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Abstract The aim of this work was to explore the possi-
bility of the application of cloud point extraction (CPE)
method in micelle media to recovery betaine from beet
molasses. Response surface method was employed to
assess the effects of surfactant concentration, molasses
concentration, incubation time, pH, electrolyte concentra-
tion, mixing time, and surfactant type on efficiency of
betaine recovery from beet molasses. Also, a mathematical
model was developed to predict the effect of each variable
and their interactions on the efficiency of betaine recovery.
The model showed that best surfactant was Triton X-114
and under the optimum conditions, betaine recovery from
beet molasses was achieved up to 80% when three CPE
steps with total of 1.5% (w/v) of surfactant were used.
Subsequently, betaine was recovered nearly 100% from
surfactant rich phase after adjusting pH at 2.5 and re-in-
cubation at 40 °C. The results showed that the proposed
method is suitable for extraction of betaine from beet
molasses.
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Introduction

Glycine betaine (N,N,N-Trimethylglycine) is a small
zwitterionic quaternary ammonium compound which first
was isolated from sugar beet (Zwart et al. 2003). Betaine is
an important source of methyl group which is known as
methyl donor in transmethylation reactions in organisms
(EFSA 2013). In human blood, high concentration of
homocysteine is a risk factor for cardiovascular disease,
betaine as an excellent methyl group donor converts
homocysteine to methionine so lowers the heart disease
risk. Because the body cannot synthesize methyl groups
and lack of methyl groups in the diet is the only dietary
deficiency known to be directly carcinogenic, therefore,
aconstant dietary intake of methyl groups is essential
(Clyton 2001). Also, betaine is an osmoprotectant which
enables plants to tolerate salt and drought stress (Ibrahim
and Aldesuquy 2003; Chen and Murata 2011). In animal,
betaine is converted to acetate in rumen which is used for
milk fat synthesis, therefore, milk yield increased by
betaine supplementation in dairy cows (Peterson et al.
2012; Ratriyanto et al. 2009).

Common sources of betaine are sugar beets and their by-
products such as molasses (Ratriyanto et al. 2009). In the
final process in sugar factory (crystallization process), the
sucrose-to nonsucrose (S/NS) ratio reaches a point where
the further crystallization of such low-purity syrup is
almost impossible, This syrup(run off) is called molasses
that must be separated from the process. Molasses is usu-
ally produced at about 4 to 5% on beet (OB). It contains
about 50% sugars and 80% dry substance (Asadi 2007) and
is a highly attractive because of its low price and its high
annual production (Akdag and Calik 2015).

Beet molasses is a source of betaine and usually con-
taining 3-8% (w/w) of betaine on a dry solids basis
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(Filipcev et al. 2015). At present time, betaine is extracted
from molasses by chromatography. The column contains a
polystyrene sulphonate cation exchange resin in alkali
metal form. The dry matter of separated fractions is low, so
it must be evaporated. This is a time and cost consuming
process. In addition, chromatography equipments are
sophisticated instruments and so expensive (Heikkila et al.
1995).

In the last decade, the use of cloud point extraction in
the field of separation science received remarkable
attention (Bingjia et al. 2007). Simplicity, low cost
equipment requirements, non flammable, non volatile and
less toxic surfactants, moderate extraction conditions and
friendliness to the environment (Chen et al. 2011; Silva
et al. 2009) and no solvent (Hung et al. 2007; Wei et al.
2008) are the advantages of this method. This simple
technique enables to achieve a much higher concentration
of analyte than in the case of conventional extraction,
because the micellar phase volume is about 10-100-fold
less than the volume of an aqueous phase (Pourreza et al.
2011).

Based on the above-mentioned reasons, CPE is in
agreement with green chemistry (Pourreza and Zareian
2009). Above a certain temperature, namely, cloud point,
aqueous solutions of surfactant turn cloudy and separate
into a dilute aqueous phase and surfactant rich phase
(Chen et al. 2011). This clouding phenomenon is caused
by the decreased solubility of a surfactant in aqueous
media as a result of weakening of hydrogen bonding
between a water molecule and the hydrophilic moiety of
the surfactant due to heating (micelle formation). By
allowing the solution to settle at a temperature above the
cloud point, phase separation takes place. The smaller
phase contains most of the surfactant and usually sinks to
the bottom. Any analyte solubilized in the hydrophobic
core of the micelles will separate from the solution (Zarei
2007).

So far, many food components have been extracted
using cloud point extraction such as proteins, aminoacids
(Ghouasa et al. 2014) antioxidant from olive mill
wastewater (Gortzi et al. 2008), carotenoids from orange
juice (Katsoyannos et al. 2012), and polyphenols (antiox-
idant)from wine sludge (Chatzilazarou et al. 2010).

In the present work, the application potential of micelle-
mediated extraction has been evaluated for extraction of
betaine from beet molasses. The effects of pH, type and
concentration of surfactant, electrolyte concentration,
amount of molasses, and equilibrium time have has been
studied in order to establish optimum conditions.
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Materials and methods
Materials

All chemicals used were of analytical. The molasses
sample were supplied by Hegmatan sugar factory in
Hamedan city and maintained in the refrigerator (4 °C) till
use. Sodium chloride (NaCl), Hydrochloric acid (HCI),
Sodium sulfate (Na,SQO,), and Betaine were purchased with
high purity from Merck company. The molasses was con-
taining sucrose, 50%; ash, 14.3%; betaine, 6%; and water,
20% (w/v). Working solutions (5-50% (w/v)) were
obtained by dissolving appropriate amount of the molasses
in water and diluting to 100 mL in volumetric flask. A
solutions of Triton X-114 (Tx-114),Triton X-100 (Tx-100),
sodium dodecyl sulfate (SDS) and cetyltrimethyl ammo-
nium bromide (CTAB) were prepared by dissolving 15 g of
each surfactant (purchased from Merck company) in water
and diluting to 100 mL in volumetric flask to give a 15%
(w/v) of their solutions. Hydrochloric acid and sodium
hydroxide solutions (0.1 mol L™") were used for adjusting
pH of the samples. A sodium chloride solution 20% (w/v)
was prepared by dissolving 20 gr of NaCl in water diluting
to 100 mL in volumetric flask.

Analytical methods

The pH measurement was done by a Metrohm Swiss Made
pH meter. A Heidolph Unimax 2010 shaker was utilized
for mixing the samples. Heating the solutions performed in
a Wise bath thermostatic water bath made by Korean
Daihan Scientific Company. A centrifuge with 10 mL
calibrated centrifuge tubes (Hettich, Germany) was used to
accelerate the phase separation process. Determination of
betaine concentration in samples was carried by using a
HPLC with diode-array spectrophotometer and ODS2 C18
column (250 mm x 4.6 mm internal diameter). The
mobile phase was containing 13 mM sodium heptane sul-
fonate (purchased from Merck company) and 5 mM Na,.
SOy in distilled water that adjusted to pH 3.7 with diluted
H,SOy, solution. The HPLC mobile phase was delivered by

an isocratic pump at a flow rate of 0.8 mL min~".

Cloud point extraction

1 mL of molasses solution of given concentration [5-50%
(w/v)] under the conditions dictated by experimental
design (Table 1), specified volume of 15% (w/v) surfactant
solution (Tx-114, Tx-100, SDS, and CTAB) were trans-
ferred into a 10 mL centrifuge test tube so that its final
concentration would be in the range of (0.5-5% (w/v)). A
required volume of 20% (w/v) sodium chloride solution
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Table 1 The design experiment by RSM and corresponding responses for the %ER
Run Surfactant Molasses Incubation pH Salt concentration ~ Mixing Surfactant ~ ER %
concentration (w/v%) concentration (w/v%) time (min) (wW/v%) time (min) type
1 1.24 50 76 9.44 14.79 17 TX-100 0
2 5 50 20 2 15 14.4 CTAB 0
3 5 26.15 100 444  9.26 28 TX-114 32
4 5 5 20 2 1 10 SDS 0
5 5 50 20 2 1 50 TX-114 23.6
6 0.5 50 98 5.56 1 27 CTAB 0
7 2.52 30.82 66 2 1 18 TX-00 15.27
8 5 27.05 20 10 1 334 TX-100 24.65
9 293 5 100 2 4.29 43.2 CTAB 0
10 3.88 35.61 20 2 15 38 TX-100 0
11 23 29.07 100 4.6 7.44 10 SDS 36.6
12 1.94 11.75 81.6 10 14.3 50 TX-100 0
13 0.5 5 100 3.6 15 21 TX-100 0
14 0.5 50 20 5.52 1 49.8 TX-100 38.4
15 2.88 50 20 10 10.24 20 CTAB 0
16 5 26.15 100 444  9.26 28 TX-114 34
17 3.36 27.27 20 732 737 50 SDS 325
18 0.5 50 20 10 1 10 SDS 18
19 0.5 5 20 2 15 50 TX-114 0
20 0.5 37.4 57.6 9.72 513 40.8 TX-114 21.3
21 3.62 5 52 2 13.95 10 TX-114 0
22 2.3 29.07 100 4.6 7.44 10 SDS 375
23 1.49 5 60 9.48 9.68 25.6 SDS 21
24 4 12.65 33 10 9.45 19 CTAB 0
25 4.44 50 100 10 1 10 TX-114 24
26 2.19 10.85 20 652 219 20.8 TX-114 434
27 0.5 17.6 73 3.28 1 48.4 SDS 31
28 0.5 50 100 10 15 50 SDS 16.8
29 5 50 80.8 832 226 33.6 SDS 24.5
30 5 50 100 6.4 1 50 TX-100 41
31 5 17.82 61.97 6.92 1 10 CTAB 0
32 23 12.2 79.2 2 13.28 39.9 TX-114 0
33 0.5 50 100 2 8.77 50 TX-100 19
34 0.5 5 20 10 1 50 CTAB 0
35 4.9 50 68 2 4.71 31.42 CTAB 0
36 5 39.88 90 10 8.77 50 CTAB 0
37 5 50 29.6 532 7.16 10 TX-100 0
38 1.49 5 60.4 9.48 9.68 25.6 SDS 21.6
39 0.5 50 20 2.16 15 10 TX-114 0
40 0.73 40 50.8 4.16 15 50 CTAB 0
41 5 5 20 5.6 15 36.4 CTAB 0
42 5 50 20 10 15 50 TX-114 0
43 5 100 10 14.79 10 TX-100 0
44 0.5 6.13 100 10 1.49 15.2 TX-100 23
45 4.8 100 10 1 50 TX-114 29
46 4.96 48 4 59 50 TX-100 35
47 0.5 20 10 15 10 TX-100 0
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Table 1 continued

Run Surfactant Molasses Incubation pH Salt concentration Mixing Surfactant ~ ER %
concentration (w/v%) concentration (w/v%) time (min) (W/v%) time (min) type

48 5 50 100 2 15 10 CTAB 0

49 5 34.64 37.6 8 15 10 SDS 18.4

50 2.19 10.85 20 6.52 219 20.8 TX-114 42.5

51 5 5 100 2 15 50 SDS 27.6

52 0.5 37.4 57.6 972 513 40.8 TX-114 39

53 2.62 50 95.2 5.16 14.51 50 TX-114 0

54 1.34 50 40 2 12.41 29.6 SDS 23

55 0.5 5 100 10 15 10 TX-114 0

56 3.22 50 39.6 10 1 50 CTAB 0

57 0.5 5 100 9.92 15 10.8 CTAB 0

58 0.59 17.6 23.6 2 5.76 10 CTAB 0

59 0.5 5 100 2 1 10 TX-114 22.33

was added until its final concentration would be in the
range of 1-15% (w/v). Then the solution was diluted to
approximately 8 mL with distilled water, after that by
using of sodium hydroxide or hydrochloric acid the pH of
the solution was adjusted in the range of (2—10). Then, final
volume was completed to the mark with distilled water.
The solution was shaken in the shaker with 150 rpm in the
range of 10-50 min. Afterwards the tube was left to stand
in thermostat water bath during a given time 20-100 min at
40 and 90 °C for Triton X-114 and Triton X-100, respec-
tively. In the case of SDS, there was no need to heat for
clouding. SDS solutions in this study needed to ice bath to
be clouded. In the case of CTAB solutions clouding did not
occurred. Separation of aqueous phase and surfactant rich
phase was accomplished by centrifugation for 5 min at
3500 rpm. After centrifugation the tube was cooled in ice
bath to increase the viscosity of surfactant rich phase. The
aqueous phase was sampled and injected to HPLC to
determine the amount of remained betaine. This CPE
procedure was repeated for second and third times under
the same conditions in the aqueous phase containing the
un-extracted betaine. Calculation of extracted betainein
surfactant rich phase was according to following equation:

% ER = (Cy — C)/Cy x 100 (1)
where %ER is the efficiency of betaine recovery, C, is

initial betaine in sample and C is the remained betaine in
aqueous phase.

Experimental design
There are two types of variables in multivariate optimiza-
tion procedure: responses and factors. Responses are

dependent variables; their values depend on levels of the
factors. The statistical experimental design methods can
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take into account the factor interactions, while the number
of required experimental tests is limited. One of the sta-
tistical tools of experimental design is Response Surface
Method (RSM),which is able to optimize the operational
factors and moreover construct a descriptive mathematical
model for the process (Zarei et al. 2015).

Response surface method was used to determine opti-
mum processing condition in order to maximize betaine
recovery from beet molasses using cloud point extraction.
A response surface reduced quadratic model was used for
designing the optimal experiments for cloud point extrac-
tion of betaine from beet molasses using seven operating
factors: surfactant concentration (A) (0.5-5% (w/v)),
molasses concentration (B) (5-50% (w/v)), incubation time
in water bath (C) (20-100 min), pH (D) (2-10), salt con-
centration (E) (1-15% (w/v)), mixing time (F) (10-50 min)
and type of surfactant (G) (4 types), and the efficiency of
betaine recovery (%ER) is as response in this experimental
design. Fifty nine combinations with different operational
condition were described including five replications of the
points which are presented in Table 1. The application of
this experimental design reduced the development time of
methods and provided less ambiguous extraction condition,
hence facilitating data interpretation (Shah et al. 2011).

Results and discussion

In this study, all operational factors (7 factors) were varied
and their effects on the efficiency of betaine recovery in
each run were investigated. The effect of seven factors in
cloud point extraction of betaine from beet molasses were
assessed. These factors and their ranges were mentioned
above. The fifty nine tests were performed and analysis of
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variance (ANOVA) for Response Reduced Quadratic
Model is presented in Table 2.

As indicated in Table 2, values of “Prob > F”(P value)
less than 0.01 indicate the model and model terms (vari-
ants) are significant. In this case E (salt concentration), G
(type of surfactant), AC (interaction of surfactant concen-
tration versus incubation time), EG (interaction of salt
concentration versus type of surfactant), D* (pH in square
term) and E” (salt concentration in square term) were sig-
nificant in model terms. Values of >0.1 indicate that the
model terms are not significant. So mixing time (F) and
molasses concentration (B) were insignificant, so in this
table were eliminated. Residual variance represents con-
tributions from two factors, namely, lack of fit and pure
experimental error. The lack of fit variance represents
contributions other than contributions from first order
terms, while the pure experimental error variance is cal-
culated by considering the variation between observations
at equivalent experimental conditions run in random
sequence (Fermin and Corzo 2005). The lack of fit in this
model was not significant (P value > 0.05). Regression
analysis showed that a mathematical function exists for the
response variable “ER” (efficiency of betaine recovered) in
terms of seven independent process variables (Eq. 2) and
the data can be modeled by a second order polynominal
equation and the selected method was stepwise method:

ER =24.95— 1.1A +0.89C +0.32D — 6.46E — 13.51G1
+8.07G2 +4.34G3 + 3.29AC + 8.05EG1

+7.98EG2 — 8.93EG3 — 9.53D* — 6.22E*(R2 = 0.81)

(2)

where” ER” indicates efficiency of betaine recovery, Gl,
G2, G3 show SDS, TX-114 and TX-100 surfactant type,

29

respectively. The equation explains the 0.81% (Adj
R? = 0.8128) variability was in betaine extraction. “Pred
R-squared” represents of how good the model predicts a
response value. In this study the “Pred R-squared” of 0.751
is in reasonable agreement with “Adj R-aquared” of 0.812.
“Adeq precision” measures the signal to noise ratio and a
ratio greater than 4 is desirable. In this model this ratio is
14.283 which indicates an adequate signal. The overall
performance of the model is expressed by R® (R-squared)
as degree of correlation between the observed and pre-
dicted values (Zarei et al. 2015). For this model, R° and
“Adj R*” were 0.854 and 0.812, respectively, which sug-
gests that the model can be used for predicting the process
behavior at the design space.

To evaluate the adequacy of the model graphically,
diagnostic plots could be utilized. Most of the plots display
residuals, which show the difference between experimental
and predicted responses. In this software, normal proba-
bility, residuals versus predicted, residuals versus run, and
actual versus predicted are widely used to evaluate the
adequacy of the model. The normal probability plot indi-
cates whether the residuals follow a normal distribution, in
which case the points will follow a straight line. The plot,
that it has definite pattern like an “S-shaped” indicates that
a transformation of the response may provide a better
analysis. The plot of residuals versus run is a plot of the
residuals versus the experimental run order. It checks for
lurking variables that may have influenced the response
during the experiment. The plot should show a random
scatter. (Rezaei-Vahidian et al. 2017). The diagnostic plots
for efficiency of recovery of betaine (%ER) model were
demonstrated in Fig. 1. As can be seen from the figure,
diagnostic plots approve well adequacy of the efficiency of
betaine recovery model.

Table 2 Anova for response

reduced quadratic model Source Sum of squares Df Mean square F value f)’r(\)fgh;eF
Model 11,666.55 13 897.43 20.37 <0.0001
A-Surfactant concentration 33.1 1 33.1 0.75 0.3907
C-incubation time 34.35 1 34.35 0.78 0.3819
D-PH 9.686E — 003 1 9.686E — 003 2.2E — 004 0.9882
E-salt concentration 2231.86 1 2231.86 50.66 <0.0001
G-surfactant type 3760.24 3 1253.41 28.45 <0.0001
AC 320.97 1 320.97 7.29 0.0098
EG 2428.38 3 809.46 18.38 <0.0001
D’ 807.81 1 807.81 18.34 <0.0001
E’ 360.4 1 360.4 8.18 0.0064
Residual 1982.32 45 44.05
Lack of fit 1822.69 40 45.57 1.43 0.3738
Pure error 159.63 5 31.93
Cor total 13,648.87 58
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Study on the effect of operational factors
and the process optimization

Based on the response surface reduced quadratic model, the
effect of seven factors on the efficiency of betaine recovery
was investigated. In this work, the surfactant CTAB did not
cloud in the presence of sodium chloride, so the effect of
the factors has been explained for three other surfactant
types. Mixing time and molasses concentration had no
effect in this study. Type of surfactant, salt concentration
and pH in square term had important effect. Surfactant
concentration versus incubation time in water bath and
surfactant type versus salt concentration had interaction
effect. The effect of pH on recovery of betaine is presented
in Fig. 2a. It demonstrates that the maximum recovery of
betaine for all surfactant types happened at pH 6. It shows
that in this pH, betaine is more hydrophobic, therefore, it
could be solubilized in surfactant. This is in agreement
with the results of several studies about the effect of pH on

Normal Plot of Residuals

(a)

Normal % Probability
|
Op o

[T
[}

T T T T T T T
-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00

Internally Studentized Residuas

(b) Residuals vs. Run

Internally Studentized Residuals

1 20 39 58
Run Number

Fig. 1 Adequacy diagnostic plots a normal probability and b Resid-
uals versus run
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the extraction of ionizable organics, which have shown that
the neutral (uncharged) forms of such organics are
extracted into surfactant rich phase much more strongly
than the ionized forms. Thus the pH should be adjusted that
the neutral form of analyte is present prior to conducting
the CPE step (Quina and Hinze 1999). By increasing or
decreasing of pH, the recovery of betaine was decreased.
Figure 2b shows that in TX-114 and TX-100 by increasing
the salt concentration from 1 to 15% (w/v), the recovery of
betaine was decreased and maximum recovery for these
two kinds of surfactant happened when the salt concen-
tration was 1% (w/v). About SDS surfactant by increasing
the salt concentration up to 10% (w/v), the recovery was
increased and then by increasing the salt concentration up
to 15% (w/v), the recovery was decreased. In Fig. 2, three
lines for each surfactant are seen which the middle one is
the main and two other ones are upper and lower bounds,
which show confidence limits.

According to Fig. 3, it was observed for TX-114
(Fig. 3a), the maximum recovery of betaine occurred when
the surfactant concentration were in ranges 0.5-1.4% (w/v)

(a)s 6: Surfactant type
40 —|
30 —
2 20—
w
10
0 —
T G1: CTAB T
i B 62 SDS
63 TX-A14
20—} G4 TX100
T T T T T
2,00 4.00 6.00 8.00 10.00
D:pH
(b) 5 |
40 —
30 -
20 |
R
I
w0 _|
0 |
G1:CTAB
G2:SDS
-10 — 63 TX-114
G4 TX100
220 -

T T I I I T T T
100 300 500 700 900 1100 1300 1500
E: salt concentration (wiv %)

Fig. 2 Effect of pH (a) and salt concentration (b) on recovery of
betaine using of different surfactants
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and 3.4-5.0% (w/v). Incubation time for these ranges of
surfactant concentration were 20-49 and 88-100 min
respectively. In these ranges of surfactant concentration, by
increasing the surfactant concentration the incubation time
needed to obtain the same percent of the recovery of
betaine was decreased. For TX-100 (Fig. 3b), the maxi-
mum recovery was obtained when the surfactant concen-
tration was in the ranges of 0.5-1% (w/v) and 4.5-5% (w/
v). Incubation times for these ranges of surfactant con-
centration were 20-35 and 95-100 min, respectively. In
these ranges of surfactant concentration, by increasing the
surfactant concentration the incubation time needed to
obtain the same percent of the recovery of betaine was
decreased. Maximum recovery of betaine with SDS sur-
factant (Fig. 3c) was achieved when the concentration of
this surfactant was in the range of 0.5-0.85% (w/v) and the
incubation time for this range of surfactant concentration
was 20-30 min. Again in this range of surfactant concen-
tration, by increasing the surfactant concentration the
incubation time was decreased.

Here, optimization of the process means to find the
value of the operating factors to reach maximum recovery
of betaine from beet molasses based on response surface
reduced quadratic model. The optimization was performed
using the related numerical facilities of the applied soft-
ware. The goals of variables were set” in the range “and
the goal of response “ER” was set at maximize. Under the
settings, software predicted 41.97% of ER in first extrac-
tion. So that, the optimum value of surfactant concentra-
tion, molasses concentration, incubation time, pH, salt
concentration, mixing time, and surfactant type were 0.5%
(wlv), 27.5% (w/v), 20 min, 6.1, 30 min, and TX-114,
respectively. To evaluate accuracy of the model prediction,
further confirmatory experiments were performed so that at
the optimum conditions, 49% of betaine recovery was
obtained.

In order to reach higher values of betaine recovery a
three-step CPE was applied under optimum conditions.
After first clouding process, all betaine was not extracted
from molasses solution and some betaine remained in
aqueous phase. So the same clouding process was done on
aqueous phase of first extraction containing the non-
extracted betaine (second extraction). The efficiency of
recovery of betaine increased to 68% in second extraction.
The third clouding process was accomplished on aqueous
phase obtained from the second clouding process, by which
the efficiency of recovery of betaine increased to 80% after
third extraction. Typical HPLC chromatograms of betaine
are shown in Fig. 4. Figure 4a is the chromatogram of
betaine standard solution (100 pg mL™"), Fig. 4b is the
chromatogram of beet molasses without cloud-point
extraction, and Fig. 4c is the chromatogram of stripped
phase of beet molasses after cloud-point extraction. The

ER%

P' -
| /4N \’\
‘ /3n
:.l
LT g Jam &

Y &
8w 6000 200 Py - 4 19
X0 BV s

C:Incubation time (min

Fig. 3 Response surface graph of the variation of recovery as
function of surfactant concentration and incubation time, when TX-
114 (a), TX-100 (b), SDS (c) were used as micelle media
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Fig. 4 Typical chromatograms of betaine a standard solution
(100 pg mL™"), b beet molasses sample before cloud-point extrac-
tion, and ¢ same sample after cloud-point extraction

separation and preconcentration effects of cloud-point
extraction are clearly demonstrated in these figures. Sub-
sequently, the betaine was recovered from surfactant rich
phase after adjusting the pH to 2.5 and re-incubation at
40 °C to obtain two new phase: an aqueous phase which
contains released betaine and surfactant rich phase which
can be recycled in multi-stage extractions. Nearly 100% of
the betaine was released from the surfactant rich phase into
the new aqueous phase at pH 2.5.

Conclusion

The CPE procedure offer an interesting and friendly envi-
roment alternative with respect to the other methods of
extraction. Simplicity, low time,and equipment require-
ments are the other advantages of this method. Second order
polynominal equation was established which can predict the
recovery of betaine from molasse. Under optimum condi-
tions for separation of betaine from beet molasse, and using
three-steps CPE in aqueous phase containing the remained
betaine, the extraction efficiency increased up to 80%. Also,
the recovery of betaine from the surfactant rich phase was
performed by using of an aqueous solution at pH 2.5, at
room temperature. Therefore, the cloud point extraction
method can be proposed as a clean and simple separation
technique for extraction of betaine from molasses in sugar
beet factories instead of expensive, sophisticated and time
consuming chromatography process.
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