Collaborative Study of the
isms in Maple Sirup

By AARON E. WASSERMAN (Eastem
Pa..)

A proposed procedure for countin
‘bacteria and mold in maple sirup b
the membrane filter technique was
tested by collaborative assay. Four sa
ples of maple sirup containing varying
numbers of bacteria and molds wer
analyzed by 15 laboratories. - Resul
were treated statistically. There was n
apparent significant difference betwee
replicate counts done within the labe-
ratories but a highly significant diffex-
ence in results obtained among labo-
ratories. Further analysis of differenc
in procedures brought out by replies t
a questionnaire indicate there was n
detectable difference in results due t
(a) use of glass or stainless steel filte
holders, (b) use of glass or plastic pe
dishes, (¢) dilution of samples in on
step or multiple steps, (d) length o
storage over approximately a 4-weel

0

period before the test was carried out..

Further collaborative studies on the
procedure were recommended. -

The microbial count of maple sirup could
be useful as an indicator of the  storage
stability of the sirup and as a guide to its

1

future quality. - However, no standardized

tests have been available for counting yeast,
molds, and bacteria in maple sirup. Presum:

ably, when a count was required the slow

bacteriological plate count method was used.

At the 1961 meeting of the‘AOAC a rapid .

1t Bastern Utilization Research and Develop-

ment Division, Agricultural Research Service,

U.S. Department of Agriculture.

This report of the Associate Referee was prer
sented at the Seventy-sixth Annual Meeting of
the Association of Official Agrieultural Chemr
ists, Oect. 15-17, 1962, at Washington, D.C.

This recommendation of the Associate Ref}
eree was approved by the General Referee and
by Subcommittee I). and was accepted by the
Association. See This Journal, 46, 107 (1963)

Hethod 'for Counting Microorgan-

188¢

1

egional Research Laboratory;*- 'Phﬁai&e}phia“l‘s,’-*

and simple method was proposed for- count-

. ing microorganisms in‘maple sirup by a mem-

brane filter technique. -

A study with 15 collaborators was set up
in 1962 to test the proposed method. Each
collaborator received a set of 4 sirups and
was requested to carry out duplicate bac-
terial and mold counts according to the
proposed procedure. A questionnaire was
also enclosed to obtain some information on
possible variations in the manner of conduct-
ing the test in each laboratory. This is a

- report of the results obtained from the study.

Methods and Materials
The proposed method has previously been
described in detail (1), but in brief it con-

- sists of filtering an.adequate sample of

maple sirup through a membrane filter, in-
cubating the filter ‘on an- absorbent pad
soaked with appropriate medium, then stain-
ing (if necessary) and counting the colonies
of bacteria, yeasts, or molds growing on the

fsurface of the filter.

B Maple Sirup- Samples

- 'Several maple sirups were prepared in the
laboratory to contain different - concentra-

tions of bacteria and molds. Preliminary as-
“says indicated the dilution range for each of
“ the sirups and this" information was given.
to the collaborators to assxst them in plan-
,nmo' their experiments.

- The sirup samples were prepared as fol-
lows

Sample l—Commercml maple sirup (dilute
5 or 10°'ml of sirup to 100 ml with sterile
distilled water and filter through membrane).

Sample 2—Sirup No. 1 inoculated with a
culture of organisms obtained from a sirup
solution (dilute 1:50,000 and filter 10 ml
through membrane).

{There was some difficulty, however, in



between shipping and testing.)
Sample 3—A mixture of sxmp No. 13

brane).

Sample 4—Sirup No. 1 inoculated w)
spores from a strain of Aspergillus isola ed
in the laboratory (dilute 1 ml of sirup|to
10 ml with sterile distilled water and filter
s through membrane).
- The sirup samples were placed in 2 oz
jars that had been sterilized at 121°C for

15 minutes. Sets of the 4 samples, in mailing .

tubes, were sent via air mail to the collapo-
rators. Upon receipt the sirups were to be

tories. : T .

Results and Discussion .

The collaborators’ data for the bacterial

" counts of the 4 maple sirup samples were
analyzed  and the statistical analyses| of
variance are shown in Table 1. Althongh

responses were received from fifteen labora-

tories, the counts reported by one collabo-
“‘rator were so atypical they were not included
in ‘the statistical analysis. Other laboratories
failed' to report values for some of the sam-
ples.  Therefore the number of values: ana-

lyzed differ from sample to sample. :

Replicate assays of sirups No. 1, 3, and
4 performed in the  different laboratories
gave values whose difference was not statisti- .
cally significant. For sample No. 2, however,
there was a significant difference at the 95%
level between replicate counts, possibly as a
result of using the wrong dilution factor:

With all four sirup samples the inter-
laboratory values gave - highly 51gn1ﬁcant
differences.

An analysis of variance could not be done
for the mold counts.. The few: reported
counts on sirup samples Nos. 1 and 2 were
negative, and only a few of the laboratories
reported replicate mold counts for Samples
No. 3 and 4. Therefore, only the 95% con-
fidence limits were determmed as shown in
Table 2.

There are many possible reasons for the
lack of reproducibility of the assay between
laboratories, e.g., poor sampling . technique
(both in preparing the original sample and
in taking aliquots for assay), shipping con-
ditions, - storage - conditions, differences = in
procedure, etc. We were interested in con-
sidering these points in some detail to deter-
mine why the results differed so widely
among the laboratories. Sufficient data were

.available for some of the factors to permit
statistical evaluation of their effect.

. Preparatwn of the Sample :

~ Sirups No. 2, 3, and 4 were prepared by

: the -addition ‘of -cultures of bacteria or mold

to sirup No. 1, -with thorough' mixing to

. assire. a homogeneous -population in the
“viscous sirup. The three sirups were agitated
‘on a reciprocal shaker for several hours. The -

bottles containing the sirups were held in a
horizontal position to get as great a turbu-
lence effect as possible. It was believed that
adequate mixing was obtained, but only
replicate assays directly from the sirup would
have confirmed this. If the mixing were in- -
adequate, samples of the sirup could contain
different populations of microorganisms.
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Table 2. Mold count of maple sirups
No. 3 and No. 4

Sirup Sample . - —

Caloulationse 3 4"
nb : 9 15

X 49.7 67.2

Sz 18.1 18.73

X +teSE | 49.7 £41.7 | 67.2 £-40.48

e See symbols in Table 1.
b5 = Number of samples.

Shipping

logical material is the possibility of cha
in the number of living units which are
be measured. There may be an increase

ducive to growth, or the number may
crease if exposed to unfavorable conditi
The longer time the samples are in

the questionnaire, show an interval of
1 day to 2 weeks (5/10/62 to 5/22/62)
the date of shipment (5/9/62). It is

samples that were sent out.

Storage .

All laboratories were instructed to.store
the sirup samples at 5°C from the time
receipt until the assays were performed. -k
responses on the. questlonnalre mdxcate v

as several degrees can occur undetected, an
the quantity of other material in the refrig-
erator can- also affect the temperat re
localized areas. ‘

Date of Testmg

A date was set for all assays to be sta ed
(5/21/62). This was one work week after

Ahalysis of variance of maplé sirup No. 3 for the eﬂfeét of da{te’ of te,ati’t'ng"

“Table 3.
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s Group I, tested 5/14/62; Group II, teated ‘5’/42‘1—24/62‘; Group I1I, tested 5/26-29/62; Groups 1V, tested 6/11/62.

» See symbols in Table 1.




the samples were mailed, to insure thei
arrival in time. The collaborators were
quested to finish the tests within the wee
thus allowing 5 days leeway in scheduling th
tests. The reported testing dates actuall

to 6/11/62). The laboratories were divid
into four groups according to testing dates
and an analysis of variance of the data o
sirup sample No. 3 was carried out to deter:
mine whether the testing date had any effec
on the microbial counts. The result is shows
in Table 3. There was no detectable differ
ence in the values reported by the vari
laboratories that can be attributed to th
time the assay was carried out.

Filter Eqmpment

Both glass and stainless steel ﬁlter holde
for the membrane filters are available com:
mercially. The instructions to the eollaborat
ing laboratories did not specify the use o
one type over the other. Eight laboratori
reported using glass filter holders, and seve
used the stainless steel. A statistical “t” t
of the data for sirup samples No. 1 and
was carried out to determine whether th

type of, filtration equipment influenced the

microbial count of the sirup. The result
in Table 4 indicate there is no detectabl
difference between the counts.

+ Table 4. Statistical ““t” test of the
-difference between bacterial counts
of maple sirups No. 1 and Neo. 3

obtained with glass and e :

stainless steel filter holders
Sirup No. 1 . Sirup No. 3
| Stain- Stain- :
: I less : less
Calculations . | Glass | Steel- Glgss Steel :
no o3 o | o] 10
X 10.015 3.45 151,20, 379.5
Variance (s?) | 3.86 [44.75/27,123 {31,338
o 1.163  1.864
“f = Xs - xo ~—~
4,
g - ng
where G = values for glass filter holders, and

8 = values for stainless steel filter holders.

Equipment: Szenhzatwn

In the proposed procedure, stenhzatlon of

. the filter holder was not advocated, but it

was suggested that the holder be washed in

.vexy: hot water after each filtration. Thir-

show a spread of about 4 weeks (5/14/62 _ teem laboratories reported sterilizing the filter

halder before starting the test; twelve labo-
ratgries further washed the holder with very .
hot ex boiling water as recommended; three
Iabozatories  washed the equipment - with
stexile: water. Fwo laboratories-indicated the
use of antiseptics or alcohol, presumably
followed by a water wash, between each

“filtration. In enly three instances was there

any indication of gross contamination. There
is a wide latitude in defining the term “very
hot water” used in washing the filter holders,
and there is a possibility that samples will
be eentaminated if the water is not above
190°F. Ideally, sterile filtration equipment
showdd be used for each operation, but this
is mo& practical when large numbers of sam-
ples kave to be tested. The use of the “hot
water,” or better yet “boiling water,” rinse
is justified by the fact that there was no
deteetable difference between replicate assays
within each laboratory.

Petri Dishes ‘

After removal from the filter holders, the
membrane filters were incubated on pads
soaked in culture medium in sterile petri
dishes. Glass petri dishes have long been
employed in the bacteriology laboratory for
determining the number of viable organisms,

‘but i recent years plastic .dishes have been

used im ever-increasing numbers. The type
of petri dish was not specified for these
experiments and. the questionnaire returns
showed: that six laboratories used glass dishes

‘whereas nine laboratories preferred plastic.

Although the increasing use of the plastic

kd:shgs indicates acceptance .for use in bac-

teriological procedures, it was: possible that ,

" some of the chemical - components  of “the

plastie might affect the growth of the organ-
isms. The bacterial counts of sirup samples
No. T and 3 were analyzed to determine the

. possible effect of the use of glass or plastic

petns dishes on the number of viable organ-
isms.. The results in Table 5 indicate there
was no detectable - difference between the



Table 5. Statistical “t’’ test'of the
difference between bacterial counts
‘of maple sirups No. 1 and No. 3 |
obtained with glass and

plastic petri dishes T

Sirup No, 1 Sirup No. 3

Glass | Plastic | - Glass
Calculations | Dishes | Dishes { Dishes

n 11 12 11 1
. X | 0.84 | 3.06 214, 7
Variance (¢ | 4.285/37.762(36,909 58,87
- 1,182 0.85
e - Z’ - XG
I
e g

where G = wvalues for glass dishes and
P - 1 fOr 3. 43 Adiah.

counts on the filters incubated in the two
types of petri dishes.

Another possible source of error is| in
taking representative aliquots of the original
sirup and subsequently diluting them bef]

taken from the sirup may detect this, |

it cannot be determined with replications of -
¢ the dilution obtained from the one

of the original sirup. The effect of

tions in sampling procedure in this study '

could not be determined because the su
mitted mformatlon was not compIete sqme

ountmg also mvolves a possﬁ)le souree
-, €ITOT. Clumps of bacteria that survive
--one-step dilution procedure and develop
a ‘single colony may separate into
groups or ‘individual bacteria as & resnif
the agitation received in making dilutions i
several ‘steps. The bacterial- count under

these conditions will be greater. Seven labo-
ratories reported that sirup sample Ne. 3 -

was prepared by making the required d

tion in -several steps; eight laboratories re--

ported diluting this sirup in a single step.
The analysis of variance in: Table 6 shows
there was no detectable difference in the|re-

Table 6. Anhlysi_s.of variance of the effect of diluting sirup in one step vs. diluting in multiple stéps §

1.27

M8

62,374

49,106

S8

1,290,036 -

62,374

1,227,662

df

26

25

© Total

Steps

Error

on the bacterial counts in maple sirup No. 3

Multiple Step
' Dilutions

1

202.14

le Step
utions

o

Sin,
Dil

221.7

* Calculations




- were compared. From the “t” test analy:

sults of the bacterial counts obtained by
two procedures. ’

While fourteen of the fifteen responden ,
earried out the assays at least in duplicats,
one laboratory took three samples fro;
each sirup and assayed three aliquots of _
each sample—a total of nine assays for e:
sirup. - The results of the analysis of th
data are shown in Table 7. In sirup sampl
No. 2, 3, and 4 there appears to be n
detectable difference between the sampl
taken from the sirups.

Three laboratories carried out standa
bacteriological plate counts on the sirup
ples in addition to using the membran
filters. A comparison of the results of o
of the laboratories is shown in Table
Bacterial counts in sirup samples No. 2.
3 and mold counts in sirup sample No.

of the counts obtained by both the mem-

" brame filter and plate counts there appears

i be no detectable difference between the
methods. The data. of the second laboratory
_are not shown because replicates were not
reparted, but the results of the single assay
were essentiafly the same as above. While
no great sigmificance should be attached to .,
the analysis of so few values, it is still inter-
estimg as an fmdicator of the possible correla-
tiom between the two techniques.

"The third kaboratory also reporting plate
commts found some discrepancies’ between
filter and plate counts. In the discussion of
the results {2} it was stated that one inher-

~ent advantage of the membrane filter tech-
migne over plating techniques was the fixed
composition of the growth medium regardless
of sample dilution or quantity filtered. If
the earbohydrate content of the medium is

Table 7. Analysis of variance of replicate bacterial counts of maple sirups -
No. 2, No. 3, and Ne. 4 by the mm&faneﬁher technique
Sirup No. 2 Serwy No. 3 Sirup No. 4
af| ss Ms F o |af ss MS F |atf| s8 MS | F
Total 8 | 26.00 8 ||433.56 | i 8 | 157.56
Replicates 2| 2.66{1.33]0.341 |2 }|203.56 | 101.78 } 2.65 | 2 4.22 | 2.110.83
Error ‘ 6| 23.34|3.89 6.1(230.0 38.33L | 6] 153.34 | 25.58
X 1 23 -1 18.22 10.22
Sz | 1.97 .06 1.68 )
XritaSz 2.33 +£1.52 18.22 +4.75 10.22 + 3.88

v Table 8. Statistical *t” test of thé &ﬁ%rence between bacterial and mold counts in

"maple sirup obtained by the membra

e filter technique or standard plate counts

Sirup N,°',2' Sirup Ne:.3- Sirup No. 4
" Fitter | Plafe | Fiter | Phate Filter | Plate
X e : ~8.95 | 1716 | 800 1 5364 . 47
. Variance (s?) 2812 | 05 | 0 [ 982450 | 4 61
* 2.045 , 1.93
« Bacterial counts were done on sirups No. 2 and No. 3; mold comts were dome en Sirup No. 4.
. Xp —?F ST
b o —
& %
P

where F = values for filter and
P = v_nlues for plate.



limiting for growth, the sugar added with the

sample may become an important facter in

the number of colonies developing om [the
plate The effect of using a plating medium
mth high sugar concex;tra.tmn has been. dis-
cussed (3) o

dure which were made apparent by re
to speclﬁc questions submitted to the

collaborator, which cannot be  anticipated

in a questionnaire. Any of these factors may

be sufficiently critical to affect the reslts
“of the counts.

Variability in counts obtained by the mem-
brane filter technique .has been reported
previously (4). An analysis of some of |the
factors of the experimental procedure fatled
to reveal the source of bias. The author,
however, indicated that variation in the cul-

counts. Although “this work involved
, Teplicate assays within one laboratory
1llustrates some of the factors that should
considered in setting up -further collara—
tive studies on the determination of migro-
bial counts in maple sirup with tﬁe mem-
brane ﬁlter technique.

Recommendation

It is recommended that - further collbo- :
ratlve studles on the method be contmu d. :

§ i {I) Wassetman, Al E Thzs Joumal 45 ‘558
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