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Microbiological aspects within thick 
juice storage
Szkoła Letnia 2021, Dr. Michael Klingeberg, Südzucker AG Offstein, Germany
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Overview

 Background - History of the project

 What different microorganisms are relevant in thick juice storage?

 How can their growth be monitored?

 How can we prevent their growth
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 Start of the project microbiological degradation of thick juice in 

campaign 1999/2000

 Deterioration of thick juice in a German sugar factory

 Intensive microbiological analyses of the juice

 “Discovery” of Tetragenococcus halophilus as the main cause for 

deterioration of the thick juice

History
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Before going ahead some background knowledge

Partial vapour pressure of water in a substance
Water activity [aw] = 

Standard state vapour pressure of water

Substance Water activity [aw]

Distilled
water

1.00

Thick juice 0.85

Molasses 0.76

Honey 0.56

Biscuits 0.30

Sugar 0.20
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Water activity of sucrose solutions
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Background about Tetragenococcus

 Tetragenococcus is a heterofermentative lactic acid bacterium (Uchida, 1982)

 Depending on the strain growth is possible with sucrose concentrations up to 

66 %, a pH-value up to 9.0 and with salt concentrations of up to 25 % NaCl

 First isolated from soy sauce 
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Storage of thick juice in a German factory in campaign 1999/2000
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Intensive microbiological analysis of degraded thick juice

 Growth of tiny little colonies on blood agar only visible after 5-7 days of incubation 

at 30 °C

 Bacteria belong to the family Aerococci, main species: Tetragenococcus halophilus
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Cultivation of Aerococcus viridans and Tetragenococcus halophilus for 48 h 
on diluted thick juice
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Addition of lactic acid to thick juice
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Can the growth of cocci in thick juice be 
inhibited by food approved bacteriostatic 
agents? Example: hop acids
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Storage trials with thick juice in pilot scale – influence of hop acids
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Storage trials with thick juice in pilot scale – influence of b-hop extract

 C1 and 2: 50 ppm hopextract, 20 °C

 C3 and 4: no hopextract, 20 °C

 C5 and 6: no hopextract, 30 °C

 C 7 and 8, 50 ppm hopextract, 30 °C

 C 9 and 10, 25 ppm hopextract, 25 °C
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Influence of hopextract on growth of cocci after 100 days

date storage 1 2 3 4 5 6 7 8 9
[days] 25 ppm HE

12/18/03 1 < 100 < 100 < 100 < 100 < 100 < 100 < 100
12/30/2003 13 < 100 < 100 < 100 < 100 1,00E+07 < 100 < 100 < 100
01.09.2004 23 < 100 < 100 < 100 3,50E+04 1,00E+08 1,00E+09 < 100 < 100 < 100
01/14/2004 28 < 100 < 100 1,07E+04 1,00E+07 1,00E+07 < 100 < 100
01/20/2004 34 < 100 < 100 4,40E+04 2,54E+07 2,37E+06 < 100 < 100 < 100
01/27/2004 41 < 100 < 100 5,15E+04 1,42E+07 1,29E+07 5,87E+05
02.03.2004 48 < 100 < 100 1,09E+06 1,00E+07 8,30E+06 2,30E+05 < 100 < 100
02.10.2004 55 < 100 < 100 1,26E+07 7,30E+06 4,50E+05 7,31E+05 < 100 < 100 < 100
02/19/2004 64 < 100 < 100 1,25E+07 4,45E+06 5,00E+06 5,20E+04 < 100 < 100 < 100
02/25/04 70 < 100 < 100 1,20E+07 1,09E+07 1,08E+07 4,85E+04 < 100 < 100 < 100
03.02.2004 76 < 100 < 100 2,36E+08 1,53E+07 1,00E+06 5,30E+04 < 100 < 100 < 100
03.09.2004 83 < 100 < 100 1,27E+08 1,10E+07 3,60E+05 2,00E+03 < 100 < 100 < 100
03/16/2004 90 < 100 < 100 6,60E+06 7,10E+06 1,46E+05 1,01E+04 < 100 < 100 < 100
23.03.2004 97 < 100 < 100 < 100 < 100 < 100
26.03.2004 100 < 100 < 100 2,85E+06 2,51E+06 5,50E+04 1,00E+05 < 100 < 100 < 100

50 ppm HE, 20 °C no HE, 20 °C no HE, 30 °C 50 ppm HE, 30 °C
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The trials indicate that 25 ppm b-hop 
extract is sufficient to extend the storage 
time of thick juice 
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Influence of the dry matter and initial pH-value of thick juice 
during storage over 150 days

pH-value/Bx 65 67 69

9.2 LA: 4400 mg/kg , 

3170 mg/kg

pH 7.8; D = 3.5

LA: 929 mg/kg, 

1084 mg/kg

9.0 LA: 1914 mg/kg

8.8 LA: 3388 mg/kg

pH 5.6, D = 2.6

LA: 1313 mg/kg

D pH  = 1.2 and 0.18

■ Conclusion: It is important to keep the Brix as high as possible
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Storage trials with thick juice in pilot scale – influence of dry matter and pH-
value
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Set up of process instructions for the storage of thick juice for the 
SÜDZUCKER group 

 Cleaning and disinfection of the tanks, heat exchanger and pipings before storage 

obligatory

 Temperature of the thick juice after 2nd cooling should be below 25 °C

 Dry matter value depending on purity and supersaturation at 5 °C should be as 

high as possible

 pH-value should be fixed to 9.1 +/- 0.1

 After filling the tank regular monitoring on quality parameter obligatory

 Finally, a layer of soda lye (2-3 mm) must be sprayed on the surface
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Thick juice cooler opened after the beet campaign

A high number of cocci was detected in the mud and on the surfaces of
the cooling plates
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Source of contamination

 ?????

 In a facatory A freshly produced thick juice after 2nd cooler was 
analysed on cocci the bacteria could not be detected

 In factory B freshly produced thick juice after 1st, 2nd and 3rd cooler 
was analysed on cocci an increase of the bacteria from < 100 cfu 
 103 – 104 cfu/g was determined

 After treatment of a tank with formaldehyde, swabs were taken at the 
inner side at the wall  no microorganisms detectable

 Air in the near of the tanks were analysed on Tetragenococcus  the 
bacterium was not detectable in 1 m3
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Summary and conclusion

Thus, the monitoring of 
thick juice on organic 

acids, polarisation, dry 
matter, and the pH-value 

is important

The source of 
contamination is still not 
really known (cooler?)

In some cases, 
Tetragenococcus is 

present in thick juices up 
to 106 cfu/g, but the juice 

is stable

In some cases, at a 
certain time 

Tetragenococcus 
develops quickly with a 

concomitant decrease of 
the pH-value

From microbiological 
point of view thick juice is 

not a stable product
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Thank you for your attention !

• Dziękujemy za 
uwagę!


