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During the past 25 years, and particularly since 1945, there has been 
a steady increase in the manu facture and use of liquid sugars. The demand 
h as reached such proportions that liquid sugars now constitute a consider­
able portion of th e total sugar production. vVith the increase in produc­
tion of liquid sugars certain problems have developed. In the ea rl y days 
the liquid sugars were manufactured and consumed within a relatively 
short time, while now, with increased shipping distances and the grea ter 
demand, the time between manufacture and use has increased considerably. 

Due to the nature o f liquid sugar products th ey a rc far more suscep tible 
to deterioration caused by spoilage organisms than dry sugars. While per­
fectly sterile products may be manufactured, they may be ex posed to spoilage 
organisms in plant storage, during shipment and in the customer's tanks. 
The most scrupulous clea nliness is naturally a requisite for all liquid sugar 
equipment. In order to check the effectiveness of the cleaning procedure 
o[ equipment and preventative measures taken aga inst con tami na tio n, a v"eil 
plann ed microbiolog'ical control becomes the most effective wea pon. 

The orga ni sms with which we are the most cOllcerned a rc: 

I . Mesophilic aerobic bacteria 
2. Yeasts 
3. Molds 

All of these orga nisms may be a irborn e and while the optimum growth 
temperatures range from 28 0 to 400 C., some ma y be capable of resisting 
much higher temperatures [or short periods. 

Of the three groups of organisms the mesophilic aerobic bacteria are 
of least importance. ~l hey are rarely, if ever, req)onsible lor de teriora li ve 
changes in sugars. Their prese nce, however , is an indication of the amount 
of airborne contamina tion occurring during storage and transportation of 
the liquid sugars. Yeasts and molds multiply rapidly when growth condi­
tions are favora ble and may cause seri ous damage to liquid ·suga rs. T he 
presence of these orga nisms, even in very small numbers, may eventually 
be a serious threat to the keeping quality of liquid sugars under unfavor­
able storage condiions. 

The problems involved in a quantitative determination of a very low 
count do n ot appear to be generall y understood. The difficulti es in obta in­
ing a small representative sample ca n read ily be apprecia ted when we co n­
sider the followi ng. 

The organisms present in liquid sugar are not evenly distributed. 
With a very small popula tion the chances for getting a representati ve count 
on a small sample are very remote, in parti cular from a tank whi ch has 
been standing for some time. It has been demonstra ted by Owen (I) tha t 
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Table 3.-Expected Range of Ayerage NUlnber of Organism Per 10 gram at Various 
Plate Counts (Not more than 5 percent under mininlulu or 5 percent oyer maXinlUI11 value 
listed). 

Number of Plates Counted (.4 grams sugar, each) 

Count 
Per 10 g. 2 5 10 25 50 100 200 

0 
0 

73 
0 

36 
0 

15 
0 0 

3 
0 0 o Min. 

I Max. 

I 1 1 ~Jin. 
5 2 2 Max. 

I I 1 2. 2 Min. 
12 8 6 5 4 Max. 

5 
I 

24 16 II 
2 
8 

4 Min. 
Max. 

10 31 
2 

23 
5 

16 
6 

13 
8 

13 
8 ~/lin. 

12 iVfax. 

25 
I 

118 78 
7 

53 
12 
40 

17 
34 

20 
32 

f'vlin. 
~IIax. 

50 
2 

155 
II 

114 
24 
80 

32 
73 

39 Min. 
63 ~'[ax. 

100 
23 

228 
41 

180 
63 

145 
75 i\Jin. 

130 Max. 

200 
83 

328 
116 
288 

ISO 
260 

163 Min. 
240 Max. 

400 
233 
575 

288 
501 

325 Min. 
480 M<lx. 

Example: In a sample, in which the organism count has been deter­
mined to be 25 per 10 gTams, the actual product average may have been 
from 17 to 34 per 10 gTams of sugar in 90 percent of trials, when 25 plates 
are used. In 5 percent of trials the product average may have been less 
than 17 and in 5 percent of trials more than 34. 

The statistical treatment shows that 25 plates, contall1l11g 10 grams of 
sugar, give a fair approximation of the average number of organisms present 
per 10 grams of sugar. While 25 plates probably represent the practical 
limit when several samples are to be tested, it is also evident that more 
plates might be preferable for greater accuracy when the organism popula­
tion is very low. It is not practical nor advisable to increase the sugar 
content per plate without making an adjustment in the nutritives medium. 
Such adjustment would in itself require considerable time and trials. 

The statistical treatment has shown the accuracy with which low counts 
can be detelmined by plating techniques. Maximum limits placed on a 
product, in a range where methods of counting are not accurate, may be 
subject to question as to the actual necessity for such limits. If such low 
limits are an actual necessity, then a different approach to the quantitative 
determination of organism levels is necessary. 
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Figure I.-Filter holdel· assembly. 

The membrane filters are suppli ed with a protective paper cover and 
an absorbent pad which may be obtai ned with or without a nutritive medium. 
The absorbent pad is placed in a 60 mm. Petri dish and saturated with 2.3 
ml. of sterile water (for prepared pads) or the same amount of a nutritive 
medium. The protective pad is not removed from the filter until it is 
placed in the holder. After filtra ti on the filter is placed on the absorbent 
pad. The dish is then covered and incubated in an inverted position. To 
prevent loss o f moisture from evaporation the dish may be sealed with a 
plasti c film or tig·htly wrappecl in a luminum foil. The incubation period is 
24 to 36 hours at 30° C. for yeast and 12 to 18 hours at 37° C. for aerobes. 

The orga nisms may be sta ined before viewing them microscopically. 

If it is desired to ex press th e coun t of organ isms on th e basis of 10 
grams of dry sugar, the total count of organisms on the filter is divid ed by 
IU if a lo tal of 100 grams dry sugar (150 grams liquid sugar) has been u,ec1. 

Figure 2 shows a comparison of the accuracy which may be expected 
by using 100 grams of suga r in the membrane filter method instead of 10 
grams in the 25 plate methocl. 
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Figure 2.- Expect,ed counts per 10 grams from average organism level 
of 10 per 10 grams of sugar. 

Summary and Conclusions 

Liquid sugar p roducts are more susceptible to deteriora tion ca used by 
spoilage organisms than dry sugar. Accurate quantitative determin ation of 
very small numbers present is considered to be importa nt for a t least two 
reasons: 

I. Accurate counts are necessa ry for a well plann ed micro biologica l 
control program during storage and shipment. 

2. Accurate coun ts of small numbers of organisms are necessary so that 
specifi c limits may be es ta bli shed (or consumers acceptance. Limits based 
on in accurate determin ati ons may work hardships on both the producer 
a nd th e consumer. 

A statistical evalua tion of the plating technique has shown tha t a n 
excessive number of plates are required for accura te counts a t low average 
organism levels. A n ew a pproach has bee n proposed by manufacturers of 
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