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Fi na1 Report

Subject:

Sterility test'i ng and antimicrobial activity of

commercial grades of glycerine.

0bjecti ves:

1 . To demonstrate the absence or presence of mi crobi al

contami nati on i n commerci al grades of glyceri ne Q5f, and

99%) at the site of Production.

2. To determi ne the bacteri ostati c and bacteri ci dal

activity of glycerine against selected bacteria.
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The Program

Phase I : Under a grant from the Glyceri ne Producers'

Associ ation a study Was undertaken to demonstrate the presence

or absence of mi crobi al contami nati on i n 60 samp'les of

commerc'ia1 grade (95% and 99%) glyceri ne. Ten sampl es f rom

each of si x producers , col I ected from drums and tank cans '

were forwarded for analysi s by the sponsor '

Phase II: The antimicrobial activ'i ty of commercial

grade glyceri ne ¡¡as 'invest'igated to determ j ne the concen-

trations necessary for inhibition (bacteriostatjc) and death

(bacteri ci dal ) of sel ected bacteri a (Staphyl ococcus aureus '
pseudomonas aeruginosa, Escherichia cgli, and Salmonella

typhimurium) as specified in USP standards'

Phase 0ne - SterjlitY Testjng

Basically the sterility testing emp'loyed in thjs study

consisted of innoculat'ing aliquots of glycerine into two non

selective nutrient media, i.e., Trypticase soy (BBL) and

Thioglycollate broths (Difco). These media were selected

because of their ability to initiate and support the growth

of mjnimal numbers of a wide variety of organjsms' Thio-

g'lycol I ate broth provi des the necessary condi ti ons f or

growth of mos t of aerobi c, facul tatj ve , and anerobi c organi sms ;

whi I e Trypti case soy broth i s an enri chment medi um capabl e

of supporting growth of most organisms commonly found in the

envi ronment.
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Con tro I Sys tems :

Two samples from each Producer were randomly chosen and

used in the substrate to determine the abílity of the glycerine-

media system to initiate and support growth of a minimal number

of cells comparable to that which may be found in the test

product. The test organi sm empl oyed for thi s posi ti ve control

system Was a strain of Pseudomonas fl uorescens (A.T.C.C.

#11250) selected because it is non fastidious, survives on

minimal nutrients and is relatively resistant to chemÍcal

disinfection. Cul tures were maintained by weekly transfers

on Trypti case soy agar. Twenty-four hour broth cul tures of

thi s organi sm were used as i nnocul um. A1 I of the tubed

medi a were tested for steri 'l i ty by i ncubation at 37"C. f or

24 hrs. pri or to use. Thi s pre-i ncubati on mi nimi zed the fal se

positive results from contaminated media.

To test the positive contro'l system tubes containing

9.6 ml of media, to which glyceríne was added in both I ml

and 5 ml amounts, were i nnocul ated wi th decimal di 1 uti ons

of the test organi sm ranging from 3800 to 2.6 organi sms. Al I

of the glyceri ne-medi a tubes were shaken twenty-fi ve times i n

a ninety degree arc to insure an even suspension of the gly-

ceri ne. Concurrently, tubes contai ni ng 9.6 ml of medi a wi th-

out glyceri ne were i nnocul ated aS above to demonstrate that

growth of the test organi sm at a parti cul ar concentrati on

coul d be i ni ti ated i n the medi a. Unseeded medi a control s

urere al so i ncubated at each temperature to demonstrate
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sterility of this component. All of the above controls

were i ncubated i n dupl i cate at 2AoC. and 37oC. for fourteen

days. Dai ly observati ons were made to determi ne presence

or absence of growth.

In all cases sterility was observed in the unseeded

tubes of medi a. Li kewi se, growth of the test organi sms i n

both media incubated at 37"C. but not at 20oC. was observed

wi thi n 24 hrs. Tabl e I shows resul ts obtai ned when the

seeded glycerine was incubated at 20"C. and 37"C. for fourteen

days . I n general the growth observed i n tubes contai ni ng I ml

of glyceri ne correl ated wi th the i nnocul ated tubes contai ni ng

no glycerine. In other words it was demonstrated that an

i nnocul um i n the range of 2.6 cel I s survi ved and fl ouri shed

i n an envi ronment compri sed of one ml of glyceri ne and

9.6 ml of media. The tubes containing 5 ml of glycerine were

inhibited by the glycerine to varying degrees dependent upon

the number of organi sms Present.

Sterility Tests:

Havi ng sati sfied oursel ves wi th an adequate system

which initiated and supported growth of a minimal number of

organisms steri'l ity tests were conducted in the following

manner: Trypticase soy and Thioglycollate broths were seeded

with both I mt and 5 ml aìiquots from all glycerine samples

from each producer. In other words four tubes of Trypticase

soy broth and four tubes of Thi oglycol I ate broth were

i nnocul ated wi th I ml and 5 m'l of each sampl e of glyceri ne.

-4-



Two tubes with each aliquot were then incubated at 37oC. and

at 20"C. for fourteen days and observed daiìy for growth.

0ne hundred-sixty tubes were used to test a set of ten samples

from each producer and a total volume of 48 ml of each sample

u,as tes ted.

The tubes from four samples of each producer which

showed no growth after fourteen days of incubatjon were

reseeded by 1 oop i nto thei r respectj ve medi a and i ncubated

as above. Thi s v'¡as done to determi ne whether the negati ve

growth observation waS due to the absence of organisms in

the ori g'i na'l sampl e or due to i nhi bi ti on exerted by the

aliquot of glycerine that was tested. In short, what this

techni que accompl i shes i s to dj I ute the concentrati on of

glyceri ne i n the reseeded tube. The I imi tati on of thi s test

i s that an extremely I ow concentrati on of mi croorgani sms i n

the original may be missed on loop transfer to the second

tube. However, as supported by the data in Phase II ' it

was demonstrated that I ml a1 iquots of glyceri ne were not

inhibitory to the organisms emp'loyed.

Sampìes dispìaying one or more pos'i tive growth tubes

after fourteen days were retested using the above described

techni que i n order to confi rm that the growth ori gi nated i n

the sample of glycerine and not by chance contamination.

Posi tive tubes from the second test series Were transferred

to Trypticase soy broth for enrichment and incubated at the

ori g'i na1 temperature for 24 hrs. Fo'l l owi ng thi s they were

streaked on Trypti case soy agar whi ch was agai n i ncubated for

24 hrs. Isol ated col oni es were eXami ned macro and mi cro-

scopi cal ly for genus i denti fi cati on.
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Results of SterÍlity Tests:

After completion of the entire steri'l ity procedure it
was concl uded that one sample (BC) of the síxty exhibi ted

microbial contamination. This conclusion is based on the

fact that origina'l ly one of the two tubes which were seeded

lvith one m1 of this sample and incubated at 37'C. showed

growth after four days. Li kewi se, growth after seven days

at 20oC. vvas observed in a tube of Trypticase soy broth

i nnocul ated wi th fi ve ml of thi s sampl e. upon re-exami nati on

of the original sampleo one tube of Thioglycollate broth,

seeded with one ml of this,sample showed growth after 24 hrs.

at 37oC. To further veri fy our findings this sample was

exami ned agai n and th i s ti me growth occurred afte r 24 hrs .

at 37oC. in 2 tubes of Trypticase soy broth. The colonial

characteristics of the isolated organÍsm and gram stain

mi croscopi c observati ons i ndi cated that thi s contami nant

vvas "vi rtua'l ly" a pure cul ture of a gram posi ti ve spore

formi ng rod of the genus Baci I I us.

0ccasional 1y growth was al so observed j n other tubes

but upon retesti ng of the ori gi na'l sampl e no growth was ever

observed. Negati ve fi ndi ngs of the second determi nati on

prompted us to concl ude that the ori gi na'l growth was due to

an occasional laboratory contamination. When one considers

that a total of forty-eight tubes were used for each sample

the chance of a contaminant is highly probable. 0n1y one of

the 59 remai ní ng sampl es i ndi cated more than one "fal se

pos i ti ve " tube .
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PHASE II . EVALUATION OF

BACTERIOSTATIC . BACTERICIDAL PROPERTIES OF GLYCERINE

Samples of glycerjne were tested for bacteriostatjc and

bactericidal activity against the following organisms:

Pseudomones aeruginosa A.T.C.C. #10145, Escherichia coli

A.T.C.C. #11775, Salmonella typhimurium A.T.C.C. #133.l1 and

Staphylococcus aureus A.T.C.C. #12600.

Zone of Inhibi tion Test:

In a pre'l iminary exp'loration the zone of inhibition test

was used employing a modification of the cy1 inder-p1ate

method in which a hole, which served as a reservoir for ca.

2 n1 of glycerine, was cut in a heavily seeded Trypticase soy

agar pl ate. Si nce no zone of i nhi bi ti on vvas observed after

24 hrs. at 20"C. and at 37oC. the resul ts i ndi cated that

glycerine vvas not inhibitory against the above organisms

under the condi tions of this test. Moreover, this chemical

actual'ly enhanced the growth of Escheri chi a col i as demonstrated

by a heavier growth at the periphery of the reservoir.

Real i zi ng that the presence or absence (and a'l so the di ameter )

of the zone of inhibition exhibited by the test organisms is

dependent on the concentration of the chemÍ cal compound i n the

medium, it may be concluded that the findings of the pre-

liminary study was the result of the rapid diffusion of the

giyceri ne through the medi um decreasi ng i ts concentrati on to

a non-inhibitory range. For this reason a modified tube

dilution technique was subsequently employed in further

eval uati on.
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Mul tiple Tube Di I ution Test:

A muì ti pl e tube techni que ( I 6 tubes per di I uti on ) was

used in which varying aliquots of glycerine and media,

Trypticase soy broth, were combined. These aliquots aìong

wi th the i nnocul ati on produced vol ume to vol ume di I utÍ ons

rangi ng f rom approximate'ly one percent to one hundred percent

glyceri ne. The unusual percentages of glyceri ne reported

herein Were due to difficu'l ty ín pipetting the highly viscous

chemical; ê.g. o a l0 ml pipette delivered only 9.5 ml of

glyceri ne and thi s i s ref l ected i n the ca'lcul ati ons. The

tubes were then seeded with 0.1 ml of a l:.l0 dÍlution of a

24 hr. broth cul ture of the respecti ve organi sm. These tubes

y¡ere shaken to a degree suffjcient to insure an even suspension

of the glycerine-medium system.

The seeded glyceri ne-medi um tubes , wi th g'lyceri ne

concentrati ons of 6 .7% to 31 .3% were i ncubated at 37o C. for

fourteen days wi th dai 1y exami nati on for growth. Any tubes

in which growth could be detected (no inhibition) were so

i ndi cated and di scarded. After 48 hrs. al I tubes showi ng

i nhi bi tj on were reseeded i nto Trypti case soy broth and re-

i ncubated 48 hrs. to determi ne whether the i nhi bi ti on was

due to bacteriostatic or bactericidal activity. These

results summarized in Table iI indicate that bacteriostatic-

bacteri ci dal di fferenti ati on coul d not be determi ned wi th

the concentration of glycerine employed since al I the re-

seeds were pos i ti ve.

The above experiment was repeated usi ng h'i gher concentra-
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ti ons of 23.6% to 98.9% glyceri ne. Agai n those tubes showi ng

inhibition were reseeded after 48 hrs. 0f the forty-eight
hour reseedso those tubes that showed growth demonstrated that

bacteri ostasi s had occurred i n the ori gi nal tube which was

again reseeded after seven days to determine if the culture

was ki'l l ed upon prol onged contact. Negati ve reseeds were

recorded at 4B hrs. and observed for fourteen days. At no

instance did a negative reseed become a positive during this
pe ri od.

Results and Discussion:

As shown i n Tabl e I I I the concentrati ons of g'lyceri ne

that can be consi dered bacteriostatic lvere those in which

forty-eight hour reseeds indicated growth whereas those

i ndi cati ng no gr"owth upon reseedi ng lvere consi dered bacteri -

ci dal . I t shoul d be noted that thi s shi ft from bacteri ostati c

to bacteri ci dal effect occurred i n a range as i ndi cated i n

Table III.. Additionaì1y the data also demonstrated that a

bacteri os tati c concentrati on of glyceri ne may become bacteri -

cídal upon prol onged contact wì th the organi sm. For exampl e

37.8 percent glycerine was found to be tota'l 1y (al1 16 tubes)

bacteriostatic for Salmonella typhimurium after forty-eight
hours, while after seven days above 23.6 percent was found

to be bactericidal. The data as tabulated in Table III also

indicate a positive correlation between the concentrations of

glycerine required for bacteriostasis with those for bacteri-

cidal activity, ê.g., Pseudomonas aerugínosa was inhibíted and
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kil led at the lowest concentrations whi le Staphylococcus aureus

v',as i nhi bi ted at the hi ghest concentrati ons. Thi s phenomenon

occurred both for the forty-eight hour and seven day reseeds.

The results of our study confirm in part those of Barr

and Tice who demonstrated that Staphylococcus aureus and

Pseudomonas aeruginosa were inhibited by 30 and 25 percent

respecti veìy of glyceri ne on a wei ght to we'ight basi s.l
Tab'le IV illustrates the similarity of the findings from

both studi es.

The data represented in the current study c'learly indi-
cate that there is great variation in susceptîbility and/or

resistance of the test organisms to glycerine. This would

indicate that the use of glycerine as a preservative for

cl i ni cal specimens may requÌ re some re-eval uati on even though

the concentrati on of g'lyceri ne used f or thi s purpose i s I ower

than that emp'loyed in this investigation. After forty-eight
hours of incubation !ql!L@ and Escherichia

co'l i demonstrated equal susceptibility to the bacteriostatic
glycerine while the Salmonella typhimurium

susceptibility to the bactericidal con-

centration. These observations together with the stimulatory

effects of g'lycerine on the growth of Escherichia coli demon-

strated by the zone of inhibition test suggest that caution

be taken when usi ng giyceri ne as a preservati ve for fecal

sampl es from whi ch the i sol ati on of Salmonel I a i s desi red.

concentrati on of

di spl ayed greater

'l

'Barr, fvl. and Ticeo L. o A study of the inhibitory concentra-
ti ons of vari ous sugars and po1yo1 s on tbe. growth of mi cro-
organi sms. J. Pharmaceuti cal Assn. , 46 (4):219-221 .
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Conclusions

l. 0f the sixty samp'les of glycerine tested only one

(BC ) was f ound to be contami nated under the condi t'i ons

of the test employed. Th'i s contaminant was'identified as

a member of the genus Baci I I us. Si nce the i nvest'igators

had no control over ei ther the steri I i zati on of the contai ners

i n whi ch the samp'les were col I ected and shi pped or the actual

col I ecti on, the source of thi s contam'i nant coul d noÙ be

ascertained.

2. G'lycerine t,vas found to be bacteriostatic and bactericidal

at vari ous concentrati ons aga'i ns t Pseudomonas aerugi nosa ,

Escherichia coli, Salmonella typhimurium and Staphylococcus

aureus.

3. A positive correlation was found between the bacterio-

static and bactericidal concentrations of g'lycerine against

the tes t organi sms .

4. The use of gìycerine as a preservat'i ve of clinical samples

whi ch are to be ana'lyzed for Salmonel I a and other pathogen jc

enteri c organi sms shoul d be re-eval uated i n 1 i ght of our

I i mi ted data.
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Tabl e I. Posi ti ve Control SYstem

Average Number of Cel I s I nnocul ated Per Tube

Thi oglycol I ate TryptÍcase soy

Producer A
Samp I e

370C.
BA

1

5

I
5

4A
l
5

1

5

ml
ml

m"l

ml

ml
m'l

ml
ml

38

l

l
il

34

?

:

I

26

:

?

3800

I
3

:

I
5

:

3400

l

l

:

2600

I
2

!

380

l

!

l

!

340

?

!

l

!

260

2
2

I

2
2

8

3.8

I

3800

I
3

:

1

5

:

3400

l
7

l

:

2600

I
2

:

1

2

5

380

l

!

I
5

:

340

?

!

l
7

260

I
2

:

I
2

5

38

l

?

34

?

:

26

?

1

2

3.8

?

?

3.4

?

2.6

l

20"c.

Samp ì e
37"C.

20"c.

Producer B

Samp 1 e
370C.

200c.

Sampl e
370C.

20"c.

Producer C

Sampl e
370C.

200c.

Sampìe
370C.

20" c.

?

2B
lml
5ml
lml
5ml

l0B
1 m:l

5ml
lml
5ml

1C
lml
5 ml

lml
5ml

I0c
lml
5ml
lml
5 ml

3.4

2.6

1

2

7

Number i ndi cates day

- i ndi cates no growth
on which growth was observed.
for fourteen days.
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Tabl e

Average Number of

I (Conti nued )

Cells Innoculated

Thioglycollate

Per Tube

Trypti case soy

Producer D

S amp'l e 4D
370C. 'l

5

200c. I
5

Sampì e 7D
370C. l

5

200c. l
5

l0E
lml
5 m'l

lml
5 ml

3E
lml
5ml
lml
5ml

ml
ml

ml
ml

ml
ml

ml
ml

3200

l

2

l

:

2800

l

:

l

:

3600

l

:

l
,-

320

l

:

l

:

280

l

:

l

:

360

l

:

l

I

3.2

:

:

2.8

l

?

l

:

3.6

l
H

l
l0

3200

I
3

!

I
9

:

2800

l

!

l

!

3600

l

:

l
3

:

320

l
6

:

l

:

280

l

:

l

:

360

l

2

l

:

3.2

I

l

:

3.6

l

:

l
9

ml
m'l

ml
ml

ml
ml

ml
ml

32

l

?

28

l

:

l

:

36

l

?

l
9

32

l

:

I

Producer E

Samp I e
370C.

28 2.8

tl
::

20"c.

Sample
37" C .

200c.

Producer F

Samp ì e 7F
370C. I

5

200c. I
5

Sampl e I F

370C. I
5

200c. I
5

l

!

36

l

:

l
8

Number i ndi cates day

- i ndi cates no growth
on whi ch growth was observed.
for fourteen days.
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Table I I

lnhibitory Effects of Glycerine

l. No inhibition--all tubes al the concenfrafion of glycerine demonstrated growth after
48 hrs. of incubation at 37oC.

2. Total inhibition--no growth for all tubes at thaf concentration of glycerine after
48 hrs. of incubation at 37"C.

3. Growth in Reseeds--all tubes demonstrating ínhibition (no growth) were reseed after
48 hrs. contact. The concentration of glycerine that allowed growth for all tubes
i s shown.

Test Organism Percentage glycerine V/V indicating
No lnhibitionl Total lnhibitiont Growth i n Reseeds

Staphy lococcus aureus 24. I 3t.3 3t.3
Escherichia coli t3 .4 24. I 3t.3
Sa I monel Ia typhimurium t3.4 24.1 3t.3
Pseudomonas aeruo I nosa4 t3.4 24. I 3t.3
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I

Table I I I

Bacteriostatic-Bactericidal Concentration (/ò of Glyceri

l. Bacteriostatic--All 58 hr. or 7 day reseeds at that concentration of glycerine
demonstrated growth after 48 hrs. incubation at 37"C.

2. Bactericidal--No growth in 48 hr. or 7 day reseeds at that concentration of
glycerine after 48 hrs. incubatîon at 37"C. (Observed for l4 days of incubation).

osTaT I c-õacTeF I c I 0a I uoncenTraT¡on el rìe

Test Organism 48 hr. reseeds 7 day neseeds

Staphylococcus aureus

Escherichia col i

Sa lmonel la typhimurium

Pseudomonas aeruo I nosa

IBacTertosïaïtc .zbacÏerlcrdal BacteriostaTic Bactericidal

BB. B

3l.B

37 .B

28.7

None

58.6

48. I

40.5

:67

:37

a

U

23.6

123.6

67.8

37 .B

33.6

23.6



Table lV

Comparison of Concentration of Glycerine

Required for lnhibition

I
J

qì
I

Tesl Organism Barr and Tice (W/l¡l) Present Study V/V

StaphyIococcus aureus

Pseudomonas aerug i nosa

30Í,

75%

3t.3fr

24.1{'








































































































































































































































































































































































































































































































