Studies of stored run-offs from raw cane sugar refining
Untersuchungen von gelagerten Abliufen aus der Rohrrohzuckerraffination
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Eesults of micrabiological and physical/chemical investigations of
stored run-offs from several East German spgar [actories are dis-
cussed. After testing run-offs as affination syrup, 1st remelt run-off
syrup, and 2nd remelt run-off syrup from raw cane sugar refining only
2nd remelt mun-off syrup was suitable for storage. This run-off was
stored with 709, T5% and 80% dry substance content, pH value & and
9 and at 3 °C and 20 °C in preliminary tests. Changes in microbial
count and in dry substance, sucrose, and reducing sugars were studiad,
Ar the same time the water activity @, was measured. The difference
of a,, in run-offs with 70% and 75% ds is significant, whereas in run-
offs with 75% and 80% ds il is very small, A series of tests was carriad
out with 73% ds and at 20 *C. Samples were siored up to 180 days
according to a programme al pH 6 and 9 with and without inoculation,
with and without formaldehyde addition as a disinfectant. The conclu-
sion is that 2nd remelt run-off syrup is suitable for storage over a peri-
od of 180 days at 20 °C, if minimum dry substance content is 73 % and
formaldehyds is added at fortnightly intervals and in doses of 15 em?/
m? run-off surface. For these conditions 2 minimum pH & is sufficient.
If formaldehyde has to bo aveided, alkali addition is recommended 1o
raise the pH to 9. The total microbial count in run-off should not ex-
ceed 10F CFUfg before storage. After 120 days microbial count should
be checked every 20 days as precaurion,

Es werden die Ergebnisse mikrobiologischer und chemisch-physiias
scher Untersuchungen iber die Lagerfihigkeit von Abliufen aus me
reren ostdeutschen Zuckerfabriken diskotiert. Die aus der Robeeo
auckerumarbaitung stammenden Produkte Affinationsablauf, Ablz
B und Ablauf C erwiesen sich bis auf Ablauf C als nicht lagerfii-
Dieser Ablanf wurde in Vorversuchen mit 70 %, 73 % und 80 % Tro
kensubstanz, pH-Werten von & und 9 sowie bei Temperaturen vo
3 *C und 20 °C eingelagert, suf Verinderungen im Keimgehal
Gehalt an Trockensubstanz, Saccharese und reduzierenden Subsia
zen untersuchr. Gleichzeitig wurde der a_-Wert gemessen und fesios
stellt, dald dic Differenzen der a, -Werte bei 75 % und 80 % Trockss
substanz deutlich geringer sind als bei 70 % und 75 % TS, Die Hauws
versuche wurden bet 75 % T3 und 20 °C durchgefithrt. Die Probe
wurden nach einem Schema bei pH-Werten von & und 9 beimpft o
unbeimpft sowie mit und ohne Formaldehyd-Behandlung bis zu 03
Tagen gelagerl, Nach den vorliegenden Erzebnissen ist Ablanf C =
200 °C fiber einen Zeitraum von 180 Tagen lagerfihig, wenn der Troo
kensubstanzgehalt mindestens 75 % betrdgt und Formaldehyd im A5
stand von 14 Tagen in einer Menge von 15 cm’fm?® Oberfliche zuzs
geben wird. In diesem Fall reicht cin pH-Wert von mindestens 6 =
Chne Formaldehyd-Behandlung wird die Alkalisierung auf pH =
empfohlen und ein Gesamtkeimgehalt des Ablaufes hei Einlagerns
von maximal 10° pro Gramm Ablauf gefordert. Nach 120 Tagen Lazs
rung sollte der Keimgehalt im Abstand von 20 Tagen kontrollier: w=
den.

d

I Imtroduction

At the Faculty of Food Technology of the Humboldt-Universily in
Berlin physical/chemical and microbiological parameters of raw cane
sugar and affined sugar are investigated |1, 2]. Rescarch showed that
raw cane sugar, if stored under certain conditions is a good cultere
medium for growing microorganisms, especially osmophilic yeasts.
Moregver, experiments established the considerable decrease in mi-
crobial count of raw cane sugar by affination. Further investigations
showed that the affination syrup is heavily contaminated with micra-
organisms from raw cane sugar [3]. Microbiological control in the
manufacture of raw cane sugar and across a refinery were subjects of
twor papers in the Workshop on Raw Sugar Chuality, held in 1986 [4,
5).

The following research prajects were concerned with specific metabo-
lism performance of osmophilic yeasts and process optimization for
raw cane sugar refining [5, 7). The main task of these studies was to
test the conditions for delivery of run-oifs instead of refinery molasses
to the fermentation industry. Whereas Smith and Cazaler [8] had re-
ported on stored A and B molasses from cane sugar factories the pur-
pase of pur work was to test run offs from raw cane sugar processing.
The reason for ran-off supply and a process flow diagram of a sugar
refinery was previously presented in another publication [9]. So raw
cane sugar from Cuba has been refined subsequent to sugar beet cam-
paign in East German sugar factories since 1956. About 230,000 met-
ric tonnes of raw cane sugar have been imported, approx. 30,000 met-
ric tonnes have been processed for fodder yeast, and the major part
used for refining in 1989, Beoause a deficit of sugar containing raw
materials existed in the fermentation industry of the former GDR, sur-
plus refined sugar has been lessened by delivery of run-offs with high-
er sucrose contents.
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Further goals were the shortening of the remelt process in the refins
in order to increase the daily melt rate, to decrease the sugrose loss=:
and to save energy,
Becanse run-offs are produced doring the campaizn and the proces
ing 15 done in the fermentation indastry all the year round, investizs
tions were aimed at keeping guality in storage. Experiences draw
from thick juice storage were utilized, But it was unsuitable to trans
these resulls o run-off storage unindiscriminately becavse, compzes
with thick juice from sugar beel, syrups from raw cane sugar refins
dilfer markedly in purity, content of reducing sugars, pH value, =
initial micrabial count, the last due to raw sugar storage in the open ==
Therefore, this paper deals with results of physicalichemical =
microbiological studies of stored run-offs from raw cane sos
processing,

2 Materials and methods

2.1 Materials

Yarious run-offs from different East German sugar factories wers =
vestigated, Affination syrup, 1st remelt run-off syrap, and 2nd rese
run-off syrup formed part of studied run-offs. The process flow &=
gram (Fig. 1) shows the sampling points for the syrups used (beod
lineg). In the course of initial investigations it was established the: ©
affination syrup and 1st remelt ron-off syrup were not suited for los
storage for various reasons. [t was decided w nse only 2nd remels =
off syrup for further investigations, For main test series Gilstrow sue
[agtory had placed at our disposal Znd remelt run-off syrup with &
following parameters in original condition:
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— = Preliminary test series
Cores the preliminary experiments various dry substance contents,
emoeratures and pH values were used. The mun-offs were prepared at
SR TE% and B0% ds and pH 6 and %, The storage was carried out at
- T znd 20 *C. The syrups with 75% and 80% ds were shown to be
S st suitable for storage, independent of their pH values, The low-
cmperature of 5 °C had a positive effect on the storage results, With
woet to practical application samples were stored at 20 °C in muin
o zzries. Due to optimal growing conditions at higher temperatures
o =ost of the microorganisms (mesaphilic) it is necessary 1o keep
2iTs at these temperatures.
= widition to chemical/physical investigations, samples were tested
sumohiologically. Tt was concluded that the storage of the mn-offs is
“iected by the development of the microorganisms which they con-
o Inoorder (o muliiply, microorganisms need apprapriate tempera-
wo== znd pH values, nutrients and oxygen, but mainly water. It is not
- content as measured by the dry substance of a syrup, which de-
== mes what microorganisms can use for their development, but
e the water activity (g ) [10], For that reason water activity was
“cemmined in run-off storage (Fig. 2). As can be seen in Table 1, mi-
srerzanisms are able to grow at the listed water activities or they can
somce undesirable changes in substrates by metabolic activities.
o 5 beginning of storage run-offs with 70% ds and o L8512 are
¢ oeeserved from deterioration. Microorganisms are also capable of
Ling syrups with 73% and 80% ds, provided that the dilution oc-
o run-off surface in large-scule storage, There is a marked differ-
cmoE i owarer activity values between run-offs of 70% and 75% ds but
emween T3% and B0% ds the difference is very small (Tab, 20,
The water activities of syrups with 73% and 80% ds only differ sligth-
e conditons of development for microorganisms are almost iden-
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Fig. 2: Development of waler activity during storage of syrups

Table 1: Influence of wateractiviiy (@} on microbial growth [11]

warer activity (o) micraerganisms which were inhibited

1.00 ...0.95 gramnegative bacteria, some yeasts
0.95 ...091 muost cocel, Lactobaeillis, some fungi
091 ... 087 oSt VEAsTs

087 .. DED most fungi. 5'1't!pfr_vfﬂc(:lc;cus RrEHY
080 ... 0.75 most halophilic bacteria

065 ., el osmophilic yveasts

Table 2: Water activity and dry substance of run-offs of raw cane

sugar refining
dsin % 70 75 T
& 08512 (L7880 0.7740
diflerence of ds 5 5
difference of o, 0.0632 00140
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Fig. 3: Development of the CFU during storage of run-offs, r =20 °C

tical {Fig. 3). Subsequently, and to aveid crystallization at 30% ds the
main test series was carried out on a run-off of 73% ds.

2.3 Main test series

23.1 Storage conditions

2nid remell run-ofT syrop was prepared al 73% ds. The siorage lemper-
ature was adjusted to 20 *C. The guality criteria and madifications of
test conditions are shown in Table 3.
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Sample pH value  inoculation lormaldehyde freatment
Mo.
1 i = =
2 [+ — X
3 5] X —=
4 & X X
5 9 - -
& ) - X
7 9 X -
8 9 % X

Microorganisms wers inoculated in the run-offs by means of 1 g s0ilfl
run-off. This soil was collected next 1o 2 molasses tank and includes:

123 - 10¥ spore forming bacteria,

Al - 1 veasts,

43 - 107 gsmophilic yeasts,
The formaldehyde treatment was repeated once a fortnight in a dosage
of 15 emfm? substrale surface, For every sample a parallel sample
was stored. Changes of guality parameters were controlled at infervals
of 30 days.

132 Microbislogical test metheds

Investigations were carried oul for bacteria (nutrition agar, 30 °C;
48 h}, yeasts and mould fungi {Sabourand-glucose-agar, 25 *C: 48 h)
anc osmophilic veasts (Saboursud-agar with 308 wiw glucose, 25 °C:
72 hh.
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Fig. 4: Development of reducing sugars in 2nd remelt ran-off syrup;
5% ds; pH 6: 20 °C
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Fig. 5 Development of reducing sugars in 2nd remelt run-off syrup;
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Eefractometric determination of dry substance was used. The content
of reducing sugars was measured by this method with 2.5-dinitrosaly-
cilic acid; sucrose was checked by direct polarization. Therefore, su-
crose content was corrected by means of the following cquation [12]:

car

Sop =g + 03102 - 13,

3 Results and discussion

The evaluation of experiments is restricted to the main test series, The
chemical/physical and microbiclogical results are summarized in
Figures 4-7. Figures 4 and 3 show the chemical/physical results,
whereas microbiological results are illustrated in Figures 6 and 7.

3.1 Influence of the storage time

Az can be seen in Figures 4 and 5 the [irst rapid rise of reducing sugars
content happened within 30 days. This increase seems to be wnavoid-
able and averages 1.56 g/100 ¢ ds, independent of storage conditions.
If run-offs are treated with formaldebyde, 73% of the reducing sugars
are formed within the Tirst 30 days, A second steep increase of reduc-
ing sugars is obvious after 120 days the in case of samples without
formaldehyde. This develapment depends on pH-value, Formation of
reducing sugars was rather accelerated in tests at pH & than in alkaline
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Fig. 6 Development of CFU during storage of 2nd remelt run-off
syrup; T5% ds; pH & 20 °C
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Fig. 7: Development of CFLU during storage of 2nd remelt mun-off

syrup; 73% ds; pH 93 2070

1 original with formaldehyde: 2 original without formaldehyde;
3 mixed with soil and formaldehwde; 4 mixed with soil without form-
aldehyde
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20 davs storage bul only in samples withour formaldebyde. The for-
mztion of reducing sugars is combined with the degradation of sucrose
sl wee can assume the yield of reducing sugars 1o be about 30% of the
acrose destroyed [13]. I is thus possible to calenlate the suerose loss-
= In samples with formaldehyde treatment, this loss aneunts to 2.9

33 /100 g, respectively and without formaldehyde to 3.2 w 6.0 gf
10 g after 130 days® storage time.

* 2 Influence of initial microbial count
= run-offy investigated with 73% ds contained originally 223 CFU
lonv forming units) per gramme. Out of 10 samples all showed
scteria development, but only & showed yeasts growth, Moulds or
semophilic microorganisms could not be tracked down in any of these

s=oles. If run-offs are inoculated with sucrose -::l:l-ntammg substrates
sfeied to microorganisms, the initial microbial count is significant

o samples without formaldehyde treatment, as can be seen in Figures

= mnd 7. In this case the microbial count increases strongly after 120

Zovs of storage. The pH value 6 provides microorganisms with benefi-
o gr Dwmg -:'L:un-:l:ll.f_ms mare ef‘fectwel:,' than pH 9. Wlth the ]JE'] indic

T b[dl count, This content is insignificant after 1580 days 'ﬂf skorage,
mizpendent of the pH-value. Parallel to microbiological alteration the
cmemical{physical quality changes of the incculated samples yielded
wv higher values if no treatmant with formaldehyde was carried out.

- = Influence of pH-value

= referrad o in terature [14], the positive effect of a pH value % is

“oient during storage of beet thick juice. Our work has confirmed

D=z comments only without addition of formaldehyde, After regular

—r=ving of samples with formaldehyde, the pH values & or 9 had no
cenee on Lhe slorage resull

L Influence of formaldehyde
T formaldehyvde has the most significant influence on the storage
=zl The microbiclogical activity could be effectively suppressad
= 180 days” storage of run-olls could be guaranteed. This behaviour
=dependent of initial microbial count and pH values.

- Conclusions
~er investigating the nn-offs only 2nd remelt run-off syrup was
woahle for storage over o period of 130 days under the following con-

BEons:

— munimum dry substance content al 73%

— Cormaldehyds addition in fornightly intervals and in doses of
13 emfime? ran-off surface.

“ these conditions a minimum pH value 6 is necessary. If the proc-
fas 1o be done without the addition of fermaldehyde, it is recom-

memded to add alkali to increase the pH value to 9. In this case the total

mcrobial count may not exceed 108 CFUfz syrup. As a precaution

mromobial count must be contrelled al a maximuom interval of 20 days

e 120 days® storage time in order to avoid a vielent growth of
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Essais avec des égouts stockés provenant du raffinage

de sucre de canne (Résumé)

On discute les résultats d'essais microbiologiques et physico-chi-
migues effectués sur des Egouts stockés provenan! de dillérenies
sucreries en Allemagne de 1"Est. Aprés avoir testé des égouts tels que
le sirop dallinage, le sirop de Ire refonte et de 2de refonte provenant
du raffinage de sucre brut de canne, on a remargué que seulement le
sirop de 2de refonte se prétait an stockage. Ce sirop a €€ stocke i des
teneurs en M3, de TO %, 73 % el 80 %. La valeur du pH fut de 6 et de
9 et le stockage se fit dans les comptages microbiens, dans 1a feneur en
M.3., en sucre ot en sucres réductcurs, En méme temps on mesura
Pacrivied de "eaw g . La difference entre o, dans les sirops &8 70 et &
75 % de M.S. est nettement plus importante que pour les sivops 2 73 et
i 80 % de M5, pour lesquels cette ditférence est trés faible. Les prin-
cipales séries d'essais on été effectuées 2 75 % de M5 e1 2 20 °C. Les
échantillons ont €té stockes durant 180 jours a des valeurs de pH de 6
el de 9, avec el sans imoculalion, avee el sans addition de formel, Les
résultats indiguent que 1"égout & 20 “C peut éire conservé pendant [0
Jjours, si le brix atteint au meins 75 ot si on ajoute chague quinzaine do
formol dans le rapport de 13 cm® par m?® de surface. Dans ce cas une
valeur de pH d’au mwins & suffit. En absence de formel, on recom-
mande un pH de 9 el une leneur maximals en germes (v moment du
stockage) de 10° par gramme d’égout. Au bout de 120 jours on devra
contriler la tensur en zermes tous les 20 jours,

Estudios de jarabes almacenados obtenidos de la refi-

nacion de azidcar de cana crudo (Resumen)

Se discuten los resultados de estudios microbiolégicos v fisico-quimi-
cos acerca del almacenamiento de jarabes de varias azucareras del esie
de Alemania. De los productos jarabe de afinacién, jarabe B v C, ob-
teniclos de la transformacion de ardcar de cana crude, solamente el
jarabe C resultd ser almacenable, En ensayos previos este jarabke C con
70, 75 v 80 % de materia seca, de valores de pH de 6 v 9, Tue almage-
nado a sy 20 °C y se estudiaron los transtornos en el contenide micro-
biana, ¢l conlenido de malena seca, sacarosa v sustaneias reductoras,
Al mismo tiempo se midié el valor o, de la sctividad del agua y se
observd gue las diferencias de los valores | en materias sceas de Y5 v
#0 % son considerablemente menores que las de 70 v 73 % materia
scoa. Los ensavos principales sc llevaron a cabo en 75 % matcria scoa
v a 20 *C. Las muestras fueron almacenadas hasta 180 dias a valores
de pH de 6 y 9, con v sin ineculacion asi como con v sin tratamicnto de
formaldehido. Los resultados mostraron que el jarabe C es almacenal-
le o 200 °C hasta 180 dias, si el contenido de materia seca es de por o
menos 75 % v si se afiade cada 14 dias formaldehido en cantidades de
15 cm?/m? superficie. En este caso, un valor de por lo menos 6 es su-
ficienie. Sin tratmmianto de formaldehido, se recomienda una alcalini-
zacion a pH =9 y se requicre un contenido microbiano tetal del jarabe
a almacenar de maximal 10° peo gramo de jarabe, Despuds de 120 dias
de almacenaje se deberd controlar ¢l contenide microbiano cada 20
dlias.
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