® 1llustrat,ed

3

in.Table II. in F value of 5.20 (numeiiétor deg-rees of fréedom' = 3,

and denominator ciegrees of freedom = 16) was obtained w‘len data were
- p

subjected to the F-test of var*arpc;, for a co:npleuely randomlzed

design. '- Vizble counts were not. g'ligflcam,ly different at the - 1%

L ob ’
level. It was concl: aed that uhe mcmb1a1 load was evenly dlstrlbuted

.. ‘ : ,;é’ '
. . . . ) “ ( . ‘ . o »
IT. £ Yisuzl! Tes:t for Dc‘er-"‘zg 2 tne Effectiveness of
Crziv. Preze na*rfes o ! B !

,‘ a Vv’.‘
A SL“ple but very!

“

o

,
N

29



" TABLE II

VIABLE COUHTS. OF SAMPLES FPRQM THE

~ SAME GRATM POPULATION

Viable Counts (x1077)/g of Grain

' . Sample

I 605 & 5.65 5.60 6..-56
11 6.65 890 7.60 .45 10.45
IIT 3.80 L 590 . 8.0 6,60
v s | 3;55_' 7.25 .. 6.95 8,75




.vfeeding industry,to,evaldaté the effectiveness of treating'harveéted,
m01st graln with acid to prevth Lhe deve’opve 13 of "hot spots", a
manifestation of'm%crobial aetivity. All this test‘invoivediwas adding
10 g of the treated grain to 90 ml of sterile 0.057% Bacvo - Tryptone
water, shaklng the m1xzure and 1ncuba irg it at room temperature for a
m;nlmum period of L2 hr. Grain kernels were seen settling 10 the

bottom of the vessel. The clarity of the supernatzant determined

whether the acid was indeed successful in killing grain microorganisns.

Similarly, this test was applied to esiabiish whas concen-
tration ‘of the preservative acid was required-zo sterilige the grain.
Once again, 10 g of graah, bu* untreaeed in this case, were added to
90 ml of the desired concentration,oﬁ acid containing 0.057 w/v of

v _ S A ‘
Bacto - Txyptone. Jessels were then shzaken automaiically for 20 min
and incubated 30 C for 2L hr. Effective conc entrations of -he

preservative prohibited visible grow.h yielding clear superrmetants.
. . . . B o .

-

t

After shaking the vessels again for 29 ﬁid, total viable count aeterh
-minaurons were. carr*ed out Dj addarg ,ml‘cf the edbérﬂnpan“ onto
each of flve PFA plaues nhwc #ere ihcuba;ed for.2L hr at BOOC”and then
left at roon tempera ure for'az Jleast 3 days. . Eloc1da1 corcen ra ods
of acid d1d not perru+ +he grow-h of any bacteria, mold or yeast,
colonies on this recoveny medla; whereas bLOStatIC concentrau*ons did.
Typlcal resul s are presented in Figure.ﬁ.

‘The 1mportance of thls elementary test cannot be over-

empha51zed and it is recommended for use by .personnel in the live-

stock feeding 1ndustry. o I - S @

-
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FIGULE L
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STEER ILIZII G ,CIICZ"TT--ZTIOIZS OF PRESERVATIVZ 4710

The bottles contained 1C g of untreated grain each arnd 90 =1 of

M propionic acid {lefi) or 90 ml of water (righy).

.incubation for 24 hr at 30°C the supernazant in ‘he boi-le

. . N o oy B - \ . . . . K .
containing: .Oﬁ_,o Eac:o = iryptone waier and gZrain was.

W 45 Shi ne inte e+l U 3 23
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III. cu of  .icid Foncen ra:;on on Mierobizl Death®

TLe graln preservaulve is supoli d as a mixture of prop1 nic

and acevic acids. hese mixed zcids are a by-product of zn irdustrial

‘cHemical process. vandard dosp—respo;.sp curves were oktained for

each acid for ihre purpose of ex@mining their individual roles %

preserv tion. In addition, a sizilar curve for aydrochloric acid-was

obtalned Lo compare the effects of “he weak acids to those of a

strong one.

The of zcid ranging from
\" .
5x10- ¥ to 2V were ‘nes o : lirear relz+<ionship
between these +; -€5, datz were transformed to loz,.. Zesul:is
. : Tiv
are shown in Figu Al elzzionship was now evident a2
conce;'ra:iors fi-cing geomesric

only up to this value. 111 shree zcids demonsirated sizilar effec:s
at identical cornc er:ra::o“u. A cohvrol ”ons*s:;:: of 1C g of

untreated grain and.?0 ml of wawer zave a iaale co«n:_of Ll

4

rizble couub\fas 2.2¥20 /g, minimal growth had

iy

‘Since the initiazl

~occurred. o ﬂo7on1es were ouser?ed when grain was treated wizh 2

~

acetic and propionic acids. "
.This introduced the c’e“ of de ermining wh-cn oroper:"<of

B

a weak organic 3cid'was'responsib1e for the killing of grain micro-
organisms: . the conceﬂtra*lon of hydrogen 1ons dissociated, or

’undlssoc1abed ac1d

.

Coe

I

When-cojparing the effects of these three acids on the basis

of

3h



i
_FIGURE 5
u VIABLE COUNTS OF GRAIN AT INCEEASING CONCENTRATIONS
OF ACETIC, PHOPIONIC AI'D HYDROCHIORIC ACIDS ~
Ten g of untreated grain (viable count/g = 2.2x107) were mixed with

90 ml of acid of various concentrations. After incubation at - 30°C
. . .

for 2L hr, mixtures were shaken and C.1 ml 'samplés of the appmpr'iat,e

dilutions analysed for viable organisms.

teetic acid - {—o——e-) |
Propionic acid (=% — )

,Hy@rochloric‘_acid, ( ®-----0-)

s




Grain

Viable Count /g of

00—

L

-5.0 .40 . -30 L -20 -

0.0

36



pH a1one, Figure 6, the organic acids were eignificantly more

. T
effective than hydrochloric acid at identieal hydrogen ion concen-
trations:. exponential-curves werehfi ted. accord1q~ c the least
sqQuare method (Appendii I). .The control eﬂhibitedla_pH of €.87. Acetic
acid has biocidal atvph‘2.26 and prop*onic acid'as pH 2.40. ‘Thus.the'

" killing ef“ecc exhlblted by these two . organwc acids could rnot be

- entirely a ’uncclon of pi but also must be attributed o the nat ure of

e

“the molecule which, in zurn, exiszs in the d*ssoc1ated and unulssoc1aced

.state. These ohservatlons are consist ent with those of Ingram, Ottaway

and Coppock" ( 55). The insign 1f1cant difference observed in the killing
effects by these “hree acids at similar_concen:ration

be explained by e fact that s

e

nee “"drccnl oric acid is a wrong azeid

e

- and completely dissociated, at iden tical co“-e"°rat;ons iz will exhitis
“lower pH values <han ei:ker of ‘he TWO weakly‘dissociated'organic

i
R

3]

(ﬂg-.

, ac1ds. “This’iS’lllustraz ed in Figure 7.
.'}‘\, ‘ )

If pq was- entirely responsikle for :he. 111*n5 effecz, then =z -

7Y

Lo vy - . w . “
;buffer system of incwn pH wo: lc te e?pec,ed Vo perform S‘"’-arly Lo’

A solutlons of acid alcne at similar pH. Data'presented in Tables III

!

- and IVvdisprove this hypothesis. n* a71 pH values, the ace*ﬁ and

proplonace buffers were 51gn1f1can ly more effecclve ,han their

respectlve ac1d SOlhu’OHS of 51m11ar hydrogen ion concen‘ration.

A

Examlnatlon of che concentratlon of urdlssoc1aced acid shows that at
/Slmllar pH values, ‘the concen*ratlon of undlssocraced ac1d for the
buffers is much greater than that othhe ac1dcsolut10ns. On the other

hand that this greater killing ablllty exhi blted by the buffers is due
}

f( - to the conscltutlng amount, of salt cannot, be overlooked Flgures 8 and

N

-9 show the 1nd1v1du al k1111ng eff%cts -of acid and salt comprlslng 2}

37



FIGURE 6

- DIFLUELCE OF p¥ G

ACETIC, PROPIONT

] 4

i . -

4 T ‘
Ten g of untreated grain (vizble coun-

“iae

with 90 m1 oi‘ zcid of known pH

. 30°C, 0.1 ml samples of the

+ lhe zppropriate

-for viable or anisms.

TOTAL VIABLE COUNTS FOR

Ay

I 2D HYDP.OCHLO‘RIC ACIDS

N

”r . ‘1 . :
! z o
= 2.2X1C /g) were mixed

~fter Incubation for 24 hr at

»

jo ¥
(oY
b

]

lutions were analysed

\
-

¥ .
Acetic jacid (-o———e-)
i . ‘ )
Proplonrc acid (W — )
- > - 7
..ydrocnl\or c acid
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o
-FIGUEE 7.

A COMPARISON OF pH VALUES
AT EQUIVALELT COUCELTEATIONS OF

KCETIC, PROPIGIHIC AID HYDROCHLORIC ACIDS

Acetic acid. ()

Propionic acid- ) (% — )

Hydrochloric acid (,'." ce---9-)
2
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'TABLE I11
' ) e o :
CGPARISON OF .PRESERVATIVE EFFECTS OF ACETATE BUFFERS

' TO THAT OF ACETIC ACID AT STMILAR pH VALUES

fUndissociated Acid]. Viable Count/g of Grain
" | () |
. i ’ ’
p  Zcetic acid iceiate buffers Acetic acid +Acetate buffers
v .

5}

2.86  1.12xa071 1.97 ©o2.3x0° 0 3.3a0l

3.33  1.28x073 L7300 303 330l

1.61 8.0x10 - t.oxaot
1.3 3.5%10° 6.0x10
CwS.ex10Th - aeae® o 2ol

. ) - A - . N
7.01070 . 4.000° 3.09°

1.1x1071 1.0 ¢ 7.7agd
| 2 100 e a2
1.0x1072 1.0x30 . 7.0x10

Q@

- . = . ‘ R
“he concentrazion of undissociated acid was cazleulateld from the Ka

: . <
expression and the Henderson - Hasselbalch eguation (Appendix I1).

A a}d

~:e concentration of the a.. iate . uffers at the specified
pH values is 2M, : '

A}



TABLE IV

CPARISOK -OF -rSERVATIVE EFFECTS OF PROPIONATE BUFFERS

TO THAT OF PROPIONIC ACID AT SIMILAR pH VALUES

[UndissociateﬁlAcid]

~ Viable Count/g of Grain

)

p?  Propionic | *Prppionagg Propionic -ﬁ*?fopiogaﬁe A
i acicd suffers acid buffggs
3.06 5.evac? | 1.97 6.0x10° g
3.97  2.81x107% 1.77 2.5x10" 1.0x100
£.30 1.92x107% 1.69 g.oxaed - sy
L.56  5.82x10-5 1.L2 | 2.6x00° 2.0x101
L83 L3wacs 130 1.3x0f 1.0x102
5.05) 61306 gm0 “1.7x0° 3.3x10°
5.82 1;'75:;16'.71",, 1.tx071 "‘_‘13.,7:(107; ‘,  6.0x10%
715 & 107, . 2.0:072 T 9.7x10°

‘The' concentration of undisso~ia

expression and the Hernderson

ied acid was calculated from the Ka

- Hasée%’nlchleQuation (Appendix II).

“The concentration of the pionzte buffers at the specified - ﬁi

pH values is 24,

**MNo- growth, namely, no survivors.




" FIGUEE s

ADDITIVE EFFECT OF SODIUM ACETATE AND ACETIC ACID

" THE GEATHN MICEOFLORA

. . ~or L
Ten of grain (viable count = 2.2xI0° /g) were vreated with 90 ml

(53 s

of 2 acetate buffers whose proporiions of zcid and salt were

defined. Then %0 ml of ‘thesé tmown concentrations: of acid and
S L
salt comprising the 2M buffers were individually ‘tested for their

-
th

effects on 10 g of grain. After incubtation a- 20%C for 24 hr

mixtures were shaken and Supernzianis anilysed for viable

organisms by plating 0.1 ml o :re appropriaze dilutions.

Sodium acetatﬁ.' ' _>'(~-X-“"'-.‘V"X‘) o |

“Agetic acid T (—e —e)
‘Acetate buffers . S saRIETEES S -
. - a Bl o
' 3 2&\" .
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& FiGURE 9‘

ADDITIVE n’FFECT OF SODIUI' PROPIO ATE AND -

PROPIOIIIC ACID- O”" TP’" GPJ*.I’ A ICROFLORA

Ten g of gra:u% (v1ab1e eou.m = 8 2)(10 /g) were rea edv.
deflned 'hen 90 ml of uheS¢ ¥nown con cenuratﬂ ons of ac:.d~ and )
salt compmmng the 21’ buffers were 1'“21 'q_dually -tested for their
effects on "’rﬁ‘g of grain. l _I_ifter, inicu:batf,‘i.or,ik at 3_OdC .fer 24 h;‘,
mixtures were shaken and 4s‘u‘pema‘tants enaly,sed for 'viable _ofgaf;isms |
by plating 0.1 ml ef the ’atpprepriate c'i';vilutj‘_oris’. -

i

Sodium propionate  (sWereeseeerwe)
Propionic acid (% — %)

Propionate buffers (= -— « —e)



o]

‘Viable Count /g of Grain
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. 4 P
L e & L | |
- acetate a%gﬁp;opionaﬁe buffers of increasing pH in.comparison to their.

<

addlt’ve suer111z1ng effecus, namely, that of the buffers themselves.
The additive steriigzing effects closely followed the killing effects
i '

of the comprising concen trations of acid which according to the

o Henderson:kasselb alch eéguation (nppendlx IT) isbthe,concentratien.of
.gndiesociated acid. _ ‘ | '
A rore direct way of demons:rating thatiundiSSOCiated acid wes
responsible for killing grain microorga nisms was o prepare a series of

bﬁffers of high pH.such tha% <heir concen-ratiorns of undissociated acid
matched those of their respective stirong aﬂ;d solutions of 1ow pH

readings. FEesults of such an experimen: carried;out at pH L-are

presented in Tables V and VI. These buffers gave the same number of

-2

R survivors as the acid solu-ions a+<

Py

dentical co"centratlo 1s of

v

Arother&%pbroanr srowlrg he s’gnlf:caqce of the conceutrathn

? in preservaiion involved comparing the
:s:erilizing ef ects of organic acids of correspording molecular

< fOrmulasvand dissOcianion constants. Concentrated acid solutions were

Y » . Y ! . .. R L
used sirdce microorganisms may utilize these organic acids when present
4 pin smzll amou“v . Acids'with similar'dissociation constants: and

molecular- formulas were expec ed to exhibit the same number of

. survivors at_identicallcdncentrations...Table.VII;illustrates-the

o . . >

. résults obtained.  Viable counts were transforriéd. to 1°g10 and an
analysis~pf variance perfo.“ed on a completely-r domlzeq spllt—plot
cesrgn wﬁlch indi cabed a highly statist'cally‘sighifiCant~difference

.between fac:ors. nppllca ion of Duncan's new muitiple-range test

e ,showed that viablepcounﬁe of survivors bbtained‘from the addition of
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acetic, n—butyric and propionie acids L0 untreated grain at the

de31gnated molar‘ulos were ros significan:ly differens from each ot h er

at a 1% level of s significanck.” ;1 ais Scussion cf tre usefulness of the

stat;stlcs mentlored atove is given in Appendix T. Al ongh ormic and
lactlc a#*ds poss S similar disscciztion cornsiants, and iherefore the
Same concentration of urdissosizted z2cid 2 eguival

Statistieal ana-ysis Suggesied trat they exhiitiied significantly

different killing ef*ec:~ on. the

should be inciuded wi+h

formic acid is

o
W
i

b
)4

@
1

‘penetration as cempared

- The number o’ survivers xﬁs determinesd upen co-*inihg acetic
and propionic»acids in a
1107, 1x3071 ang M. Zpecifically 1o cpes
acid, 3 m1 §f stock acetic acia (18.62¥) and 3.8 = of stock propicnic

_acid (13.3u4) were added 1o 32.2 =1 sterile water. Ten =l were reroved

fdr pH readings. To'the remas

o]
~
jo ]
Ty
(I
(]
2}
2
-
(3]
o
8471
o]
%
om
~
{0
b o
e
o
4
fu
fol)
£
4]
£
™
.3
£1.

‘the vess els accormodating those consiltuents-were shaken. After an

“incubation period of 2 hr at 30°C ‘e nurter of survivors were .

‘determined by the dvlutlon—plate method., Eesul:s'ob;ained are preaenteq‘

in Table VIII. Data were *rlnsfor“ed to 1oglm and an anal y51s of
varlance carrled out for a covpletely randomized design fbr equal and
ﬁ*unequal repllcatlon (Appendlx I). The 5% and 1% levels of 51gn1f1cance

were used. There was no dlfference in the number of suzv1vors when

7

these a01d8 were comblned as compared to thelr 1nd1v1dua1 kllllng effects.
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TABLE VIII
Q , ) :
RESULTS OF CQMBINING AC¥TIC ‘#8D PROPIONIC ACIDS

“IN RELATION TO INDIVIDUAL kILLING EFFECTS

FE

4 . . - . o u

Mean Numvber of Suri/i{rors at Molarities

Acid ' 1x1073 1x107% 1.0
Acetic - 13,4107 6.2x103 L. Lx10°
Propionic 1.4x10% 3.5x10°0 L. 6x10°
| . ‘ ,
hcetic + - Propionic  3.2x10° L.2x100 0 1.3x103
e
o ¥
)
) !

 § : FN
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»

_uhan 1.0 do’ Véyn 7% approxim

'*0510 to obbawn a_llnear re

‘As mentioned previous%y” the grain preservative is supplied as’

a mixture of acetic and propionic acids tecause these mixed acids are

a by-product of an,indusirial An,“aval procecs., Their zeparation

could become an_expenSLve and diffie-ult undertaring arnd therefore

” : ; .
impractical for the company, espc: ally. i -hecse Cy-producisiare Lo be

3
o
.

dispensed of in an inexpersive way., The resul-s here indicate <ha-
their separavion is no- necessary. : '

R A}
Voo Ability of Salts of Organis soide -0 be vced. 235 Precariatives

-Figure 10 illus<rates the xillirg effects of soiium acera-e
and sodium propiona:e at concentrations ranging from 5.2x1

3,44, Lbe salts are nou initially as effective as <he organic =zzids

(Figure 5) :,ﬂa:'co“ce“,rzzlows of 1.0x207% or acid, vi-tle coints
wereAarourﬁ 7“2/5 o grain while at these AOﬁcen:“ﬂ‘ﬁons o sal-,

v1able counts we”e .around 10 /5 of grain, Cnly as he&ﬁ{f:iesvgréa:ér

.
414

"/\B -

; Tne fOOu 1bdustrg
A

propibnic are norros*ve ard very volatile and must “herefore te

. ; ' ’ r
handled w1*h cahvlow As the results indicated, the sodium salts erf

acetic and proowonﬂc a¢ids were no‘ as effective in ‘nt st erH zation

of graln as Lbe free ac*do.

VI. Studies Involving Time Curves

Time of exposure to a specific concentration of disiafec: 1t

R . S s e om :
1s of considerable significance and studies with lethal agents have




FIGURE 10

STANDARD DOSE-RESPONSE CURVES FOR SODIUM ACETATE

'AND SODIUM PROPIONATE

. Y
'Ten g of unureated gra_ln (v1able count = 8. 2)&07) were added to

90 m1 of salu solutlons of known: concent“atlons. After incubation

. o
-at ‘30 C for 24 hr 0.1 ml sanples of the appmprlate dllutlons

“wére analysed for v:Lable organlsms.

- Sodium acetate (=Y==mmmv -i-)
; g"’ ~ 4 Sodium propionate (o — -_6—')

o
€

adin
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indicated that microorganiszs die at a lo arithmic rate.

-

. L ’ ) ;o o : . .
A death rate curve was attemp-ed with a concen‘ration of
propionic-acid thai wis biocidal after 24 hr, namely 2, in order *o.

determine how.guicxly this concentration .of preservative acid exhibited

ts Kl1lling %Ife T cn the grain z;cvoo“gah*sms Prior to the addition
of stock acid reqiired To consti-zute QC‘ml of 2 acid, 10 g of unireated
grain was added -o ne Ziluzion co::;e accormodating the desired amount

of water. The vessel was shaken znd placed-in a BOOC-water bath.

ilming cormenced as scon 25 szock acid was added andsO, 1 ml aliauots
onto PCi at specifis=z Ji:es up to a period of I hr. iverage total

. The zzjorizy of EI1l3inz ook plzce within one minute of exposure

to acid. Ilo atiempl was underwaken®to obtain a’'death curye within
£ ) ) : ‘ .
the firsw =inute of axposure. o surrivors were observed after 2, hr

/
-

of exposure o 2 rropionic acid.

igures 11 znd-12 show -he ouwcome of lerng-hier exposures :o

concent rations of zceiic zrnd propionic acids which demonstrated

significznz xE1ling z2rili<ies zf-er a

n-egpésure period of 2L hr, . 'ﬁ{
o Sx;g_'n, i ;nd?ZH; At(the designaﬁgd sgmpling*pimés,
tbﬁa} vié le\coun: determinziions of the shaken grain’mixture were

ﬁade by.pi't{ﬁg C.im¥ z2liguols of tﬁe supefﬁdta@t or dilutions
thereof, onto PC. Qlétes. ?Tﬁé biocidal effebt-of 2M acetic and

propiodic acids on the graih'microflo ra after 2& hr of exposure was K\

' stlll ev1de“v fter L/, days. ihe trace of growth observed w1th both
acids at 2 on {he_sif?h day of sampling,iS'probably insignificant.

Beinggab to use a low concentration of acid which is bioceidal -
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.4' ’0‘: A
*
‘TABLE TN
‘ n! : . "u‘
KILLING OF GRAT I-ZICEOFLQF{A DURTIG 4 ONE HOUR s et
'EXPOSURESCQ 214 PROPIONIC ACID
——
Minutes of Exposure Viable Count/g Gra_ih’
1 2x102
2 g B2
3 ¢ 5x101
Lo s5xa0l
5 1x102
10 5x101
15 5x101 )
20 1.5x10°
25 2.5x102  °©
30 ’ 3x102
35 f 2x10°
L5 1x102
50 2x10%
55 e L 1.5x07
60 ' l 205)d-0 K .
_/
Initial viable coun'g}{y'é?l 1?&’:.-”vuntrea‘:ed grain was 8.2)&107. ‘
. /. . ’ /". 7 |
“{lo growth, namely, no survivors.
<

dc

e



FIGURE 11

GROWTH RESPONSE -TO HIGHER CONCENTRATIONS OF

ACETIC ACID AT INCREASING PERIODS OF INCUBATION

. : ‘ ‘ 0 :
Ten g of untreated grain (viable count = 8.2x107) were added to
_ - . ’ H . v
30 ml of the appropriate concentration of acid and after mixing,
incubated at EOOC . At the indicated' times, 0.1 ml samples of

the supernatants were analysed for viable organisms.

[}

2IJ' concentration _ (—o——-—+)
N ’concent,;r'ation : (--0- — -o-) ’
5x10™ 1 concent r‘atvionv - ( -0-;--;------.- )')
5JCL_O—2M ‘conceht:ratiion ' (Y _TTTTITPRYSY T
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v
FIGURE 12

:;ﬂ', GRGFTH RESPONSE TO HIGHER CONCENTRATIONS OF

Ter\,g of untreated graln (v1ab7e count 8. 2xlO )@sm added to
c0 ml of the appropnate concentration of acid and after m.ucmg,'
incubated at 30°C. At the 1nd1cated times, O_.l ml samples of

the supernatants were analysed for viable organisms.

21{1 'crénc'.é-n'tration‘ : (-o— *)

‘ leo-l' concentraulon (®mmmmmeece)

5_):10 Jol concentz;ation (3 TEETER SIIRRLE D)
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fo}.the grain microflora. after prolonged exposure would no doubt beoof

AN
ﬂ l

a handling quanoase This could be appllceole to the D‘ éoncen—

‘,r

R . . ¥

‘trations of acid tested. At thlS concenuraolon acetlc a01d waefbloc1£el
. Lo N »43;' ','*
P NP

S fof he leO %

[ .
[

y K
'\

after 3£ days end Dropoo e ac1d as early as 6 davs

, 2

*u i:

conceq*rat;on*o; eaﬂq of ,ne ‘wo ac1ds res -us are,npb 3s obear? A }~,
o ' . K le ‘) X o, e b " o

. [

distinec: logarithmicvdecrease in the nunber of surv1vonsfa *hese two
, f | , ’ R ‘,,J

corce“tr” tions of acid was no- observed .'Lhe ;owes+ oon en*r ion of

. P NPT -2 ;
propioniz and ateiic arcid, namely SxQO My showed oo ev den e o*'
. o . . o :J) . . L. .
I L

biocidal &Ciivizy at any time and may have even supported ohe growthf-“

K Y. . “~ e . . . B . ceT .‘i
! nsore remalnln; T crobial populatiorns. , A M
) R - - . X . . .
h‘\b?a 5 © - Lo - ' B ’ :
VII., ' Eelztionship Setwetn Crzin 8
T

of Grain Microiors - v ' B

+» The pH of grain is a-trikb: :ed 10 many Interdependent faézors

[

pocEa

" including pH of mi roblal me: atolic products, pH of soil andfharvesting

'environment as wsll hs she buffering astion of oro eins ‘and other graln

constituents (inderson and ilcock, 195L). 4 st ‘gy was LnderﬁaKen to

de,erxvne the relz-ionskip beiween ihe pH of an agueous grain extract
and the to*a’ viztle coun: of microorgznisms on unorea*ed grai le. A
T . '

!

. ' A N .
parabo¢¢c répresenta::on was wp_lca‘ed as v1abWe count S have a

»Itenden:y ta dezline at ex:reme pH 7a1ues, igure 13, Extreme pH values

did exhibi{ a’significantl ¥y lower ndmber of grdln mlcroorganlsm

v

VIII. Eviden-e of Preservz:ive icid 1143 7’zaulon oy the Grain

iy

n investigation Was “onducted to deternune the p0351b1 ity of

the org nlc a01d preservatives be*ng used as.a source of energy by the

p_

bexled Parbons of cnrooxy
D i .

~

. 8rain 3acroflora.;,%or thlS purpoee

<



* FIGURE 13

RELATIOUSPIP BE”UEAL GRATN SURrA”E pH AND TOTAL

VIABLE COUNT

The pH of 5 g, of saturated graln was determined. Ten g of each

‘graln sample was added to OO ml of water and af+ er dlspersmn
0

0.1 ml sg.nples of the appropria te dilution analysed for viable =

o rgam sms.
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nate were introduced into the

A by

reaction mlxtures w;%hbthe intent of trapping qny y‘esplred l1"CO

Phenethylamine.

Initial prepara tions involved Jch“ﬁca ior of the ra iocneﬂ‘cal

purity of the radioactive working solutions by ascemdirg: Lzper chroma-

e

- tography, and the design of a reaction vessel which would serve in the

radiorespiromesric studies. T “reaction mixture in

jay
17
Q
o
i3
[e]
[4)]
'.A-
(44
e
o)
o 1
)]
[o]
-
o
B
3]

‘eachAof fodr reaction vessels which cohprised a single r‘F ana only 5né
cbncentration of one of the‘laEelled acids at a time is b’lus ra’ed in
Table'X. Preparatwvefgroc res required of any of th 'i"“*vidual -
const*tuents of these reQC'moﬁ :;*vurés fave zlready been described in

Materials and Methods X.
First tre arpzraius was autoclaved, then sterile grain wi

added aseptically, followed by inoculum and Rzcso - Tripione water.

Upon the addition of the labelled acig solutiens, sazplins commenced

and was carried ouv as descr'Bedﬁ;n Yaterizls and Methods X.
It was expected that grain ricroflora would utilize the acids

at low concentratiorns since the organisms were mainly h2teroirophs.

However it was of interest to compare this predicied rate with +hat at-

a higher ac id concentration : results for a 0.00Y
acetic and propionic acids are presented in Figures 14 and 15. The
: 14, , T . st us

total amount of ~°C trapped in phenethylamine at the designated times

*1s expressed in nmol zcid ecuivalenis/ml o reaction mixture as derived

from the following expression: - ' ' o r

dpm th- evolved .. - o ini i11 dpm

»
5
o
+
o]
($]
e
[o

45 ml reaction mixture In 45 ml reaction mixture .



TABLE X
k)

| COMPOSITION OF REACTION MIXTURES TN SELS FOR

CO2 PRODUCTION STUDIES
<
v ( Vessel Number
Composition . o 1 2 3 4

Sterile grain . . .. . ... 5g A /A N/A

Inoculum (total viable count
. o

= 107 cells/ml) . . . ... i3m ¢ N/A N/A A
'Sterile distilled water . . . 43 ml N/A A - A N/A
‘Sterile 2.3% Bacto - | . C

Tryptone water . . . . . .. 1ml A A A A
- 0.043M or 0.90M acetic or

proplonlc acid (radioactive : : -

concentration = 1 pc/ml) . . 1 ml A A A ' A

Vessels 2 and 3 serve as controls for 1 and 4, respectively.

“vhether the presence of graln has any effect on the amount of 1“002

produced by the graln mlcroflora, is the ba31s for the consultuents'

comprising Egé/reac:*on mixtures of vessels 1 and h

. v\
' o

*h, applicable, denotes that the partlcular component is added to
the reaction mlxture.’ .

"'N/A not applicable, denotes that the. partlcular component is
not added to the reaction mixture. .

vie

3 et

B

67
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FIGURE 14

’

INCREACED ProvucTIC: oF YOULTILE ATIDI T
FRAT A ODILETE C0iUTION OF LARELIED L0ETIC 0T

CONTAINTIG GRATH FIThO0iG T

LIRS U SN I

Forty-three ml of 2 suspension of grain microorgznisms in 0.05%
- . 0 - 0
Bacto - Trypiore water containing 120 cells/ml were incubated
with 1 ml of 2.37 Bacio - Trypione water arnd 1 ml of
-acid (.04L3M) in the presence and ztserce of 5.8 of sterilized
. . o . . . S li
grain. A grain suspension ani z solu-ion containing onl; .
acetic acid were used as controls. Tre evolution of "™  was
measured as outlined in +he Methodss
' B . .

"
«

Grain + inoculum - ) (o — - —e-)

Grain + no inoculum ' (-0-'-“--‘0‘)‘

Inoculun + no grain (M)
N

i
No .inoculum + ro grein (0'0)

>



/ml?*

(nmol acid equivalents

’ Time (hr) -
*S:fee page G¢ for method of calculation.

b

Coumsl

=© \
.5
. o°-c ¢ . T"
- el
lo°+- el
T ._mf-,-,.-’- """ @@
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. 4
R ’/
: »
C s 7 0
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Pt
7/
7/
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4
!
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é
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FIGUKE
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U

. Tyt
LLCREASED pronverIos: CF VOLATILE o157 T
- . g e oy .. JE R S
FEQ@ 2 DIiuTe SOLITIC HOPICNIT oD d
LITNG G
L
Erain suspension and . soluzior cerilaining
. il - s ~ 1l
‘ S€32 s conirols. The evolusign of ~  was
In the Meihods.
»

Grain 4+ inoculum (o )

- - ' A
Grain + nq inoculum - (-%-------0-)-

. Inoculun %+ no grain (~o~ — —e-)

. - 7’

No inoculum + TOErain  { @seciiiaiigl)
AY
s 7 Ry

A



i

n

-
o
4N

>
kg
v

3

.(nmol -acid aqdiv_alggts/ml)_

2

Loat ./ Nt .
v td d ) ' Ce {
g s . D .
'I _.6_'.--‘:'\"\-".'.'.' ........

. ’l%’." (€] *
./ . ~ ) &~
° ) ' . ;
’ Q. '.
102 - + — 4 — : L
0 v 2 3 a4 s & 7 .8

o -

_ ..Time (hr)

s’ : : N ) AT

25 for method of czlculation.
e :
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. . - .

When microbial cells were present, the quantity of radioaciive carbon
evolved is expressed in nmol acid equsvalen,s/lJ cells., 5incé viable .

’ 9 ¢ .
counts were not always 107 cells/ﬁd, this was correc:ec for in tre

D

following way: v
» N
(nmol zcid equ: .
viatle couni/m1 LnociA*‘ .. !
: @
AN |
. - ‘ . - ) s
In the presence. of 1nocu;um,,v;_n OF wiihou' sterile grain, more
,ll‘ * a T L
he ‘ 3 A . . - ~— -
- C was devecied as corpared Jo he conirols. These conirols whiok

UL were lach £ in iroculum, showel
ga result of, vhe ,volatilivy of +he
alone to metabolize -he acids, The
. . v v
. - 1 U ' . .
the amount of “7 avgolivés S0 remgtlon wi;
microbial cells, Tris could Imply i
labelled acid +husg ' : .
aa . YN L P
wiillzation ©F she'azefs ok .

AL T - .z PRI
N -:_ze“ Lol Ic acla
) .

. thc gnf;n i

e -;«" ¢ . .
utilizing propronig neli et C

~ » - 3 . -~ .
Wherg the coneom: paeivn-af aclya was.increased -o C.CZ:,,F:gL.es:r
' . e , * . g .
kY il - . .
9,',.1” . - . W / 93 .
- 14 an o O ARTLON O nevlic acid Cy lthe grain crollora was still
o , h
- ' . . . hl B o . -
M 3 ; . PERUNSPN L S A Y " 3 3 >y o < < Tayem
*oevident Sewir tne Lmount N U7V released in the Presence of Inoculunm
: e - A ks : : . - s
v . kel Y
e . f Vs Feare) . . . W' . 3 2 I
Was g e b o he confrols, - But for propionic acid, resuiis
. . . . - L e pam e 2 e o
1}p‘ '''' S ol con rg?s. Thus at a 0.02M concentration of
. g _
' !

' \7.(\,.." 3 o

vhe graln microflora displayed N0.ability vo utilize




INCREASED PRODUCTIO: s

FRQ{ A CONCELTRATED SOLUTICH

® CONTATITIG GRAT: °

can . "

Forty-three mi of 2 suspension of
i ‘ N . j\ )
Bacto - Tryptone waler contai
with 1 ml of 2 37 Eagto
acid (0.9%) in
suspension and

gréin. E grain

" acetic acid were . JSeQ @s controls,

measured as- outl
-;—-\ ’ % i

s,

Graln /4 1noculum

R Graln + no ;noculum

xInoculum +1 no grain-”
No inoculum "+ no grain

h

grain microorganisms in O
: 1'.'9 1 N

ning 1x1C cells/ml we

= Trypione water and 1 ml

ihe presence ard absernce of

FIGUEE 14
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lined in the ¥ethods.
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a solution con;alf*;g orly “7°C
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FIGURE 17

INCREASED PRODUCTION OF VOLATILE ACT
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ms in 3.05%

Q
Bacto - Tryptone water containing lxlC‘cells/r:ﬂ were incubated
i : S .‘- - . 3 .
: with 1 ml of 2.3% Eac o - ripi one w *er and 1 ml of ““C propioni
M : . v " | B
acid (0.°Q). in <he pres nece and absence of > g of siterilized .
PO . R
. s . BT
graln. A gr'a n suspension and a solutlon con* 11:“::15 only 2
| ' R T .
proplomc acid were Lsed as controls. v-he ev ol tion i was
\ measured as outlired in the Methods. - T
- . . “ 3 ) o



o .lozi

i

va I’efn,:'t_‘s /
4

.
|
»

“(nmol acid equ

% It

R 2. 3 .4 5-%'6 7 s -

T 4
-

o B . - Time (hr) , : S
- - ¥Gee page 7 for me<hod of calculation. o .

% . . v



| e -
the acidk§uring an exposure period of 6 hr. Several steps were
performed upon termination of the experirent to examine ®e dlstrl-
bution of'fadioacti' y amongst the corponenus of ‘the reaction mixture

';with the ultima:e aim Of.aCCOURtl“g forhall the ra adioactivity put into

ot

the system. A sd&mary‘of all findings is presented in Table XI.

The percentage of *Lcoz released after 6 or 24 hr was obtained

by subtractlng the amount of - LC . lost due to the volatlllty of the

. ' ~ 1L 4 c s .
- acid from the nmol of A; evolved/lO? cells at these tlmes dividing
‘ ;. Q
by the Initial nu:ber of rmol /10’ ce”s nresenb and mulzlplylng by

100%. For C.coxx coficentrations with and without grain, oxidation
e R P e Cine , o 14 * .
was still prevalent afier 5 hr Since the percentage of CO, at 24 hr

\ - ) o . .
was greater than a: 4 ar. sFor.0.C2 acetic-acid, there was a .
'negligible increase after-initial exposure. Pe‘uaps the acetic acid

utilizing population wasvunable Lo cope wlbh the sudden Ancrease and

was.killed as st gges ed bJ ke S_5ulflCdnp aecrease in v1able count

1LCO was deuectec with 0. OZa proplonlc acld even

oo

“after a. 1~a pericd of <L hr. - The degree of reduction in total viabl.

after 2L*hr. Yo.

: . 9,
microor zniems sugges:ed that ‘this concent ratlon of a01d w&é\pro ;bly
b1001da1 for the prop’onlc ut 1llzlng segrent of the graln mlcroflora.
. @ - - :
' An $n51gn4f1canu change from uhe 1n1t1dfé}}able count doeo not

necessarllj lmp y +bav a part*cular concen*ratlon qf ac1d Wwas not

b1001da7 to SCPe gra m;croorg nisms ‘as a loss 1n number could have

\

easily been . conpensauéd for by an actlvely grow1ng populatlonféhch as.

1

the acet;c ard/or proplon_c acid utlllzﬂng mlcroorganlsms.
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. . . . 1 dow R
' .

Even after 24 hr, the graih“micfdflpra 51l
: AR

[
Q
y
jon
b

N
%,
L
g
(o]
3

o R

- . . - . . ¥ > & v
. acetlg acid than propionie acid, ’
v i

The' following expression was used to estimate the percentace
Pres g

of radioacuiviiy in the grain microfiora:

(dpm in cells/L5 =1 rens-ion o b;re}'kl§i?)

A\) y D T .

(dpm initially pfesen:) - {dpm los: from ednirol; ziier Z. hr)
This is furzhér proof that ~he cells ohindeei'iake up L*O‘la’él
acid and oxidize iz.
The"percéniage'éf‘radiqa::ivi:? nQL presen- i; ihe cells alf-sr

2 hr was calculaved in <he following :arﬂer:. o

(dpm not in cells/.5 =1 rezciion mixzure)

(dpm initially presen:) - v3dDm lost from.conirols 2ftew Z. ar)
T i . Ao . ’
Grain definitely sbsorted 4

\

present, the greater the atsorprior.

T Fercemtage of latel en un
\ b . ¢ . ' - '
by\the grain was obtained -rus: ‘ ' R
' . s e ) " R E
(dpm of grain mash ©ii%ri-o.4 drm of zhain
s v ’ ) N . @

X , -
s . . . v “\ &y - . ~ L TN\
2 (dpm initially présens) o 2pmoiost frofrcontrels after 2. hn
© {dpm 1 111y p ~ ) gs3e orv Iromrconirels’alter 2, hr)
‘ . . ~
) U S . . z. \." N . . s ) e ' .
- x By adding the resulis 0f -he -ast Tourn criterdia discouszed, Bha
" ~ . . . . - 3 - ) S —s A - . B
total percentage of radiocactivity adedinies Tor 15 determines, Tilfe w

¥ ounted oermined, =T s
o PEITIRRAsE o madtes R o
. bercemt of theé radioactivity for .00 acevid and propionic acld where T ol
. r K - ) . - . i v ' : : [
only inoculum is pres At and sroin, cannos be s ruced Tho “ahaTes

oo N4 1 Wi 1S plbgen an no SIGIN,  cannot e Lriaced. .. Ao Laldvaleld

carbon may have beer incorporated in‘o sdme molecule other than OO

B >
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IX. Examination of survivors after Treatineg Grain with Varions

Concentra*ions of Acid

The microorganisms capable of surviving after treatment of
grain with various concentrations of acid were categorlzed eTer’Ccll"
by'morphology and co.onial charac‘eris-ics,

a. Gramep051*1"e or Grqm—varlwble rods occurring sing’y or
in chains producing endospores when grown. aerotically
on PCA were classified as "Bacillus",

v

b. Jn¢ce4‘ular nonspor¢“ Gram—vz rlﬁule cocnl oeceu urring
singly, in pairs or in 1rrevu'ur clusiers'were as umed.
to belong “o the genus“"Nicroéoecus";

; c. ) Qram-negative siraighs, nonéporfng rods prod:ciﬁg'deep
yellow or orange opaqﬁe tolonies), usiunlly entire Eg:
sometimes showing fléxing mobili~y were assumed ~o te

"Flavobacteria or "Cy:ophaga". ' ' :

d... "'ft‘robgc Ler™ were recognized b observing a change in
f=3 v = =
morphoiogy i% brown g*oww cultures, Te]ls 2=9 *r old
are :yplﬂ”le p eomorphic rods, s ally Gre w—pos e,

t.L 'Cells 12- ZL rr.old are oval or = rﬂoxd ‘n shape,

o

.

R USUd{1J Grum-negaulve . s ;
€. " : Mémber} of z“ ."Ln‘orob et erizceae" yere dete ed by

their Gram reaction and ability of cells from single &

g

. colonies to produce aeoid and gas or acid alone from

” lacto se in conven*lond] lactose brov, b e e
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i

Although bacterin mentioned are those Lha' can be roughly
*characbcrized_by hexd-mark, many of “he bacteria found after acid
treatment could not be categorizefi by the limized nurber of tes<s

used.

RiYe ) _.A
propionit acidg, Ramely 1x10 M,

L~ 2
above were found. At 2 1x1CT concen:

it

characteristic of "Zacillugh, mes

\

a pH range of approximately 2.2

&
.

yeasts., Five ‘ypes of molds an were recovered, btus no ‘//

attempt was made a- furiner classifica-ior, in addi-lon, rode-shapes

Gram-negative microorsa red opagué colonies and zcid

. . . ) ‘ . =2 ,‘. N v ‘

in lactose bro-n appeared a< z 1xhlo -V concentiration of zarce-in

acid. These were assigned -0 <he zenus "Zerratiah, hy '

concenirated solutions of acerio and propionic acids, - e

(M oand 1.5, eliminated all G;z:—nega:ive«rods eXcept for . k\\
- . " * . ' .

"L e e Y e P . s Y

Minterobacters',. VIRT=POsitive sporing rois also survived and

were most preval?nxz Sporss}of "Facillus" would bte more resisvanc

to killing, :hus dermunding such a ws tlocidal coneoniraion c’l
: i ,
“acid as M. .
Studics involving”prcscrvativss_and disinfectanis are )

: e . . A

routinely conducted wi<h pure cul-ures of microorganisms, mainly
" pathogens or "nuisance™ microorganisms.,  Jince the grain misrerlor:

_ D . o . o . e -
consists of wide array of»micpoorganisms>all having the potentiil



‘biocidal for at leas: some microorganisms,

of exploiting the nutrients supplled by the grain and thereby cau51ng
sp01lage, it was more d651rab1e to examine effects on the total graln
mlcroflora rather than a pure culture of isolated grain micro-

organé/mu’i g%:dles with pure cultures of each of the most, ‘prevalent

mlcroorganlsms would show individual effects, as different

‘mlcroorganlsms do nov respond eoually to the same concentration of

acid and low concent ratlons may even stimulat e growth., Unless s !

V‘,

1nvest1gatlons are carried out \1t is 1mp0551b1e to decermlne

whether a concentratlon of acid exhlbltlng a decrease in v1ab1- G
o B

count is bacterlostatlc, or supports the growth of some miCrof

organisms. The only conclusion that can be made is that it is° -

.

- . . “
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SUMMARY AND COICLUSIONS .
ﬁ_ N e . . L .
e : :
A simple but very reliable test was designed tb detennihe the
~£} sterilizing potehtial of grain.prcservatives‘on independent»grain 3

‘samples. The advantage of . it% simplicity is'that i* ean be performed

by farm.personnel who have been exposed to a ‘minimum of scientific
. o . M - ’ .
knowledge. : %

[N

The two weak organic acids, ramely, acetic and propionic, are
. ] N ‘ - . N .

the basic constitu ents of.the particular moist grain presetvative under
~;-1*c“ob¢olog¢cal investiga tion. Ur*e” the defined experlmental

_u DR
croflora o -ncreas‘ng concen-

f

-LonsJof each of‘:nese ac1ds d"sp’"yed & geomewric dec71ne in the

n
N

. humber'of surv’vors Yoreover, toth ac&@s had eQuivalen: killing

,j' ’ . :
ki B S N N . . s
abilities. “he presence of toth exnibits no synerglsw, n the PlTllng
of the grain rmicroflora. The implizcation i volved here- is" an o
Y-S
a . \

, together, are a byeproduct of an
. 7

;_*nuds r‘al'chemical process and thirfsepératgoﬁ WOUAd be 2 costly
N A - "/‘\ ‘ | ’ - .
\ venture for‘the company diSposihg?;ﬁ';heﬁ;if “keir ;ndlv: ual kil 71gg,
' N o ' een
effects were significantly greater thay when combined. o
t . ) ) oy . . ‘ g .
A Some property of tmese’ weik orga mic aclds other than; pH is
responsivle for the p“userv;t:ve actior. 411 data ob: azined strongly

Implicate that it is .the conccnwrh,AOﬂ of “1‘s<oc1ated acid.

~ : Because of ensier hnndling, salts of weak orgu1_c dc*ds are

\

B, . > A
' O 4 -
.

. ST W N
en used in the prese'vﬂzlon of foodsturfs

instead of yk acids, .

-

vhermselves, which are very -corrosive ard vo latllo Jtudies carried. .
out showed that the sodiun salts of the preservative acids under -
‘_ o . -

84
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- existence of microbial popuziations arong the grain microflora capable

: propionic”aqédll t a higher coqcenyrau*onbv“o.prop‘on*c acid and only a

b

9

7nvesc1gatlon were not as effec+1ve in sner11¢zwrg gralr as the acldsyp

Onlj hlgh concen rations of ﬁese weay organ ¢ acids with chaficueristlc

o | | o

70w PH readlngs were bvo~1dal for the graiu chKWOra. On the other

E-¢ .

,pand, a buffer consrsu.ng of the ac1d and Vts sp**um saWQ, of highers}

"‘n
. ¥ .
whose concent u‘Qq of “d155001a‘eﬁ ac1d was egui "a4em§Q'

,fl:," ' A

g, e

‘BlOCldaA concen~ra*1on of .acid, was also fo"“c to be bl@évdal It 15

.

there?ore recommend ed that s L‘h less corrosive so’”~¢ons be ¢ s*ed under

fleldycpnditions for their abilisy

L0 preserve moist graln.
. o P T
: mxperlme“,- cordﬂc‘ed show that tagreriostatic concen‘rauvons of

+ey

the preservatlve ac*‘ ma{ tecoze tiocidal for the grain mlcroflora

after prolonged expOS“re. Eiog&dal,concen:ra:ions maintain their v

control indefini;ely and manifess the majority of their K1ling within
one minute of contacs * the exisiing grain Picrofiora, . - j?
- ’ - ' ’\‘i, E

, , '
A p&rabolic relatienship Was irplicated be:ween grain surface

H and total viatkle count of the, grain’ C*C‘U€=O“a. Gra*ns w**h ex*reme

.

rain surface u.\alues exhitited lower Lo+ a- v:“ble COLpts This could
s e

bgysignificant in th ';& unt of zcid necessany for their preservablon.

iy

: L - . . . : . . S5
Data fréﬁ,rﬁcldresp;no:e:rlc experirents confirmed the

8

=

of.utilizingjdilute boncen:ratvous of the preser"atlve acids. This is

nou an unusual “ea‘n‘e considering that the major&ty of'graiﬁ micro—

o“gaﬁlsms are he‘ero‘ropqs. nce:ic acid was OdelZEd more v'e—,.d*ly than .

A .

small‘perceﬁt 2ge of ace‘lc acid brea hdown was de‘ecued The‘

preserVa*lve aclds are absorbved by the grain with o prelerence for one,
R4 .

‘ . B X . o
7 . _ ’ . . ]

-

U . ¢ ) ¢ -



S
acid or the other and larger concentrations result in more acid

L g

. absorption by the in. Thus, the amount of acetic ac1d comprlslng the.

Kl .

préservative'miktu must not be of a very low concentratlon.J If m01st
graln is treated with a conceq*ra‘ion of acid preservat1ve~such that it
is b10c1dal for the graln microflora and protected in a manner so as to
prevent maximm volatl}lzatfpn of the acids and the intro?ugtion of
micfogrganisms duringhstorage, there is no reééoﬁ for grain spoilage
to occur. |

'T’te proiuse preser;ce of sponng\ a.nd capsular mleroor;ganlsms ‘

constituting the graln mlcroflora could be the basis for the need of

using such a high cqncentration of acid as 2% to sterilize grain.

.
LY
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COMMAENTAEY O STATISTICS EMPLOYED .
{

“Once results are secured from investig io ns - involving sar

E

~Lfrom,populauons tistical dec;s ors conce ‘¢rg these popu atlonsfl

7\-0“’

.are ften ghlled for. Prlor Lo exoer-‘er’"’lon the rommon course fs

- i

auguess‘ or more correc,oy a hypot“esis. The type of

53wv? statistlca' hypoohe51s fo mula ed’*s ca 1ed 2. Wull nvpobhe51s whlch

v 5

”éﬁgtes' that there is no defere ice between the elements in questiono

o

e e

"o chance alone. The sta*ls*LCab‘
‘ ‘ .

ting this null hypothesis aré"/'~ ,
- AR J e

”he“poss biT“y'of making errors 1n'accep+1 g or nulllfylng
@ .

,;%i‘xﬁll hvpotne51s cunnO'vbe.dlsregarded. ‘Tovcompensate'for this,~

" . . ; J‘. .
levels of 515n1P1c1nce are also chosen’ before any sar ‘es are selectedu:‘ . 4

for experlme tation. They indicate LHe maxdmum probablllty of

eje ting a null h JpOoqu;S when it, actually ould kave been acceptod
. f

(’1

»

The ﬂost conmon levels of S‘”ﬂ ficance are OS and ;Ql., For a .05 S

~

leve: significance ‘this means that there are 5 chances out, of‘lOO

‘in making the above error or, s;m;larily,_that'ﬁhe right decision was

u‘l‘l
‘made w1th 35% confldence.

’All stéQistics‘applied'to the d va presenued in uhe Pesul s and  ,
DiScussion'section wére_based oﬁ’a ormallv dlstrlbu ed population.

The "Student's" two-talled t—St&tlStlo 1s used to test the -

S

. o null hypothe51s fha* the means of two sarp‘es of a certaln 51ze



{(usually not greater than thirty) 'are equal, assuming that they are

drawn from normal populations whose standard deviations are equal.

two-tailed implies that Jextrenme values of the t-distridution, that is,

values in both talls of the dls*r“butlon are taken into con513erat10n.

The analysis of variance is an'extensipn;of the "Student ' s"

t-test but it is more precise in that the to:él sum of squares is

partl‘loped into components which are obvious sources of variation

such as that within treaiments or hetween treatments. It allows for

v

comparing . more treatment%fgith fewer replications. In an analysis op'

variance for z completely randomized design, the number of repllcates

for each of\the treatments reed not be ecual. If unegual, a new

computation for the correction term is employed.. From the null

hgpothesis stating that the samples are all from the same population,

e

are all estimates of the same true variance. The F-statistic is

,1ntroduced nd from the F-dis* rlb“‘lon the probability that a given

value of- F w171 be exceeded through chance alone can be determined.

The

]

t is assumed that the czlculated variances from the sources of variation

_../‘

If, af‘er an ana7751s of variance it was found that all samples

were not from the szme ‘popu lauLo“,,,he Dun”an's new multlple-range

5

: tes+ is a 51mple way of re501v1n5 wnlch of the treatmeﬁts are

'SlgnlfL”anuly dlffere . from eac“ other and which aré not.

ﬁ§
The spllb—plo* design is used for factorlal ererlﬁénts.

Ihole units ‘consisting of levels of. one)or more factors are- d1v1ded

1nto subunlts to whlch levels of other factors are*applied. It
l

. R . . N .
_ 'increaseSzthe scope of;the experiment by breaking down the analys;s of

7

"



/

variance beiween different factors and is dgsirztle when greater pre-
B " . , . ‘._
cision for comparing certain factors is recuired.-han for others.

¢

The relationi:p between two varizbles or effecss of different

"factors is often expressed graphicall

on a rectangular coordinate sys-em <o otzzin z sczi-er dizgram aftéer
. - - . . .
. - 3 -ﬁ.- 3 -~ -
which an appropriate curve is visuzlized. If represented oy a siraight
line, a 1inear,rglationship beiweern the varizbles is deduced znd if not
-

linear, a gon—lineap relz-ionship. llon=linezr rela-i nships are fre-

LS RSN ¢ b Se-24 90

quently reduced to linear relationships b arprorrizte <ransformation.

of the varizbles, ‘and. amoiher scai-er dizgrzt Is sesired of the trans—
formed variables. Often log~log or seri-log graph pzrer. *s used for -

this purpose. Curve fitiing involves findirz <he corres: mathermatical

equation fof the curveé which fix a given se: of davz e ~hey those of
é parabola,‘éxponeniial, or a geqme:-;q curve. CIrawing 'a curve f{;e:?
hand is subjecp Lo error zrd the leas: sguzre ﬁe:?odfw&ich involves
solving the normalkeqﬁaziQ:§ for a Ieés: Scuzre paratolz, exponential
or geo§etric4curve_or‘o:hefxise, is‘;tilized.:éjob:ai: ihe best~fi:ting;

curve. .

o

The computational progedures for the various statis-ics
. . » , v !

employed were procured from the following sources:  S:tee

}e

text entitled Principles and Prosedurss of 3:a-is:ies {1943) and a

review article by Eisenhart ard Wilson (1943-1SL4L).



<@

. . APPENDIX II
"A REVIEW OF THE'CHEMISTREY DNVOLVED IN DTUDYING THE - ‘
X

PHESEFVATI&E ACTDS - =

o\
W b4

Acetic acid, CHCOOH, and propionic acid, CHBCHqCQOH} are weak

<

- organic aci@s an& therefore do not ionize_to,ény appreciable extent
"when in solution, The degree to'w.lch‘*hej are d*55001atea is. glven
by the Ka expression which is 51"p1j .mat hewazlcal ecuation stating

the ecuilibrium that exists #etween the ionized and unionizeq forms: -

Ka = ‘[H+;] [A_],
(.

where Ka is the equilibrium constan:t for the dissociatign of the acid,

-

., ) O .‘ . R . . " . . .
[H+ﬂ the concentration of hydrogen ions from which pH is derived,
[47 Jthe concentration of ionized acid and [uX ]the'concentraﬁion‘of
. . ’ - s

* unionized acid. ‘ : . o

tilizing the Ka expression, the pH of an organic acid solution

. of a ¥nown rolarity can be determined:

. . . . ) ‘ _ . + “ ? - : '
N = [,& = etV (ra)? - a(Ka) (M)

The donation of hydrogen ions from the ionization of water molecules’

N:
-

’

is insignificant since weak acids are obviou%ly @uch:strongerfacids

than wa er. Once&ﬂmaconcentratlon of hydrogen ions has been cal—

'culated the concentratlon of the und153001ated ac1d is found by

A}

subtracting [H'*]from the 1n1f1a1 acid’ concentratlon.
(O
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y
(ﬁ\u When a weak acid and its s=1t are cormb ned ~fhe salt of the
. -~ . i ’ ’ J\ ~ ) !
weak acid suppresses the dlssoc1at10n of. the ac1d 51Qc° it'e:ters‘in;O*-
Y o ’

g

equllibrium wié% the acid,.hydrogen and dlséoc1a*ed ac1d 1ons‘ The
de51red amounts of we;k acid and the sal* of ,He weak ac*d requiredyto
. N J [ . ’

make up an acid-salb solution of a2 known holarl" and pH can be.ottained
g

from the Henderson - Passelbalch ec;aulon.

pi = pKa 4- oaghf WA 1 | - ;
¥ ;£ B )

- -. ’ /7 . N

‘or the-Ka expression where [AT J'will derorée <he concen:raﬁiongéf sals

—h
and [HA ] thé amount of acid required..- ' A -
: A reliable, gefere ice for CO"pu at:onal p*oced res.is *he aook
\ o "
entitled Biochemical} Czlculazions by B“gel (1968) .
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